A manual of practical hygiene : prepared especially for use in the medical
service of the Army / by Edmund A. Parkes.

Contributors

Parkes, Edmund A. 1819-1876.
Royal College of Physicians of Edinburgh

Publication/Creation
London : John Churchill, 1864.

Persistent URL

https://wellcomecollection.org/works/zcdbhuv3

Provider

Royal College of Physicians Edinburgh

License and attribution

This material has been provided by This material has been provided by the
Royal College of Physicians of Edinburgh. The original may be consulted at
the Royal College of Physicians of Edinburgh. where the originals may be
consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection
London NW1 2BE UK

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

o w1 Ay o e e

¥
1
e ¥

|.."|1.‘l.. -
o e |

i

b e [ e o ]
-“.J‘J ‘...l o ,,-

ifrrﬂ'ﬂ-’rfﬂ‘
1r’lr4. .."':. o i f.lr;p i
PP it ';' ,ﬁ-miiml{ﬁj

























PREF ACE.

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

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

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

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

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

#  Regulations for the Duties of Inspectors-General and Deputy-Inspectors-General,

and for the Duties of Staff and Regimental Medical Officers, &e.,” 1859. This work is
also termed, for shortness, * Medical Regnlations.”
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INTRODUCTION.

Hyciexe 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
ampirical rules—viz., simply on observations of what seemed good or bad for
health. Very early, indeed, the effects of diet and of exercise were 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 ex-
cremely 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
gnorance of chemistry prevented any great advance in this direction.
Hippocrates summed up the existing knowledge of his time on the six
wwhicles, which in after-days received the absurd name of the “ Non-naturals.”+
Lhe six articles whose regulation was considered indispensably necessary to
heclife of man, were—air, aliment, exercise and rest, sleep and wakefulness,
epletion and evacuation, the passions and affections of the mind,

With the exception of the attempts of the alchemists, and of the chemical
shysicians, to discover some agent or drug which might inerease or strengthen
e prineiple of life,} the practice of hygiene remained within the same limits

* Herodicus, one of the preceptors of Hippocrates, was the first to introduce medicinal
ymnastics for the improvement of health and the cure of disease; though gymnastics in
m.{mnﬁ for war had been used long before. Plutarch says of him, that labouring under a decay
vhich he knew could not be perfectly cured, he was the first who blended the gymnastic art
7ith physic, in such a manner as protracted to old his own life, and the lives of others
flicted with the same disease. He was uennumdhyﬁ:to for keeping alive persons with crazy
onstitutions.—Mackenzie on Health, p. 78

+ This title originated in a sentence of Galen, and was introduced into use by the jargon of
gziﬂﬂwmtm school. It was employed in all treatises on hygiene for probably nearly 1500
4+ It was when chemistry was being rudely studied by the alchemists that dn entirely
ifferent school of hygiene arose. The discovery of chemical agents, and the great effect they
roduce on the body, led to the notion that they could in some way aid the forces of life, and
isure a prolonged, if not an eternal youth, and ‘a life of ages, instead of one of years. This be-
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until physiology (the knowledge of the laws of life) began to be studied.
Hygiene then began to acquire a scientific basis, Still retaining its empiriecal
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 object, If we had a
perfect knowledge of the laws of life, and could practically apply this know-
ledge in a perfect system of hygienic rules, disease would be impossible.
But at present disease exists in a thousand forms, and the human race lan-
guishes, and at times almost perishes, under the grievous yoke. The study
of the causes of disease is strictly a part of physiology,” but it can only be
carried out by the practical physician, since an accurate identification of the
diseases is the first necessary step in the investigation of causes.

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

Taking the word hygiene in the largest sense, it signifies rules for perfect
culture of mind and body. It is impossible to dissociate the two. The body
is affected by every mental and moral action ; the mind is profoundly influ-
enced by bodily conditions. For a perfect system of hygiene we must com-
bine the knowledge of the physician, the schoolmaster, and the priest, and
must train the body, the intellect; and the moral soul in a perfect and
balanced order. Then, if our knowledge were exact, and our means of
application adequate, we should see the human being in his perfect beanty,
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 system possible ?

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

lief, the natural result of the discovery of new powers, has not yet entirely died out ; and while
there are some who still look to every fresh agent as possibly containing ** the balsam of life,”
there are also still enthusinsts who search the mystic tomes of the alchemists or the Rosi-
crncians, in the faith that, after all, the great secret was really found. It may be worth while
to consider the idea which underlaid the dreams of the alchemists. _ Life was looked on as an
entity or principle, liable to constant waste, and to eventual expenditure. If some agent could
be found fo arrest the waste, to crystallise, as it were, the tissues in their full growth and vigour,
decay, it was conceived, wonld be impossible, and youth _wquid be eternal.  In other cases,
it was supposed that the agent would itself contain the lpnnmﬁtle 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 tlm.mir the alchemists songht to check is life itself, for life
itself is 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
Jessening 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 accompl ished except by imFmvmghﬂm nutrition of
the tissnes, Here, indeed, it is just possible that, in time to come, drugs will aid Hygiene,
cither by better preparing food for the purposes of nutrition, or by removing or preventing
those chemical changes in the tissues which we call decay. Butat resent, certainly, no rules
can be laid down for the use of drugs in hygiene, except in that debateable land which lies
between hlr iene and the pmct.ic? of mml%cinﬂ:l that is, in that uncertain region which we do not
like to call disease, and yet which is not health.

* In fact, in the laat }nnnl;ﬂ;in we sece that physiology and ﬁthnlogr are one ; normal and
abnormal life, regular and irregular growth and decay, must studied tuguthur,l];mt mw?
see that human physiology is imperfect without the study of all the other t:ur[nn of 1i Ei' P.ni:ﬁ]
and vegetable, which are in the world. Separated for convenience, these varions studies

finally converge.
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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 !;mml_:nled under foot ;
the divine gift of mind, its awful perversions and alienations; and when,
especially, we note the condition of the human race, and consider what it
apparently might be, and what it is ; its marvellous endowments and lofty
powers ; its terrible sufferings and abasement ; ifs capacity for happiness, and
its cup of sorrow ; the heavenly boon of glowing health, and the thousand
diseases and painful deaths, he must indeed be gifted with sublime endur-
ance or undying faith, who can still believe that out of this chaos order can
come, or out of this suffering happiness and health.

In the scheme of Providence it may not be meant that man shall be
healthy. Disease of mind and of body may be the cross he has to bear; or it
may be the evil against which he is to struggle, and whose shackles he is
finally to unloose. The last disease will disappear, we may believe, only
when man is perfect, and as in the presence of the Saviour all disease was
healed, 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 know-
ledge tells us, in no doubtful terms, that the fate of man is in his own hands.

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

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

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

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

1sf, 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, &e. ; in fact, in relation to nature
at large.

2d, In his social relations, as subjected from his own acts to a variety of
influences, as a member of a community with certain customs, trades, condi-

tions of dwellings, elothing, &e. ; subjected to social and political influences,
sexual relations, &ec.

# First expressly noted by Galen.
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work a cure, as, for example, in the case of the dwellings of our poorer classes.
In many parts of the country the cottages are unfit for human beings; in
many of our towns, the cupidity of builders runs up houses of the most miser-
able structure, for which there are unhappily no 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 dictate the course which is one of the foremost rules of religion,
viz., that we should do for our neighbours as for ourselves. Analyse the
effect of such selfishness and carelessness as I have referred to on the nation
at large, and we shall find that the partial gain to the individual is far
more than counterbalanced by the injury to the State, by the discontent,
recklessness, and indifference produced in the persons who suffer, and which
may have a disastrous national result.

In many cases, again, the employer of labour finds that, by proper sanitary
care of his men, he reaps at once an advantage in better and more zealous
work, in fewer interruptions from ill health, &ec., 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 gocial and sanitary con-
ditions. It removes from them much of the self-control with regard to
hygienic rules which other men possess; and is therefore bound by every
principle of honest and fair contract to see that these men are in no way
mmjured by its system. DBut more than this: it is as much bound by its
self-interest. 1t has been proved over and over again that nothing is so
costly in all ways as disease, and that nothing is so remunerative as the out-
lay which augments health, and in doing so augments the amount and value
of the work done.

It was the moral argument, as well as the financial one, which led Lord
Herbert to devote his life to the task of doing justice to the soldier, of in-
ereasing 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, therefore, been sketched on a narrower basis than the longer treatise
indicated above, which would have to deal with both sexes, all ages, and
various trades and conditions,

Although, however, as dealing with Military Hygiene, and drawing its
examples from the soldier’s life, it is a work on Army Sanitation, it yet in-
cludes the general principles of hygiene 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. ;
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CHAPTER I.
WATER.

ARMY REGULATIONS ON THE SUBJECT OF WATER.

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

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

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

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

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

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

Field Service.—The * Sanitary Officer” examines into the water-supply of
all buildings selected, and of all spots chosen for encampments (p. 83), and
points out “the best sources of supply of water, and the precautions required
in storing, purifying, and distributing water for use” (p. 131). :

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

Foreign Stations.—The medical officer in charge of troops makes, monthly,
a report on the sanitary condition, which includes, of course, the quantity and
quality of the water-supply (p. 93).

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

T!m care with which these regulations are drawn up sufficiently indicates
the importance justly attached to this subject.

A
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Amount for Public Baths—If these are largely used, a much greater quan-
tity is necessary than 16 gallons per head, but no exact statement can be
made. The enormous baths of Ancient Rome required an amount so great
that at least 300 gallons per head per diem must have been supplied.

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

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

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

Per head daily.
In 1852, 1862.
Manchester received : 20 gallons.
(Glasgow " - 3 311 50 gallons.
Edinhurgh ' . . 30 1
Liverpool % : . 5 I
In 1857, London received 32 gallons, and in 1862 about 50 gallons, per

head daily.
In 13537, the average supply to 14 English towns of second-rate magnitude
was 24 gallons ; the largest supply was 50 ; the smallest 14 per head daily.®
New York receives about 300 gallons per head.
Ancient Imperial Rome received from 300 to 340 gallons per head daily ;
a large share-of this must have been for the supply of the magnificent baths,
In drawing up the Report the medical officer should distinguish between
the different uses of water,

2. QUANTITY OF WATER FOR Sick MEeN.

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

For cooking, including cleansing : 1
e n:, | . 2 to 4 gallons per head daily.

For personal washing, baths;

P 18t020 "

* Professor Rankine gives the following table (Civil Engineering, 1862, p. 731) :(—

Gallons per day per head.
Least,  Greatest, Average.

Used for domestic purposes, . . . . . 7 15 10
Washing sheets, extinguishing fires, supplying g 7 9

fountains, . - - - : : : : } X
Allowance for trade and waste, . . Sil Wb 7 7
Total in non-manufacturing towns, . o 1 ‘_‘2_5 20
Additional demand in manufacturing towns, . <l 10 10
Total in manufacturing towns, . . . 27 35 30






QUANTITY. 5

less. Taking the rainfall in all England at 30 inches, and assuming that all
is saved, and that there is no loss from evaporation, the receiving surface for
each person would give 940 gallons, or not quite 3 gallons a-day. DBut as few
town houses have any reservoirs, this quantity runs in great part to waste in
urban districts. In the country it is an important source of supply, being
stored in cisterns or water-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. To facilitate these
calculations, tables have been constructed by engineers, and the following por-
tion of a table from Beardmoret will give the amount per acre.

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

Rain per |

Annum, | Cubic Feet per Minute. || Cubic Feet per Diem Gallons per Diem.
|
On 1 Square|/On 1 Square| On 1 Square(On 1 Square Iﬂnlﬂqnm
Inches, |7 3 0¥ M i Mile, || Om1Acre. ™" 3,

0-006901]  4-41 9-93 6,350 619 | 39,622
0013802 883 18:87 | 1 ;730 1238 | 79,245
0-027604{ 1766 39:75 | 2b,440 2576 | 158,491
0-041406, 26-50 0962 | 38,160 3714 (237,736
0-065208| 3533 79-50 | 50,880 49562 | 316,982
10 0:069011] 44-16 99-37 | 63,600 619:0 | 396,228

00 Co o= b -

All other quantities in the same proportion.

Thirty inches of rain annually give 677,500 gallons per acre. One inch of
rain delivers 4°676 gallons on every square yard, or 22,633 gallons on each
square acre. In estimating the annual yield of water from rainfall, and the
yield at any one time, we ought to know

The greatest annual rainfall,

The least,

The average,

The period of the year when it falls, and

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

Springs, Rivers.—1t will often be a matter of great importance to de-
termine the yield of springs and small rivers, as a body of men may have to
be placed for a longer and shorter time in a particular spot, and no engineering
opinion, perhaps, can be obtained.

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

——

1 square yard, t Manual of Hydrology, p. 61: .
1 square acre, '
1 square mile.

* 0 square feet
4840 square yards
640 square acres

i
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average depth in three or four places, to obtain t-hq sectional arvea, Then,
dropping in a chip of wood, or other light object, notice how long it takes to
float a certain distance over the portion of channel chosen. From this can be
got, the surface velocity per second, which is greater, of course, than the bottom
or the mean velocity. Take fourfifths of the surface velocity (being mnearly
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 chanmnel, or even to dig a new one across the neck of
a bend in the course of the stream.

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

Wells.—The yield of wells can only be known by pumping out the water
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 ; buf, in other cases, pumping by hand or horse labour may be
sufficient perceptibly to depress the water, and then, if the quantity taken out
be measured, and the time taken for refilling the well be noted, an approxi-
mate estimate can be formed of the yield.

Sus-SectioN 1I1.—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 case of an encampment, or in the
establishment of a permanent station.

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

SECTION IL
Sue-SectioNy [.—1. Quarity axp CoMPOSITION,

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

1. RaIN.

In passing through the atmosphere, the rain becomes highly acrated (from
3 to 30 cubic cents per litre), the oxygen is found in larger proportions
than in atmospheric air, reaching from 32 per cent. to 38 of the total amount
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of gas. Carbonic acid constitutes about 2} to 3 per cent. of the total amount
of gas. In addition, rain water dissolves or carries down many substances

met with in the air, and may contain small quantities of any or all of the
following substances :—

Carbonate of ammonia.
Nitrie acid, especially in summer (Bineaun) ; and
Nitrate of ammonia in stormy weather (Schénbein).
when passing through the air of coal-burning
Sulphurous acid, cities. The rain water is then distinetly acid.
Sulphuric acid, Also through the air of certain manufacturing places,
as Swansea (copper works).
Phosphoric acid,* free in moist sea air and in the neighbourhood of

Hydrochloric acid, ffﬁlr:l manufactories, especially carbonate of soda

Sulphuretted hydrogen, free or combined (Marchand).

Chloride of sodium, which may even amount to as much as 0-02 grammes
per litre, or 1'4 grains per gallon,t but is generally in much smaller
quantity.

Chloride of potassium and calcium in traces.

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

Sulphate of lime which may reach 0-005 grammes per litre, or 0-35
grains per gallon, or even more,

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

A trace of nitrogenous organic matter is very common, and has amounted
to as much as 0°008 grammes per litre, or 0°b6 grains per gallon (Bertels) ;
but in this case it cannot but be suspected that the receiving surface or pipes
must have been the source. In Manchester, Angus Smith found 0-34 grains
in 100,000 grains of rain. Nitrate of silver receives a red tint from the
organic matter, and a precipitate falls which contains silver (Robinet).

The total amount of solids (the mean of the analyses of five observers
being taken),§ contained in rain water is 0032 grammes per litre, or 2-24
grains per gallon. The largest amount recorded is 0-0509 grammes per litre,
or 35 grains per gallon,

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

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

Rain collected in the country is purer than that collected in towns ; it con-
tains much less ammonia and much less sulphurous acid. In Paris, Boussin-
gault found per litre 0003 grammes of ammonia, and Bineau in Lyons found
1o less than 0°03 grammes per litre, or 2°1 grains per gallon,

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

Disadvantages and advantages of Rain as a Source of Supply.—The uncer-

* Barral, * Chemical News," December 1860, p. 310, i
I Meyrac quoted by Ma]eséhntt, Phys. der Ifaﬂmngamittcl, 2d edition, p. 203.
Bertels, 1bid.
Brandes, Bertels, Barral, Marchand, and Filhol. Quoted by Moleschott, Phys. des
Nahrungsmittel, 2d edition, p. 203 i
| Carpenter on the Mit:lu':ﬁl.:n]#_', 3d edition, p. 258,
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tainty of the rainfall 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 dis-
advantages. On the other hand, its purity and its great aeration make it
both healthy and pleasant. The greatest benefits have resulted in many cases
(especially in some of the West Indian islands) from the use of rain instead
of spring or well water, which are often largely impregnated with earthy
salts. In all places where the spring or well water is thus bad, as in the
neutral ground at Gibraltar, rain water should be substituted. So also it has
been suggested that in outbreaks of cholera anywhere, the rain water is less
likely to become contaminated with sewage matters than wells or springs,
into which organic matters often find their way in an unaccountable manner.

2. ICE AND S8NOW WATER.

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

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

J. DEW

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

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

4, SPRING, WELL, AND RIVER WATER.

The rain falling on the ground partly evaporates, partly runs off, and partly
sinks in, The relative amounts vary with configuration and density of the
ground, and with the circumstances impeding or favouring evaporation, such
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 the water is not fresh and sparkling,

* These are given in detail by G. Bischoff, ‘ Chemical and Physical Geology * (Cavendish

Society's edit.), 1854, vol. i. p. 2, ef seq. ; and in ** Watt's Dictionary of Chemistry ;” Article,
Chemistry of Geology, by Dr Paul.
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COMPOSITION OF EUSPENDED MATTERS.
Per cent. of Suspended Solids.

Rhine, Danube.
Silica, | / ] . D763 4502
Alumina, . i . 10-75 T-83
Peroxide iron, . : . 1442 9-16

5 mang. . : . trace

Lime, . ; : L (0-34
Magnesia, : : o 0ad il 0-42
Potash, ; : . D8y
Ca0 CO,, : : : 24-08
MgO CO,, . y b 6:32
FeO CO,, : . :
Organic matter, . ; 225
Loss by ignition, ; . 9ot 458
Loss, . : . . 331 1-66

Digsolved Constituents,

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

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

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

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

2. Organic Matters—These are vegetable ¢r animal. Almost all water
contains some organic matter derived from the soil. The purest water from
granitic or clay-slate districts contains from 0°3 to 0°7 grains per gallon ; the
purest chalk water contains from 03 to 1 and 1'5 grains per gallon. The
sandstone waters usually contain more. If the water has permeated rich
vegetable soil, it will contain a very large amount of organic matter, as much
as 12 to 30 grains per gallon, and the water is then often of a yellowish or
brownish tint, Wuter from peat often contains a large amount, and the tint
18 here also brownish.

In water from marshes the organic matter varies from 10 or 12 grains to
50 or llJ'D per gallon, or possibly in some cases more. Suﬂpenr]ed organic

* Miller's Elements of Chemistry, Im.rt ii. p. u‘l 18600
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matter is also common. This organic matter is said to be nitrogenous, and is
sometimes called “ vegetable albumen.,” And indeed it seems probable that
a nitrogenous vegetable matter is not nuncommon in waters,

In most of these cases the organic matter is of vegetable origin, and con-
sists of humin and ulmin, and of acids derived from humus, such as the erenic
acid (C,H,,0,, + 3HO), which on exposure becomes aprocrenic acid (CH,)
0, + 4H0), ulmic acid (C,H,0,), humic acid (C,H,0,), and geic acid
(C,H,,0,). All these acids are non-nitrogenous (Mulder), but combine
eagerly with ammonia.

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

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

Almost all these substances in decomposing produce both nitrous and nitrie
acid and ammonia, and such waters are often rich in nitrites and nitrates.

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

In addition to these ill-defined substances, certain fatty acids have been
detected in drinking water—viz., butyrie, formic, propionie, caproic, and acetic.t

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

Scheweizerd detected butyrie acid in the water of a well, which was in part
fed by the water of a trench many hundred feet distant, which was full of
animal and vegetable debris, This water could not be used by men or ani-
mals, and contained no less than 16 grammes per litre or 105 grains per
gallon of butyrate of lime,

* Zoogene is a sort of gelatinous substance which has been noticed in the mineral waters of
Baden, Ischia, and Plumﬁlém. Glairine or baregine is a somewhat similar substance found in
the snlphurous waters of the Pyrences. The I'I' mlll'u::n‘-m," a confervoid growth, is” also found
in this water, and has been confounded with the glairine. 2
Scherer and Kxaut, Annalend, Chem, und Pharm. 1856; Band 00, p. 257 : and Band
103, p. 20.
:’l‘.'r;esterlen'x Zeitschrift fiir Hygiene; vol. i. p. 166.

el
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It seems probable that this kind of contamination is more common than is
supposed ; and as the fatty acids are sometimes very irritating, even in small
amount, their rapid formation may also occasionally lead to those symptoms
of bilious vomiting and diarrheea which water containing organic matter seems
sometimes suddenly to produce, although it may have been used for some
time before with impunity. But nothing certain is known on this point,

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

Amount of Organic
Water.—Place supplied to. Whence derived, and formation. matters in grains
per gallon.
Glasgow, . . . | Loch Katrine—Primitive, 0-82
Chatham, . y . | Chalk, . g ] 4 05
Millstone grit, brought
Liverpool, {h}r pipe 24 miles long 1.21
' to Liverpool, :
Millstone grit, red sand- [
Manchester, . {atune, and surface drain- } 1253
age, . - .
Watford, . . . | Chalk, . 3 ; ‘ 1:26
Farnham, . ! . | Tertiary sands, . : 1-78
Aberdeen, . i . | Primitive rocks, . ) 1-82
New River, . : . | Chalk, chiefly, . . 19 to 2-7
Thames—at Thames Ditton,| Chalk and clay districts, &c., 2:29
»w —at London Bridge
in 1861), i 4 37
in 1863),
Some shallow London Wells|
(Letheby in 1861)— P
: ace, gravel, &c., :
Bishopsgate Street, . { lying over London clay, } bt
Aldgate, . ; . % 5 71
Bl'lde Iﬂﬂﬂ, : . 1 1 B.
Little Britain Street, > » 8:2
Honey Lane Market, i » 21
Guildhall Bulldmgs, T T 2:
Glover's Lane Court, " 5 11653
Chalk, but impregnated y
Chatham well-water (1861), { g gl } 5
il 3 3 1 £ 9:2
Brighton well - water,® | 0,
Northern well (1862), | ” ” hr-CE
Southern well, . . 5 ” 8:32
Norwich well-water, . | Near a churchyard, . 10-37+

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

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

The mode of combination of these substances is yet uncertain ; it may be
that the acids and bases are 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 ealeulates the combination as follows. The chlorine
is combined with sodium ; if there is an excess, it is combined with potassinm
or calcium ; if there is an excess of soda, it is combined with sulphurie 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 usnal combinations are chloride of sodium, sulphate of soda, car-
bonate of soda, carbonate of lime (held in solution by carbonic acid), sulphate
of lime, chloride and silicate of caleium, and carbonate of magnesia. But
the results of the analysis may render other combinations necessary.

SuB-SEcTIoN 11, —SuMmMary oF Dringing WATERS.

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

Springs and Wells.

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

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

3. Soft Sand-Rock Waters,—These ave of variable composition, but as a rule
are impure, containing much chloride of sodium, carbonate of soda, sul]}hat’? of
soda, 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 tolerably
pure, 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 the case of

* Fresenius, Quantitative Anal. 34 edit. p. 481.
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the Farnham waters, and in some of the waters from the greemsand, where
the total solids are not more than from four to eight grains per gallon, and con-
sist of a little carbonate, sulphate, and silicate of lime ; carbonate of magnesia,
chlorides of sodium and potassium ; sulphates of soda and potassa, iron, and
organic matter. The last is sometimes in some amount, viz., ‘8 to 18 grains per
gallon. In tolerably pure gravels, not near towns, the water is often very free
from impurity. In the case of many sands, however, which are rich in salts
the water is impure, the solid contents amounting sometimes to fifty or seventy
grains per gallon, or more, and consisting of chloride of :mdmm, earbonate of
soda, sulphate of soda, with lime and magnesian salts. These waters are often
alkaline, and contain a good deal of organic matter. The water from the sands
in the * Landes” (Southern France) contains enough organic matter to give ague.

5. Waters from the Lias Clays vary in composition, but are often impure;
as much as 217 grains per gallon of mineral matters have been found. No
less a quantity than 88 grains of sulphate of lime, and 41'8 of sulphate of
magnesia, existed in a water examined by Voelcker.

6. The Chall: Waters.—The pure, typical carbonate of lime water from the
chalk is very sparkling and clear, highly charged with carbonic acid, and con-
tains from 7 to 20 grains per gallon of carbonate of lime, a little carbonate of
magnesia and chloride of sodium—small and immaterial guantities of iron,
silica, potassa, nitrie, and phosphoric acid. Sulphuric acid in combination 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.*

7. The Limestone and Magnesian Limestone Waters—These are also clear,
sparkling waters of agreeable taste. They differ from the chalk in containing
usually more sulphate of lime (4 to 12 grains, or even more) and less car-
honate, and, in the case of the dolomitic districts, much sulphate and carbonate
of magnesia. Organic matter is usually in small amount. They are not so
wholesome as the chalk waters, and in some cases produce goitre, They are
hard, and soften less on boiling,

8. The Selenitic Waters—Water charged with sulphate of lime (6 to 20
grains, or even more) may oceur 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 diarrheea. 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 scon into rivers; it varies greatly in composition,
and 1t often contains much suspended matter but few dissolved constituents,
chiefly lime and soda salts,

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

11. Surface and Subsoil Water.—Very variable in composition, but often
very impure, and always to be regarded with suspicion. Heaths and moors,
on primitive rocks, or hard 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 organic

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

12. Marsh Water.—This always contains a large amount of vegetable
organic matter ; from 12 to 40 and 50 grains is not uncommon, and in some
cases there is more. Suspended organic matter is also common., The salts are
variable. A little lime and soda, in combination with earbonic 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.—Nitrites and nitrates of ammonia, and lime,
and sometimes fatty acids, and much organic matter.

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

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

- Depth. Grains per Gallon.
Grenelle, : ! 1797 10
Perpignan, : ; Do7 11
Rheims, . : : 101 208
Nordmarkt, in Amsterdam, 201 99-4

River Water.

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

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

This depends on so many circumstances, that little can be said. Spring
water is 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
carbonate of lime ; organic matter is, however, generally in greater quantity,

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

Distilled Water.

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

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

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

Sus-SectioN IIL—Usvar Souvrces oF CoNTAMINATION OF WATER, AND
SANITARY PRECAUTIONS.

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

Rain water becomes contaminated by falling through a foul atmosphere ;
also, by carrying away decaying leaves or other matters from roofs of houses ;
it dissolves also lead from lead coatings and pipes, and takes up enough zinc
from zinc roofs to be injurions, (Tardieu, Dict. d' Hygitne, t. 11, p. 25.)

Rivers may be rendered temporarily impure by heavy rain and floods
bringing soils and vegetable debris from higher regions, or by irruptions of
the sea, or by the overflow of marsh waters. Shallow wells and springs are
also sometimes altered in composition by the same causes, and, if situated
near the sea, may be, in dry seasons, rendered brackish by the pressure
I}if;' t};.zdgﬂt water into the land. Deep springs and wells are, of course, less
affected.

The most common sources of contamination are found, however, in the

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

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

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

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

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

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

Sus-Section 1V.—CmaRACTERS OF GooD DRINEING WATER.

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

Organic matter should not exceed 16 grains per gallon.

Carbonate of lime, . : 16 9 .
Sulphate of lime, ‘ ; 3 3 =
Carbonate and sulphate of } 3

magnesia, 't A
Chloride of sodium, . : 10 i .i
Carbonate of soda, . \ 20 " 4
Sulphate of soda, ; . G ” o

3
Iron, : : : ' 0h
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The proper amount of gases is stated by Boudet to be as follows : —

Nitrogen, b 6 eubic inches per gallon.

Oxygen, : 2=h ,, 5

Free carbonicacid, 5L to 7 a

At the Sanitary Congress held at Brussels in 1853, it was decided that

the total amount of solids ought not to exceed 05 grammes per litre (= 35
grains per gallon), and the same rule had been previously laid down in the
% Annuaire des Eaux de la France pour 1851 " (p. 14) ; but this statement is
of little use, as the salts differ so much in their effect on the system: the
carbonate of lime may exist without injury in large quantities ; the carbonate
of soda in still greater; but sulphate of lime or magmesia is prejudicial in
much smaller amounts. It must also be conceded that in some cases water
still more highly charged with salts, especially the alkaline salts, has been
used for many years without apparent injury.

SECTION IIL
EXAMINATION OF WATER.

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

Sup-Secrion [.—Pravysican ExaMiNaTION,

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

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

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

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

* Voelcker saﬁa (Journal of the Royal Agriculiural Society, No. 50), that samples of farm-
yard water which *‘ looked like the very essence of the manure heap,” were found on analysis
to contain very little organic matter.

T A paper in the Army Medical Report for 1862 by Dr De Chaumont states very clearly the
limits of taste ; they are as follows :—

Chloride of sodium is detected when it reaches 75 grains per gallon.
" pnt:miqm, . 20 9 ¥
,  Imagnesium, 50 to 56 ,, s
Sulphate of lime, 25t0 30 "
Carbonate of lime . 10to12 , "
Nitrate of lime, 15 to 20
Carbonate of sodn, . 60 to 65 1) L
[ron, : b+

bR i
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peeplin.r Jade or slightly saline taste, if the total salts amount to 35 to 40
grans per gallon, and the sulphate of lime reaches 6 or 8 grains. Iron is the
only substance in small quantity detected with great certainty by taste. That
a water is tasteless is, therefore, evidence only of freedom from very large im-
pregnation with salts and organie matter. .

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

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

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

SuB-SecTIoN II.—Microscoric EXAMINATION.

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

gIn the sediment the chief microscopic appearances are—

1. Sand ; easily known by its angles, and its being unaffected by any
re-agent.

2, Clayu%tend marl ; amorphous non-angular particles, not acted on by
re-agents,

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

4. Woody fibre ; when much broken up, very little is seen beyond dark
masses, sometimes rather fibrouslooking ; if less changed, and in

masses, unequivocal woody fibre can be seen.

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

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

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

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

» A Microscopic Examination of the Water supplied to the Inhabitants of London. By
Arthur Hill Hassall, M.D. 1850. P. 8,
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matter. The P. chrysalis is extremely common in the Thames
water (Hassall),  Monads and rotifers are sometimes seen, and
varieties of Actinophrys, Euglena viridis, &c.

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

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

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

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

Sup-Section III.—1. CHEMIcAL ExaMiNATION.

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

1. Qualitative Exramination.

1. _Rea_ctz'?m-—Ta.ke the reaction of the water before and after boiling, 1f
alkaline, it is probably so from carbonate of soda; if so, the brown colour
will not disappear from turmerie. If alkaline from ammonia, the browning
1s fugitive. Carbonic acid may in large quantity give a slight acid reaction,
and then conceal an alkaline reaction. Boiling drives off the carbonic acid.

2. Organic Matter—Determine the presence, and form a rough guess at
the amount, of organic matter by boiling 6 ounces with a few drops of solution
of chloride of gold. In proportion to the amount of organic matter, the gold
1s reduced, and forms a violet or almost black powder. If this is considerable,
the amount of organic matter is large, Or add to a pint of the water a
definite quantity of permanganate of potash (as subsequently directed), and
allow to stand. ~ A test proposed by Fauré for vegetable albumen, viz., tannic
acid, or an aleoholic solution of gallic acid, is less certain,

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

— e e e —_—

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

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

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

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

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

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

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

7. Sulphuric Acid,—Add a few drops of dilute hydrochloric acid, and then
a few drops of chloride of barinm. If no precipitate occurs, let it stand for
twenty-four hours.

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

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

9. Test for nitric acid, by evaporating a pint to a very small bulk ; put in
a test tube ; add an equal bulk of pure sulphuric acid,” so that it may form a
layer under the water ; allow to cool ; and then drop in a crystal of sulphate
of iron. A dark olive-green or brown ring will form at the junction of the
two liquids if nitric acid be present. , % 50

Or after the water has been greatly concentrated, add a litfle sulphuric acid
and a drop or two of sulphuric acid and indigo, and warm ; the blue colour
will disappear if nitrie acid be present. ‘ 3

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

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

* The sulpharic acid may be tested by brucine for nitrous acid, or by adding a particle of
bichromate of potash ; if nitrous acid be present, the green oxide of chroninm is formed.
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Take 1 C.C. of this solution ; add 1 C.C. of the water, and then pour down
the glass very carefully 1 C.C. of pure sulphuric acid, so that it may form a
layer below the water. If nitrates are present, a zone of rose colour, which
turns yellow on its under surface, appears at the junction of the two liquids,
If the water contains yzigmth of NO,, the reaction is seen very decidedly.
(Kersting, “Chemical News,” October 1853.) The water used to dissolve
the brucine and the SO, must be pure. Commercial S0, generally con-
tains NO,,

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

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

11. Ammaonia—by Nessler's lest—is prepared as follows: Take a solu-
tion of bichloride of mereury, and add solution of iodide of potassium till
the precipitate is almost redissolved, and then add liquor potasse; ammonia
gives a brown preeipitate of the composition (NHg, 1+ 2HO). In 559 parts
by weight of this precipitate, there are 17 of ammonia. The water is warmed
and then added to the reagent, and it is said that ‘0000005 grammes of
ammonia per litre can be thus detected.

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

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

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

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

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

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

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

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

2. Quantitative Determination.

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

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

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

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

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

b.) Determination of the Gases—To determine all the gases, the easiest
mode is by ebullition ; a flask and curved tube are both filled with a known
quantity of the water, and the end of the curved tube opens under a graduated
measure filled with mercury. = Heat is then applied, :_md ?he_gasua are driven
over. The total amount being read off, the carbonic acid is absorbed by a
little bit of caustic potash, which is passed into the tube; the amount is
again read off, and the oxygen is then uhsprbe_d by pymgalhc acid, or pyro-
gallate of potassium. The remaining gas is nitrogen. Corrections must be
made for temperature and pressure, (See Amr.) By this process, the com-
bined, as well as the free, carbonie acid is obtained.

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

" Sulphuretted hydrogen is very readily determined. A solution of glsth of
an equivalent of iodine, viz., 6:344 grammes, is dissolved in a litre of water,
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by the aid of a little iodide of potassinm. Each cubic centimeter contains
‘006344 grammes I, and is equivalent to 0-00085 grammes of SH, or 0-0008
grammes of sulphur. Take one litre of water, add starch, and drop in the
solution of iodine from a burette till the blue tint is permanent. Multiply
the number of C.C. used by ‘00085, which will give grammes of SH per litre.
Multiply grammes of SH per litre by 70, to bring into grains per gallon, and
then by 2:7525, to bring into eubic inches per gallon,

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

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

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

1. Of the total solids,

2, Of the organic matter.

3. Of the chlorine, as this will indicate impregnation with sea water,

or sewage or brackish water, from any cause.
4. Of the earthy salts, by means of the soap test, which determines
the so-called hardness of a water,

But, in case time or opportunity exist for a further examination, other pro-
COS508 are given.

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

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

It 15 of the greatest importance to perform this operation carefully.

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

* This number is obtained as follows :—There are 1000 grammes in a litre, therefore the
ratio "'-"I_- granmimes to o litre is ] to 1000 ; similarly there are 70,000 grains in a gallon, therafore
the ratio of grains to a gallon is 1 to 70,000, The one proportion 15 to the other as 1 to 70, so
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2. Deterinine the amount of Organie Matter.—There are two principal
modes of doing this, both of which should, if possible, be employed,

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

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

(5.) The permanganate of potash has been proposed by several observers,
gz;lﬂ‘i}t.s* use has been very carefully investigated by Dr Woods (Army Medical

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

Weigh 1 gramme (1543 grains) of dry permanganate of potash, and dissolve
in 1 litret (35-28 fluid ounces) of perfectly pure distilled water. Then graduate
this solution with oxalic acid by taking 40 C.C. of centinormal oxalic acidf
in 300 C.C. of pure water, and 2 C.C. of sulphurie acid ; heating to 140° Fahr.,
and dropping in the permanganate from a burette ; 13 C.C. of the permangan-
ate should be exactly decolorized. If not, the solution is too strong or too
weak, and correction must be made accordingly by a little calculation. Then
take 1 litre of the water to be examined, add 2 C.C. of strong sulphuric
acid, heat to 140° Fahr ; remove lamp; drop in solution of permanganate
from a burette, stirring continually, and stop when the faintest pink tint is
perceptible. If after waiting the pink tint disappears, add a little more of the
permanganate, and so on till a tint permanent for half an hour is obtained.
Then read off the number of C.C. used ; deduct 0:24 C.C., as that quantity
of permanganate is necessary to give a red tinge to 1 litre of water.

We have now got the quantity of permanganate deecolorized by 1 litre of
water., Dr Woods has shown that 1 C.C. of permanganate of the above
strength is decomposed by 0-005 grammes (=5 milligrammes) of animal or-

ic matter ; therefore, multiply the number of C.C. of solution of perman-
ganate by 0°005, and the result is the amount of organic matter in grammes
per litre. DMultiply by 70 to bring into grains per gallon.

that multiplying the first by 70 will give the second. The number 70 can only be used
when grammes per litre are to be hmught into grains per gallon. To bring grammes per
litre into grains per pint, multiply by 8:75.

* Ehenﬁrml J l:{um‘ﬁl, Jan. 1863. ﬁlis paper is only a short summary of a much more extended
inquiry. ) i

The French weights and measures are used in this work for the volumetric determinations

on account of their convenience. Boxes containing them and apparatus are supplied by the
Army Medical Department.

Equivalents of the French weights :—

Gramme, = 1543 grains.
Decigramme, = 1648 ,
Centigramme, = 1648
Milligramme, - 01543 ,,

Litre, = 1'764 pints.
Cubic Centimetre, = 16:0 mins.

284 C.C, = 1 fluid ounce av.

Centinormal solution of a salt is simply the one-hundreth of an equivalent dissolved in 1
ii-tli'ﬂ of water. The equivalent of erystallised oxalic acid being 63, the hundredth part ex-
pressed in grammes is *63.  See Chapter on Foop—Preparation of alkaline solution.
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Eeample.—Say 1 litre of water required 23-33 C.C. of the solution of per-
manganate, .

2333 —0-24 = 23-09 corrected quantity for 1 litre.

2309 x '005 = 0-115 grammes per litre of organic matter.

0°115 % 70 = 805 grains per gallon of organic matter.

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

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

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

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

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

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

A few drops of chromate of potash, and 16:4 C.C. gave a red colour—
(164 = -1) x *003546 = 00578 grammes per litre ; 0:0578 x 70 = 40°46 grains
per gallon.

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

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

e

* The common lunar caustic may be used, but as this is impure, whenever it can be done it
should be dissolved, filtered, and crystallised, and 16997 grammes (=262'2 grains) taken. Or
pure silver may be dissolved in nitrie acid and crystallised. The best proportions are 10-797
grammes (166°6 grains) in pure acid ; driving off all fumes, and dissolving in a litre of water. It
must be carefully dried, and kept in a dark place. 2

t In the French nrmﬂ this method is now largely employed, and chemical boxes are issued
to army surgeons and pharmaciéns. :

1 Mr Nicholson's paper is published in the Chemical Journal,” Dec, 1862, Some of his
processes are given at a subsequent page.
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formed, and no lather is given until the earthy bases are thrown down.  Free
(but not combined) carbonic acid prevents the lather. The soap combines in
equivalent proportions with these bases, so that if the soap solution be graduated
by a solution of known strength of any kind, it will be of equivalent strength for
corresponding solutions of other bases. There are, however, one or two points
which render the method less certain. Omne of these is, that, in the case of
magnesia, there is sometimes a tendency to form double salts (Playfair and
Campbell), so that the determination of magnesia is never so accurate as in
the cases of lime or baryta. Carbonic acid appears to unite in equivalent
proportions when it is passed through the soap solution ; but if it be diffused
in water, and then shaken up with the soap solution, two equivalents of the
acid unite with one of soap. . :

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

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

Grammes.

00014  lime.

‘00025  carbonate of lime.

” 00034  sulphate of lime.

” 0002775 ehloride of calcium.,
0001 magnesia.

00021 carbonate of magnesia.
‘00022  carbonic acid.

00014  iron.

Process with the Soap Test.

1. Determine 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 permanent for five minutes, the process is complete ; if it breaks before
that time, add a drop or two more of the solution.

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

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

The amount of this total hardness is, for convenience of expression, usnally
expressed in this country in the manner proposed by Dr Clark, Although
dependent on various causes, it is expressed as equivalent to so much
carbonate of lime per gallon, and in Clark’s scale 1 grain of carbonate of
lime per gallon is called 1 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 degree, of our soap solution, corre-
sponds to *00025 of carbonate of lime. Multiply, therefore, this co-efficient
by the number of degrees of soap solution used, and the result is the hardness
of 50 C.C. of water expressed as carbonate of lime. Then, as we have acted
on one-twentieth of a litre, multiply by 20 to give the amount per litre, and
then by 70 to Wring the amount into grains per gallon.

1° Soap solution,

nnnhn
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Additional Analysis.—In many cases the analysis must end here ; but it
may be desirable to carry it farther, and to determine the exact amount of some
ingredients ; for example, lime, magnesia, iron, soda, sulphuric acid, silica,
carbonic acid.

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

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

.Ei-m by weight.—Take a known quantity of water ; add oxalate of ammonia,
and then ammonia enough to give an ammoniacal smell. Allow precipitate
thoroughly to subside, and then wash thoroughly by decantation, or by
throwing the precipitate on a small filter of Swedish paper, the weight of
the ash of which is known. Decantation is recommended. Wash precipitate
on filter ; dry ; scrape precipitate from filter, and place in a platinum crucible ;
burn filter to an ash, by holding it in a strong gas flame, and place it also in
the erucible. Heat the crucible to gentle redness for fifteen 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 (showing presence of caustic
lime), recarbonate with carbonate of ammonia, drive off excess of ammonia,
dry and weigh.

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

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

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

driven off, most of the carbonate
of lime thrown down),

3. Of water, to which oxalate of
ammonia has been added, and all
lime thrown down

4. Of water freed ﬁumijma, and boiled, =

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

Deduct No. 4 from No. 8, and the difference giI‘:'u.s us the mrlmﬁgmaﬂnm@

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

Deduct the hardness of the ian salts, carbonic acid, and salts of lime other than car-
hlq?_ate, from the total hardness, and the remainder is the hardness which is owing to carbonate
of lime,

Say that, in the water, the hardness (2° being always deducted) was, for Nos. 1, 2, 8, and 4
respectively, 60°, 20°, 16", and 8°, the furt.he.ri?z:;ﬂcu]at}run would h:la—% LR

No. 4. Magnesian hardness = 3°,
No. 3. Carbonic acid hardness (10°=8°)=7"
No. 2. Salt of lime other_than carbonate (20° - 3%3"'+E°}=11“.
No. 1. Carbonate of lime (80°— (3°+7°+11)=39"
Assuming the maﬁ;neaia to exist as carbonate of magnesia, and the salts of lime other than
carbonate to be sul E ate—but this is merely a convenient assumption—multiply the degrees by
the equivalents, and then by 70, to bring into grains per gallon. Thus—

2. Of the boiled water (carbonic ani:i} {Hardneaa of a small amount of carbonate of

lime (2 grai Non), of lime salts other
than car nnt.al::wan%laaf m*ngnem'nn salts.

Hardness of magnesian salts, and of free car-
bonic acid.

Hardness of magnesian salts alone.

—
—

Carbonate of lime 30° = -0039 x 50 x 70 = 18650 grains per gallon.
Sulphate of lime, 11° — 0011 % 68 % 70 = 5238 r-:
Carbonate of magnesia, 3° = -0003 x 42 x 70 = 0882 "
Carbonic acid, free, = ‘66 = 4'55 cubic inches per gallon,
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water 1 drop for every 4° of soap solution used ; then, in other bottles, to add
respectively 1, 2, and 3 drops more. Then determine hardness of all the
bottles, and select the result which gives the least hardness. In this way we
can hit on the bottle which contains enough, but not too much, oxalate of
ammonia. The water need not be filtered, but it should be allowed to stand
at least for three or four hours, or, better still, twenty-four hours, before the
hardness is taken.

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

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

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

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

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

Magnesia by the Soap Test—DBoutron 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. The objection to the process is the possibility that the magnesia may
form a double salt with the soap.—(Campbell—Playfair.)

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

Calculate as magnesia, the co-efficient of which, for each degree of soap
solution, is *0001, or, as carbonate of magnesia, the co-efficient of which is
00021,

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

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

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

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

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

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

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

This method does not distinguish between potash and soda,

Frample.—Hardness after SO, evaporation, ] 55°
Hardness of 25 C.C, of barytic solution, 101

156°

After precipitation, ; ; 87°

Alkali loss, 101° —87° = 14°,

This may be reckoned as soda, as the amount of potash is usually small,
but the result is, of course, approximative, as potash may be present. Co-
efficient of sodium, 000115 ; of soda, 000155,

‘000115 x 14 x 20 x 70 = *25 grains of sodium per gallon,

Sulpluric Acid by Weight.—Take a known quantity of water (500 to
1000 grammes) ; evaporate to a small bulk ; acidify with hydrochlorie acid,
and add chloride of barium ; wash by decantation ; dry and weigh. The sub-
aétgnua is sulphate of baryta; multiply by -34309 to get the amount of

i

Sulphuric Acid by Soap Test—This plan was proposed by Boutron and
Boudet, and is brietly as follows :—The hardness of the water being known, a
certain quantity (2 to 8 C.C.) of the stronger barytic solution is added to
50 C.C., and the mixture is allowed to stand. ‘The hardness (supposing
no SO, were present) would be exactly equal to the original hardness of the
water, and of the barytic solution combined. But SO, heing present, sulphate
of baryta is precipitated, and there is a loss of hardness. Each degree of loss
equals ‘0002 of anhydrous sulphuric acid (SO,).

Frample.—Original hardness, . g ) ; . 62°
b C.C,, strong barytic solution, : : 20°-2+
_ 82°-2
After precipitation, ; : : : 71°2
Difference, 11°-0

0002 x 11 x 20 x 70 =3-08 grains per gallon of SO,.

* That is, 100° for the baryta, and 1° for the 25 C.C. of water.
t That is, the baryta equals 20°, and the water of the 5 C.C. equals 052,
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Usually this process gives good results. Occasionally, from some cause of
which I am ignorant, the sulphate of baryta does not precipitate, This does
not depend on the amount of sulphuric acid. The ease with which this pro-
cess 1s done renders it useful.

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

Grammes,
1 C.C. of permanganate, = 00172 iron.
" " = 002211 protoxide of iron.
o <3 = 003562 carbonate of iron.

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

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

The amounts of the Nitric and Phosphoric Acids had better not be deter-
mined by weight. If it is wished to do so, refer to Fresenius' “ Quantitative
Chemical Analysis.”

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

Ezxample—1. Total magnesian and carbonic acid hardness, = 12°
2. .Magnesian hardness, : , . =
Carbonie acid hardness, . =

# This solution of permanganate is merely used because it has been already graduated for
the organic matter. Otherwise it is more convenient to use a decinormal solution of the per-
manganate, or to use the bichromate of potash, which, in some respects, is superior to the

rmanganate ; as 1 atom of bichromate gives up 3 atoms of oxygen, the decinormal solution is

th of an equivalent (=4'019 grammes) dissolved in 1000 GL ; 1 C.C. is equal to yzdg5th
atom of a protosalt, or 5§ 54th of a persalt l_’,_,h.ﬁth atom of iron="00028). The end of the
reaction is known by hringing a r.lrn::f) of the mixture in contact with a drop of freshly prepared
red prussiate of potash on a white & ab (Sutton, p. 94). The colour at the point of contact is
blue as long as protoxide of iron exists, then iz n, and then brownish ; the disappearance of
the gfeaniaﬁ-hluc tint indicates the point at which all the iron is oxidized.
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1° of soap solution corresponds to ‘00022 grammes carbonic acid. Therefore—
00022 x 5 x 20 x T0 = 1564 grains per gallon.
As 2:116 cubic inches weigh 1 grain, multiply the number of grains by
2:116 to bring into cubie inches per gallon.
1:54 x 2:116 = 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,
b x *65 = 3-25 cubic inches per gallon.

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

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

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

Recapitulation of the Scheme for the Rapid Examination of Walter.

1. Take physical characters.

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

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

4, h']'ll‘:'aﬂlfe another portion; add a few drops of terchloride of gold, and set
it to boi

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

6. Evaporate for total solids.

7. Determine organic matter by permanganate,

8. Determine amount of chlorine,

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

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

If time permit, the examination can be pushed farther :

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

Determine amount of sulphuric and carbonic acids by soap test.

Determine amount of iron and silica.

Determine amount of soda by weight.

Calculate according to the formula given at a former page.

Scheme for the Registration of the Condition of the Water at
Different Stations,

If analyses were made frequently at each station, and a record left in the

. ® It must be remembered that it is only the free and not the combined ecarbonic acid which
is estimated.

c 2
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office, the successive medical officers would be able to learn at once the com-
position of the water and its charges during the year—in floods, dry seasons,
&c.  Of course, any elaborate analyses could not be expected, but the follow-
ing short scheme would give much useful information ;

Example of a Simple Table proposed to be hung up in the Surgery of each
Station. Of course, whenever practicable, it should be extended. 1 have
here given only the facts of greatest moment,

Per Gallon, Hardness—Clark’s
scale,

Diate of the Physical | Microscopical

Examination. | character. | examination, Solids. Organic Ohlosia.
matter.

Before | After
boiling. | boiling. |.

Slightly |A little sand | )
hazy. and vege-
1864, | :
June20, [pasteloss) fablomat-) Lypgl o.75 | 2.3 | g4 | 25
A few para-
mecia,

SECTION IV.
SuB-SECTION I.—PuURIFIcATION 0F WATER.
Without Filtration.

1. Exposure fo 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, so as to cause it to fall in
finely divided streams. A similar plan, advised by Mr Osbridge, has been
used in the Royal Navy. A hand-pump is inserted in a cask of water, and
the water is pumped up, and made to fall through perforated sheets of tin.
It soon removes hydrosulphuric acid, offensive organic vapours, and, it is said,
dissolved organic matter. :

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

3. Addition of Alum,—Six grains per gallon throws down almost all sus-
pended matters ; the alumina falls as a basic salt ; the sulphuric acid remains
in solution. The alum should, if possible, be added, twenty-four hours
before the water is used. 5 i

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

5. Addition of Permanganate of Potash, or Soda (Condy’s fluid :}nd p!:rwd_er}.
—1It destroys organic matter and ammoniacal compounds by rapid oxidation,
and may be used with advantage for this purpose. Used for the water of
ponds charged with putrefying organic matters, it purifies the water almost
instantaneously (Hofmann). The peroxide of manganese subsides, and can
be separated by filtration.
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6. Carbonate of Soda, with boiling, throws down lime, and possibly a little
lead if present. ‘

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

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

9. Immersion or boiling of eertain Vegetables, especially those containing
tannin ; such as tea,* kino, the Laurier rose (Nerium Oleander, which 1s also
rubbed on the inside of easks in Barbary), bitter almonds (in Egypt).

10. Immersion of small pieces 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. ILdwitz advises that a little sulphuric acid (10 drops to
1 Ib. 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 :—

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

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

Chlovide of sodium, by filtration through a great depth of charcoal or sand.

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

Sulphate and chlovides of lime, and of magnesia, cannot be got rid of, but are
perhaps lessened a little by filtration through charcoal.

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

With Filtration.

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 ascent or descent, or alternately one and the other (Thom, at Paisley).
A sort of trap rock (amygdaloid) has been used instead of sand at Greenock,
and is said to be very useful in peaty discoloration (Thom). Mr Witt’s ex-
periments show that sand removes about 5 per cent. of organic matter, but
not more than 02 per cent. of mineral substances. It is said, however, that a
very great thickness of sand will in part purify from chloride of sodium ; and
Professor Clark has stated that lead is also lessened or removed by this plan.

On a smaller scale, a great number of substances have been used ; animal
and vegetable charcoal, charcoal and soda (Lipscombe), magnetic iron ores and
heematite, peroxide of manganese, flannel, wool, sponge, porous sandstones,
natural and artifieial, &e.

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

_® In the North of China, and especially during winter, the water of the Peiho hecomes very
impure, _nnd contains not d_]lﬂj’ suspended matters, but dissolved animal matter in large quantity,
which gives the water a disagreeable offensive smell. The Chinese never drink it except as tea,
which is cooled with a lumyp of ice, if it is desired to drink it cold. In this way they secure them-
selves from all bad effects of this water (Friedel, Das Klima. Ost-Asiens, p. 60). The Enropeans
use alum and charcoal ; but these do not always entirely remove the taste. The Tartars also

used their “brick tea® to purify the water of the Ste ¥ o Ty Irinkable,
¥ Cliovalies, Whuith oo DotTet g o s o nouLa ottierios o
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storage in the military tanks, in 1861, for 1,971,844 gallons. No house is
now allowed to be built in Gibraltar without a tank. w b

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

Fig. 1.

give out a very large amount of oxygen, and thus oxidize and render in-
nocuous the organic matter which may be dissolved in the water or volatilized
from the surface.* Dr Chevers mentions that the water of some tanks which
were ordered to be 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 tropies), 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 vessel, and try by experiment whether the amount of organic
matter in the water is increased, or whether any taste is given to the water.
Dead vegetable matter should never find its way into, or at any rate remain
in, a reservoir.

greater gﬂ of which is collected in 2077 cisterns, 177 of which are public. The rain is
sufficiently abundant to fill the cisterns five times in the course of the year, so that the distri-
bution of water is at the rate of 312 gallons per head. To construct a cistern after the Venetian
fashion, a large hole is dug in the gro to the depth of about § feet. The sides of the
excavaticn are supported by a framework made of oak timber, and the cistern has thus
the appearance of a square truncated pyramid, with the wider base twmed upward. A coating
of pure and compact clay, 1 foot thick, is now applied on the wooden frame with great care ; this
op s an invincible ohstacle to the progress of the roots of any plants in the vicinity,
and also to the pressure of the water in contact with it. o crevices are left which might
allow the air to penetrate. This preliminary work being done, a large circular stone, partly
hollowed out like the bottom of a kettle, is deposited in the pyramid with the cavity upward ;
and on this foundation a cylinder of well- bricks is constructed, having no interstices
whatever, except a nmumber of conical holes in the bottom row. Tf:m large vacant space
remaining between the sides of the pyramid and cylinder is filled with well-scoured sea sand.
At the four corners of the pyramid they place a kind of stone trough covered with a stone lid
pierced with holes. These troughs communicate with each other by means of a small rill made
of bricks, and resting on the sand ; and the whole is then paved over. The rain water coming
from the roofs of the buildings runs into the tronghs, penetrates into the sand through the
rills, and is thus filtered into the well hole by the conical holes already deseribed. The water
thus supplied is ﬁmnpiﬂ, sweet, and cool.”
* Clemens in iv. fiir Physiol. Heilk, 1853.
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Whenever a reservoir is so large that it cannot be covered in, it may be
suggested whether a second smaller covered tank, capable of holding a few
days’ supply, might not be provided with a filter, through which the water of
the large reservoir might be led as required,

When tanks are large, they are made of earth, stones, or masonry ; if
mortar be used, it should, as in the case of the smaller reservoirs, be
hydraulie, 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, 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 becomes hard.
Leaden cisterns, as in the case of leaden pipes, may yield lead to water, and
should be used as little as possible, or should be protected. ILead 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.

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 eurved 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. Cisterns should be periodically
and carefully inspected ; and in every new building, if they are placed at the
top of a house, convenient means of access should be provided.

Sve-Section 1I1.—DiIsTRIBUTION OF WATER.

‘When houses are removed from sources of water, the supply must be by
aqueducts and pipes. The distribution by hand, formerly so common in this
country, and still practised in India, is a rude and objectionable arrangement,
for it is impossible to supply the proper quantity, and the risks of contamina-
tion are inereased. 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
emulation of modern nations.

The pipes are composed of iron, masonry, or earthenware for the larger
pipes or mains, the iron being sometimes tinned or galvanised; for the
smaller pipes, iron, lead, fin, zine, tinned copper, earthenware, gutta percha,
&e. are used. y Y )

Bituminised paper pipes were some time 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 next page.) The distribution of water is either
intermittent, when the water flows at certain times from its source or reser-
voir into cisterns, and is there stored for a time ; or it is continuous, when the
house pipes are connected always with the main reservoir.

The latter plan gives a constant supply, and avoids all chances of contam-
ination of cisterns. It has, therefore, been strongly advocated by some
of the hest sanitarians of our time, and is employed in several English
towns. It has, however, some disadvantages, The waste of water is con-
siderable, and chances of leakage are considerable. As in many instances
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where the system has been adopted, the supply of water is much larger than
the population demand, the loss of water at ﬁ::nst causes no mconvenience ; but
if the population increase, or if the supply is only just sufficient from the
first, the waste is sometimes a great evil, and in some cases has been almost
intolerable. Various plans have been tried—water meters and payments by
quantity ; but then the effect was to lead to such economy on the part of the
tenants, as to lead to depressed rates, and to almost ruin the water company.
Some companies bound to a constant supply have introduced a kind of throttle
into the service-pipe, which allows only a dribble into the house ; but this is
bad, as there are certain times when much water is wanted, and times when
little is used ; the invariable dribble gives too little or too much.

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

Water should be distributed not only to every house, but to every floor in
a house. If this is 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
persus 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
salne reasons.

Sus-Section 1V.—1. ActioNn oF WATER oN Leap Prpes.

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

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

1. The waters which 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 carbonate of lead 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.

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

3. From the observations of Graham, Hofmann, and Miller, the protective
influence of carbonic acid gas appears to be very great; a diffieultly soluble
carbonate of lead 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—as

_® Medlock attributes the greatest influence to nitrite of ammonia formed from organic matter ;
nitrite of lead is rapidly formed, and carbonate is then produced ; the nitrous acid heing set
free to act on another portion of lead. The nitrite of Ammonia exists in most distilled water.

T Report of the Government Commission 1851, p. 7.
i Lauder melﬂ-ugf Action of Hard Water on Lead, p. 7.
§ There is some discrepancy of opinion as to the action of the chlorides.
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SUB-SECTION V.—SEARCH AFTER W ATER.

Oceasionally, 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 n
to sink several, passing farther and farther 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 in-
dications 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 contraetion, water should be
sought for on the mountain side of the contraction. In digging at the side of
a valley, the side with the highest hills should be chosen.

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

If moist ground only is reached, the insertion of a tub pierced with holes
deﬁp E:LD the moist ground will sometimes cause a good deal of water to be
collec

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

During marches, each soldier carries a water-bottle, He should be taught
to refill it with good water whenever practicable ; a little flannel bag, into
which charcoal may be sewn, should be placed at the opening so as to strain
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the water. If the water is decidedly bad, it should be boiled with tea, and
the cold tea drunk. The exhausted leaves, if well hoiled 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 (fig. 2) 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 officers. 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. 2. and they poured their water through this.
They also used sandstone and pumice-stones.
Soldiers should be tanght 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 oceasions, the French army in Algiers has suffered from the men swal-
lowing small leeches, which brought on dangerous bleeding. The leeches,
which are so small as to look merely like small bits of vegetable matter, fix
in the pharynx, the posterior nares, &c., more rarely in the larynx, causing
repeated hremoptysis epistaxis or asphyxia.

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

sources of water inquired into.
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When halting ground is reached, it may be necessary to filter the water.
A common plan is to carry a cask, charred inside, and pierced with small
holes at the bottom ; it is sunk in a small stream, and the water rises through
the holes, A 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. In the
French army it is ordered® that, if other means cannot be procured, fresh and
inodorous straw be taken, and chopped fine and pressed at the bottom of a
tub pierced with holes ; if possible, charcoal is to be intercalated among the
straw. Great care must be taken to have the straw pure, and to change it
often.  Other simple plans are given in the drawings, which need little
description. Figs. 3 and 4 speak for themselves, Fig. 5 is a barrel connected
by a pipe with a supply 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 fow turns of the handle clear the
sand. Fig. 6 is a simpler 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 eattle
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 tlow from one to another—
the highest for men, the second for cattle. If it is a running stream, localities
should be fixed for the special purpose; that for the men's drinking-water
should be highest up the stream, for animals below, washing lowest ; sentries
should be placed as soon as possible. The distribution of water should be
regulated ; streams are soon stirred up, 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
necessary, distillation of brackish or sea water must be had recourse to.

SECTION V.

CONSEQUENCES OF AN INSUFFICIENT OR IMPURE SUPPLY
OF WATER.

SuB-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 reporte.t It was then shown that want of

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

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

The deficiency of water leading to insufficient cleansing of sewers has a
great effect on the spread of typhoid, and of choleraic 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 waterremoving organs
eliminate with wonderful rapidity any excess that may be taken, so as to
keep the amount in the body within certain limits. But when circum-
stances prevent the supply of water, it is well known that the wish to drink
becomes so greaf, 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
pulmonary carbonie acid, the intestinal excreta, and all the important urinary
excreta. And it is probable, though not yet certain, that this arises from
absolute lessening of tissue metamorphosis. The precise alterations in nutri-
tion which ensue if the deficiency of water continues, have not yet been
indicated, but it is well known that complete deprivation of water and food
leads to a much more early death than abstinence from food alone.

The more obvious effects produced on men who are deprived for some time
of water is, besides the feeling of the most painful thirst, a great lowering of
muscular strength and mental vigour. After a time, exertion 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, as it is absolutely impossible that these
efforts can be continued without it. If we reflect on the immense loss of
water by the skin and lungs which attends any great physical exertion, we
shall see that to make up for this loss is imperative ; and 1t 1s very important
that this loss should be made up continually by small quantities of water
being constantly 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 EXErcIse.)

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

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

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

Sus-SectioNn 1I.—IMPURE SUPPLY.

At present, owing probably to the impossibility 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 the carbonate of lime, are useful. One writer,
indeed, has proposed to add carbonate of lime to water, in order to supply
lime for bones ; and even so excellent a writer as Johnston has supposed that
in Ireland the deficiency of lime salts in the potato is supplied by the large
amount of lime in the water which, in so many parts of the country, is derived
from the mountain limestone. But as Boussingault’s experiments are not
so satisfactory as were formerly supposed, it is unlikely that this suggestion
will obtain much hearing, and the idea that the exclusive use of the potato is
rendered possible by the composition of the water does not seem likely to
find much favour.

It may be true that water containing a large quantity of organic matter, or
much sulphate of lime or magnesia, has been used for long periods without
any ill effects. The water of the Canal de I'Ourcq, which contains much
bicarbonate of lime, and some sulphate of lime and magnesia, 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 a general impression,
without a careful collection of facts, that most fallacious of all evidence, has
often been the only ground on which the opinion has been come to. As well
observed 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

|‘i “ﬂﬂtixpﬂﬁmenta of Biicker, Becher, Genth, Mosler, Lehmann, and Chossat are especially
refe ;

t Second Annual Report to the City of London, p. 121,
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are indeed often gradual, and may elnde ordinary observation, yet be not the
less real and appreciable by a close inquiry. Tn 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 improbable that the
use of the impure water, which is supposed to be innocuous, has been really
restricted, or that experience has shown the necessity of purification in some
way. This much seems to be certain, that as precise investigations proceed,
and, indeed, in proportion to the care of the inquiry and the accuracy of the
chemical examination, a continually 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 frequency and importance
of this mode of origin of some diseases. -

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

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

The salts nsually considered hurtful, except when in very small gquantity,
are sulphates of lime and magnesia, chlorides of calcium and magnesium,
nifrates and nitrites, and butyrate of lime.

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

1. AFFECTIONS OF THE ALIMENTARY MUCOUS MEMBRANE.

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

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

* The quantities of those substances which should not be exeeeded in good drinking-water
have been already given, as far as they can be stated at present.
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mined, but water containing more than 8 grains of each substance
individually or collectively appears to be injurious to many persons.
This would correspond to about 10 degrees of permanent hardness, A
much less degree than this will affect some persons. In a well-water at
Chatham, which was found to disagree with so many persons that no one
would use the water, the main ingredients were 19 grains of carbonate of lime,
11 grains of sulphate of lime, and 13 grains of chloride of sodium per gallon,
The total solids were 50 grains per gallon. In another case of the same kind,
the total solids were 58 grains per gallon ; the carbonate of lime was 232 ; the
sulphate of lime 11, and the chloride of sodium 14 grains per gallon.

Organic matter produces no symptoms of this kind.

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

Diarrhea has been known to be produced by many conditions,

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

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

Suspended animal and vegetable substances, washed off the ground by
heavy rain into shallow wells, often produce 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.$

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

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

* Hammond’s Hygiene, p. 218, 1 Virchow's Archiv. band xxvi. p. 117.
1 Canstatt's Jahresh, 13-!?21 vol. ii. p. 81,
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In the case of a well ventilated court in Coventry,” where diarrheea was
constantly present, the water contained 5-68 grains per gallon of volatile and
combustible matter, but then it contained also no less than 105 grains of
fixed salts, which, as the water had a permanent hardness of 51°'6 (Clark’s
seale) after boiling, must have consisted of sulphates and chlorides of calcium
and magnesium, It also contained alkaline salts, nitrates, and ammonia. The
composition was therefore so complex that it is difficult to assign its shares to
the organie matter,

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

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

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

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

* (reenhow, in Second Report of the Medical Officer of the Privy Council, 1860, p. 75.
t+ Poncet, in Rec, de Mem. de Med. Mil 1863, p. 218. The exact words are “une odeur
d’acid sulfurique,” but *“sulfhydrigue” must be meant.
I Second H:efluf‘t of the Medieal Officer of the Privy Council, Parl. Paper, 1860, p. 153. :
§ The period of the incubation, so to speak, of the attack of diarrheea is well shown in this
case, Granting that the canse was only acting on the day of the outbreak, the following num-
bers come out :—Out of 100 sick
7368 per cent. fell sick within 24 hours,
21 4 1 in the second 24 hours,
263 i i vy third i
187 5 ,y fourth
0:75 2 1 s fifth 1)
The rapidity with which this canse of disease always seems to act is very remarkable,
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fix the eause in the water, and that the impurity of the water was from the
sewer gases, is really as certain.

(g.) Dissolved Mineral Matters, if passing a certain point, produce diarrheea,
Boudin refers to an outbreak of diarrhcea at Oran, in Algiers, which was dis-
tinetly traced to bad water, and ceased on the cause being removed ; the com-
position of the water is not explicitly given, but it contained lime, magnesia,
and earbonate 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
diarrheea, and he traced this to the water, which “ contained a very large pro-
portion of sulphate of lime and other purgative salts ;” and he tells us that
Pinel had noticed the same fact twenty years before in a particular section of
the Salpétriére. In some of the West Indian stations, the water drawn from
the caleareous (so-called Parian) formation has been long abandoned, in con-
sequence of the tendeney to diarrhcea which it caused.

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

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 kind formerly caused much disease of this
kind. In awater 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. DBut, 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 in an
indirect way, by producing nitrites and nitrates, which act on metals,

Dr Badeker,} 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 eylinder, and it was after it had
stood for some time in the pump that it was hurtful. Greens boiled in this
water acquired a beautiful green colour.

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

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

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

s

Several of the older army-surgeons refer to this cause. Pringle does so
several times, and Donald Monro, in the Campaigns in Flanders and Germany.
In the West Indies, Lempriere,§ in 1799, noticed the increase of howel 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-

: I-E}'gif-ne Publique, t. i. E 2386. + Zeitschrift fiir Hygicene, vol. i. p. 166.
¥ Pappenheims Beitrige, heft iv, p. 49, § Vil i. p. 25. =
D
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ever, for many years after this that fresh sources of water were sought for in
the West Indies, and that rain water began to be used when good spring or
river water could not be got.

Davis® mentions as a curions fact, in reference to the West Indies, that
ships’ erews, when ordered to Tortola, were *invariably seized with fluxes,”
which were caused by the water. But the inhabitants who used tank (i.e.
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 earry 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 widespread outbreak.t

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. Its constant
prevalence at Secunderabad, in the Decean, appears to have been partly owing
to the water which percolated through a large graveyard. One of the
sources of water contained 119 grains of solids per gallon, and, in some in-
stances, there were 8, 11, and even 30 grains per gallon of organic matter.
(Indian Report, p. 44.)

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

In time of war this cause has often been present, and the great loss by
dysentery in the Peninsula, at Cindad 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, diarrhecea. Suspended earthy
matters, suspended animal organic matter, sulphates and chloride of lime and
magnesium, nitrates of lime and ammonia, large quantities of chloride of
sodium and magnesium in solution, appear to be the usual ingredients ; but
there are few perfect analyses yet known.

The observations which prove so satisfactorily that the dysenteric stools can
propagate the disease, make it probable that, as in the case of typhoid fever
and 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

- he Walcheren Fever, p. 10. )
+ g;:lfumvimv b-f the mlﬂl'ﬂ:ll‘ on Dysentery, in the British and Foreign Medical and Chir-

urgical Review for 1848, for fuller details of this epidemie.
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bronchial catarrh was most common when the drinking-water was foulest and
produced dysentery. Possibly the bronchial and the urinary mucous mem-
branes may also suffer from foul water; the point is well worthy of close
investigation.

3. SPECIFIC DISEASES.

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

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

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

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

The same facts have heen noticed in this country. Twenty years ago Mr
Blower of Bedford mentioned a case in which the ague of a village had been
muf;h 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

= R —

* Topography of Ceylon. p. 52. + Indian Annals, 1856, p. 526.
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contents of a sewer passing into the drinking water.® In 1852, Dr Austin
Flintt published the particulars of a single outbreak of typhoid fever at the
hamlet of North Boston (Erie, U.S.) in 1843, In this case the disease was
clearly introduced into a perfectly healthy village by a stranger who arrived
ill at an inn, and there died on the 19th October. A very large proportion
(28 out of 43 persons, forming 10 families) of the inhabitants became very
rapidly affected with typhoid fever, and all those attacked used the water of
the inn well. Three families only out of the ten in the village entirely
escaped. Two lived at a distance, and had their water from other sources ;
and the other, who lived close to the inn, was at feud with the innkeeper, and
had his own well, So strongly did the belief that the well water of the inn
caused the disease to take root in the little community, that the man who,
living close to the inn, yet escaped, was accused of poisoning the inn watber,
and an action for slander was obliged to be brought by him. On subsequent
analysis the water was found to be quite pure, but this appears to have been
sometime after the severity of the outbreak. The dates of attack of 15
cases are knofmn : 6 occurred between the 14th and 20th of October; 6
between the 20th and 30th ; and 3 between the 1st and 8th of November,
The rapidity with which the disease spread, and its extent (65 per cent, of
the population being affected) is not like the ordinary rather slow propagation
of typhoid through the air, Certainly, although the evidence is not perfect,
it seems extremely probable that the well water of the inn was the main
medium of the dissemination,

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

In 1856, Dr Routhf published a case in which the evacuations of a typhoid
patient were thrown into a closet, the pipe of which passed directly into the
cistern of the drinking water, in a well-ventilated house at Hastings. No less
than eight persons were affected with more or less typhoidal symptoms ; many
of these had not been brought into 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. T learn, from personal communi-
cation with Dr. Budd, that he has long been convinced of the oceasional
propagation of typhoid fever in this way.

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

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

¥ All these cases are related by Riecke in his excellent work ¢ Der Kriegs-und Friedens
I'yphus.” Nordhausen, 1850, pp. 44-58. \

1; %I::e?:m“!ﬁ‘l?ﬁpgrﬁtqn Um:tiraml Feﬁjrj By Austin Flint, M.D. Buffalo, 1852, p. 380,

1 @ ion eAS0, ) :

£ Lancet, et B, 135{::3]1? 4;&13& of Disease. Pamphlet. Lond. 1856, p. 84

(] lglgl;lburgh Medical Journal, Jan. 1562, p. 1158.

9 Third REeport of the Medical Officer of the Privy Coungeil, 1860,
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Dr. Schmit® has for several years paid particular attention to this point,
and in 1861 published the following cases :—

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

The course was that of abdominal typhus.

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

In 1844, a family of 6 persons, at Ettelbruch, all fell ill nearly at the same
time with typhoid. A month before, the next-door neighbour had made his
cesspool deeper, and since then, fieces had passed from the cesspool into the
well of the next house, and corrupted the water,

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

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

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

In a house in Ettellruch, in 1855, 1856, and 1859, cases of typhoid fever
occurred. Here sewage had found its way into the well.

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

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

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

A case bearing on the same point was brought 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.

That water may be the medium of propagating typhoid, thus seems to be
proved by tolerably fair evidence ; and it has been admitted by men who had
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 dissemi-
nated by air? No answer can yet be given to this question. Dr W. Budd
is irelined to think that the cases of water propagation are numerically small.

There is one point of some interest. When the dates of attacks are given,
it is eurious to observe how short the ineubative period appears to be, while

* Journ, de Med. de Bruxelles, Sept. 1861 ; and Canstatt’s Jahresh, for 1861, band iv. p.
182, 183.
’[’ British Medical Journal, March 1, 1862.



EFFECTS OF IMPURE WATER: b7

it is probable that it takes many days (8 to 14) after the typhoid poison has
entered with the air before the early malaise comes on ; in some of the cases of
typhoid brought on by water, two or three days only elapse before the symptoms
are marked.* In the one case, it may be readily supposed that the poisoning
substance, entering with the air into the mouth, and being then swallowed,
is in much smaller quantity than when taken in the drinking water, and its
effect on the intestinal membrane is slow in proportion. )

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

9. Will decomposing sewage in water produce typhoid fever, or must 13]:1@
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 Schimit, how uniformly the possibility of
the passage of typhoid stools is disregarded. Everything is attributed to
fmeal matters merely. But this may have been an oversight. The opinion
that the stools of typhoid are the especial carriers of the poison was first, I
believe, explicifly stated by Canstatt,t and has been also ably argued by W.
Budd. Whether or not the special putrefactive change going on in these
evacuations can be communicated to other organie matter out of the body, is
not certain ; but it is probable that in the bedy it must meet with a fit nidus,
such as the Peyerian glands of a young person, before it can act.

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

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

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

T ¢ Wahrscheinlich sind die Exhalationen des I{rnnkaﬁ geine Excremente, vislleicht die

isen aftergelilde im Darme, die Triiger des Contagiums,"—Canstatt, Spec. Path. und Ther.
edit. band ii. RE 572 (1847).

1 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 evi-
dence was against the idea of cholera evacuations being capable of causing the disease. They
had been tasted and drank (in 1832) by men, and Deen given to animals, without effect.
Persons inoculated themselves in dissections constantly, and Eathad their hands in the flnids of
the intestines ; in India, the pariahs who remove excreta, and everywhere the washerwomen
who washed the clothes of the sick, did not especially suffer. And to these arguments must be
added the undoubted fact, that there were serious deficiencies of evidence in Dr Snow’s early
cases. (See review by the author in the “ British and Foreign Medical Chirurgical Review,” April
1855.) Add to this the unfortunate circuristance, that Dr Snow, with all the enthusiasm of
a discoverer, adopted the view that cholera entered only by means of water, and not at all by
air, an hypothesis which is quite irreconcilable with the history of cholera, and thereby

created at once a prejudice against his view, and it is no wonder that this alleged mode of
entry gained little credence.
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the case of Breslau, in 1832, when the shutting up of a pump was followed
by the very rapid decline of the disease. Doubtless, however, in other cases
the causes of the cessation are different; heavy rain, by cleansing air and
sewers, and by stopping the evolution of effluvia, will sometimes as suddenly
arrest cholera.

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

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

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

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

In addition to the production of cholera from drinking water containing
the cholera stools, it has been supposed that the use of impure water of any
kind predisposes to cholera, though it cannot absolutely produce the disease,
The facts already quoted on the influence of the Lambeth water seems to
support this view. If the water acts in this way, it can onl y be by causing
a constant tendency to diarrheea, or by carrying into the alimentary canal or-
game 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.

* Fueal Fermentation, p, 24,

T Dir MT{IHEMHI (Report on Epidemies, E’;__nﬂem. Soe. Trans, vol. i. p. 274) states that a
general opinion existed among the army medical officers, that the great cholera outbreak of
1560 and 1861, in the north-west of India, was in part attributable to the impurity of the tank

il ::iutﬂ which the general ordure of the natives in cantonment is washed during the rainy
SEASON.
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Yellow fever.—As, like dysentery, typhoid fever, and cholera, the aliment-
ary mucous membrane is primarily affected in yellow fever, there is an a priori
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 forward.

Boudin® quotes a case from Rochard in which a French frigate (in 177 8)
took in water at San Jago, where yellow fever prevailed. Several 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 epi-
demie.

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

4. DISEASES OF THE SKIN.

A curious endemiec of beils cccurred in the vicinity of Frankfort in 1848,
It was confined to a small number of persons, and presented favourable oppor-
tunities for investigation. An elaborate inquiry was made by Dr Clemens,t
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 i1s most elaborately and
logically argued, but it certainly seems remarkable that other instances of the
same kind should not have been observed, especially as the disengagement of
large quantities of SH into the atmosphere is common in some trades, and as
the drinking of sulphuretted springs is so common,

D. DISEASES OF THE BONES.

Water impregnated with sulphurous acid gives rise in cattle to a 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. Rossignolf states that water
highly charged with carbonate and sulphate of lime was found to give rise to
exostoses in horses ; pure water being given, the bones ceased to be diseased.
Hard water is said to make horses’ coats rough.

6. CALCULIL

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

* Traité de Geog. et de Stat. Med., 1857, t. i. p. 141,
Henle's Zeitschrift, fiir nat. Med., 1848, vol. viii. p. 215.
* Traité d'Hygiene Militaire, 1857, p. 357,
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or distilled water. On a large scale, statistical evidence is, as far as I know,
wanting. The excess of cases of calculi in Norwich and Norfolk generally is
not, in Dr Richardson’s opinion, attributable to the water.”

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

7. GOITRE.

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

(Foitre and Cretinism in Kumaon.||

Per Centage of Population affected
Water derived from

With Goitre. With Cretinism.
Granite and gneiss, . . . . . 0-2 0
Mica, slate, and hornblende, . . 0 0
Clay slate, . el et TR 0-54 0
Green sandstone, . . . . . . 0 0
Limestone rocks, . . . . . . 33 31

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

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

t Ann. de Chimie uEt:nrfa Phys. vol. xxiv. p. 364. : o

1 Bailarger (Compies Rendus de I Acad. t. lv. p. 475) informs us that in this locality horses
and mules become goitrous ; young men, he also says, are in the habit of drinking the water,
s0 as to produce goitre and esca e military conscription. The occurrence of goitre in horses
has, however, been denied by Rey.

§ Medical Topography of Bengal.
_ |l T have included the facts on cretinism also, although I do mnot wish, in any way, to pre-
Judge the much more uncertain problem of the cause of cretinism.
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ally been based, not on chemical analysis, but on the geological argument that
the water was furnished by a granitic or gneissic district. As, for example,
the argument of Render, that in some regions in Brazil, where three-fourths of
the population are goitrous, the villages are on granite, gneiss, quartz, and
clay. But no analyses are given, and, as in Dauphiné, the springs may arise
at the junction of limestone and granitic rocks. In Brazil, Castelnan believed
he could confirm Granges’ view of the prevalence of magnesia and lime in the
water of goitrous districts,

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

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

8. ENTOZOA, OR OTHER ANIMALS,

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

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

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

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

Boiling the water before drinking appears to have some preservative effect. 57

Levches.—Reference has already been made to the swallowing of small

* Edin. Monthly Journal, May 1855. 4

+ Bally, quoted in Efclnvmtlin of Pract, Med. art. Bronchoeele, vol. i. p. 320,

1 See especially a paper vﬁ 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. p. 453, : .

£ The native treatment is the powder of a fungns (Wah-mo), derived from the female hamboo.
It is most useful. See paper by the author in the London Journal of Medicine, 1849, :

| See Dr Aitken's long and excellent chapter on this disease, in the second volume of his
Practice of Medicine, p. 134, ef seq.

% Greenliow in In:lilun m{nmmﬁﬁﬂ, p. H57.
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leeches, which fix on the pharynx and in the posterior nares. In a march of
the French near Oran, in Algiers, more than 400 men were at one time in
hospital from this cause. In some cases the repeated bleedings from the
larynx have simulated hamoptysis and phthisis, and have produced anamia.
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, COFPER, AND ZINC POISONING.

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

General Conclusions.

1. An endemie of diarrheea, in a community, is almost always owing either
to impure air, impure water, or bad food.” If it affects a number of persons
suddenly, it is probably owing to one of the two last causes, and, if it extends
over many families, almost certainly to water. DBut 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 eertain times of the year, is far more likely to be produced by
bad water than by any other cause.

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

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

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

* Tn the pme:‘liu% pages I have dealt only with the sanitary, and not with the economical,
question of pure and impure water supply. But this latter is a point of no mean importance,
and even has a bearing on health., For example, the expenditure of soap from the use of hard
water is very lfmh and has even been reckoned in London alome as equal to half a million
sterling annually. This cost lessens cleanliness, and in this way health is affected, In some
manufactures soft water is so essential for dyes and other work tgnt great expense has been in-
curred by several mﬂ.llllrﬂctuﬁlég towns to get soft water, although they already possessed a good
supply of rather hard water. Even the question of good or bad infusion of tea is connected with
good or bad water. Mixed sanitary and economical considerations have led engineers at the pre-
sent day to very remarkable works for water supply, and it requires no prophet to foresee that
the great engineering problem of the day is really the supply of abundant, pure, and soft water
for great masses of population.  Already we see Glasgow bringing down the waters of a Highland
lake, Manchester and Livcrﬁboul collecting rain water from the vast regions of the Millstone grit,
and London debating whether it would not be economical to turn to account a lake fed by the
rain on the mountains of Wales.



CHAPTER IL

ATR.

ARMY REGULATIONS ON THE SUBJECT OF AIR AND
VENTILATION.

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

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

In permanent barracks a man is allowed . . 600 cubic feet.®
In wooden huts, : : 1 . - . 400 R
In hospital wards at home, : L ) . 1200 -
s yy  in the tropies, : : . 1500 .
In wooden hospitals at home, . : : . 600 -

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

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

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

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

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

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

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

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

# In the metropolitan lodging-houses, 30 superficial and 240 cubic feet are allowed ; in the sec-
tion-houses of the metmﬂulitnn police 50 feet superficial and 450 cubic feet are gesen. The Poor-
law Board allows 300 cubic feet for every healthy person in dormitories, and 500 cubic feet for
every sick Ecrﬁ:}n. In Dublin an allowance of 300 cubic feet is required in the registered loﬁ?ﬁ;—

houses, —(From an excellent ]mmphlel. entitled “The Eszentinls of a Hcﬂ]th}" IJWE“i.Ilg," P-
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~ sufficiency or otherwise of ventilation ; or, in other words, on the rate of
movement, and on the purity of the air.

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

SECTION L

QUANTITY OF AlR.

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

Sus-SecrioNn I.—For Hesvray Apvvrnr MEex,

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

1. An adult man inspires and expires on an average | 4
30 cubie inches at every respiration, and he
breathes 16 times per minute, . : :

In an hour he therefore expires—480 x 60 =28 800 cubic inches, or

1666 cubic feet.

. The air he breathes in gif pure) contains 0°4 per 1000 volumes of CO,,
while the air he breathes out contains 40 volumes per 1000 of CO, in
addition to feetid organic matter undetermined in amount and water
vapour to saturation ; or, in other words, about 0-5 or 0'6 cubic feet
of CO, and 136 grains of watery vapour, are eliminated per hour, or
from 12 to 16 cubie feet of carbonie acid gas in twenty-four hours.

. To dilute the expired air so that the amount of
CO, shall be reduced to 0-4 per 1000, more | 1666 x 100 = 1666
than 100 times the volume of expired air must [ cubic feet.
be supplied, or per hour, . . : :

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

Pettenkofer,® by a similar caleulation, has fixed the amount as 200 times the
volume of the expired air, which he puts at 300 litres (= 10-6 eubic feet per
hour). ~ Vierordt's calculation of the expired air is 12:75 cubic feet, and
Valentine’s 166 cubic feet per hour. Practical experience confirms this
result. The successive experiments made by Grassi and others have shown,
first, that allowances successively given of 10 cubic metres (=353 cubic
feet)-of 20 eubic metres (706 cubic feet), of 30 cubic metres (1059 cubic
feet), was quite insufficient for one man, and the quantity was gradually
inereased till 60 cubic metres (2118 cubie feet) were given. The air in the

16 = 480 cubic
inches.

2

]

—

o

* Uber den Luftwechsel von Dr Max Pettenkofer, 1858, p. 85,



66 | AIR,

cell of a prisoner who received that ration of air seemed pure to the
BENSES,

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

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

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

in the following circumstances :—
In Barracks, = 30 cubic metres by day 60 by night.
= 1059 cubic feet . —2118 .
,» Workshops, = 60 cubic metres.
= 2118 cubie feet.

., Prisons, = Ihid.
., Theatres, = Ibid.
., Schools, = 30 cubic metres.
= 1059 cubic feet.
,, Hospitals, = 80 cubic metres day and night.
= 2825 cubic feet.
2 Z 4%?2 oibic EEE’ }(luring hours of dressing.
o = 160 cubic metres,

= 5650 cubic feet, } during epidemics.

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

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

Dr Reid 5 10 ,, feet per minute, or 600 per hour ; in some
cases, however, he gave 60 cubic feet per minute, or 3600 per hour.

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

Wolpert is 600 cubie feet (Prussian) per hour.

In mines which are thought to be well ventilated, not less than 1400
cubic feet are given per head per hour, and if there is much fire-damp, as
much as 6000 cubic feet have been supplied.t A horse requires 2460 cubic

feet per hour at the least. . ‘ g s
Although, in order to give precision to the subjeet, it is necessary to

* Rapport de la Commission sur le Chauffage et la Ventilation des Batimens du Palais de
Justice. Paris 15060, ) : x e

+ It has been stated, from extensive observations, that, in mines, if it is wished to keep up
the greatest energies of the men, no less than 100 cubic feet per man per minute (=H6000 per
hour) must be given ; if the quantity is reduced to one-third, or even one-half, there 18 & serious
diminution in &m amount of work done by the men. Mr Robert Stephenson even thonght that
100 cubic feet per man per minute wuu]ul not he enough.  This mnmlulﬂln_r'hl_dﬂﬁ_, of course, all
the air wanted in the mine for horses, lights, &e. Proceedings oy the Civil Engineers, vol. Xii.

pp. 208 and 308).
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attempt to define the minimum quantity which is necessary, there is no
doubt that it is advantageous to have a much larger amount. Wherever
practicable, we should be contented with nothing short of an almost unlimited

supply.

Sus-SeEcTioN II.—OXN THE QQUANTITY REQUIRED FOR THE KESPIRATION AND
DinutioN oF THE EMANATIONS OF Sick MEx.

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

SuB-SECTION 1IL—ON THE QUANTITY OF AIR REQUIRED FOR LIGHTS, IF THE
AIr 18 T0 BE KEPT PURE BY DiLuTiON,

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

A 1 of oil demands, for complete combustion, 138 cubic feet of air ; and
to keep the air perfectly pure, nearly as much air must be introduced for
1 b of oil as for 10 cubie feet of gas.

In mines, 60 cubic feet per hour are allowed for each light ; the lights

generally are dim, and the amount of combustion slight; but this seems an
extremely small amount,

]b;‘Etudi:fnm]mmtiva des Deux Systémes de Chauffage et de Ventilation, &e. Tar C. Grassi.
D A2,
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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 an extreme veloeity ; there they will be absorbed,
and if, as has been caleulated, 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.

If such particles lodge in the mouth or nose they may be swallowed, and
pass into the alimentary eanal, 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 specific poisons, which
float about in an impure atmosphere, such as those which arise from the
typhoid or cholera evacuations, may produce their first effects, not on the
lungs or blood, but on the alimentary mucous membrane, with which they are

brought into contact when swallowed,

Svup-SrcTion [.—SuspEXDED MATTERS,

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

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

From the vegetable world pass up seeds and debris of vegetation ; pollen,
spores of fungi, myecoderms, mucedines, which may grow in the atmosphere,
and imnumerable 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,

Particles of carbon from imperfect combustion of wood or coal, or from
breaking up of masses of coal are, of course, extremely common ; starch cells,
among all bread-eating nations, appear scarcely less so. In manufacturing
districts, or in certain trades, there may be cotton fibres, hair, particles of
wool, particles of iron, steel, stone, clay, &c., &c., and the diffusion of these
particles plays a very prominent part in the produetion of lung diseases,
(bronchitis, emphysema, phthisis) and of stomach diseases (dyspepsia).
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relation to the carbonic acid, though a large quantity of CO, derived from .
respiration, always indicates a large quantity of organic matter. In a room,
the air of which is at first perfeetly pure, but is vitiated by respiration, the
smell of organic matter is generally very perceptible when the CO, reaches
“7 per 1000 volumes, and is very strong when the CO, amounts to 1 per
1000, From experiments made at Gravesend and Netley * by various medical
officers, it was found on a mean, that when the CO, reached 1-25 and ‘865
volumes per 1000, the amount of air required to destroy “00002 grammes of
permanganate of potash was 8 and 12 cubic feet respectively.

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

Assuming that the organic matter has an effect on the permanganate of
potash equal to that which sugar has;t Dr Angus Smith has calculated the

amount of organic matter to be—

Cubie feet of Air.
In a bedroom, . i : .1 grain in 64,000
" : ) . : G 56,000
Inside a house, . . . : ! ¥ 16,000
In a closely-packed railway-carriage, : Y 8,000
When the air of a sewer entered a house, . o 8,000
Ash of midden or eesspool, ; ; o 62
Pure air on high ground, » : 5 176,000
s 209,000

» L] ; o %

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

Air of 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 immense, 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 different kinds seems to show that the odorous substance has a
similar composition in many cases. The reaction of ozone appears not to be
given in such an atmosphere.

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

* By hsniatantrSulﬁmm Hewlett (Bombay Army), Stanley (Staff), Baynes Reed (12th
Regiment), Innes (16th Lancers), Venning (1st Life Guands), and Martin (Staff).

In using these numbers, it must be remembered that they involve an assumption of the
equality of action of sugar and organic matter. It is perhaps safer to express the relation
directly between the permanganate and organic matter by stating the amount of air necessary
to decolorise a definite amount of permanganate.
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The dust of a ward in St Louis in Paris was discovered by Chalvert to con-
tain in one experiment 36, and in another 46 per cent. of organic matter, which
consisted chiefly of epithelium, and when burnt had an odour of horn.

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

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

Considering that the plenro-pneumonia of catfle 1s 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 some evidence of a pneumonic or
phthisical disease being contagious (Bryson—Cases in the Mediterranean Fleet),
the floating of these cells in the air is worthy of all attention. It may explain
some of those curious instances of phthisis being apparently communicated.
In military granular conjunctivitis (gray granulations), the remarkable effect
of ventilation in arresting the spread (Stromeyer) seems to show that we have
here a similar case, and that ventilation acts by diluting, oxidizing, and
drying the cells thrown off from the conjunctivie. In many other diseases
somewhat similar conclusions can be drawn.

Produets of Combustion,

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

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

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

3. Carbonic Oxide.—The amount depends on the perfection of combus-
tion.

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

5. Sulphuret of carbon.

6. Ammonia and sulphide of ammonia.

7. Hydro-sulphuric acid (sometimes).

8. Water.

From some manufactories there pours out much greater quantities of S0,
(copper works), arsenical fumes, &, _

For complete combustion, 1Ib. of coal demands about 240 cubic feet of air.
It was calenlated by Boussingault that 21 millions of cubic metres of car-
bonie acid gas were produced daily in Paris (old boundary).
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Wood produces carbonie acid and oxide and water in large quantity, but
few compounds of sulphur. 1Ib of dried wood demands about 120 cubie
feet of air for complete combustion.

Coal-gas is composed of :—

Hydrogen, . - : : : 40 to 45-58
Marsh gas (light carburetted hydrogen), : 35 to 40
Carbonic oxide, : : ; . 2 o 66
Olefiant gas (ethylene), 3 to 4
:t‘;:c{et:,'lene, } ' 9 +o 3
Letrylene,

Sulphuretted hydrogen, 2 to "3
Nitrogen, . . 2 to 2-H
Carbonic aecid, . : 3 to 3:7H
Sulphurous aeid, ]

Ammonia, or sulphide of ammonium, - : 5 to 1
Bisulphide of carbon, J

In some analyses the carbonic oxide has been as high as 11 per cent., and
the light carburetted hydrogen 56 ; in such cases the amount of hydrogen is
small,

When the gas is partly burnt, the hydrogen, and light and heavy ecar-
buretted hydrogens are almost destroyed ; nitrogen (67 per cent.), water (16
per cent.), earbonie acid (7 per eent.), 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.

According to the quality of the gas, 1 cubie foot of gas will unite with from
"J to 164 cubie feet of oxygen, and produces on an average 2 cubic feet of
carbonic acid, and from -2 to ‘5 grains of sulphurous acid. In other words,
1 cubic foot of gas will destroy the entire oxygen of about 8 cubic feet of air,

Oil.—A lamp with a moderately good wick, burns about 154 grains of oil,
per hour, consumes the oxygen of about 3-2 cubic feet of air, and produces a
little more than 4 a eubic foot of carbonie acid ; 1 b of il demands from 140
to 160 cubic feet of air for complete combustion.

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 diluted. Even in the smoky air of
Manchester, the carbonic acid does not exceed on an average the normal
amount (Roscoe). Though, on a very still day, Smith has found it as high as
1:2 per 1000, in London; on a windy day, it was ‘3, and probably is not often
above "5. In Manchester, Roscoe found a mean of ‘39 volumes per 1000, In
a dense fog in Manchester the amount was 6 per 1000, Mean for London,
was 37 per 1000 volumes. In Paris, Boussingault calculated that the whole of
the enormous amount of carbonic acid formed in twenty-four hours was dis-
sipated in the same time. At Madrid, however, the observations of Ramon da
Ll_um show that aeration is less complete, and that the amount of carbonic
acid averages "517, and may reach ‘8 per 1000 volumes. Still diffusion, and
the ever moving air, rapidly purify the atmosphere from carbonic acid.

It is not so, however, with the suspended carbon and tarry matters, which
are too heavy to drift far, or to ascend high. As a rule, the particles of carbon
are not found higher than 600 feet ; and the way it accumulates in the lower
strata of the atmosphere can be seen by looking at any lofty building in
London. The air of London is so loaded with carbon, that even when there
1s no fog, particles can be collected on Pouchet's aerometer, when only a very
small quantity of air is drawn through,
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Sulphurous and sulphurie aeid, also appear to be less rapidly removed, as
Angus Smith found a very perce puhle 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 never be allowed.

Products of Sewage Muatter.

Ordinary London sewage disengages from 1 to 1} eubic inches of gas per
hour, per gallon {L(’.Llu,'h}% consisting of .—

Light carburetted hydrogen, : : 73 per cent.
Carbonic acid, . . 5 . 16

Nitrogen, . ! 10
Sulphuretted ll}rdmgen (‘V"I.I‘lﬂ-hlﬁ:l, - .. 2 to 4 per cent.

Ammonia and =;u|plm:le of ammonium,
A putrid organic’ vapour, .

The liquid which collects on the walls of sewers is alkaline from ammonia,
and very offensive from organic matter. The organic vapour is carbo-am-
moniacal. In sewer water this putrid substance i1z found to contain more
carbon than methylamine (C,H, N} = N (H,Me), and less than ethylamine
(C,H.N) = N (H,Ae).—(Odling.)

The air in sewers varies of course very much according to ventilation. It
i1s often alkaline from ammonia. The oxygen has been known to be re-
duced to 135 per cent., or to be in usual quantity. The ecarbonie acid may
reach 2 or 3 per cent., and the sulphuretted hydrogen 3 per cent. (Parent
Duchatelet) or more ; ammonia or sulphide of ammonium is generally present.
Organic matter reckoned in Angus Smith’s mode (1 grain = 1 grain of sugar
in the effect on permanganate of potash), may reach 1 grain in 60 cubic feet.
Fungi and germs of infusoria abound, and meat and milk taint rapidly when
exposed to sewage air. The putrid vapours are very rapidly absorbed by
charcoal.

The asphyxiating gases of sewers appear to be carbonic acid gas, and sul-
phuretted hydrogen, and sulphide of ammonia existing in large quantity.

Air of Clhurclhyards and Vaulfs.

The decomposition of bodies gives rise to a very large amount of carbonie
acid. It has been caleulated that when intramural burial was carried on in
London, 2% millions of cubic feet 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 carbonic acid (‘7 to ‘9 per
1000, Ramon da Luna), and the organic matter is perceptibly large when
tested by permanganate of potash.

In vaults, the air contains much carbonic acid, carbonate or sulphide of
ammoninm, nitrogen, hydrosulphurie acid, and organic matter. Waller Lewis
found little SH, or CH ; or cyanogen, or phosphoretted hydrogen. In his ex-
periments, the gas always extinguished flame,

Fungi and germs of infusoria abound.

Gases and Vapours given out from certain Trades.

Hydrochlorie acid gas, from alkali works,

Sulphurous and sulphuric acids, from copper-works—Dbleaching.
qulplumtted hydrogen, from several chemical works, especially of ammonia.
Carbonie acid, carbonic oxide, and sulphuretted hydrogen, from brick-fields,

and cemeui-—wmkq o ‘ _
Carbonie oxide (in addition to above cases), from iron furnaces, give
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rise 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, hackeries,

Zine fumes (oxide of zine), from brassfounders, :

Arsenical fumes, from copper-smelting,

Bisulphide of carbon, from some India-rubber works.

Air of Marshes.

The air of typical marshes contains usually an excess of carbonie acid, which
amounts, perhaps, to "6 to ‘8 or more per 1000 volumes. Watery vapour is
usually in large quantity. Sulphuretted hydrogen is present, if the water of
the marsh eontain sulphates, which, in presence of organic matter, are con-
verted into sulphurets, from which SH is derived by the action of vegetable
acids, Carburetted hydrogen is also often present, and occasionally free
hydrogen and ammonia, and, it is said, phosphoretted hydrogen,

Organiec matter also exists in considerable quantity, Discovered by Vau-
quelin (1810 and 1811, in the air collected over the Languedoe marshes by
De Lisle), and again by Moscati (1818 in the air of a Lombardy rice field), and
examined more recently by Doussingault (1829, 1839), 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 floceulent appearance, and sometimes
a peculiar marshy smell, and, heated with soda-lime, affords evidence of am-
monia. The amount in Becchi's experiments was “00027 grammes in a cubie
metre of air (=-000118 grains in 1 cubic foot). Ozone, led through a solution
of this organic matter, did not destroy it.  Besides this organic matter, various
vegetable matters and animals, 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 evaporation of water seems, indeed, to be sufficient to lift com-
paratively large animals into the air, It has been stated that ozone is deficient
in the air over marshes, but the observations of Burdel (Recherches sur les
litvres 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, containing
some acuatic 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 aseribed 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 eargo. Owing to the usual coolness, and comparative im-
mobility 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.

SECTION IV.

FERMENTATIVE OR SEPTIC CONDITION OF THE ATMOSPHERE.

The observations of Schraeder, and especially of Pasteur, are likely to have
a very important influence on the doctrines of Etiology. It must now be
admitted that countless germs of vegetables and infusoria exist in the air, aid
develope W_]lul'llr‘-’_ﬂr they find an appropriate nidus. The germs of Bacterium
termo are I nmmense abundance ; those of the Mycoderms, Mucidines, and
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Torule ave also very common.  According to Pasteur, during this development
they produce those chemical changes which have ordinarily been referred to
the action of oxygen alone. Some of these infusorial ferments, such as the
Bacteria, require oxygen for their action ; others, like the Vibrios, develope
only when there is no oxygen. In either case, all that they require is an
organic menstruum, and then either the one set of ferments or the other
comes into play, and either produces the fermentative changes and putrefac-
tion, or invariably accompanies them. The amount of these germs in the
air appears to be in proportion to the organic impurity of the atmosphere,
since organic fermentable liguids change very slowly, or not at all, when
exposed to calcined air, or to the pure mountain air,* but very rapidly when
exposed to vitiated air. A putrid emanation, acting for a very short time,
suffices alone to change milk (Sanderson), or to commence putrefaction in
meat. According to Pasteur, different kinds of chemieal change are bronght
about by different germs; the aleoholie fermentations by the Torula; the
acetous fermentation by the Mycoderma aceti; the lactic acid by another
kind ; the butyrie acid fermentation, not by a vegetable but by a Vibrio, which
can not only live without air, but dies in it.

The importance of the septic condition of the atmosphere, as Dr Sanderson
has termed it,* is that it is possible that it may found to be concerned in
some of the so-called zymotic diseases. It has been lately asserted by Davaine,f
that the *“sang de rate,” or splenic apoplexy of the sheep, is owing to the pre-
sence in the blood of Bacteria, and that sheep, rabbits, and horses can be
innoculated by transferring the Bacteria.  The Bacteria is made up of straight,
cylindrical, stiff, free filaments, y;%ths and {3 3;ths of a millimetre in length,
and of extreme thinness. They rapidly absorb oxygen, and are destroyed by
putrefaction. Sulphurie acid and liquor potass@ do not destroy them. Davaine
found them in the blood of 6 diseased sheep, never in the blood of sound sheep.

On so difficult a subject as the origin of the contagious diseases, it is not
safe to make at present any conjectures; but if M. Davaine's statement be
confirmed, one contagious disease, at any rate, is connected with septicity of
the air.

These germs are not destroyed except at a very high temperature, The
Bacterium termo requires a heat of 212° Fahr. to kill it, and the spores of the
Mucidines 240° Fahr. A temperature of 262° Fahr. kills all. Merely filter-
ing the air, by drawing it through cotton wool, will eleanse it from many
infusoria (Schrader).

SECTION V.
METHODS OF PURIFYING AIR.

The great purifying actions of Nature are diffusion, dilution, transference by
winds, oxidation, and the fall of rain. Some of these powers are brought into
play by ventilation, presently fo be considered.

Apart from ventilation, however, we can, to a certain extent, purify air by
chemical ageney, though this must always be looked upon as entirely subsi-
diary to ventilation. _

Heat.—The application of heat to disinfect clothing was proposed by Ir
Henry in 1832, It is to le presumed, therefore, that the same amount of
heat would purify air. Dr Henry disinfected scarlet fever elothing by ex-

** On this point Pastenr’s olservations have been denied by others (Pouchet, &c.), but the

halance of evidence seems to be at present in his favour. )
+ Review on the Hygiene of Habitations, in the Brit. and For. Med. Chir. Rev., Oct. 1861.

+ Compte Rendu de I'Acid, Juillet, 1863,
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posure to 212° Fahr. ; woollen clothing from plague patients, after being heated
24 hours from 144° to 167° Fahr., was worn with impunity by 56 healthy per-
sons for 14 days. It is believed that the cessation of the plague in Egypt,
after St John's day, is due to the increased heat; but possibly the hygro-
metric condition of the air may have more to do with this. It has also been
surmised that the yellow fever poison is destroyed by an intense heat.

Disinfectants or Deodorants.—Neither of these terms are good, or express
the exact or entire truth, but it is difficult now to change them.

To affect the composition of the air, we either use solids, liquids, or gases,

1. soLIDS,

Dried earth, lime, charcoal, and earbolates (phenates) of magnesia and lime
are the principal solids.

Of these charcoal is the most effectual ; it presents an immense surface to
the air; the porosity of beechwood charcoal is such that 1 cubie inch equals
100 square feet of surface (Liebig) ; it separates and absorbs oxygen from air
(Sennebier, quoted by Chevallier, “Traité des Desinfect.,” p. 146, and A.
Smith), and oxydizes rapidly almost every substance capable of it. Its action is
not indiseriminate, but elective (A. Smith) ; when charcoal which has absorbed
oxygen is warmed, it gives off carbonic acid (A. Smith), a proof of its great
oxidizing power. Exposed to the air in bags or shallow pans, it absorbs
rapidly and oxidizes organic matter ; its effect is especially marked with sew-
age gases, and with the organic emanations in disease. It also absorbs sul-
phuretted hydrogen.

Of the different kinds of charcoal, the animal charcoal has the highest
reputation, and then peat. DBut the carbon left in the distillation of Boghead
coal has been stated to be even better than animal charcoal.® If vegetable
charcoal be used, it should be rather finely powdered. The disinfecting
qualities of charcoal or air scarcely lessen with time. The use of charcoal in
this way should be a matter of routine in all hospitals, even the best venti-
lated. Charcoal filters to be placed before the mouth have been recommended
by Stenhouse, and might be useful in cases of veryimpure air. Dried marly
earth is much inferior to charcoal, but still can be employed in the absence
of the latter. _

(Quicklime absorbs carbonic acid, and perhaps compounds of sulphur, and
has been employed for that purpose.

Carbolates of lime and magnesia have been also used : their exact effect on
the air passing over them is not, I believe, known,

2. LIQUIDS,

(.) Solutions of permanganate of potash, chloride of zine, nitrate of
lead, and perchloride of iron, and a mixture of sulphate of zine and
sulphate of copper (Lanaude’s disinfectant), give off no volatile sub-
stances, and act merely on the air which comes in contact with them. Their
effect therefore is limited ; and if they are used, the solutions must be placed
in flat shallow vessels, so as to expose a great surface to the air, or cloths
dipped in the solution must be hung in the room.

Nitrate of Lead, or Ledoyen’s Fluid, is made by dissolving 11b of litharge in
about T ounces of strong nitric acid and 2 gallons of water ; a little of the
water is mixed with the litharge ; the acid is gradually added, and then the
rest of the water. This quantity will deodorise a moderate-sized cesspool.

= ——— e B —— s —

* Chevallier—Traité des Disinfectants, 1862, p, 143.
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Lt acts rapidly on sulphuretted hydrogen, and can be depended upon for this
purpose, -

Chloride of Zine.—Burnett's fluid contains 25 grains to every fluid drachm ;
1 pint is added to a gallon of water (1 to 8). It is usually said to decom-
pose sulphuretted hydrogen until the solution becomes acid, when its action
ceases ; but Hofmann finds that it does not act on free sulphuretted hydro-
gen, but on sulphide of ammonium, forming sulphide of zine and chloride of
ammonium, It destroys ammoniacal compounds and organic matter. The
sulphates of zine and copper decompose free sulphuretted hydrogen, with for-
mation of metallic sulphide and water,

Permanganate of Potush or Soda (Condy’s fluid) gives off oxygen, and
destroys organic matter rapidly ; ammoniacal compounds are at once decom-
posed, The permanganate of soda taken into the mouth destroys at once
the odour of tobacco (Hofmann). '

Perehlovide of Iron (Fe,Cl) destroys sulphuretted hydrogen and sulphide
of ammonia, in both cases setting free sulphur. Hofmann gives the formula ;

2Fe,Cl, + 3[(H,N),8] = 2(Fe,S) + 6H,NCI + 8.
(6.) Chlorides of lime and soda, nitrous acid, solution of sulphurous acid,
pyroligneous acid, act on the air chiefly or entirely by the gases which pass off
from them, and their effect are considered under that head,

3. GASES.

The evolution of gases into the air is the most powerful means of purifying
it independent of ventilation. The principal gases are chlorine, hyponitrous,
nitrous, and sulphurous acid, ammonia, acetic acid.

Chilorine.—Given off from chloride of lime, moistened with water, and
placed in shallow vessels, or from chloride of soda, or evolved at once.

Preparation of Chlorine.—Four parts by weight of strong hydrochlorie acid

are poured on 1 part of powdered binoxide of manganese, or mix 4 parts of
common salt and 1 part binoxide of manganese with 2 parts by weight of
sulphuric acid and 2 of water, and heat gently. According to the size of
the room, the actual weight of the substances taken must vary.
. A still better plan is to take 2 tablespoonsful of common salt, 2 teaspoonsful
of red lead, half a wine-glassful of sulphuric acid, and a quart of water. Mix
the lead and salt with the water, stir well, and add the SO, gradually.
Chlorine is evolved, and is absorbed by the water, from which it is slowly
given out. It may be kept in a jar or stoppered bottle, left open as occasion
may require,*

Chlorine decomposes sulphuretted hydrogen and sulphide of ammonium at
once, and more certainly than any other gas. Its effect on organic matter is
not quite certain, but it probably destroys if, as it bleaches organie pig-
ments, and destroys organic odours, either by abstracting hydrogen, or by in-
directly oxidising, .

Todine can be easily diffused through the atmosphere by placing a small
quantity on a hot plate. It will decompose SH, and destroys, therefore,
much odour. TIts action was investigated by Duroy in 1854+ who showed
that it is a powerful arrester of putrefaction. It has been recommended,
especially in smallpox, by Dr Richardson and Mr Hoffmann ;¥ but at present
more evidence is wanted to prove that it will destroy the virus. As it
condenses easily, and does not probably diffuse everywhere like chlorine,
it might be expected to be less useful than chlorine,

% Medlock’s “ Record of Pharmacy and Therapeutics,” 1858, p. 20.
i Elfuvnlli-:-.r Traité des Désinfect. p. 19. § :,Brit Med. Jour. Dec. b, 1363,
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Nitrous Aeid® (NO,) can be evolved either by placing nitre in sulphuric acid,
or more simply, by putting a bit of copper in nitrie acid and a little water.

The efficient action of nitrous acid is very great on organic matter—it
removes the smell of the deadhouse sooner than any other gas. It is rather
irritating to the lungs, and, in some persons, large quantities of it cause
vertigo, nausea, and even vomiting. If possible, when it is used, the rooms
should be eleared ; if not, it should be disengaged slowly, which can always
be done by diluting the nitric acid.

The action of nitrous acid results from the ease with which it parts with
one equivalent of oxygen to any oxidizable substance, being converted into
binoxide of nitrogen, which again at once combines with another atom of
oxygen from the air, which it again gives up, and so on.

Sulphurous Acid—Most easily evolved by burning sulphur. It decom-
poses sulphuretted hydrogen (SO,+ 2 HS=3 S+ 2 HO), and also combines
with ammonia. It has also been supposed to act powerfully upon organic
matter (Graham), and probably does so if ammonia is not present. Guyton
de Morveau, who studied the action of this acid, was of opinion that it com-
pletely disinfects miasms, and gives some evidence on this point.+

Vinegar and Ammonia.—The vapour of vinegar is an old remedy, and was
much employed by Howard in the purification of jails; the efficient agents
were probably heat and ventilation, which Howard made use of at the same
time. The vinegar would, of course, neutralise any ammoniacal vapours which
might be in the air ; whether its action would extend beyond this is doubtful.

The vapour of ammonia would not a prieii seem likely to be at all a disin-
fectant. Payen, however, believes that it has an effect on malaria, the evi-
dence, however, merely being, that periodic fevers have diminished in certain
districts in France since the establishment of manufactories in which ammonia
15 evolved. DBut so many other possible causes of this diminution suggest
themselves, that the evidence must be considered very slight.

Of the three important gaseous disinfectants, ehlorine, nitrons acid, and
sulphurous acid, the nitrous acid is probably the most powerful, but it is use-
ful to employ all three, alternately, or even together. The use of such agents
ean never supersede ventilation, and if they were allowed to do so, their em-
ployment would be more hurtful than otherwise, but, as auxiliaries to ven-
tilation, we ought not to neglect them.

Effect of the Gaseous Disinfectants on the Specific Diseases,

Cholera.—Many experiments made in Austrin and Hungary, in 1832,
seem to prove that chlorine diffused in the air has no action on the spread of
cholera. Mr Herapath, of Bristol, asserted, in 1849, that it was a complete
preservative ; but the Hungarian experiments are much more conclusive, in-
asmuch as they were positive, and not negative, results; that is to say,
chlorine did not prevent the outbreak of cholera. Charcoal also so far ap-
pears inert, that in the Crimean war cholera prevailed severely on hoard a ship
loaded with charcoal, and Dr Sutherland informs me it is quite useless, Ramon
da Luna has asserted that nitrous acid has really a preservative effect, and that no
one was attacked in Madrid who used fumigations of nitrousacid. But negative
evidence of this kind requires to be on a very large basis to prove such an action.
At the same time, the fact should certainly lead to a fair trial of nitrous acid
fumes in all cholera epidemics. In none of the trials, however, were the
substances added to the stools ; they were merely diffused in the air.

* Hyponitrous acid of some writers, 1 Chevallier, Traité des Désinfect. p. 24.
F
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Typleus (ecanthematicus).—The nitrous acid fumes were tried very largely
towards the close of the last century and the beginning of this, in the hulks
and prisons where Spanish, French, and Russian prisoners of war were con-
fined.® At that time, so rapidly did the disease spread in the confined spaces,
where o many men were kept, that the efficacy even of ventilation was doubted,
though there can be no question that the amount of ventilation which was
necessary was very much underrated. Both at Winchester and Sheerness the
circumstances were most difficult ; at the latter place (in 1785), in the hulk,
200 mien, 150 of whom had typhus, were elosely crowded together ; 10 females
and 24 men of the erew were attacked ; 3 medical officers had died when the
experiments commenced. After the fumigations, one attendant only was at-
tacked, and it appeared as if the disease in those already suffering became
milder, In 1797, it was again tried with success, and many reports were
made on the subject by army and naval surgeons. It was subsequently
largely employed on the Continent,t and everywhere seems to have been useful.

There can be no doubt, in fact, that the evolution of nitrous acid should
be practised, as a matter of course, in fever wards, proper precautions being
taken to diffuse it equally through the room, in not too large quantities.

Hydrochloric acid was employed for the same purpose by Guyton de
Morveau, in 1773, but it is doubtless much inferior to nitrous acid. Chlorine
has been also employed, and apparently with good results.}

Yellow Fever.—Fumigations of nitrous acid were employed by Ramon da
Luna, § and it 1s asserted that no agent was so effectnal in arresting the spread
of the disease.

Dysentery.—It is well known that dysentery, and especially the putrid
dysentery, may spread through an hospital from the practice of the same
close stool or latrines being used. As long ago as 1807, fumigations of
chlorine were used by Mojon || to destroy the emanations from the stools, and
with the best effects.

Nothing precise is known respecting the effect of fumigations on the poisons
of typhoid fever or of the exanthemata. The statement of the efficiency of
iodine diffused in smallpox rooms has already been referred to.

SECTION V.

DISEASES PRODUCED BY IMPURITIES IN AIR.

That the breathing of air rendered impure from any cause is hurtful, and
that the highest degree of health is only possible when to other favourable
conditions is added that of a proper supply of pure air, might be inferred
from the physiological evidence of the paramount importance of proper
aeration of the blood. Experience strengthens this inference. Statistical

* It was used at Winchester, in 1780, by Carmichael Smith, and again at Sheerness,
1785. Smith published several accounts :—* An account of the experiment made at the desire
of the Lords Commissioners of the Admiralty. By J. C. SBmith, 1796.”

Chevallier, Traité des Désinfectants, pp. 39, 40.
Thid., )Ei 14, 15,
Ann. d'Hygiéne, Avril 1861, )

[| His words, as quoted by Chevallier, are interesting :—* The dysentery became contagious
in the hospital at Genoa ; almost all the sick of my division, nearly 200, were attacked ; and,
ns we know that this disease, when contagious, is communicated ordinarily from one person to
another by the abuse which exists in all hospitals of making the same latrines serve for all the
sick of a ward, I wished to see if fumigations of chlorine had the power of destroying 'E]:il‘.'ﬂﬁ con-
tagious exhalations. I therefore caused fumigations to be used twice daily in the latrines, and,
in a few days, I was able to destroy that terrible scourge which already had made some
victims,” It appears that the chlorine was, therefore, in the air, and not added to the stools.
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inquiries on mortality prove beyond a doubt that of the causes of death,
which usually are in action, impurity of the air is the most important. Indivi-
dual observations confirm this, No one who has paid any attention to the
condition of health, and the recovery from disease of those persons who fall
under his observation, can doubt that impurity of the air marvellously affects
the first, and influences and sometimes even regulates the second.™ The
average mortality in this country increases tolerably regularly with density of
population. Density of population usually implies poverty and insufficient
food, and unhealthy work, but its main concomitant condition 1s impunty of
air from overcrowding,t deficiency of cleanliness, and imperfect removal of
excreta, and when this condition is removed, a very dense and poor popu-
lation may be perfectly healthy. The same evidence of the effect of pure and
impure air on health and mortality is still more strikingly shown by horses;
for in that ease the question is more gimple on account of the absolute simi-
larity in different periods or places of food, water, exercise, and treatment.
Formerly, in the French army, the mortality among the horses was enor-
mous, Rossignolf states that, previous to 1836, the mortality of the French
cavalry horses varied from 180 to 197 per 1000 per annum. The enlarge-
ment of the stables, and the “ inereased quantity of the ration of air,” reduced
the loss in the next ten years to 68 per 1000. At present it is said to be a
little greater than this, viz, 85 per 1000, of which about 50 per 1000 is from
glanders or farcy.§ But in some cases in the French army a much greater
ventilation has reduced the mortality still more. In the Italian War of 1859,
M. Moulin, the chief veterinary surgeon, kept 10,000 horses many months in
barracks open to the external air in place of closed stables. BSearcely any
horses were sick, and only one case of glanders ﬂccur;edd!‘e

In the English cavalry mgnnd in English racing stables) the same facts are well
known. Wilkinson Y 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 oceurs, it is considered evidence of neglect,

The foodl: 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 ventila-

t

* Bee the chapter on Hospitals for detailed

T Bee Dr Duncan's evidence in the Health of Towns Reports, vol. i. p. 131. On this point Dr
Gairdner has also brought tcEnl.har some good evidence in his work on ** Public Health in rela-
tion to Air and Water, ﬁu 52, ef seq. .
The following part of his table may be quoted :—

[
ulation to one square Popul BQUATE | 1y ath
B i Bl AT | Tcaths per1000per || PORCIation 0 one squsre SRS TN we:

in England. SERgT in England.
56 15 824 249
106 146 485 23
144 17 12148 24
144 18 1262 250
T OE NN T
27 and upwards.|
220 21 g

I

Admitting that several causes are acting here, the increase is so regular as to lead to the belief
that one grand condition must be dominant.
§ %riﬁti:l'Hy iene uima‘jl:;. Paris, 1857,
on—Journal of B:B:al cultural Bociety, No. 50, p. 91, et
il Larrey—Hygiéne des Hop, M Iéilljp. 63, 4 25 Ll Op.

M?#
cif,
F 2
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tion, for discharge of foul air ; and supply of air beneath the horses’ noses, to
dilute at once the products of respiration.

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 eondition of its nor-
mal constituents, and by differences of physical properties. These conditions
will be considered in the chapter on CriMaTE, and in this place I shall merely
attempt a brief analysis of the effect of the different impurities on health. 1t
will be seen that while the immense effect of impure air cannot be for a mo-
ment doubted, it is not always easy to assign to each impurity its definite action.
The inquiry is, in fact, in its infaney ; it is diffieult, 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 injurions
effects may be overlooked. And in this, it appears to me, consists the fallacy
of some of Parent Duchitelet's observations. In many cases he looked in
vain for fever or for marked diseases, But we nmow know that unless the
specific cause be present, no mere foulness of air will produce a specific dis-
ease, The evidences of impairment of health are a larger proportion of ill
health—i.e., of days lost from sickness in the year—than under other circum-
stances ; an increase in the severity of many diseases, which, though not
caused, are influenced by impure air; and a higher rate of mortality especially
among children, whose delicate frames always give us the hest 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. :

Sup-SecTioN [.—1. SusPENDED MATTERS,

1. Mineral Substances—A considerable number of substances suspended
in the atmosphere produce diseases from mere mechanical causes, such as
ophthalmia or nasal catarrh, from irritation of dust, or bronchitis, from the
inhalation of fine particles of coal, sand, steel, or other metal, flocks of cotton,
flax, hemp, or fine dust ; and dyspepsia, from similar substances being swal-
lowed.* The disease of the lungs appears in some cases to run the course
of phthisis, but in many instances it is chronic bronchitis, followed by
emphysema. A large number of the unhealthy trades are chiefly so from this
cause ; this is the case in part with miners of all kinds. Mr Simont states
that, with one exception, the 300,000 miners in England break down as a
class prematurely from bronchitis and pneumonia, caused by the atmosphere
in which they live. The exception is most important. The colliers of Dur-
ham and Northumberland, where the mines are well ventilated, do not appear
to suffer from an excess of pulmonary disease, or do so in a slight degree,

In different mines, also, the amount of pulmonary disease is different,
apparently according to the amount of ventilation.

In the pottery trade all classes of workmen are exposed to dust, especially,
however, the flat-pressers. So common is emphysema that it is called * the
potters’ asthma.” :

# Thackrah enumerates the following trades—The Effects of Arts, Trades, and Professions
on Health, 1832, p. 63:—The workmen who were affected injuriously by the dust of their trades
30 years ago even, and the same list will almost do for the present day : Cor-millers, maltsters,
teamen, coffee-roasters, snufl-makers, papermakers, flock-dressers, feather-dressers, shoddy-

inders, weavers of coverlets, weavers of harding, dressers of hair, hatters employed in the

wing department, dressers of coloured leather, workers in flax, dressers of hemp, some workers
in wood, waregrinders, masons, colliers, iron miners, lead miners, grinders of metals, file cutters,
machine-makers, makers of firearms, button-makers.

+ Fourth Report of the Medical Officer of the Privy Council, 1862, p. 15, et seg. See also
Alridge in B, and F, Med, Chir. Rev. July 1864, for the effects of the pottery trade.
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So also among the china scourers ; the light flint dust disengaged in great
quantities is a * terrible irritant.” Dr Greenhow states that ail 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 introduetion of wet-grinding in some cases, by the use of
ventilated wheel-boxes, and by covering the work with linen covers when
practicable. The wearing of masks and coverings for the mouth appears to
be inconvenient, otherwise there is no doubt that a great amount of the dust
might be stopped by very simple contrivances.

Button-makers, especially the makers of pearl buftons, 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 spinners, there is a great amount of
dust and flue, and the daily grinding of the engines disengages also fine ,
particles of steel.

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 bronchial irritation, and in 19 of these there had been h@moptysis,
Among 27 hacklers, 23 were diseased.®* These evils appear to be entirely
and easily preventable.

The makers of grinding-stones suffer in the same way.

In making Portland cement, the burnt masses of cement are ground down,
and then the powder is shovelled into sacks ; the workmen doing this cough
a great deal, and often expectorate little masses of cement. 1 have been
informed by some of them that if they had to do the same work every day, it
would be impossible to continue it on account of the lung affection,

In making bichromate of potash, the heat and vapour employed carries up
fine particles, which lodge in the nose and cause great irritation, and finally
ulceration, and destruction of both mucous membrane and bone, Those who
take snuff escape this, The mouth is not affected, as the fluids dissolve and
get rid of the salt. The skin is also irritated if the salt is rubbed on it, and
fistulous sores are apt to be produced. No effect is noticed to be produced on
the lungs.t Washing the skin with subacetate of lead is the best treatment.

_ At present it would appear that the nature of the suspended substance has

little influence ; the quantity, fineness, and irritating properties (depending
pr?bf.bly on the sharp angles of the particles) appear to be the important
points,

In the process of sulphuring vines, the eyes often suffer, and sometimes
(especially when lime is used with the sulphur) decided bronchitis is produced.

In some trades, or under circumstances, the fumes of metals, or particles of
metallic compounds, pass into the air. Brassfounders suffer from bronchitis
and asthma as in other trades in which dust is inhaled ; but, in addition,
they also suffer from the disease described by Thackrah as * brass ague,” and
by Dr Greenhow as- “ brassfounders’ ague.” It appears to be produced by
the inhalation of fumes of oxide of zine ; the symptoms are tightness and
oppression of the chest, with indefinite nervous sensations, followed by
shivering, an indistinet hot stage, and profuse sweating, These attacks are
not periodical.

* My Simon's Fourth Report, p. 19. + Chevallier, Anu. d'Hygiéne, July 1863, p. 83,
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Coppersmiths are affected somewhat in the same way, by the fumes arising
from the partly volatilized metal, or from the spelter (solder).

Tinplate workers also suffer occasionally from the fumes of the soldering.

Plumbers inhale the volatilized oxide of lead which rises during the process
of casting. Nausea and tightness of the chest are the first symptoms, and
then colic and palsy.

Manufacturers of white lead inhale the dust chiefly from 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 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, &e., 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, ®edema of the eyelids, and little uleers on
the exposed parts of the body ; the constitutional being weakness, fainting,
asthma, anorexia, thirst, diarrhcea, and sometimes even severe nervous symp-
toms. Arsenic has been detected in the urine of such persons,

2. Germs of Infusoria, Fungi, &e., in the Air.—The speculations which
have attributed the spread of epidemic diseases to the action of fungi® have
regained interest since the investigations of Schreeder, Pasteur, and Davaine,
The observations of the latter observer o the production of the splenic
apoplexy of the sheep by the multiplication of bacteria in the blood, if
correct, can hardly be without some effect on our opinions respecting
analogous diseases, At present it can scarcely be said that this subject
of propagation of the epidemic diseases by fungi has passed out of the realm
of conjecture.

Dr Salisburyt of Ohio has affirmed that the prevalence of measles in the
Federal army arose from fungi on mouldy straw. He inoculated himself, his
wife, and forty other persons with the fungi, and produced a disease like
measles in from 24 to 96 hours, It is stated also that this disease was
protective against measles, I have not yet seen any confirmatory observa-
tions ; but it has been objected to Dr Salisbury's statement that it seems
extraordinary that the lumbermen of Maine, Pennsylvania, and Minnesota, who
have slept on mouldy straw since childhood, should contract measles from beds
of like material in military encampments. Dr Woodward (United States
Army) has repeated Dr Salisbury’s experiments, and does not confirm them.§

3. Organic Substances.—The most important class of diseases produced by
impurities in the atmosphere is certainly caused by the presence of organic
matters floating in the air, since under this heading come all the specific
diseases. The exact condition of the organic matter is unknown ; whether
it is in the form of impalpable particles, or moist or dried epithelium and
pus cells, is a point for future inquiry ; and whether it is always contained
in the substances discharged or thrown off from the body (as is certainly the
cage 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. But, from the way in which, in many cases, the organic substance

* Cowdell, Mitchell, Holland, &e.
t American Journal of the Medical Seiences, July 1862, s
$ Camp Diseases in the 1.8, Army, p. 278, The fungus is a Penicillium.
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is absorbed by hygroscopic substances, it would appear that it is often com-
bined with, or is at any rate condensed with, thé water of the atmosphere,

The specific poisons manifestly differ in the ease with which they are oxi-
dized and destroyed. The poison of typhus exanthematicus is very readily
got rid of by free ventilation, by means of which it must be at once diluted
and oxidized, so that a few feet give, under such circumstances, sufficient
protection, This is the case also with the poison of oriental plague; while,
on the other hand, the poisons of smallpox and scarlet fever will spread in
spite of very free ventilation, and retain their power of causing the same
disease for a long time ; even it may be for weeks, or, in the case of scarlet
fever, for months, Is it that in one case the poison is a mere cloud of
molecules ; in the other is contained in epithelinm and pus cells, thrown off
from the skin in both cases, and from the throat also in one; and which ad-
hering to walls, clothes, &e., partially dry, and then 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, or horizontally 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 renders it probable that the portability of the poison in
this way has been overrated,

But organiec matters carrying the specific poisons are not the only suspended
substances which thus float through the atmosphere.

There can be no doubt that while purulent and granular ophthalmia most
frequently spreads by direct transference of the pus or epithelium cells, by
means of towels, &c.; and that erysipelas and hospital gangrene, in surgical
wards, are often carried in a similar way, by dirty sponges and dressings,
another mode of transference is by the passage into the atmosphere of dis-
integrating pus cells and putrefying organic particles, and hence the great
effect of free ventilation in military ophthalmia (Stromeyer), and in erysipelas
and hospital gangrene. In both these diseases, great evaporation from the
walls or floor seems in some way to aid the diffusion, either by giving a great
degree of humidity, or in some other way. The practice of frequently washing
the floors of hospitals is well known to increase the chance of erysipelas.

It is 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 not, if it find a proper place or nidus, in or
on which it can be received, communicate to it its own action.

SuB-SeEcTioN I1.—2. GasEous MATTERS.

(«.) Carbonic Acid—The normal quantity of carbonic acid being -4
volumes per 1000, it produces fatal results when the amount reaches 50 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
%nhule, for a brief period, considerable quantities of carbonie acid without in-
jury ; and animals can be kept for a long time in an atmosphere highly
q::harged ‘.‘i-_'lth 1t, provided the amount of oxygen be also increased. Probably
indeed, discomfort, indicating the commencement of poisoning, is produced by
a quantity l?e!nmv this ; but exact experiments to show the precise effect of
small quantities of carbonic acid, unmixed with other gaseous substances, in
']!fﬂ{TﬂHt persons, are yet wanting. In the air of respiration, headache and
vertigo are produced when the amount of earbonic acid is not more than 15
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SH exists in large quantity in the air, and, in direct opposition to Liftle, it
has been supposed that the highly poisonous action of the marsh gas is partly
owing to the sulphuretted hydrogen. Again, in the making of the Thames
Tunnel, the men were exposed to SH, which was formed from the decom-
position of iron pyrites ; after a time they became feeble, lost their appetites,
and finally passed into a state of great prostration and anzmia. Nor, as far
as is known, was there anything to account for this except the presence of
sulphuretted hydrogen, _

Dr Josephson and Rawitz* have also investigated in mines, effects pro-
duced apparently by sulphuretted hydrogen ;—two forms of disease are pro-
duced—pure narcotic, and convulsive and tetanic symptoms. In the first
case, the men became pale, the extremities got cold. There was headache,
vertigo, a small weak pulse, sweating, and great loss of strength. On this,
spasms and tremblings sometimes followed, and even tetanus. These symp-
toms were acute, and not, as in the Thames Tunnel case, chronic, When
these attacks occurred, the temperature was high and the air stagnant.

The observations of Clemens, also, on the development of beils from the

sage of SH into the drinking-water from the air, if not econvineing, cannot
be overlooked. (See page 60.)

The symptoms produced by sulphide of ammonium in dogs are said, by
Herbert Barkert to differ from those of SH. There is vomiting without
purging, quickened pulse, and heat of skin, followed by coldness and rapid

ing.

(d.) Carburetted Hydrogen.—A large quantity of carburetted hydrogen
~can be breathed for a short time ; as much, perhaps, as 200 to 300 volumes
per 1000. Above this amount it produces symptoms of poisoning, headache,
vomiting, convulsions, stertor, dilated pupil, &e.

Breathed in small quantities, as it constantly is by some miners, it has not
been shown to produce any bad effects, but here, as in so many other cases,
it is to be wished that a more subtle examination of the point were made.
h‘i’?’iiﬂ?ut producing any marked disease, it may yet act injuriously on the

ealth.

(e.) Ammoniacal Vapours—An irritating effect on the conjunctiva seems
to be the most marked effect of the presence of these vapours, I am not
aware of any evidence showing any other effect on the health.

(/) Sulphurous Acid Gas—The bleachers in cotton and worsted manufac-
tories, and storers of woollen articles, are most exposed to this gas, the
amount of which, in the atmosphere, is, however, unknown. The men suffer
from bronchitis, and are frequently sallow and anmic.

"Whenﬁulphumus acid is evolved in the open air, and, therefore, at once
largely diluted, as in copper smelting, it does not appear to produce any bad
effects in men, though it affects herbage from being washed down with rain,
and, through the herbage, cattle, causing affections of the bones, falling off
of the hair, and emaciation.

(¢.) Hydrochloric Acid Vapours in large quantities are very irritating to
the lungs ; when poured out into the air, as formerly the case in the alkali
manufactures, they are so diluted as apparently to produce no effect on men,
but they anplﬁte]:,r destroy vegetation,

(h.) Bisulphide of Carbon.—In certain processes in the manufacture of
vuleanised india-rubber a noxious gas is given off, supposed to be the vapour
of bisulphide of carbon, It produces headache, giddiness, pains in the limbs,

* Schmidt Jahr, band ex. p. 834, and band. cxvii, p. 85.
+ On Malaria and Miasmatn, p, 212, il
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and humid air, are by themselves non-effective. Carmichael, in his work on
serofula (1810), gives some most striking instances, where impure air, bad
diet, and deficient exercise concurred together to produce a most formidable
mortality from phthisis. In one instance, in the Dublin House of Industry,
where scrofula was formerly so common as to be thought contagious, there
were in one ward, 60 feet long and 18 feet broad (height not given), 38 beds,
each containing four children ; the atmosphere was so bad that in the morning
the air of the ward was unendurable. In some of the schools examined by
Carmichael, the diet was excellent, and the only causes for the excessive
phthisis were the foul air and want of exercise. This was the case also in
the house and school examined by Neil Arnott in 1832, Lepelletier (Traité
Complet de la Maladie Scrophuleuse) also records some good evidence. Pro-
fessor Alison, of Edinburgh, strongly insisted on this fact, and Sir James
Clark, in his invaluable work, lays great stress on it. Neil Arnott, Toynbee,
Guy, and others brought forward some striking examples before the Health
of Towns Commission (First Report, 1844, vol. i. pp. 52, 60, 69, 79, &ec.). Dr
Henry Cormac has insisted with great cogency on this mode of origin of
phthisis, and Dr Greenhow, in his “ Report on the Health of the People of
England,” also enumerates this cause as oceupying a prominent place.

In prisons, the great mortality which formerly occurred from phthisis, as
for example at Millbank (Baly), seemed to be owing to bad air conjoined
with inferior diet and moral depression.

Two Austrian prisons in which the diet and mode of life were, it is be-
lieved, essentially the same, offer the following contrast :—

In the prison of Leopoldstadt at Vienna, which was very badly ventilated,
there died in the years 18341847, 378 prisoners out of 4280, or 86 per 1000,
and of these no less than 220, or 51°4 per 1000, were from phthisis; there
were no less than 42 cases of acute miliary tuberculosis,

In the well-ventilated House of Correction in the same city, there were in
five years (1850-1854) 3037 prisoners, of whom 43 died, or 14 per 1000, and
of these 24, or 7-9 per 1000, died of phthisis. The comparative length of
sentences 1s not given, but no correction on this ground, if needed, could ac-
count for this discrepancy. The great prevalence of phthisis in some of the
g]i“:};m Jails appears to be owing to the same cause, combined with insufficient

et.

The now well-known fact of the much greater prevalence of phthisis in most
of the European armies (French, Prussian, Russian, Belgian, and English)
can scarcely be accounted for in any other way than by supposing the vitiated
atmosphere of the barrack-room to be in fault. This is the conelusion to
which the Sanitary Commissioners for the Army came in their celebrated
report, after assigning all probable influence to exposure on duty, intemper-
ance, and a somewhat faulty diet. And if we must attribute some influence
to the pressure of ill-made accoutrements, and to the great prevalence of
syph_ﬂls, still it can hardly be doubted that the chief canse of phthisis among
soldiers has to be sought somewhere else, when we see that with very differ-
ent duties, a variable amount of syphilis, and altered diet, a great amount
of phthisis has prevailed in the most varied stations of the army, and in
the most beautiful climates ; in Gibraltar, Malta, Tonia, Jamaica, Trinidad,
Bermuda, &e. (see history of these stations), in all which places the only com-
mon condition was the vitiated atmosphere which our barrack system every-
where produced.  And, as if to clench the argument, there has been of late
years a most decided decline in phthisical cases in these stations, while
the only circumstance which has notably changed in the time has been the
condition of the air. So also the extraordinary amount of consumption
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which prevails in the men of the Royal and Merchant Navies, and which, in
some men-of-war, has amounted to a veritable epidemic, is in all probability
attributable to the faulty ventilation.®

The deaths from phthisis in the Royal Navy averaged (3 years) 2:6 per 1000
of strength, and the invaliding 30 per 1000. The amount of consumption
and all lung diseases was remarkably different in the different ships. These
inferences have received the strongest corroboration from the outbreak of a
lung disease leading to destruction of lung tissue in several of the ships on
the Mediterranean station in 1860. Dr Bryson traces this clearly to con-
tamination of the air, and notices that in several cases the disease appeared to
be propagated by contagion. It may be inferred that pus cells were largely
thrown off during coughing, and floating through the air, were received into
the lungs of other persons,

The production of phthisis in animals confirms this view. The case of the
monkeys in the zoological gardens narrated by Dr Arnott is a striking in-
stance. Cows in close stables frequently die from phthisis, or at any rate
from a destructive lung disease (not apparently plenro-pnewmonia), while
horses, who in the worst stables have more free air, and get a greater amount
of exercise, are little subject to phthisis. But not only phthisis may most
reasonably be considered to have one of its modes of origin in the breathing
an atmosphere contaminated by respiration, but other lung diseases ; bronchitis
and pneumonia appear also to be more common in such circumstances. Both
among seamen and civilians working in confined close rooms, who are other-
wise so differently ecireumstanced, we find an excess of the acute lung affec-
tion. The only ecircumstance which is common to the two classes is the
impure atmosphere. (Compare especially Gavin Milroy and Greenhow.)
Some evidence is available to show that the favourite belief of these diseases
being caused by transitions of temperature, and exposure to weather, has been
carried too far, and that this cause is a subordinate one to several others.

In addition to a general impaired state of health arising, probably, from faulty
aeration of the blood, and to phthisis and other lung affections which may
most reasonably be believed to have their origin in the constant breathing of
air vitiated by the organic vapours and particles arising from the person, it has
long been considered, and apparently quite correetly, that such an atmosphere
causes a more rapid spread of several specific diseases, especially typhus exan-
thematicus, plague, smallpox, scarlet fever, and measles. This may arise
in several ways ; the specific poison may simply accumulate in air so imper-
feetly changed, or it may grow in it (for though there may be an analogical
argument against such a process, it has never been disproved, and is evidently
not impossible); or the vitiated atmosphere may simply render the body less
resisting or more predisposed, 3 ; '

(b.) Air Rendered Impure by Exhalation from the Sick.—The air ﬂf_a. sick
ward, containing as it does an immense quantity of organic matter, is well
known to be most injurious. The severity of many diseases is increased, and
convalescence is greatly prolonged. This appears to hold true of all diseases,
but especially of the febrile. At a certain point of impurity, erysipelas and
hospital grangrene appear. The occurrence of either disease is in fact a con-
demnation of the sanitary condition of the ward. It has been asserted that
hospital grangrene is a precursor of exanthematic typhus, but probably the
introduction at a partienlar time of the specific poison of typhus was a mere
coincidence, But, doubtless, the same_ foul state of the air which aids the
spread of the one disease would aid also that of the other.

# Syatistical Reports on the Health of the Navy, and especinlly Gavin Milroy’s pamphlet on
i« The Health of the Royal Navy,” 1862, pp. 44 and 54.
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When hospital gangrene has appeared, it is sometimes extremely difficult
to get rid of it. Hammond® states that in a ward of the New York City
Hospital, where hospital gangrene had appeared, removal of the furniture and
patients did not prevent fresh patients being attacked. Closing the ward for
some time and whitewashing had no effect. The plastering was then removed,
and fresh plaster applied, but still cases recurred. At last the entire walls
~were taken down and rebuilt, and then no more cases occurred.

It is now well known that by the freest ventilation, .., by treating men
in tents or in the open air, hospital gangrene can be entirely avoided.t The
occurrence of hospital gangrene in a tent is a matter of the rarest oceurrence.

(¢.) Air Rendered Impure by Combustion.—Of the products of combustion
which pass into the general atmosphere (see page T74), the carbonic acid and
earbonic oxide are so largely and speedily diluted that it is not likely they
can have any influence on health. The particles of carbon and tarry matter,
and the sulphurous acid, must be the active agents if any injury results, It
has been supposed that molecular carbon and sulphurous acid, instead of being
injurious, may even be useful as disinfectants, and we might a priori con-
clude that to a certain extent they must so act, but certainly there is mo
evidence that the smoky air of our cities, or of our colliery districts, is freer
from the poisons of the specific diseases than the air of other places. It has
been supposed, indeed, that the air of large cities is particularly antagonistic
to malaria, but there are probably other causes acting here. The solid
particles of earbon, and the sulphurous acid gas, may, on the other hand, have
injurious effects. It is not right to ignore the mechanical effect of the fine
powder of coal so constantly breathed in the lungs, and even the possibility
of irritation of the lungs from sulphurous acid. Certain it is, that persons
with bronchitis and emphysema often feel at once the entrance into the
London atmosphere, and individual experience will, I believe, be of opinion
that such an atmosphere has some effect in originating attacks of bronchitis,
and in delaying recovery. DBut statistical evidence of the effect of smoky
town atmospheres in producing lung affections on a large scale cannot be
given, so many are the other conditions which complicate the problem.

The effect of breathing the products of combustion, as by the products of
gas passing into a room, is more easily determined. In proportion to the
amount of contamination of the air, many persons at once suffer from head-
ache, heaviness, and oppression. Bronchitic affections are frequently pro-
duced, which are often attributed to the change from the hot room to
the cold air, but are really owing to the influence of the impure air of the
room on the lungs.

When the products of gas combustion are inhaled continuously, as by
workmen whose shops are dark, and who are compelled to burn gas during a
large part of the day, it is impossible to doubt that some of the pallor, or
even anemia and general want of tone which such men show, is owing to the
constant inhalation of an atmosphere so impure.

(d.) Air Rendered Impure by Sewage Gas.—Cases of asphyxia from sul-
phuretted hydrogen, sulphide of ammonium, carbonic acid, and nitrogen (or
possibly rapid poisoning from organic vapours), occasionally occur both in
sewers and from ijhﬂ opening of old cesspools. In a case at Clapham, the
clearing out a privy produced in twenty-three children violent vomiting and
purging, headache, and great prostration, and convulsive twitchings of the

®* On Hypgiene, p. 172.

T See Chapter on Hospitals, and Professor Jiingken's Address on Pymmia in the Sydenham

%ﬂﬂ?ﬁﬁﬂiﬁﬁ%ﬂ?ﬁgga 862, p. 213, and Report on Hygiene by the Author, in the Army
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{nuac}ti;é Two died in twenty-four hours,—(* Health of Towns Report,” vol.
i p. :

IT such cases as these are put aside, and we demand what is the condition
of health of those who work in non-infected sewers, to use Parent Duchiite-
let’s expression, we find some difference of opinion. Thackrah states™ that
sewer-men are not subject to any disease (apart from asphyxia), and are
not short-lived. He cites no evidence. Parent Duchitelett came on the
whole to the same conclusion as regards the sewer-men of Paris in 1836.
He says that there are some men so affected by the air of sewers that they
can never work in them; but those who can remain suffer only from a
little ophthalmia, lumbago, and perhaps sciatica. They consider otherwise
their oceupation not only innocent but as favourable to health. The only
fact adverse to this seemed to be that the air of the sewer greatly aggravated
the venereal disease, and those who persisted in working with this disease on
them inevitably perished (p. 256). The working in deep, old, sewage matter
produced an eruption on the parts bathed by the mud, which resembled itch
sometimes, or was phlyctenoid in character,

When Parent Duchitelet’s facts are subjected to analysis, the case is not,
however, so clear as would appear from his statement. At one place he
speaks of 24 men being the number of sewer-men, at another of 32—either
number being too small for safe conelusions. He also gives a list (t. 1. p. 386)
of the 32 men, from which it appears that there were mo less than 20 men
who had only been employed six months in the sewers, and seven others who
had only been there a year ; two others had been less than sixteen months,
and only three were over two years (viz., fifteen years and six years respectively).
So that the extremely short period of time seems quite to vitiate any con-
clusions. But it appears also that a very considerable effect was produced on
a large number of these men, as, besides ophthalmia, from which no less than
25 of them had suffered, and several three and four times, 10 of the 20 men who
had been employed less than six months had suffered from bilious and cere-
bral affections, diarrhcea, colics, jaundice, lumbar pains, and, in one case,
bilious and cerebral fever. Of the seven men who had been employed less than
one year, no less than three had suffered from colics and diarrheea, and two from
rhenmatism. So that all the facts show that this celebrated evidence of
Parent Duchitelet, which has been so often quoted to prove the innocuous-
ness of sewer air, had been completely misunderstood, and that it rather
proves the hurtfulness than otherwise, The prineipal affections seem to have
been ophthalmia, bilious affections, diarrhcea, and colics,  The exact amount
of sickness per annum, the rate of mortality, and the expectation of life have
not been determined by any observer. :

Tt must be remembered also that sewer air is of no invariable eomposition,
that often, with good ventilation, it is tolerably pure, and that, in many cases,

_the inhabitants of houses over sewers really receive more sewer air than those
who penetrate into the sewers themselves. The workmen also take great
precautions, both in London and Paris, and, in both cases, the sewage matter
is mixed with a very large quantity of water, which has a great effect in
holding back deleterious products. Sl _ _

Dr Herbert Barker] has attempted to submit this question fo experiment
by conducting the air of a cesspool into a box where animals were confined.
The analysis of the air showed the presence of carbonic acid, sulphuretted
hydrogen, and sulphide of ammonium. The reaction of the gas was usually

* The Effects of Arts, Trades, and [}?gﬂe_lsail}]ls on Health, 1832, p. 118.
Hygigne Publigque, vol. i. p. 247 (1836). &
1:‘.. l’.)r::r alaria and M’immntn, by T. H. Barker, M.D., 1863, p. 176, ef seq.

e e ——————— e i
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neutral, sometimes alkaline. The gas was sometimes offensive, so that organic
vapours were probably present, but no analysis appears to have been made on
this point. Three dogs and a mouse were experimented on ; the latter was
let down over the cesspool, and died on the fifth day, The three dogs were
confined in the box ; they all suffered from vomiting, purging, and a febrile
condition, which, Dr Barker says, “ resembled the milder forms of continued
fever common to the dirty and ill-ventilated homes of the lower classes of the
community.” DBut the effects required some fime, and much gas for their
production. Dr Barker attributes the results, not to the organic matter, but
to the mixture of the three gases, carbonic acid, sulphuretted hydrogen, and
sulphide of ammonium, and especially to the latter two.

With respect to the special production of typhoid fever among sewer-men,
Parent Duchiitelet refers only to three cases of cerebral and hilious affection,
which may have been typhoid ; there is, however, no certainty. He does
not state, however, whether any of the men had been protected by previous
attacks, and the large number of men who had been but a short time in the
sewers would render this inguiry of little value.

Dr Guy, from an inquiry in London,* believed that these men were not more
subject to fevers than other workmen, but, as Dr Murchison has pointed
out,t Guy's conclusions are questionable, especially from the distinetion of
typhus and typhoid fevers not being drawn, and from the mixing up scaven-
gers and dustmen with sewer-men.

Murchison and Peacock have both observed sewer-men to be more subject
to those diseases. Murchison thinks that constant exposure to sewage air
gives immumty, but possibly previous attacks (which are not necessarily
severe) may often give protection.

Nightmen, and the collectors and sorters of dust, do not appear, according
to Dr Guy, to be subject to any special disease or ill-health.

(e.) Effect of Sewer Air on the General Population—The effect of sewer
air on the general population is another question. In many towns there is a
constant escape of sewage air into the houses ; the drains open at the base-
ment, are insufficiently trapped, and currents of air force the gas into the
house, or the artificial warming of the house continually draws up the air from
the sewers, In London, Dr Sanderson has shown, by his ingenious mano-
meter, that the tension of the air in the sewers is constantly greater than that
of the house air, and, consequently, that there is a constant danger of sewer
air entering our dwellings,

That the brent.hing_ stuch an atmosphere has an immense effect on health is
a matter of such daily ohservation that, I presume, it will not be denied.
Every one must have seen instances in which headache, sickness, diarrheea,
general malaise, and, after a certain time, great depression of health, with
more or less an@mia, were produced.t In some cases I have known decided
febrile attacks lasting three or four days, and attended with great headache
and anorexia, In some cases, houses into which there has been a continued
escape of sewer air have been so notoriously unhealthy, that no persons would
live in Lhem:‘ and this has not been only from the prevalence of fever, but
from other diseases. Dr Marston, R.A., in his excellent paper on the Fever
of Malta,§ tells us, that when typhoid fever broke out at the Fort of Lascaris,

® Journal of the Statistical Soei : :
{On chﬂm, B, 453. Wlﬂtﬁ', 1343, viol. X1.

4+ It is impossible to _fll;gt-e the numerons instances which have been recorded. Many are
ns

gft"{:ilﬁill the Tealth of nepﬂm. {EQE Evidence of Riﬁh:!': vol, i. I 191 ; .!‘Lllli-*!-, vol, i.

§ Army Medical Report for 1861, p. 486,
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from the opening of a drain, other affections were simultaneously developed,
viz,, ‘ diarrhoea, dysentery, slight pyrexial disorders, and diseases of the
primary assimilative organs.” A close examination and analysis of the affec-
tions produced by the inhalation of sewer air, would probably much enlarge
this list ; and the class of affections resulting from this cause, to which it may
be difficult to assign a nosological name, will be found, I believe, to be essen-
tially connected with derangement of the digestive rather than with the pul-
monary system. -

Is typhoid fever produced by the emanations arising from famcal decom-
position ?

This great question is almost too large for the limits of this book, and yet
it is too important to be briefly dismissed. The main facts which we may, I
hﬁli&ve, legitimately draw from the long diseussion which has taken place are
these :(—

1. There are several cases on record in which typhoid fever has constantly
prevailed in houses exposed to sewage emanations, either from bad sewers, or
from want of them, and in which proper sewerage has completely removed

the fever.® .

- 2. There are several cases on record t (Croydon, Peckham, Westminster,
Fleet Lane, Hammersmith, Malta) in which the opening of a drain (in some
cases an old one) has given rise to decided typhoid fever, as well as to an
extremely severe and rapidly fatal disease (probably severe typhoid), in which
coma 1s a marked symptom. (Murchison, p. 438.) And there are other
cases (Windsor) in which typhoid fever was manifestly caused by ill-ven-
tilated and ill-contrived sewers permitting a large reflux of air into the
houses.

3. Whenever statistics are accurately carried on, the prevalence of typhoid
fever is always found to be in a close relation to the imperfect manmer
in which sewage matters are removed. The army statistics of home and
foreign stations give us excellent examples of this, and year by year, as diag-
nosis is becoming more certain, this fact is coming out more and more
clearly.

These three classes of facts are so undoubted, and so numerous, as to show
that the connection between typhoid fever and faecal emanations is too intimate
to be accidental. DBut,

4, There are cases on record in which fazeal aceumulation and decomposition
has been going on about habitations for years without producing fever. Cer-
tainly many of these cases are in small villages and isolated houses, where
there are currents of air to carry off the effluvia, and not in close towns and
alleys. The difference may, then, be merely one of ease of oxidation and dis-
persion. In some of these instances again, and especially in the case of foreign
towns, fever may really greatly prevail, though casual observers do not recog-
nise it ; it may affect the children under the form of the so-called infantile
remittent fever, and in this way preserve them from subsequent attacks.
Strangers suffer in such towns, but apparently not the inhabitants. A closer

# Whoever will take the trouble to read the Health of Towns Reports and Evidence, Mr
Simon's Reports, Dr Letheby’s Reports, Dr Acland’s Report on Fevers in Agrieultural Districts,
and the Reports of the Medieal Otficer to the Privy Council, will find abundant evidence in sup-
port of this assertion. Many provincial towns in England could give similar evidence as Nor-
wich. (See Dr Richardson’s Report, Medical Times and Gazette, Jan. 1864.) :

+ For many instances, see Murchison on Fevers, p. 436, ef seq. The Hammersmith case is
one mentioned by Babington (British Medical Journal, May 8, 1862). The case at Malta is
mentioned by Marston, Army Medical Report for 1861, p. 486, I have been informed of a
similar case; and it was also affirmed that the evacuations of some patients with typhoid fever
had been received two years before into this drain.
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examination may, perhaps, deteet the reason of this to be the protective influ-
ence of prior attacks.* In other cases, again, the fever really prevails among
adults, but is not recognised.t How constantly it used to be said that typhoid
fever prevailed in neither the East nor the West Indies. It really prevails in
one, and probably in both, and doubtless has always been present, but was
confounded with other diseases, Still, will these explanations account for
all cases? A village is known to me in which no typhoid fever had ever
been known ; the drainage arrangements were,.as usual in our English vil-
lages, very bad. About ten years ago typhoid fever commenced to prevail,
and spread completely through the village, attacking old and young, so com-
pletely unprotected were all the inhabitants. Importation eould not be traced,
but it is not certain it did not occur. Now here, as in that of Calstock,
Over Darwen, recorded by Bristow and Greenhow,f either the aceumulation
of, and emanations from, sewage must reach a certain point, or there must
be some special superadded meteorological conditions, such as excessive heat,
drought, &c., or there must be entrance of a fresh agent.

B. There are cases in which, in such local outbreaks, no introduction of a
fresh agent can be traced. But then it is notoriously difficult to prove a
negative, and these specific poisons pass from place to place in such secret ways
that it is almost impossible to trace them. A great number of negative in-
stances must be brought together before much reliance can be placed on this
argument.

6. There are cases on record (the outbreak at Steyning, recorded by Whitley,§
is one of the best) in which all the conditions of typhoid fever from accumu-
lated sewage appear to be present for years, and yet no fever is cansed. Then,
a patient arrives from a distance with typhoid fever, and the disease spreads
more or less through the village, and, spreading evidently from this case, is
disseminated as evidently by the fiecal emanations. Now, such cases as these
support very strongly Dr William Budd's view, that the specific poison
must be introduced, and that it is conveyed in the stools, and, as a matter of
course, propagated through the sewers, if these exist.

7. There are cases in which typhoid fever oceurs when no exposure to sew-
age emanations can be traced. But these instances are always isolated ; and it
is well known that, in such cases, it is not to be expected we shall always be
able to point out the exact place and time of exposure. A man may be
exposed to a vitiated atmosphere withont even knowing it himself, and even
the time and place of exposure to the most undoubted contagions (as small-
pox) cannot always be traced,

The general conelusion seems to me to be this. The view which meets best
all the facts is that sewage air, per se, does not produce the specific lesion
of Peyer's patches, which is the anatomical sign of typhoid fever, but that
sewers afford the channels of propagation when the specific poison of typhoid,
derived from the stools, finds its way into them. At the same time, it must
be confessed that this conclusion is not based on such ecomplete evidence as
should _alcme content us, and that the spontaneous origin of true typhoid fever
from simple sewage matter is neither completely disproved, nor is evidence*
wanting which seems to indicate such an origin. That the effluvia from the

* There seems ht.l;I!: doubt that one attack of typhoid usnally protects from another, Is this
owing to the destruction of Peyer's patches : and is the fever really caused by the absorption
of the lr"'mlE'Fta of these glands, when disintegrating from the effects of a poison locally applied
to them? The transmission of the disease by water gives some countenance to this.

_°F This is the case still in London ; there is reason to think that many cases of typhoid occur
in _Prwal.e Emchce which are not diagnosed.

g ]El‘{rl;ﬂ l;:gpnrt of the Medical Officer to the Privy Conneil,
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fair,* is some strong evidence that the general health of the people suffered
from the emanations of the putrid streams of the Frome, and the tributaries
of the Itk and Medlock ; that they were pale, in many cases dyspeptic ; that
fevers (typhoid) prevailed on the banks is asserted by some observers, but
rather doubted by others; but none seemed to have any doubt that the
fevers, when they occurred, were much worse. Cholera, in Manchester, was
severe along the banks of some of these streams, but that might have been
from the water being drunk. _

It is very likely that the discrepancy of evidence may arise from the
amount of water which dilutes the facal matter being much greater in
some cases than others, In the case of the Thames, the dilution was after
all very great, and this was the case, in part at any rate, of the Bitvre, as the
stream was in some places 6 and 7 feet deep. The evaporation from such a
body of water, however offensive it may be, must be a very different thing
from the effluvia ecoming off from the masses of organic matter laid bare by
the almost complete drying up of streams into which quantities of famcal
matter are poured.

(h.) Effect of Manure Manufactories—At present, I believe no bad effect
has resulted from the manufactories yet formed in this country, In France,
the workmen engaged in the making of “ Poudrette” do not in any way suffer,
except from slight ophthalmia.t Parent Duchitelet} (on very slight evidence
indeed) thought the emanations were even beneficial in some diseases, and
Tardien seems inclined to support this opinion. When the poudrette is
decomposing, and large quantities are brought into small spaces, as on board
ship, serious consequences may result. Parent Duchéitelet records two cases
of outbreaks on board ships carrying poudrette which fermented on the voyage ;
one vessel, the Arthur, lost half her crew (number not known), and the rest
were in a state of deplorable health ; the men who unloaded the cargo were
also affected. The symptoms are not recorded, but, in a smaller vessel, where
all on board (5) were similarly affected, the disease put on the appearance of
“an adynamic fever.” There was intense pain of the head and of all the
limbs, vomiting, great prostration, and in two cases great diarrhcea. These
symptoms are very similar to those already mentioned as produced in 21
children at Clapham by the opening of a privy.

(i.) The Air of Graveyards—There is some evidence that the disturbance
of even ancient places of sepulchre may give rise to disease. Vieq d'Azyr
refers to an epidemic in Auvergne cansed by the opening of an old cemetery ;
the removal of the old burial place of a convent in Paris produced illness in
the inhabitants of the adjoining houses.§ In India, the cantonment at
Sukkur was placed on an ancient Mussulman burial ground, and the
station was most unhealthy,|| especially from fevers,

The eftect of effluvia from comparatively recent putrefying human bodies
has been observed by many writers. Rammazzini ¥ states that sextons entering
places where there are putrefying corpses are subject to malignant fevers,
asphyxia, and suffocative catarrhs; and Fourcroy remarks that there are a

* Second Report of the Health of Towns Commission, pp. 261 and 347. Lyon Playfair says
;f"'gﬂ;:-“ ?nﬁs:lla }ﬂr:nmlﬁl Hané::}gshir whamh}n]l:ava mnau})ted are unauirnnual{r of o :‘:‘:fion that
@ putrid streams w i i i

ot ek mngtulil. 5 wind their way sluggishly through the town are

+ Parent Duchételet ; Patissier, See also Tardien, * Dict. d’Hyeidne.” t. i i
. ] : . 8 ygitne," t. iv. p. 453. Tardien,
in 1862, writes,—“We do not hesitate to aflirm that the exlz;ﬁntinna frnmpthm mannfac-
tnrlciit (voiries) exercise no injurious action either on man or vegetation.” But it must be re-
membered that these places are excellently conducted ; ventilation is good, and th fecal matter
is soon subjected to processes which prevent its decomposition.

i 3 II;:. £ uhllqt_m, ) 11.*]1, a8, Tardien, ** Diet. d’Hygiene,” i, p. 517.

| Norman Chevers, p. 404, Maladies des Artizans, p. 71.
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been exposed to the products of an advanced putrefaction of horses, shows
that there is a decided influence on health. Pringle especially noticed this;
and in many campaigns since this condition has been one of the causes of
insalubrity. Diarrheea and dysentery are the principal diseases; but all
affections are increased in severity. At the siege of Sebastopol, where, in
the French camp, a great number of bodies of horses lay putrefying on the
ground, Reynal* describes the effect as most disastrous ; and even conjectures
that the spread of typhus was connected with this condition.

(L) Air of Brickfields and Cement Works—The peculiar smell of brickfields
cannot be owing to carbonic acid, oxide, or to hydrosulphuric acid, or sul-
phurous acid (the gases evolved from the kilns); but its exact cause, I
believe, is not known. The air, at its exit from the chimney of furnaces and
kilns, is rapidly fatal ; but so rapid is its ascension, dilution, and diffusion,
that at a little distance it is respirable. I am not aware that, in any of the
actions against the owners of brickfields, anything more than a nuisance has
been established. The smoke and gases from cement works, however, destroy
neighbouring vegetation. The smell can be perceived for several hundred
yards. In the north of France, it is ordered that no kilns shall be within 50
métres (54} yards) of a public road ; and the kilns are lighted only at night.

(m.) Air of Tallow-makers, Bone-burners, §e.—In many trades of this
kind large quantities of very disagreeable animal vapours are produced, which
spread for a long distance, and are most disagreeable. Although a nuisance,
it is difficult to bring forward positive evidence of insalubrity. But the
odour is so bad, that in France rules are in force to oblige the vapours to be
condensed or consumed ;+ and if in the process any water is contaminated
with fatty acids, it is neutralized with lime. M. Foucon has figured an
apparatus which completely burns the animal vapours. (Pappenheim'’s Beit.
du Sanitas. Pol. Heft ii.)

(n.) Air of Marshes.—It seems scarcely necessary to allude to this point,
except to notice that in addition to paroxysmal fevers it has been supposed
that serous diarrheea (a sort of dysenteria incruenta) and true bloody dysen-
tery, are produced by malaria. Also that there is perhaps some connection
with malaria and liver abscess (). In addition to marked diseases, the
breathing of marsh air produces an imperfect condition of nutrition, in which
enlarged spleen plays a prominent part, and the mean duration of life is
shortened.

(0.) Unknown conditions of the Atmosphere.— Occasionally, outbreaks of
disease oceur from impurities of the atmosphere, the nature of which is not
known ; though the causes giving rise to them may be obvious. Dr Majer}
records a case of a school at Ulma, of sixty or seventy boys, where the greater
number were suddenly affected, on a warm day in May, with similar symptoms
—giddiness, headache, nausea, shivering, trembling of the limbs, sometimes
fainting. The attack oceurred again the next day, and a common cause was
uartam:. The room was enclosed by walls, in a narrow space, where the snow
had lain all the winter ; the wall was covered with fungous vegetation, and
with E.a':lts from the:, mortar. From the sudden entrance of warm weather, for-
mentation had set in, and a strong marshy smell was produced ; the substances
of whatever kind generated in this way accumulated in the narrow ill-ventilated
space. Removal to a healthier locality at once cured the disease,

* Vernor's Hygiéne Industrielle, t. ii. p. 80, t Tardien, Dict. A'Hygigne, t. xi. p. 221 .-
T Canstatt's Jahresb, 1862 ; vol ii. p. 32. L 3



CHAPTER III.

VENTILATION.

VENTILATION OF BUILDINGS.

IN order to keep air in its necessary purity it must be continually changing.
In the previous chapter we have seen that the change must amount to at
least 2000 cubic feet per hour per head for persons in health, and not less
than 3000 or 4000 cubic feet or more for sick persons. Less than this will
not suffice to keep the air pure, and even this amount is quite the minimum
which must be given.

In whatever way this air is supplied, certain conditions must be laid down.

The entering Air.—1. The air which enters must itself be pure. It must
be warmed if too cold, and cooled if too warm.

2. Its movement should be imperceptible, otherwise it will cause the
sensation of draught, and will chill. The rate at which the movement be-
comes imperceptible is 1} feet per second (=136 miles per hour) ; 2 and 2}
feet per second (1-4 and 1-7 miles per hour), are imperceptible to some per-
sons ; 3 feet per second (2 miles per hour) is perceptible to most; 31 feet is
perceived by all persons; any greater speed than this will give the sensation
of dranght, especially if the entering air be of a different temperature, or moist.*

3. It must be well diffused all through the room, so that in every part
movement shall be going on ; in other words, the distribution must be perfect.

The outgoing Atr—4. The air must be removed so immediately that there
shall be no risk of a person breathing again his own expirved air, or that of
another person.

5. In hospitals especially, it will be desirable that there shall be no chance
of the air from one sick person passing over the bed of another. Therefore,
the movement of air should be rather vertical than horizontal, and as the ex-
pired air, and all exhalations from the body or bed clothes, at first pass up-
wards from their levity, it is desirable that they should be discharged above,
and not drawn down again past the patient. During the last few years it has
been argued that it is better that the foul air should pass off below the level
of the person, so that the products of respiration will be immediately drawn
down below the mouth, and be replaced by descending pure air. But the
resistance to be overcome in drawing down the hot air of respiration is so great
that there is a considerable waste of power, and the obstacle to the discharge

is sometimes sufficient, if the extracting force be at all lessened, to reverse the 4

* [n Pettenkofer's closed room, which contains 4237 cubic feet, it has been found that 44
cubie feet can be admitted ;mr minute without draught, or, in other words, the air could be
completely ehanged in ten minutes without the inmates pereeiving it.

— o i
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movement, and the fresh air forees its way in through the pipes intended for
discharge ; a fact which has been noticed in the Hospital Lariboisiére on some
occasions. This plan, in fact, must be considered a mistake. The true prin-
ciple here is that stated long ago by D’Arcet. In the case of vapours or gases the
proper place of discharge is above ; but heavy powders, arising in certain arts or
trades, and which from their weight rapidly fall, are best drawn out from below.

Means by which Air is set in Motion.—These are :—1sf, The forces con-
tinually acting in nature, and which produce what has been termed natural
ventilation. 2d, The forces set in action by man, and which produce the so-
called artificial ventilation.

The division is convenient, but not strietly logical, as the forces which act
in natural do so also in artificial ventilation to a certain extent.

SECTION L
NATURAL VENTILATION—GENERAL STATEMENTS.

Three forces act in natural ventilation, viz., diffusion, wind, and the differ-
ence in weight of masses of air of unequal temperature.

Svue-Section IL—DiIFrusion.

As every gas diffuses at a certain rate, viz.,, inversely as the square root of
its density, there is a constant escape of any foreign gas into the atmosphere
at large. From every room that is not air-tight Pettenkofer and Roscoe have
shown that diffusion oceurs through brick, and Pettenkofer believes that one
of the evils of a newly built and damp house is that diffusion cannot oceur
through its walls. Dut the ordinary plastered and papered walls reduce dif-
fusion to a most insignificant amount. Through chinks and openings pro-
duced by imperfect carpentry the air diffuses fast, and Roscoe found that
when he evolved carbonic acid in a room the amount had decreased one-
half from that cause in 90 minutes.

The amount of purification produced by diffusion under ordinary circum-
stances 1s shown by observation to be insufficient, and, in addition, organic sub-
stances, which are not gaseous, but molecular, are not affected by it. As a
general ventilating power it is therefore inadequate.

SuB-SEcTION 1I.—THE AcTtion oF THE WINDS,

The wind acts as a powerful ventilating agent, and in various ways. If it
can pass f&e:aly through a room, with open doors and windows, the effect it
produces is immense. For example, air moving only at the rate of 2 miles an
hour (which is almost imperceptible), and allowed to pass freely through a
room 20 feet wide, will change the air of the room 528 times in one hour.
No such powerful action as this can be obtained in any other way.

The wind will pass through walls of wood (single-cased), and even of single
porous bricks, when it attains a certain velocity, and perhaps this will account
for the fact, that such houses, though cold, are healthy habitations. Plaster.
however, appears to arrest wind at any velocity, if it be true, as stated, that
in the interior of some thick walls, after many years, lime has been found still
caustic. And the resistance of a certain amount of brick or porous stone is
80 rgmat, that none, or a very small amount of air will pass through.

There are two objections to winds as ventilating agents by perflation,
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1. The air may be stagnant. In this country, and, indeed, in most coun-
tries, complete quiescence of the air for more than a few hours is scarcely
known. Air is called “still” when it is really moving 1 or 1} miles an hour,
The average annual movement of the air in this country is from 6 to 8 miles
per hour, but it varies of course greatly from day to day. It is between 5 and
6 miles in Northern Germany.

2. A much more serious evil is the uncertainty of the movement, and the
difficulty of regulation. When the velocity reaches 5 or 6 feet per second,
unless the air be warm, no one will bear it. The wind is therefore excluded,
or, if allowed to enter directly through small openings, is badly distributed.
Passing in with a great velocity, it forces its way like a foreign body through
the air in the room, causing draughts, and escaping, it may be, by some
opening without proper mixing. I have measured a current entering in this
way for many feet. In spite of this inconvenience, there can be no doubt
that in every case, when it can be done, a thorough cross-ventilation hy
opposite windows should be provided, so that advantage may be taken of this
vast ventilating power. In other cases, the wind can be allowed to blow
down a tube, and this is especially calculated for certain special cases here-
after mentioned.

But the wind acts in another way. A moving body of air sets in motion all
alr in its vieinity. It drives air before it, and, at the same time, causes a partial
vacuum on either side of its own path, towards which all the air in the vicinity
flows at angles more or less approaching right angles. In this way, a small
current moving at a high velocity will set in motion a large body of air,

This may be tested at once by placing a small card on one side of a candle,
and blowing strongly along the side away from the candle. The flame will
then bend in towards the card. Or, by arranging a Woolf’s bottle with
open tubes of unequal length, and by blowing along the top of one or other
tube, the air may be made to pass up or down either, at pleasure. :

The wind, therefore, blowing over the tops of chimneys causes a curren
at right angles to itself up the chimney, and the unequal draught in furnaces
is owing, in part, to the variation in the velocity of the wind. Advantage,
therefore, can be taken of this aspirating power of the wind to cause a move-
ment of air up a tube. And in this way the wind may be made to do excel-
lent service in ventilation.

The wind, however, may impede ventilation by obstructing the exit of air
from any particular opening, or by blowing down a chimney or tube. This
is, in fact, one reason of the failure of so many systems of ventilation ; they
may work well in a still atmosphere, but the immense resistance of the wind
has not been taken into account, and the plan which works beautifully in a
model fails on the large scale.

In some systems of ventilation the perflating power of the wind has been
used as the chief motive agent. In Egypt the wind is allowed to blow
in at the top of the house through large funnels. This plan has been
in use from time immemorial. This was the case in Mr Sylvester's plan,
which was used at Derby and Leicester forty or fifty years ago. A large cowl,
turning towards the wind, was placed in a convenient spot near the building
to be ventilated—a little above the ground if in the country, or at some height
if in a town. The wind blowing down the cowl passed through an under-
ground channel to the basement of the house, and entered a chamber in which
was a so-called eockle-stove, or calorifére of metal plates, or water or steam
pipes, by which the air was warmed. It then ascended through tubes into
the rooms above, and passed out by a tube or tubes in the roof, which were
covered by cowls turning from the wind. So that the aspiratory power of
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the air was also used. This plan is extremely economical and suceessful,
The movement of air is, however, necessarily unequal, and it is difficult to
regulate it. It has been proposed to place a fan in the tunnel to move the
air in periods of calm, and the plan then becomes identical in principle, and
almost in detail, with the method of Van Hecke.

Mr Ritchie * has employed a similar plan in the ventilation of a dwelling-
house ; a current of air (of eight square feet in section) was introduced into the
hall and staircase of the house by air-openings to the prevailing points of the
wind. The aixwas warmed in winter to about 70° Fahr. ; every room had a
longitudinal opening over each door, concealed by the architrave, and regu-
lated by valves, and through this the warm air from the staircase entered
the rooms, and then passed up the chimney, and up outlet air-flues placed in
the walls, commencing at the ceiling, and ending at the wall-heads under the
roof. The area of the opening into the room was made just equal to the
sum of the throat of the chimney and the ountlet air-flues.

Dr Arnott ventilated the Field Lane Ragged School on this principle with
excellent effect, as is shown by the annexed cut. In this case, as in all others,
the movement is also in part carried
on by the third canse of motion in ‘“ﬁ

air, viz., the effect of unequal density T
of masses of air.

In the ventilation of ships, the Sl
wind is constantly used ; and by 1
wind-sails, and tubes with cowls turn- e

ing towards the wind, air is driven i
between decks and into the hold. £

In using the wind in this way, il
the difficulty is to distribute the i
air so that it shall not cause [ =— ..
draughts. This is best done by e R o A z
bending the tubes at right angles ,4 ( 1Y ,2-“/ \w AR f._f.:.r S A\
two or three times, 50 as to lessen the | /// / A /1\ /’; IRAVZAN
velocity, by enlarging the channel | /1 [ .77/ ‘:‘\t, ARSI 0 A
towards the opening in the interior
of the vessel, and by placing valves
to partially close the tubes, if neces- Fig. 8.
sary, and by screens of wire gauze.*

In all cases in which the air of a room, as in a basement story, or in the
hold of a ship perhaps, is likely to be colder than the external air, and when
artificial means of ventilation cannot be employed, the wind should be taken
advantage of as motive agent.

The aspiratory power of the wind can be secured by covering air-shafts with
moveable cowls turning from the wind, and special forms of covering here-
after described, which aid up currents and prevent down draughts.

Fal
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SuB-SECTION I1L—MoveEMENTS PRODUCED BY UNEQUAL WEIGHTS OF THE AIR.

The wind itself is caused by this power ; but it is necessary, in discussing
ventilation, to look upon this as if it were an independent fnrﬂ;. Whenever

* Treatise on Ventilation, by Robert Ritchie, C.E., 1862 1. 80.

+ As the use of perforated gm: plates and of wire: gauza’iE very common in ventilation, it is
necessary to bear in mind that these screens very soon get el with dirt. In all cases they
should be so arranged as to be easily inspected and cleaned : and it should be a matter of
routine duty to see that they are constantly kept clean. It should also be understood that the
amount of friction offered by these small openings is exceedingly great.
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a mass of air becomes expanded, either from inerease of temperature or from
expansion caused by augmentation of watery vapour, it becomes lighter, and
ascends. The cause of its ascension is best understood by supposing the air
of a room to be of the same temperature and humidity as the outside air, by
an equal bulk of which it is exactly counterbalanced. The air is then
motionless. If, however, it be heated by fire, or the presence of men or
animals, or be made moister, it expands in all directions; and, if it can
escape, the air in that given space (the room) is no longer as heavy as the
colder air in an equal space outside, and is therefore forced up by the greater
weight of the colder column.

The amount of movement thus produced has been caleulated in various
ways, in which, however, the temperature, and not the humidity, of the air is
considered. Air rushes into a vacuum at the rate of 1339 feet per minute,
and this fact is applied to the partial vacuoum caused by the rise in tempera-
ture.  Another mode of caleulation is by considering the different weights
of the two unequally heated columns as like two weights suspended by a
cord on a pulley, and drawing against each other, and the actual weight in
grains or pounds of the two columns can be easily seen, if the cubic space
is known, by the tables given in the chapter on meteorology, of the weights of
unequally heated and moistened air.®

The theorem for falling bodies is, however, most generally used. The
difference of height of two unequally heated columns of air being known,
the rate with which the lighter one is pushed up is equal to the velocity
which a body would acquire by falling. freely through the difference of
height. The velocity of a body falling freely is equal to 8 times the square
root of the height of the descent,

To make this caleulation we require first to know the original height of the
column of air and its increase of temperature. A very simple calculation will
then show what has been the increase of the height,

Thus, supposing a column of air be 20 feet high, measured from the floor
of a room to the point of discharge through a tube above, and that its tempe-
rature be raised 15° Fahr.,, the co-efficient of expansion by heat for each
degree Fahr, is 00020361 (or 33y of the bulk of the air).

Increase of Height of
temp. column.

0020361 = 16 x 200 = (16l feet

The increase in the height of the column, or, in other words, the height of
the descent, is therefore 0-61 feet. The square root of 61 (expressed in deci-
mals of a foot = “781) is now to be multiplied by 8,
781 x B=6-248,

6:248 linear feet per second is therefore the velocity of efflux, provided there
be no loss from friction.t But in using this rule to caleulate the movement
of air in tubes, } (and in long or bent tubes }, or even §) is obliged to be
deducted for friction. The diminution of velocity from friction is in propor-
tion to the length of the tube, and is inversely as the diameter. Right angles
greatly increase the friction in the proportion of the sines of the angles. The
friction increases also as the square of the velocity. The deduction of }th

# Many of these points are given in Hood’s Treatise on Wnnning and Veptilntiun, and in
Waolpert (Principien der Vent. und Luftheizung), and are also in part discussed in Péclet { Mroitd
de la Chaleitr, 3‘3 edit.), to which reference is made for those who wish to enter into the mathe-
matical part of the inquiry. ‘

t This is frequently called the Rule of Montgolfier. The formula is » = VN2gH i]g‘r‘!:-eingl
the distance a body falls through in the first second of time (16-09 feet), and H the height of

the descent.,
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would leave 4:686 linear feet per second as the actual discharge. If this be
multiplied by the area of the opening, in feet, or decimals of a foot,* the
amount is expressed in cubic feet per second, and multiplying by 60 will give
the amount per minute.

A table is given at page 128, in which this caleulation has been made for
all probable temperatures and heights.

This canse of movement is, of course, constantly acting when the temperature
of the air changes. It will alone suffice to ventilate all rooms in which the
air is hotter than the external air, but will not answer when the air to be
changed is equal in temperature to, or colder than, the external air.

As its action is equable, imperceptible, and continuous, it is the most useful
cause in natural ventilation in cold climates, in inhabited and warmed rooms,
and in all habitations arrangements should be made to allow this cause to act.
As the action increases with the difference of temperature, it is most powerful
in winter, when rooms are artificially warmed, and is least so, or is quite
arrested in summer, or in hot climates, when the internal and external tem-
peratures are identical,

How powerful its action is may be seen from the following statement:—At
the Hospital Lariboisiére in Paris, a powerful fan is used to drive air into some
of the wards, at a considerable expense. It has been lately shown by General
Morin that the movement of air in the wards is, however, chiefly produced by
natural ventilation, arising from difference of temperature. Only 149 per cent,
1s on an average due to the fan, and in two experiments it was as low as 124 per
cent. No less than 851 per cent. of the movement was from natural ventilation,

Sup-Section IV.—PRACTICAL APPLICATION OF THE (JENERAL STATEMENTS ON
NATURAL VENTILATION.

1. No particular arrangements are necessary to allow diffusion to act except
that there shall be communication between two atmospheres.

2. To obtain the pertlation of the wind, windows should be placed, in all
cases where it can be managed, at opposite sides of a room. The windows
should open at the top, and in case the wind has a high velocity, means
should be taken to distribute it. This can be done by sloping the window
inwards when it opens, a plan which answers admirably at the Middlesex
Hospital, where the windows are divided into three parts, which open slop-
ingly by a lever and pivot. A board may be placed obliquely upwards from
the top sash of the window, when it opens in the usual way ; then the air
striking against the board is thrown up towards the ceiling. The Patent
Ventilating Company use a wire screen, which folds up when the window is
shut, and unfolds when the window is pulled down. The velocity of the
wind is checked by the gauze, and the current is minutely divided. All these
plans are good, especially the one adopted in the Middlesex Hospital.

Various plans have been proposed by different persons. The panes of
glass may be made double, spaces being left at the boffom of the outside pane,
and at the fop of the inner one, so that the wind is obliged to pass up hetween
the two panes before it enters the room. Or, the lower sash being raised,
and a piece of wood placed below it, the air is allowed to pass through
the space left between the upper and lower sashes, Or, glass louvres, which
can be more or less closed, are placed in one of the panes of the window ; or a
number of holes are obliquely bored through the panes, through which the air
may pass up towards the ceiling before it intermixes with the air of the room.

* It will be found always easier to take the area in decimals of a foot instead of inches ; but

if it be taken in inches, multiply the 1i i r : e i ;
divide by 144, d ply the linear discharge by the number of square inches, and
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Besides windows, special openings may he provided for the wind to blow
through, as in the plans already referred to of Mr Sylvester and Dr Arnott.

In all warm climates, where no chill can be produced by wind, it is a good
plan to make the walls entirely pervious. Nothing can be better than the ven-
tilation of the bamboo-matted houses in Burmah. Thewind blows through them,
but is so broken up into eurrents that it is not in the least unpleasant. Even
in colder parts of India the upper parts of the walls might be made thus per-
vious, provision being made to cover them, if necessary, in the cold season.

To obtain the full effect of the aspirating power of the wind, chimneys or
ventilating tubes should be fitted with cowls turning away from the wind.
The cowl should be large, and should expand greatly towards the end, so as
to make the calibre of the opening several times greater than that of the tube
(fig. 10). Most cowls on chimneys are too small. The upper rim should
also project a little, so as to lessen the chance of rain getting in.

Another form of covering is represented in fig. 9, and is also drawn in
section (fig. 11). Whichever way the wind blows it almost always causes
an up-draught. A little rain, however, may possibly penetrate, but otherwise
it 1s as good as the cowl.

Fig. 9.

Louvred openings are not nearly so good ; the aspirating effect is much less,
down-draughts are common, and rain gets in. If louvres are used, a plan in-
vented by Mr Ritchie is a good one.®  Inside the louvre is a moveable eylinder,

* Péclet {nf. cif. t. i, p. 241) figures a variety of chimney coverings, and many others have
been proposed.
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turning with a vane ; on the side opposife the wind is an opening through
which the air escapes (fig. 12). i

3. The movement produced by unequally heated bodies of air, will, of
course, go on through open windows and doors; and through all the con-
trivances just mentioned. But as windows and doors must sometimes be shut
in cold climates, no room of any kind should be without openings (in addition
to doors and windows), which may permit this movement from unequal
temperature to go on. The great difficulty here, is to exclude the action of
the wind ; and, in fact, it is impossible to do so; but as far as possible,
the openings should be protected from the perflating influence of the
wind ; so that only its aspirating force should be acting. They should be
capable of being lessened in size, when the difference of the external and in-
ternal temperatures is great. As long as there are openings, movement will go
on; and it does not really matter, as long as there is proper distribution, where
the air comes in or goes out, or whether its direction is constant. In fact, it
scarcely ever is constant, so liable is the direction to be altered by winds, the
action of the sun heating one side of a room, the unequal distribution of heat
in the room, &ec. Still, it seems desirable, as far as it can be done, to make
such arrangements as shall give the movement of air a certain direction ; and
therefore, in most systems, some of the openings are intended for the admission
of fresh air. These are called inlet, entrance, or adduction openings ; others are
intended for the discharge of impure air—exit, outlet, or abduction openings.

Total size of all the openings, whether intended for Inlets or Outlets,—As the
movement of air increases with temperature, the size of the apertures can only
be fixed for a certain given temperature ; and as the efflux of hot air increases
with the height of the column (supposing the temperature is equal throughout),
a different size has also to be fixed for different heights,

Supposing that the height of the heated column be 15 feet, a difference of
ten degrees between the external and internal air produces an efflux (allowance
being made for friction) of about 12,000 linear feet per hour. For an opening
of 1 square foot, 12,000 cubic feet would be therefore discharged ; and if the
discharge per man is to be 2000 cubic feet per hour, the share of outlet space
per man will be, of course, one-sixth part of a square foot, or 24 square inches.
There must be, of course, an equal amount of inlet ; so that the inlet and
outlet together would be 48 square inches per head. This, therefore, would be
the total open area necessary for each person, independent of all openings by win-
dows and doors. This is nearly equivalent to a square opening 5 inches (4'9
inches) to the side. In hospitals more must be glven, as more air is necessary.

To get the total size of the openings for any room containing healthy per-
sons, multiply, then, 48 by the number of persons, and the result is the total
section area to be provided, expressed in square inches. For hospitals, mul-
tiply 72 by the number of persons.

If the columns of hot air be higher than 15 feet, the openings can be made
smaller, provided the temperature be the same throughout. The exact size
can begletermined by the table, p. 128, if it be thought necessary,

Sir J Jebb's experiments, referred to in the Report of the Barrack
Committee (1855xp. 108), give an amount of 35 to 50 square inches for
inlet and outlet ; but m-this case, extraction by a fire was in force.

The Barrack Commissioners of- 1861, whose plans are now used in all the
bﬂrmﬂ]ﬁﬁ and military hospitals of the British army, order, on an average, 11
square inches of outlet for each man, in addition to the chimney ; or for a room
?f twelve men, an outlet tube of nearly 1 square foot superﬁ::ies is provided.
The exact amount depends, however, on the position of the barrack-room, or
in other words, on the height of the outlet shaft ; in the lowest story of a three-
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storied building, only 10 square inches are given per head. (See Barracks.)
The area of the inlets is made nearly equal to that of the outlet-shaft (10 to
11 square inches). The total area of inlet and outlet is therefore 22 to 24
square inches ; but there is also the chimney, which in barracks and hospitals
gives, on an average, about 6 square inches to each man ; making the total area
of openings about 28 to 30 square inches per head. In hospitals, these
numbers are doubled. This plan has wonderfully improved the ventilation
of barrack-rooms ; and a change of air, equivalent to about 1200 eubie feet per
head per hour, is, on an average, secured in barracks.®

Relative size of the Inlets and Outlefs.—It is commonly stated that, as the
heated air expands, the outlets should be larger than the inlets, and the great
disproportions of 5 to 4 and 10 to 9 have been given. As, however, the
_ average difference of temperature is only about 10° to 15° Fahr, in this country,
the disproportion is much too great, as a cubic foot of air only expands to
1:020361 cubic feet, with an increase of 10°. Even if the ditference is 30°
Fahr., a cubic foot of air only becomes 1:061 cubic feet, which is equal to
an increase of about yth. The difference is so slight that it may be ne-
glected, and the inlets and outlets can be made of the same size.

It is desirable to make each individual inlet opening not larger than 48 to
60 square inches in area, or enough for two or three men ; and to make the
outlet not more than 1 square foot, or enough for six men. Distribution is
more certain with these small openings.

FPosition and Description of the Inlet and Outlet Tubes.—1. Inlets.—The air
must be taken from a pure source, and there must be no chance of any efiluvia
passing in.  As a rule, the inlet tubes should be short, and so made as to be
easily cleaned, otherwise dirt lodges, and the air becomes impure. Inlets
should not be large and single, but rather numerous and small (from 48 to 60
inches superficial), so that the air may be properly distributed. They should
be conical, or trumpet-shaped, where they enter the room, as the entering air,
after perhaps a slight contraction, spreads out fan-like, and a slight back-
current from the room down the sides of the funnel facilitates the mixing of
the entering air with that of the room. To lessen the risk of immediate down-
draught they should turn upwards, if they are placed above the heads of the
persons. lixternally the inlets should be partly protected from the wind ;
otherwise the wind blows through them too rapidly, and, if the current be
strong, draughts are felt; an overhanging shelf or hood outside will answer
pretty well. Valves must be provided to partially close the openings if the
wind blows in too strongly, or if the change of air is too rapid in cold weather.
In many cases (for example, when they enter at the bottom of a room, and
the air is not warmed) the tubes should be covered with wire-ganze, so as to
break up the entering current into small streams ; but the openings must not
be too small, otherwise friction may be great enough to check the entrance.
The wire-gauze must be frequently cleaned.

Sometimes an inlet tube must be carried some distance to an inner room, or
to the opposite side of a large room which is unprovided with cross-ventilation.
In this case the heat of the room so warms the tube that the wind may be
permitted to blow through it.

*# Wolpert (Principien der Ventilat, p. 159, 160) gives the following formula for determinin
the section area of a ventilating opening (presumably both inlet and outlet). Let H be the heigh
of the room or tube to the point of discharge ; P the number of persons in it; and 3 a constant

&

~H % 8
1 gas-lights are in the room, the constant must be 1'5.  The number obtained gives _tlm area
in square feet, or parts of a square foot. The formula seems to give too small a section area.
It is to be always remembered, that, as regards ventilation, children are to be reckoned as adults,
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The position of the inlets is a matter of some difficulty. If there are several,
they should be, of course, equally distributed through the room, 80 as to ensure
proper mixing of the air. But the position of the outlets must, in part, deter-
mine their position, as, if placed too near an outlet, the fresh air may at once
escape ; they must therefore be sufficiently distant from the outlets. Th_e-::uren
tically, their proper place of entrance is at the bottom of the room, but if so,
the air must in this climate be warmed ; no person can bear the cold air flowing
to and chilling the feet. The air can be warmed easily in various ways, viz.—

(a.) The air may pass through boxes containing coils of hot-water pipes, or
(in factories) of steam-pipes. This is the best mode of warming. The coils
may be close to the outside wall, or in the centre, or in hospitals in boxes
under the beds, communicating with the exterior air, and opening into the
ward. This is an excellent plan, as the confined space below the bed, and the
bed itself, are purified, and the fresh air rising on both sides of the bed at
once dilutes the air of respiration and transpiration. (See Hospirars.)

(p.) The air may pass into air-chambers behind or round grates and stoves,
and be there warmed, as in the present barrack and hospital grate, contrived
by Captain Galton ; or as in the Meissner stove of Germany, an old and excel-
lent contrivance ; or as in the terra cotta stove, in the Herbert Hospital at
Woolwich. (See WarMING.) iy
— (e.) The tubes may be made to run for some distance inside the room, so
that they may become warm ; metal tubes answer best for this purpose, and
the tubes should be small.

If the air cannot be warmed, it must not be admitted at the bottom of the
room ; it must be let in above, about 8 or 9 feet from the floor, and be directed
towards the ceiling, so that it may pass up and then fall and mix gradually
with the air of the room. The Barrack Commissioners have adopted this plan
with half the fresh air brought into a barrack-room ; the other half is warmed.
It answers very well,

The fresh air may be introduced at the top of the room, as in M*‘Kinnell’s
plan, and, if properly distributed, this arrangement answers very well. But both

_these last modes must be considered inferior to the first if the air can be warmed.

In town or manufacturing districts the air is so loaded with particles of coal,
or, it may be, other powders, that it must be filtered. Nothing answers better
for this than muslin, or thin porous flannel spread over the opening, which
then should be made larger. This covering can be moistened if the incoming
air be too dry.

2. Outlets—The place for the outlets is a most important consideration,
as it will determine in great measure the position of the inlets. If there are
no means of heating the air passing through them, they should be at the top
of the room ; if there are means of heating them, they may be at any point.
If not artificially warmed, the highest outlet tube is usually the point of
greatest discharge, and sometimes the only one,

(@.) Outlet Tubes without Artificial Heat.—They should be placed at the
highest point of the room ; should be enclosed as far as possible within walls,
so as to prevent the air being cooled ; should be straight and with perfectly
smooth internal surfaces, so that friction may be reduced to a minimum. In
shape they may be round or square, and they must be covered above with
some apparatus (the cowl, hexagon tube, &ec.), which may aid the aspirating
power of the wind, and prevent the passage of rain into the shaft (see page 108).
The louvred openings are not the best.

The canses of down-draught and down-gusts in outlet tubes are,—the wind
forces down the air, rain gets in, and, by evaporation, so cools the air that it
becomes heavier than the air in the room, or the air becomes too much cooled
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by passage through an exposed tube, so that it cannot overcome the weight
of the superincumbent atmosphere ; or another outlet shaft, with greater dis-
charge, reverses the current.

Arrangements should be made to distribute the down-draught, if it oceurs;
flanges placed at some little distance below, so as to throw the air upwards
again before it mixes with the air of the room, or simple contrivances of a
similar kind, may be used. Valves should be also fixed to lessen the area
of the outlet when necessary. If there are several outlet tubes in a room, all
should commence at the same point, be of the same height (or the discharge
will be unequal), and have the same exposure to sun and wind.

Simple ridge openings may be used in one-storied buildings with slanting
roofs ; they ventilate most thoroughly, but snow sometimes drifts in. Rain
may be prevented entering by carrying down the sides of the overhanging
ridge for some little distance. A flange placed some little distance below
will throw any down-draught towards the walls.

(B.) Outlets with Artificial Warmth.—The discharge of outlets is much more
certain and constant if the air can be warmed. The chimmey and open fire
15 an excellent outlet; so good that in dwelling-houses, if there are proper
inlets, no other outlet need be made. When rooms are large, and more
crowded, other outlets are necessary; the heat of the fire may be farther
utilised by shafts round the chimney, opening at the top of the room, or, in
other words, by surrounding the smoke-flue with foul-air shafts.

(Gas, if used, should in all cases be made to warm an outlet tube, both to
carry off the products of combustion, and to utilise its heat. The best ar-
rangement appears to be to place over the gas-jet a tube to carry off the pro-
ducts of combustion, and to case the pipe itself with a tube, the opening of
which is at the ceiling ; the tube carrying off the gas produets is hot enough
to cause a very considerable draught in its easing, and thus two outlet currents
are in action, one over the gas, and one from the ceiling round the gas-tube.

In various other ways the heat of fire and lights may be taken advantage of.
There will be seldom any difficulty in arranging the inlets and outlets, and in
obtaining a satisfactory result, if these principles are borne in mind, viz., to
have the fresh air pure, to distribute it properly, to have the relative positions
and sizes of the inlets and outlets so arranged as to keep the currents vertical,
and to adopt every means of warming the outlets, and of distributing the air,
which, in spite of all precautions, will occasionally pass down them.

In hot climates, when outlet shafts are run up above the general level of the
building, it would be of advantage to make them of brickwork, and to colour
them black, so that they may absorb and retain heat.

Under the headings of the different military buildings, the plans to be used
in each case are particularly described.

Sus-SEcTioN V.—PrLaxs oF TUBES AND SHAFTS WHICH HAVE BEEN PROPOSED.

In most of the plans which have been proposed, the inventors have not
distinctly seen that the influence of the winds and of the movement of air
produced by unequal temperatures must be carefully distinguished, and, as
far as can be done, provided for,

1. Openings at once to the Outer Air for Inlets, the Chimney being velied on
for the Outlet or Special Tubes fized in.—Perforated or air bricks are lohintc
the walls. A usual size is 9 x 3 inches, and the united area of all the several
openings in one brick is about 11} square inches. Another common size 1s
10 % 6 inches, with an open area of about 24 square inches, The wind blows
freely through them, and draughts are produced.
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The Sheringham valve is an improvement on this ; the air passes through
a perforated brick or iron-plate, and is then directed upwards by a valved
opening, which can be closed, if necessary, by a
balanced weight (fig. 13). = The size of the internal
opening is, in the usunal-sized valve, 9 inches by 3,
and the area is 27 inches. These valves are usually
placed towards the upper part of the room. The
wind blows through them, and the movement is |
therefore variable.  They are often outlets ; it will, Fig. 1.
in fact, depend upon circumstances whether they are
inlets or outlets. Very little dranght is, however, caunsed by them, unless
with a high wind ; they are well adapted for small rooms, but if used in
large rooms, there must be a considerable number of them.

An open iron frame of the size of a brick, covered with perforated zine,
and with a valve to close it, if necessary, is a still simpler plan, and the air is
pretty well distributed. The gauze should be cleaned frequently. The
National Ventilation Company fix folded wire-gauze screens at the top of the
windows ; when the window is opened, the screen is unfolded. Mr Louch,
of Dublin, uses a wooden box, which contains 3 or 4 partitions of perforated
zine, and can be closed inside by a sloping cover ; the box is placed obliquely
through the wall under the eaves, and the air is broken into currents by the
zine, and is then thrown up towards the eeiling by the sloping cover. '
answers well in ealm weather, but the wind blows through, and draughts are
caused. As outlets, Mr Louch fixes straight tubes in the highest part of the
room, covered below by perforated zine, and above by a hood. In high winds the
air is driven down these tubes, as the hood does not proteet from down-dranght.

The Barrack Commissioners have placed in the
barracks an opening about 7 to 10 feet from the \

ground ; inside the room there is a fixed triangular [
box, closed at the sides and open above. The open- A
ing is much larger than the external opening. It
was protected by wire-gauze, but this is now found
to be unnecessary.

A plan proposed by Mr Varley is said to have
worked well in a school of 200 children ; a per-
forated zine tube, opening into the external air,
runs round the cornice of three sides of the room ;
on the fourth side, another perforated zine tube
is connected with the chimney. Many years & .;
ago, a similar plan was applied to emigrant ships ;
two tubes ran the whole length of the between Fig. 14.
decks, just under the upper deck ; the under side
was perforated, and the tubes opened at the two ends externally ; the wind,
entering one end, blew strongly along the tubes, sending down a great body
of alrm!d sending off the impure air from the other end.

2. Tubes of Different Kinds—A single tube has been sometimes used for
inlet and outlet, a double current being established, This 18, however, a rude
plan, as there are no means of distributing the air, and as the intermingling of
the current and the friction of the meeting air is sometimes so great as
to impede, or even for a time stop, the movement.* To avoid these incon-

* The model of Watson's ventilati
of air hlock each other. Althou ht[i]l% e
the top of which the tube is fixe
the currents are at once divided,
burns again.

is well adapted for showing how nppmi-ng currents
tube is of good zize, a candle placed in a bell glass, into
» S00m goes out ; a partition being then inserted into the tube,
one passes up, one down, the sides of the tube, and the candla
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resistance of the air in the short leg, and to draw a eurrent down the short leg
with considerable force, which is proportioned to the excess in length of the
long leg. The cause is perhaps the fact, that the temperature of the air in
the long limb is higher, though Dr Chowne has not been able to detect this
by the thermometer ; he thinks that the changes in the amount of watery
vapour play some part in the production of the current,

Dr Chowne proposes to make the chimney the long leg of the syphon, to
make the junction at or just above the throat of the flue, and so let the short
leg open near the ceiling of the room. Separate inlets are provided. From
personal observation, I can testify that a good movement of air is thus obtained.

Dr Arnott’s chimney ventilator 1s a valved opening at the top of the room,
leading at once into the chimney ; and, like Dr Chowne’s syphon, has the great
advantage of drawing the air from the top of the room ; it has been, and is, much
used, but has the ineonvenience of occasionally allowing the reflux of smoke,

Of these various plans, M‘Kinnell's should be chosen, if the air must be
admitted at the top of the room; and it is well adapted for guard-rooms, cells,
and rooms of small dimensions, when it is desired to have the ventilating ap-
paratus out of reach, Watson's divided tube can also be used, but is less
useful than M*‘Kinnell's,

Under other circumstances, it is best to keep the inlet and outlet tubes
distinct. The plans for military buildings are given under the respective
headings of Barracks and Hospitals,

SECTION 1L
ARTIFICIAL VENTILATION.

Artificial ventilation is accomplished in two ways ; either the air is drawn
out of a building or room (the method by extraction), or it is driven in, so as
to force out the air already in the room (the method by propulsion).

SUB-SECTION L —VENTILATION BY EXTRACTION.

This is produced by the application of heat, so as to cause an upward cur-
rent, or by the steam jet, or by a fan or serew, which draws out the air.

L. Extraction by Heat.—The common chimney is a well-known example of
this. There is a constant current up the chimney, when the fire is burning, in
proportion to the size of the fire, and of the chimney. The usual current up a
common sitting-room chimney, with a fair fire, is, as measured by an anemometer,
from 3 to 6 feet per second. A very large fire will bring it up to 8 or 9 feet,
The movement caused by a kitchen or furnace fire is, of course, greater than
this. If the area of the section where the anemometer is placed be known, the
discharge can be stated in cubic feet. In a room I have often examined, the
area of the throat of the chimney is 1'5 square feet ; there is no down-draught,
but an upward current, which, with a good fire, is 4 feet per second. The
discharge per second is then 6 cubie feet, or no less than 21,600 cubic feet per
hour.  The eapacity of the room is 2000 cubie feet, so that a quantity equal
to the total air in the room passes up the chimney nearly 11 times per hour.
And yet, with this immense current, the room, when shut up with two or
three persons, gets cln::a-a_. The reason is, that when the window is shut
the _ﬁm is chiefly fed with air which enters below two doors, and which,
flowing near the ground to the chimney, never properly diffuses through the
room. The current near the ground moves from 16 to 26 feet per second,
and chills the feet. A few feet above the ground no movement can be dis-

H 2
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covered. This is an example of great movement but bad distribution of air,
and consequently imperfect ventilation.

When the air enters in more equably, and is better distributed, the move-
ment of air is from the inlets gently towards the fireplace ; there is also said
to be a movement, from above the fireplace, along the ceiling and down the
walls, and then along the floor to the chimney. (Reid and Stewart, quoted
by the Barrack Commissioners.

In the wards of Fort Pitt the current, with a good fire, is about 3} to 4}
feet per second, and as the section-area of the throat is ‘5 square foot, the
average discharge is about 7200 cubic feet per hour. In the barracks of
Chatham, Dr Fyffe found the discharge by the chimmey to be 9080 cubic
feet per hour (average of six observations). In the barracks at Gravesend,
Messrs Hewlett, Stanley, and Reed found the discharge to be 6120 cubic feet
per hour (average of twenty observations). In the experiments of the Barrack
Commissioners,” the chimney discharge ranged from 5300 to 16,000 cubie feet
per hour, the mean of twenty-five experiments being 9904 cubic feet. Even in
summer, without a fire, there is generally a good up-current, but it is difficult
to state the amount. It may be then concluded that, with an ordinary fire, a
chimney gives a discharge sufficient for four or five persons; if, then, more
than this number of persons habitually live in the room, another outlet must
be provided.

As the current up the chimney is so great when the fire is lighted, all
other openings in a room, if not too many, become inlets; and, in this way,
down-draughts of air may occur from tubes intended as outlets. There is no
remedy for this, and, if too much enters, the outlets must be more or less closed.
~ If the room be without openings, so that no air can reach the fire, air is

drawn down the chimney, and a double current is established, by which the
fire is fed. This is one cause of smoky chimneys, the down-current coming
down in puffs, and is at once cured by making an inlet,

The chimney and fire is the type of a number of other similar modes of ven-
tilation by extraction.

The ventilation of mines is carried on by lighting a fire at the bottom of a
shaft (the upcast or return shaft), or half a shaft, if there be only one. The
air is drawn down the other or downcast or intake shaff, or half the shaft, and
is then made to traverse the galleries of the mine, being directed this way or
that by partitions. Double doors are nsed, so that there is no back or side rush
of the air. The current passes up the upcast-shaft at the rate of from 8 to 10
feet per second ; it flows through the main galleries at the rate of from 4 to 6
feet per second, or even more, and from 1000 to 2000 cubic feet per head per
hour are supplied in good mines, In fire-damp mines much more than this is
given, even as much as 6000 cubic feet per man per hour (Proceedings of Civil
Engineers, vol. xii. p. 308). If the quantity of air be reduced too low there is
a serious diminution in the amount of work performed by the men. A horse
requires 2466 cubic feet, and a light 59 cubic feet per hour. It may easily be
conceived how skilfully the air must be directed, so as to traverse the most
remote workings ; in some mines a portion of air makes a circuit of from E:U
to 40 miles before it can arrive at the up-cast shaft. The size of the shafts in
a colliery vary from 8 to 11 or 12 feet in diameter; the sectional area of a
shaft of the former size would be 50 square feet. A current of 8 feet per
second in the upecast-shaft would give a dischn%rgn of ]1,44{},{100 cubie feet per

which would give 720 men 2000 cubic feet per hour.
hﬂ%;a sectional urgll, and height of the extracting-shaft, and of the tubes

& Report, 1861, p. 73.
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running into it, has been fixed by Péclet; the principle is to give to the
shaft the greatest height which can be allowed, and the largest section which
can be given,” without permitting the temperature of the contained air to fall
so low as to be unable to overcome the resistance of the atmosphere at the top
of the shaft, or the action of the winds.+

In large buildings the same plan is often used ; a chimney (cheminée d'appel
of the French) is heated by a fire at the bottom, and into the bottom of this
shaft, close to the fire, run a number of tubes coming from the different rooms.
Several French and English hospitals, and many other buildings, are
ventilated in this way. Dr Reid for some years ventilated the Houses of
Parliament in the same manner, and so powerful was his up-draught that he
could change the entire air in the building in a few minutes,

In dwelling-houses it has been proposed to have a central chimney, into which
the chimneys of all the fires shall open, and to surround this with air-shafts con-
nected with the tops of the rooms. It is supposed that, if other inlets exist, there
will be a current both up the chimney and up the shaft running beside it.

In all these cases it requires that the workmanship shall be very exact, so
that air shall not reach the extracting shaft except through the tubes.

It is now exactly a hundred and twenty-one years ago since Dr Mead
brought before the Royal Society Mr Sutton's plan of ventilating ships on
the same principle. Tubes running from the hold and various cabins,
Joined together into one or two large tubes which opened into the ashpit
beneath the cooking fires. If the doors of the ashpits were kept closed, the
fires drew the air rapidly from all parts of the ship. Unfortunately, this plan
never came into general use. The same plan was adopted by Dr Mapleton
for the ventilation of the hospital ships employed in the last (1860) China
war. The arrangement requires some watching to prevent careless cooks
from allowing air to reach the fires in other ways,

On the same principle, men-of-war are now being ventilated. The funnel,
and upper part of the boiler, and, as far as possible, all the steam apparatus,
is enclosed in an iron casing, so that a space is left of some 3 or 4 feet be-
tween the casing and the funnel. When the fires are lighted, there is of
course a strong current up this space, and to supply this the air is drawn
down through all tlie hatchways towards the furnace doors. The tempera-
ture of the stoke-hole is reduced from 130° or 140° Fahr.,, to 60° and 70°;
and the draught to the fires is so much more perfect, that more steam is
obtained from the same amount of fuel. This plan, devised by Mr Baker,
has been ingeniously applied by Admiral Fanshawe, late superintendent at
Chatham dockyard, to the ventilation of every part of the ship where there
are no water-tight compartments. Edmond’s plan combines with this the
ventilation not only of the hold, but of the timbers of the ship.

Sometimes, instead of a fire at the bottom of the chimney, it is placed at the
top, but this is a mistake, as there is a great loss of heat from the immediate
escape of the heated air; the proper plan is to heat, as much as possible, the
thﬁ%]e. lcullmm of air in the chimney, which can only be done by placing the

re below,

Sometimes, instead of, or in addition to a fire, heat is obtained in the shaft

* De la Chaleur, 3d edit. 1861, t. iii. p. 66, ef seq.

+ The amount of thu_mnsbmm given to the movement of air through the tubes leading to the
shaft, and in the slaft itself, can be calculated from the formula given by Péclet at page 47
(t. iii.), but which it is unnecessary to introduce here. General Morin's observations show that
the difference in the volumes of air through small openings is in the ratio of the square

e
root of the area. The increased vamitﬁlmuh the smaller openings does not compensate for
this great loss.
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by means of hot-water pipes. This plan has long been in use in England,*
and has lately been introduced into France, and improved by M. Leon Duvoir.
Warming, as well as ventilation, is accomplished by this method, which is in
action at the Hospitals Lariboisiére (in one-half) and Beaujon. It appears to be
at once effectual and economieal, though it has been sharply eriticised by Grassi
and Péclet. After a very long investigation into the merits of all rival plans,
it has been adopted by a French Commission for the warming and ventila-
tion of the Palais de Justice at Paris.t The plan at the Hospital Lariboisiére
18 simply this : an extracting shaft contains in the lower part a boiler, from
which two spiral hot-water tubes run up to the requisite height in the shaft,
and then, leaving it, pass downwards and enter the wards, in which they are
coiled so as to form hot-water stoves, and then leaving the wards, they pass
down and re-enter the boiler. There is a continual circulation of hot water ;
and in the shaft there is necessarily an upward current of air, But as the air
1s continually increasing in temperature towards the point of discharge, there
13 a loss of power, just as in the case of the fire being placed at the top instead
of the bottom of the shaft, From the bottom of the wards air-conduits or
tubes run into the extracting shaft, and thus the vitiated air is drawn out of
the wards. The fresh air is admitted directly fram the outside into the wards,
and is warmed by being admitted through the coils of the hot-water tubes.
In the summer the water is shut off from the water-stoves, but the tem-
perature of the extracting shaft is still maintained,

It is most decidedly true that the ventilation by this plan is irregular ;3
and also, that in the Hospital Lariboisiére, a much greater quantity of air
passes through the extracting shaft than enters through the hot-water stoves.

In the summer, when there is ventilation without warming, the outflow of
air from the wards varied from 844 cubic metres (2980 cubic feet) to 553
eubic metres (1952 eubie feet) per head per hour.§

In the winter, when there is both ventilation and warming, the outflow of
air from the wards was 82-2 cubic metres, or 2902 cubic feet, per head per
hour. Of that amount only 35 cubic metres (1235 cubic feet) entered by
the water-stoves, the rest came in by doors and windows and other openings ;
an objectionable point, as the air might press in from the closets. Yet, in
gpite of this, the temperature was maintained pretty well up to the limit fixed
in the agreement, viz., 15° Cent., or 59° Fahr.

0il has been used in some cases instead of water.

Very frequently, instead of a fire, or hot-water vessels, lighted gas is used
to canse a current, and if the gas can be applied to other uses, such as lighting,
cooking, or boiling water, the plan is an economical one.

In theatres the chandeliers have long been made use of for this purpose.
M. Darcet proposed this for several of the old theatres in Paris, and the Com-
mission || lately appointed to determine the mode of ventilation to be adopted
in the Théatres Lyrique et du Cirque Impérial, have determined, after much
consideration, that this plan is the best adapted for theatres. The details
have, however, been somewhat modified from those devised by Darcet, and
are too long to be here inserted, but they seem admirably adapted to distri-
bute the entering air thoroughly, and to ensure its discharge. The entering

® Tt is in use at the Cirenit Court House in Glasgow, and in the Police Buildings at Edin.
Lmrgh (Ritchie), and in many other buildings. ; D

+ Twa excellent reports have been made by this Commission, of which General Morin is re-
wrter. Their titles are given farther on. <

t+ Péclet—Traité De la Chaleur, 1861, t. iii. p. 267.

Grassi, op. cil, p. 35-37. :
E [mpp{i;'tﬂﬂ la Commission sur la Chauffage et la Ventilation du Théatre-Lyrique et du

Théatre du Cirque Impérial.  Rapporteur le General Morin.  Paris, 1861.
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air is warmed by caloriféres below the pit, and is then carried by flues to the
front of the stage, and to the front of each tier of boxes, where they open at
the floor. The outgoing air is drawn away by flues running from each box, and
ending in a large central shaft surrounding the tube carrying off the products
of the combustion of the central chandelier. But every gas jet in the house,
as well as the spare heat of the furnace, is made to contribute its share of
movement. The amount which can be supplied in winter is 30 cubic metres
(= 1059 cubic feet) per head per hour. The burning of 20 cubie metres (7062
cubic feet) of gas in one hour at the Opera Comique caused the discharge of
80,000 cubic metres of air (28,242,800 cubic feet), The temperature of the
air was 9° Cent., or 16° Fahr., above the external air. At the Vaudeville, 10
cubic metres (353 cubie feet.:} of gas were consumed per hour, and 15,523 cubic
metres (548,210 cubic feet) passed through the chimney, so that 1 eubic foot
of gas perfectly consumed, caused the discharge of 1553 cubic feet of air,

The advantages of extraction by heat, especially in the case of theatres and
buildings where gas can be brought into play, is obvious.

There are some ohjections to extraction by the fire and hot-air shaft.

1. The inequality of the draught. It is almost impossible to keep the fire
at a constant height. The same quantity of combustible material should be
consumed in the same time every day, and the heat should be kept in by
large masses of masonry. Still, with these precautions, the atmospherie in-
fluences and changes in the quality of the combustibles eannot be avoided.

2. The incquality of the movement from different rooms. From rooms
nearest the shaft, and with the straightest connecting tubes, there may be a
strong current, while from distant rooms the friction in the conduits is so
great that little air may pass. The greatest care is therefore necessary in cal-
culating the resistance, and in apportioning the area of the tubes to the resist-
ance, This plan is indeed best adapted for compact buildings. Ocecasionally,
if the friction be great, from too small size, or the angular arrangement of
the conduits leading to the hot-shaft, there may be no movement at all in the
conduits, but a down-current to feed the fire is established in the shaft itself ;
a state of things which was discovered by Dr Sanderson to exist in the venti-
lation of St Mary’s Hospital in London.

3. The possibility of reflux from the shaft to the rooms of smoke, and pas-
sage of air brought by one conduit through another conduit, is another ohjec-
tion of some weight.

4. The impossibility of properly controlling the places where fresh air
enters. It will flow in from all sides, and possibly from places where it is
impure, as from closets, &e. ; air is so mobile that with every care it is diffi-
cult to bring it under complete control—it will always press in and out at
the point of least resistance,

2. Extraction by the Steam-jet.—The moving agent here is the force of the
steam-jet, which is allowed to pass into a chimney. The cone of steam sets
in motion a body of air equal to 217 times its own bulk, Tubes passing from
different rooms enter the chimney below the steam-jet, and the air is extracted
from _thvam_ by the strong upward current. This plan is best adapted for
factories with spare steam. It was employed for some time in the ventilation
of the House of Lords, but was finally abandoned,

3. Ewtraction by a Fan or Serew.—An extracting fan or Archimedean serew
has been used to draw out the air, Several different kinds have been pro-
posed by Messts Combes, Letoret, Glepin, and Lloyd, and have been used in
coal-mines in Belgium, and in some of the English mines. At the Abercarn
mine, in South Wales, a fan is used of 13} feet diameter ; the vanes, eight in
number, are 34 wide by 3 feet long ; at 60 revolutions per minute the velocity
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of the air is 782 linear feet per minute, and 45,000 cubic feet are extracted ;
the velocity at the circumference of the fan is 2545 feet per minute ; the
theoretical consumption of coal per hour is 17+4 1bs.* A

Mr Van Hecke formerly used a fan for this purpose, in his system of venti-
lation of buildings, but he has found it better to abandon it, and to substitute
a propelling fan. It was proposed by Mr Higgins to put in a chimney an
Archimedean screw to be turned by the wind, and in this way it was thought
a constant upward current would be caused. But the plan has little power,
and is not now employed.

To both these methods of extraction some of the objections already noted
apply, but extraction by the fan is of course more uniform.

SUB-SEcTION 11.—VENTILATION BY PROPULSION.

This plan was proposed by Desaguliers; in 1734,+ when he invented a fan
or wheel enclosed in a box. The air passed in at the centre of the fan, and was
thrown by the revolving vanes into a conduit leading from the box. In some
form or other, this fan has been used ever since; and the conduits leading
from it are now generally made large, so that the” fan may move slowly, and
deliver a large quantity of air at a low velocity. The fan, if small, is worked
by hand ; if larger, by horse, water, or steam power.

The fans are often made with six or eight rays, each carrying vanes at the
end, which should be as close as possible to the enveloping box. In size, the
length of the vanes should be more than half the length of the rays ; the
number of rays should augment with the diameter of the orifice of access.}
Péelet, p. 259.)

The amount of air delivered can be told by timing the speed of revolution
of the extremities of the fan per second, or per minute ; the effective velocity
is equal to § of this, and this is the rate of movement of the air. If the
section-area of the conduit be known, the number of cubic feet discharged per
second, minute, or hour, can be at once caleulated.

The power of this plan is very considerable. With a fan of 10 feet diameter,
revolving sixty times per minute, the effective velocity is 1414 feet per minute.
The rate of movement in the main channel should not be more than 4 feet per
second ; the conduits must gradually enlarge in calibre ; and the movement,
when the air is delivered into the rooms, should not be more than 1} feet per
second.

At the Hospital Lariboisiére, in Paris, it is stated that 150 cubic metres
(= 4296 cubic feet) have been delivered per head per hour, in the wards
ventilated by the propelling fan of MM. Thomas et Laurens. It must, how-
ever, be remembered, that the later observations of General Morin have shown
that much of the movement aseribed to the fan was really owing to natural
ventilation.

This plan is extremely well adapted for those cases in which an extremely
large amount of air has to be suddenly supplied, as in crowded music halls
and assembly rooms. St George's Hall at Liverpool is ventilated in this
way. The air is taken from the basement; is washed by being drawn
through a thin film of water thrown up by a fountain ; is passed into calori-

# Ure's Dictionary, 1860 ; Art. Ventilation, vol. iii. p. 961,
Course of Experimental Philosophy, vol, ii, p. i64, The wheel was shown to the Royal

Society in 1734, e i
+ Péclet, De Ia Chaleur, 3d. edition, 1860 ; t. ii. p. 268, 263. Numerous kinds of fans for
propulsion and extraction are figured, and detailed acconuts of construction and amount of

work are given,
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féres (in the winter), where it can be moistened by a steam jet, if the difference
of the dry and wet bulb be more than four or six degrees, and is then pro-
pelled along the channels which distribute it to the hall. In summer, it is
cooled in the conduits by the evaporation of water.

At the Hopital Necker in Paris, and in many other places, the plan of Van
Heeke is in use. A fan, worked by an engine, drives the air into small
chambers in the basement, where it is warmed by cockle stoves, and then
ascends into the rooms above, and passes out by outlet shafts constructed in
the walls. The system is effective and economieal, though it is only just to
say that, the use of the fan excepted, it is precisely similar in principle to
Sylvester's. Mr Phipson® states that 2-2Ib avoir. of coal, will renew 86,065
cubic feet of air.,

Mr Brunel introduced into the Hospital at Renkioi, on Dardanelles, in the
Crimean war, a wheel of Desaguliers, at the entrance to each ward of fifty
men. It was worked by hand, and could throw 1000 cubic feet every minute
into the ward. Owing to the position of the Hospital, which permitted a
thorough perflation of air, the wheels were seldom used ; but in a still atmo-
sphere, they would have been invaluable. If small wheels of this kind could
be worked by hydraulic power, or in some cheap way, they might be used
economically to ventilate particular wards, even when a general system by
propulsion is not adopted.

In Ameriea, many of the larger establishments are ventilated the same plan.
The Utica Asylum (N. Y.), is ventilatedt+ by a fan (14 feet diameter), worked
by a 12-horse steam engine. The air taken at the basement, enters a chamber
filled with 80,000 feet of steam piping ; and then, after being warmed, enters
the wards at the floors, and rises to the ceiling, where it escapes through
apertures,

In addition to the fan, other appliances have been used. Soon after Desa-
guliers proposed the fan, Dr Hales employed large bellows for the same purpose,
and they were used for some time on board some men-of-war, and in various
buildings. They were worked by hand ; and probably this, and their faulty
construction, led to their being disused. Their use has been revived, and their
form modified and improved by Dr
Armott.f Dr Arnott has shown
that Hales lost much power by I
foreing his air through small open-
ings ; and, by some ingenious altera- Err
tions, has made an effective machine, i
It is a ].ﬂ.['gEl box or ﬁj"lj-ﬂdﬂl', in iﬂﬂ' i E!:;:::::u:::-
which a piston works; openings
are made at the ends of sufficient . :

size ; oiled silk hangs over the ' £ SPrings
upper openings on the inside, and T i P piston
on the lower openings on the outside : & Halve

of the box. These covers, therefore, ; Figd;F

act as valves, L:md allow the air to
pass in one direction only; as the piston moves, air is driven through
the lower openings, on the side towards which the piston is moving ; while

He'viftg,'il"ﬂfﬁ%g Frﬁ-;:.m Hecke's system, by W. W. Phipson. Reprint from * London Medical
For this :imgnnntinn, I have to thank my friend Dr C. W, Eddy.

% ““On the Smokeless Fireplace,” by Neil Amott, M.D., F.H.g., &c., 1855, p. 162; and

in other publications. In the figure all the valves are shown open, but, during action, the top

valves on one side, and the bottom on the other, are alternately open or closed,
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fresh air enters at the same time, through the upper openings at the opposite
end. The figure will show this clearly. A pump of 6 feet long, 4 feet wide,
made of deal boards, and filled with a piston made of board, can be made
in a few hours, and will deliver 96 cubic feet at every stroke, or 192 ecubic
feet at each double stroke of the piston. If ten strokes only are made per
minute, nearly 2000 cubic feet of air could be driven out, and made to enter
any place. On board ship, this little apparatus has proved very useful.

Dr Arnott has also fitted up a gasometer pump, which was used in the
York County Hospital for some time ; it was worked by hydraulic pressure,
and the expenditure of 60 gallons of water in an hour drove through the
hospital 120,000 cubie feet of air, which would be enough for 60 patients if
2000 cubic feet per hour only were given. The air was warmed, if necessary,
by water leaves.® This plan was in use for some time, at the York Hospital,
but was finally disused, probably beeause the apparatus, though excellent in
principle, was not quite large enough. Dr Arnott has also proposed to cause
the two currents of air leaving and entering the rooms to pass close to each
other, being separated only by the thinest partition, in this way the heat of
the impure is taken up by the pure air.

The hydraulic-air pump, sometimes used in mines, is useful on a small
scale ; a cireular vessel having above a hole closed by a valve (2) opening

outwards, works up and down in a vessel nearly
i full of water, through which passes a tube into the
mine shaft. This tube is closed above by a valve
(#) opening upwards. When the cylinder moves
down, air is forced out at (a); when it rises, air
passes into it at (b), to be expelled through (a) at
the next descent.t
b The punkah used in India is another mechani-
cal agent with a similar though more imperfect
action. When a punkah is pulled in a room open on
all sides, it will force out a portion of air, the place
of which will be at once supplied by air rushing
in with greater or less rapidity from all points.
If the punkah can be moistened in any way, its
cooling effect is considerable. Captain Moorsom
of the 52d regiment, some years ago proposed
= an ingenious plan, which is given in the Indian
| Sanitary Report. A wheel turned by a bullock at
| once moves the punkah, and elevates water, which
then passes along the top of the punkah, and flows
| down it. .

The advantages of ventilation by propulsion are
its certainty, and the ease with which the amount
thrown in can be altered. The stream of air can

Fig. 18. be taken from any point, and can, if necessary, be

washed by passing through a thin film of water, or

through a thin screen of moistened cotton, and can be 1vannEfi or c?uled at

pleasure to any degree. In fact, the engineer can introduce into this opera-
tion the precision of modern science. . *

The disadvantages are the great cost, the chances of the engine breaking

# Water leaves (one of Dr Arnott's ingenious contrivances) are thin, flat boxes made of sheet-
o :[parnuucd instead of pipes ; the boxes are set side by side, like the leaves of a book, about
Im%f an inch apart, and are connected h?; téul:-ua, al the top and hottom, which pass to the boiler.

a3,

+ Ure's Dictionary, 1860, vol, iii. p.

. A
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down, and some difficulties in distribution. If the air enter through small
openings, at a high veloeity, it will make its way to the outlets without mix-
ing. The method requires, therefore, great attention in detail.

Pettenkofer has suggested that outlet openings are unnecessary ; that when
the air is driven in it will be sure to find its way out through doors and
windows, which are constantly open, and that a great cost may thus be saved.
This has not been put to experimental proof, and it would be undesirable to
run the risk of in any way obstructing the entrance of the air, as may be the

case if sufficient means of egress are not provided.

SECTION IlL

RELATIVE VALUE OF NATURAL AND ARTIFICIAL
VENTILATION.

Cireumstances differ so widely, that it is impossible to select one system in
preference to all others. In temperate climates, in most cases, especially for
dwelling-houses, barracks, and hospitals, natural ventilation, with such powers
of extraction as can be got by utilizing the sources of warming and lighting, is
the best. Who, in fact, would not attempt to make use of these vast powers
of nature, which are ever ready to serve us? Incessant movement of the air
is a law of nature. We have only to allow the air in our ecities and dwell-
ings to take share in this constant change, and ventilation will go on uninter-
ruptedly without our aid.

In some eircumstances, however, as in the tropies, with a stagnant and warm
air; and in temperate climates in certain buildings, where there are a great
number of small rooms, or where sudden assemblages of people take place, me-
chanical ventilation must be used. So much may be said both for the system
of extraction and propulsion under certain circumstances, that I think it is
impossible to give an abstract preference to one over the other. This is
evident, indeed, from the fact, that quite contrary opinions have been arrived
at by equally competent men. Péclet, whose great authority no one can
doubt, says (De la Chaleur, t. iii. p. 63), ¢ Mechanical ventilation has then an
immense advantage over the ventilation of an extracting chimney” (cheminée
d'appel), and Grassi, from a comparison of the two plans at the Lariboisiére
Hospital, unequivocally condemned the system of extraction as arranged by
Duvoir.  Yet, lately, General Morin, after a fresh inquiry into the whole sub-
ject, has as decidedly pronounced the system of propulsion to be everywhere
inferior to that by extraction. He has also condemned the plan of Van
Hecke, which previously had been praised by Pettenkofer. In fact, it is
evident that the special conditions of the case must determine the choice,
and we must look more to the amount of air, and the method of distribu-
tion, than to the actual source of the moving power. But in either case
the greatest engineering skill is necessary in the arrangement of tubes,
the supply of fresh air, &e. For hospitals, I cannot but believe natural
ventilation is the proper plan. (See Hospirars.) The cost of the various
plans will depend entirely on circumstances ; the nature of the building ; the
price of materials, coal, &¢.  On the whole, the plans of ventilating and warm-
ing by hﬂtj“'éltlal' pipes, and Van Hecke's plan, are cheaper than the method
by propulsion by means of a large fan, but the latter gives us a method which
1s more I}Iltiﬂl‘ engineering control, and is hetter adapted for hot climates when
it is desired to cool the air. (See Barracks iv Hor CrIMATES,)



CHAPTER 1V.

EXAMINATION OF AIR AND OF THE SUFFICIENCY OF
VENTILATION.

The sufficiency of ventilation should be examined :—

1sf, By determining the amount of cubiec space assigned to each person, and
the amount of movement of the air, or in other words, the number of cubie
feet of fresh air, which each person receives per hour.

2d, By examining the air by the senses, and by chemical and mechanical
methods, so as to determine the presence, and, if possible, the amounts of
suspended matters, organic vapour, carbonie acid, sulphuretted hydrogen, and
watery vapour.

SECTION I.
MEASUREMENT OF CUEIC SPACE,

The three dimensions of length, breadth, and height are simply multiplied
into each other. If a room is square or oblong, with a flat ceiling, there 1s, of
course, no difficulty in doing this, but frequently rooms are of irregular form,
with angles, projections, half-circles, or segments of circles. In such ecases
the rules for the measurement of the area of circles, segments, triangles, &e.,
must be used. By means of these, and by dividing the room into several
parts, as it were, so as to measure first one and then another, no difficulty will
be felt. After the room has been measured, recesses containing air should be
measured and added to the amount of cubic space, and on the other hand,
solid projections, and solid masses of furniture, cupboards, &e., must be mea-
sured, and their cubic contents (which take the place of air), deducted from
the cubic space already measured. The bedding also occupies a certain
amount of space; a soldier’s hospital matiress, pillow, three blankets, one
coverlet, and two sheets will occupy about 10 cubic feet. It is seldom neces-
gary to make any deduction for tables, chairs, and iron bedsteads, or small
boxes ; it is refinement to do this, or to reduce the temperature of the air to
gtandard temperature, as is sometimes done.

A deduction must be made, however, for the bodies of persons living in the
room ; a man of average size takes the place of about 2} to 4 cubic feet of air
(say 3 for the average).

In linear measurement, it is always convenient to measure in feet or
decimals of a foot, and not in feet and inches. If square inches are mea-
sured, they may be turned into feet by multiplying hy -007.
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Rures—Area or Superficies.

Area of eirele . : S g, B . =Dfx 7804,
“ ' i i : ’ . =0"% 08B
Cireumference of eirele, . ! =D o 3r141p;
Diameter of cirele, . i . . =0 =31416.

A 11 [ Multiply the product of the
107 OF driaey i : ' G i two diameters by ‘7854,
i i [ Half sum of the two diame-

ircumference of ellipse, . . , WS { ters by 3:1416.
Area of rectangle, =  Multiply twaduid?}ﬁ.
Multiply a side its per-
Avren of parallelogram, ; : . = { penﬁi}{;ular. y Ly
Area of Trapezium, = Multipy 4 sum of the two

perpendiculars by the dia-

/ gonal on which they fall ;
{ \ or

f-"",.-,-_;l
7

Divide into two triangles in
the most convenient man-
ner, calculate the areas,

and take the sum.

Take the sum of the
pml%el gides and multi-
ply by the distance be-
tween them.

Area of trapezoid,

I

= Base x} height, or
Height x 4 base.

Area of segment of circle, . ; . = To % of product of chord and
height add the cube of the
/,_—-—_\ height divided by twice
2 the chord (Ch x H x %) +
e (2 - Ch)
Fig. 23.

or caleulate by equidistant ordinates. Divide the base into any number of
even equidistant parts, and measure the height of each ordinate.
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Take sum of first and last ordinates, =
all the even ordinates, = DB
all the uneven ordinates, =
(except the first and last).

y

1¥

Add together,
4B
20

and divide by 3. Multiply product by the common distance between the
ordinates.

Cubic Capacity of a Cubs.—DMultiply the three powers ; length, breadth,
and height.

Culric Capacity of a Cone.—Area of base » § height.

Culic Capacity of a Cylinder.—Area of base x height.

Cubic Capacity of a Parallelopiped.—Multiply area of one side by the
perpendicular let fall on it.

Cubic Capacity of a Dome.—Two-thirds of the product of the area of the
base multiplied by the height (area of hase x height = ).

Cubic Capacity of a Sphere.—1? x *5236.

The cubic capacity of a bell-tent may be taken as that of a cone.

The cubic capacity of an hospital marquee must be got by dividing the
marquee into several parts—1lst, into body ; and 2d, roof :—

1. Body, as a solid rectangle, with a half cylinder at each end.
2. Roof, solid triangle, and two half cones.

The total number of cubic feet, with additions and deductions all made,

must then be divided by the number of persons living in the room ; the

result is the cubic space per head.

SECTION II.
MOVEMENT OF AIR IN THE ROOM.

The direction of movement must be first determined, and then its rate.

Sus-SecTion L—DirectioNn oF MOVEMENT.

First enumerate the various openings in the room—doors, windows, chimney,
special openings, and tubes—and consider which is likely to be the direction
of movement, and whether there is a possibility of thorough movement
of the air. Then, if it is not necessary to consider further any movement
through open doors or windows, close all these, and examine the movement
through the other openings. This is best done by smoke disengaged from
smouldering cotton-velvet, and less perfectly by small balloons, light pieces of
paper, feathers, &c. The flame of a candle, which is often used, is only moved
by strong currents. It may be generally taken for granted that one-half the
openings in a room will admit fresh air, and half will be outlets. But this
is not invariable, as a strong outlet, like a chimney, may draw air through an
inlet of far greater area than itself, or may draw it through a much smaller
area, with an increased rapidity.

Sus-Secrion II.—RatE oF MovVEMENT.

The direction being known, it is only necessary to measure the discharge
through the outlets, as a corresponding quantity of fresh air must enter.

By the Anemometer.—This is best done by an anemometer, of which there
are several in the market. The one commonly used is that invented by
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Combes in 1838 ; four little sails, driven by the wind, turn an axis with an
endless screw, which itself turns some small toothed wheels, which indicate
the number of revolutions of the axis, and consequently the space traversed
by the wings in a given time, say one minute. M. Neumann, of Paris, has
modified this anemometer by omitting most of the wheels, and introducing a
delicate watchmaker's spring, which opposes the force of the wind, and when
it equals it, brings the sails to a stand-still. By a careful graduation (which
must be done for each instrument), the rate per second is determined, and is
indicated by a small dial and index.

Mr Casella, of Hatton Garden, has, at my suggestion, modified and improved
this instrument, and has adapted it to English measures. A very beautiful
instrument is thus available at a comparatively low price, by which the move-
ment of air can be measured very readily,

The anemometer is thus used :— Being set at the zero point, it is placed in
the current of air ; if it is placed in a tube or shaft, it should be put well in,
but not quite in the centre, as the central velocity i1s always greater than that
of the side ; a point about two-fifths from the sides of the tube will give the
mean veloeity. As soon as the sails stop rotating, the instroment is removed,
and the movement per second or per minute is given by the dial. If this linear
discharge is multiplied by the section-area of the tube or opening (expressed
in feet or decimals of a foot), the cubic discharge is obtained. If the current
varies in intensity, the movement should be taken several times, and the mean
calculated ; and if the tube is so small that the sails approach closely to the
eircumference, the results cannot be depended on. If placed at the mouth of
a tube, it often indicates a much feebler current than really exists in the tube.

The cubic discharge per second being known, the amount per hour is got
by multiplying by 3600, and this, divided by the number of men in the
room, gives the discharge per head for that particular aperture.

An anemometer on a larger scale is fixed in some of the large outlets of the
Paris hospitals, showing the movement at every moment by means of an index
and dial. *

By the Manometer.—Dr Sanderson has made an ingenious alteration of a
manometer described by Péclet, which can also be employed to measure the
pressure, and by caleulation the velocity, of the air. The current of air is
allowed to impinge on a surface of water, and the height to which the water is
driven up a tube of known inclination and size gives at once a measure of force.
But, as necessitating a little calculation, this instrument is less useful than the
anemometer, though it is adapted for cases where the anemometer cannot be
used, as it may be connected by a long tube with a distant room, and probably
would be well fitted to measure constantly the velocity in an extraction shaft.

By Calculation.—Supposing the external air is tranquil, and that the only
cause of movement is the unequal weights of the external eolder and the in-
ternal warmer air, the amount of discharge may be approximately obtained hy
the law of Montgolfier described in the chapter on Ventilation. There is a
fallacy, however, as the amount of friction can never be precisely known.
Still, as an approximation, and in the absence of an anemometer, the rule is
useful ; m}d I have therefore calculated a table, as follows.

On testing this table, however, by the anemometer, 1 have found it give
too much when the tubes are long, on account of the great friction, and I
would therefore advise the further deduction of 3th when the shaft or tube is
long, and is at the same time of small diameter. If the tube has many angles,
or 1s greatly curved, this table is too imperfect to be used, |

* Péclet : De la Chaleur, t. i. p. 171, where the description will be found.
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TaBLE o show the Discharge of Airin linear feet per minute, Caleulated from
Montgolfier's formula ; the expansion of air being taken as 0002 for each
degree Falrenheit, and onefourth being deducted for friction. (Round
nunbers have been tulken.)

DIFFELENCE BETWEEN INTERNAL A¥T ExTensal TEMPERATURE.
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To use the table, determing the height of the warm column of air from the floor fo the point of dis-
clinrge.  Ascertain the difference between its temperature and that of the external air. Take out number
from table, and multiply by the section-arvea of the discharge-tube or opening, in feet or decimals of a
foot. The result is the discharge in euble feet per minute, multiply by G0—result discharge per honr.
Erample—Height of column 32 feet, difference of temperature between internal and external alr 17 deg.
Looking In the table, wo find opposite to 32 and under 17, 878 feet. That would be for an area of 1 square foot.
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If the movement of the external air influences the movement in the room,
as when the wind blows through openings, caleulation is useless, and the ane-
mometer only can be depended on.

SECTION IIIL

EXAMINATION OF THE AIR.
Sus-SEction 1.—BY THE SENSES.

Many impurities are quite imperceptible to smell, but it so happens that
animal organic matters, whether arising in respiration or in disease, have, for
the most part, a peeuliar feetid smell, which is very perceptible to those trained
to observe it when they enter a room from the open air. This is, in fact, a most
delicate, as well as a ready way of detecting such feetid impurities, and, with a
little trouble, the sense of smell may be cultivated to the point of extreme
acuteness. Only, it must be remembered, that in a short time the impression
is lost, and is not at once regained even in the open air.

As the evidence of the senses, however practically useful, is always liable to

be challenged, a more thorough examination of the air must in many cases be
made, .

SuB-SecTion IT.—MicroscoPIcAL AND CHEMIOAL EXAMINATION.

The points which can be easily examined at the present day are—

1. The existence and nature of suspended matters.

2. The amount of organic matter, as estimated by permanganate of potash.

3. The amount of carbonic acid.

4, The amount of watery vapour.

5. The presence of ammonia and sulphuretted hydrogen.

1. Suspended Substances.—The aeroscope invented by Pouchet offers an easy
mode of examining the suspended matters in air. Air is drawn, by means of
an aspirator, through a funnel, the end of which is brought to a fine point,
immediately below which is placed a slip of glass moistened with glycerine.
The end of the funnel and glass are enclosed in a little air-tight chamber, from
which a small glass tube passes up, and is connected by means of India-rubber
tubing with an aspirator. An aspirator can be made for a few shillings; a
square tin vessel with a tap below, and a small opening above to receive the
India-rubber tube, is all that is necessary. The capacity of the aspirator is
told by filling it with water, at a temperature of 62° Fahr., and then letting
the water run out into a measured vessel. If an ounce measure is used, the
number of ounces, multiplied by 1733, will give the capacity in cubic inches,
and dividing h;r 1728, will bring the same into cubic feet. As the water
runs out the air can only pass into the aspirator through the funnel, and,
as it does so, any solid particles carried down with the current impinge on
and are arrested by the glycerine, and can be afterwards examined by the
microscope,

A still better plan is by drawing the air through a solution of pure water,
or permanganate of potash, or solution of magenta. All the solid particles are
retained at the bottom of the vessel, and ean be afterwards microscopically
examined.

2. Organic Matter.—This can be determined as follows. A solution of per-
manganate of potash, which has been graduated with oxalic acid—in the
manner des_cnhe:i in the chapter on the mode of determining the organic matter
in water—is taken, and diluted to such an extent as that 100 C.C. shall con-

1
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tain -00001 grammes of permanganate ; the air is drawn through this slowly
by an aspirator ; the number of times the aspirator is emptied and filled being
known, the number of cubic feet drawn through the water is also known.
As the quantitative relations of the organic matter of air and permanganate of
potash are not yet aceurately known; the result shonld be simply noted, that
‘00001 grammes of permanganate required so many cubic feet of air for com-
plete decolorization. The fallacy of this process is that tarry matters derived
from combustion act on the permanganate, and, it may be, other matters ; how-
ever, no other process has been yet proposed which is equal to it.

The air may also be drawn through tubes cooled by a freezing mixture ;
the 11};5;1;91: of the air and the organic matter condense together (Southwood
Smith).

3. Carbonic Aeid.—For our purpose the method proposed by Pettenkofer is
the best. A vessel is taken capable of holding from half a gallon to 11 gallons.
The capacity is determined by filling it with water at 62° Fahr, and by
measuring the contents by means of a litre or ounce measure (1 oz. =1:733
subie inches). The vessel is thoroughly dried, and then filled with the air to
be examined, which is most readily done by pumping in the air with a bellows.
When this is done 45 C.C. of clear lime or baryta water are put in, and the
mouth is closed with an India-rubber ecap. The vessel is agitated, so that the
lime-water may run over the sides, and then is left to stand for not less than
six or eight hours, and not more than twenty-four hours. The carbonic acid
is absorbed by the lime or baryta water, and consequently the causticity of
these fluids is, pro fanto, lessened. If the causticity of the lime or baryta is
known before and after it has been placed in the wvessel, the difference will
give the amount of lime or baryta which has become united with carbonic
acid,

The causticity of lime is determined by means of a solution of erystallized
oxalic acid. If 2-25 grammes of erystallized O (O + 3Aq.) are dissolved in
1 litre of water, 1 C.C. will exactly nentralise 1 milligramme (*001 gramme)
of lime ; 30 C.C. of lime-water are taken, and exactly neutralised ; good tur-
meric paper is the best plan for determining the exact point of nentralisation,
and the margin of the drop gives the most delicate indication. The amount
of lime in the 30 C.C. is then equal to the number of C.C. used ; it is always
somewhere between 34 and 39 milligrammes.

After the lime has absorbed the earbonie acid of the air in the vessel, 30 C.C.
of the solution are taken out, and neutralised by oxalic acid ; the difference be-
" tween the first and second operations is inereased by one-half (to account for the
15 C.C. left in the vessel, 45 being always put in to allow 30 to be taken out).
This gives the amount of lime which has combined with carbonie acid, and
the amount of the latter is known by simply calculating according to the
atomic weights, or by multiplying by 39521. The capacity of the vessel
heing known, the amount of CO, is caleulated for 1000 volumes by simple
rule of three. From the capacity 45 C.C. must be deducted, to account for
the lime-water put in.

A correction must be also made for temperature. The standard temperature
being 62°; if the air of the room which is examined be below this, the quan-
tity of air actually acted upon will necessarily be greater from eondensation, than
would have been the ease had the air heen warmer, and conversely, if the
temperature be higher than 62°, a less quantity of air must have been operated
on than would have been the case had the air been at the lower temperature
of 62°,

_This error is corrected by multiplying ‘0020361 (the co-efficient of expan-
sion of air for 1° Fahr), by the difference between 62°and the ohserved tem:
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perature, and then by the capacity of the vessel, and adding the product to
the capacity if the temperature be below 62° and subtracting it if it be
above 62°,

A correction for pressure is not necessary, unless the place of observation be
much removed from sea-level ; in that case, the barometer must be observed,
and a rule of three stated. S

As standard height  observ eight = et A8
of bﬂ.l‘.{z 30 uf) : e :: capacity : X
Baryta water may be nsed instead of lime-water.

4. Watery Vapour.—The hygrometric condition of the air is known in
various ways, especially by the dry and wet bulbs, as explained in the chapter
on Meteorology. The hair hygrometer is an extremely useful instrument for
this purpose, as it marks the degree of humidity much more quickly than the
dry or wet bulbs, and can be used to give rapidly the different degrees of
humidity in parts of the same room.

5. Ammonia is determined by Nessler's test (see chapter on WareR); a
known quantity of air is drawn through by the aspirator, and the weight of
the precipitate determined ; then by rule of three:

As 559 : 17 : : weight of process : x.

The mere presence of ammonia may be also detected by logwood paper.
Tineture of logwood is evaporated to dryness, and the residue dissolved in
etlller. Strips of filtering paper are soaked in it ; ammonia gives a brownish
colour,

Sulphuretted hydrogen is detected by drawing the air through a weak
solution of nitro prusside of sodium (see chapter on Water), or by exposing
strips of blotting paper dipped in a solution of subacetate of lead.

.

SECTION IV.
SCHEME FOR THE APPLICATION OF THE FOREGOING RULES.

The ventilation of a certain room being about to be examined, enter it after
being at least 15 minutes in the open air, and notice if there is any smell.
Measure the cubie space, then consider the possible sources of entrance and
exit of air; if there are only doors and windows, notice the distance between
them, how they open, on what external place they open; whether there is
free passage of air from side to side ; whether it is likely the air will be pro-
perly distributed. On all these points an opinion is soon arrived at. If
there are other openings, measure them all carefully, so as to get their super-
ficies ; the chimney must be measured at its throat or smallest part. Deter-
mine then the direction of movement of air through these openings by smoke,
noting the apparent rapidity. The doors and windows should be closed,
When the inlets have been discovered, consider whether the air is drawn
from a pure external source, and whether there is proper distribution in the
room. Then measure the amount of movement in the outlets with an ane-
mometer, or calculate by the table if it seems safe to do so.

If the ventilation of the room is influenced by the wind, the horizontal
movement of the external air should be determined by Robinson’s anemometer,
which is now supplied to many military stations.

Then proceed to the microscopical and chemical examination, if this is
considered desirable, as it will frequently be.



CHAPTER V.
FOOD.

SECTION 1.
GENERAL PRINCIPLES OF DIET.

Tue doctrines held at present by most physiologists on the subject of diet®
may be expressed in the briefest way, as follows :(—

Following the original deduction of Prout, it is believed, that for perfect
nutrition, certain quantities of four great classes of aliments must be taken, viz. :—

1. Nitrogenous substances or albuminates (including albumen, fibrin, casein,
hematoglobulin, legumen, gluten, &c.), which all contain also sulphur and
phosphorus.

2. Fatty substances (including all animal and vegetable oils).

3. Carbo-hydrates (including all starches, sugar, pectim, and allied sub-
stances ; and,

4. Salts (potash, soda, magnesia, lime, iron, chlorine, phosphoric aeid,
fluorine, and water).

Three of these classes are indispensable, viz., albuminates, fat, and =salts,
with water, and, as Ludwig remarks, the carbohydrates are sought after so
eagerly, and are so universally taken, that (independent of physiological con-
siderations), it is highly probable no diet can be considered perfect without them.

These classes are not convertible ; fat and starch serve different purposes,
and must not be confounded, or classed together under such heads as carboni-
ferous or respiratory. In addition to these four great classes, there are a
number of so-called accesgory foods or condiments which are non-essential,
but are useful in giving flavour, and aiding digestion.

1. The albuminates nourish all the tissues which give rise to mechanieal
force of any kind, and, probably, also those connected with mental action.
The mechanical force evineed by the human machine (either in carrying on
ts internal movements, or in acting on external objects) is probably propor-
tioned to the amount of albuminates which can be digested, absorbed, and
properly applied in nutrition. The means of increasing force by angmenting
the absolute supply of albuminates, .., of inereasing digestive power in the
stomach and intestines, formative power in the nitrogenous tissues, and
eliminating processes in the after stages, is one of the highest problems in
physiology. All the three parts of the process have to be balanced, so that
one shall equal the other, otherwise health is destroyed. If is only when

# [ need hardly say that a treatise on hygiene should not be one on diet ; hygiene is only the
application of the principles of diet to the improvement and preservation of health. But I have
been obliged to go a little more into diet than would otherwise be mecessary, as many books
are not accessible to army medical officers.

i ™ -
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the great processes of digestion, respiration, and elimination are in proper co-
relation that we have the highest development of force which the individual
can manifest. Digestion may be imperfect, or, being perfect, the tissues
may not be able to apply the material, or, applying it, the disintegrating pro-
cesses may be insufficient. Hence, we may have half-digested food in the
stomach and intestines producing irritation ;* or an excess of albuminous
matters, which the tissues cannot appropriate in the blood, or imperfectly
oxidized products of disintegration, falling short of the two substances which
are the normal ends of disintegration, urea, and carbonic acid. And there can be
no doubt that many of the diseases which receive no, or an imperfect, nosological
name are of this description. The means of increasing the proper adaptation
of albuminates must be chiefly sought by inereasing the amount of the other
substances which form parts of the nitrogenous tissues, especially fats and some
salts, and prineipally by increasing the supply of oxygen + by exercise, which
augments, at the same time, absorption of oxygen, elimination of carbon, and,
in a less degree, of nitrogen, and the circulation of the blood. Or, indirectly,
it may be obtained by lessening the supply of starches, which appropriate the
oxygen, and thereby, fo some extent, save the albuminous tissues and the fats
from disintegration.

The lessening of the supply of albuminates leads to a decline of foree ;
and if the supply is entirely cut off, the decline is very rapid. It affects the
muscular system first and chiefly (both the voluntary and involuntary, in-
cluding the heart), and, at a much later date, the mental powers. This result
may, to a certain extent, be delayed by an increase in the supply of fats and
starches, which, by absorbing oxygen, limit the disintegration ; of céurse, by
perfect rest, the loss of nitrogenous substances may also be delayed, so that,
if, under any circumstances, the supply of nitrogenous substance: falls short,
the structure of the body may be kept in a healthy state for a longer time
than would otherwise be the case, by a large supply of non-nitrogenous sub-
stances, and by rest. And these principles can be applied in treatment, so
that the albuminous tissues can be, to a certain extent, bronght under our
control by a judicious adaptation of diet and exercise alone, without the em-
ployment of drugs. The use of drugs, however, is a point of the greatest in-
terest and importance, especially in aiding the two ends of the scale—primary
digestion and elimination.

_ The nitrogenous aliments also contribute to animal heat directly, by oxida-
tion, after they have formed parts of tissues; and probably not before, as, so far,
analyses do not show any higher oxidation of muscular and nervous substances
over blood, albumen, or the alimentary principles. The amount of oxidation is
not, however, great ; and, it is usually supposed, that if nitrogenous substances
are given alone, a much larger supply must be taken to supply animal heat.
2. The fatty aliments are, like the nitrogenous, hoth plastic and heat-giving.
Ihey are essential to the formation of both muscular and nervous tissues, es
cially the latter ; and it is remarkable how much carbonic acid, derived, it is
believed, principally from fat, is given off during muscular action. Like the
nitrogenous substances, they are essential to the production of mechanical force,
and it is curious to observe how intimately connected the nitrogenous and fatty
Hﬂb&tﬂﬂc&ﬂ_ are In many of the foods which have come into most general use,

When it is wished to augment mechanical foree, the fats must be aug-

* The fieces then contain a large amount of nitro This. i EEETR
than animal albumi BEM. i5 is more common after vegetahle
Sar i n"ﬁmuit. uminates, as the latter seems more easily digested, though, even in the dog,

T Tiiere nmt E]tfhrea factors in nutrition, viz., the tissue which attracts the albuminate: the
i:ll;gmm?t.ur;l b"ml in the blood to the tissne; and the oxygen which, by removing the

sed material, enables the tissue to renovate itself by attracting more nutritive supply.
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mented like the albuminates. Their digestion and absorption is not so diffi-
cult as in the case of the nitrogenous substances, and their elimination is
easier, since, if not got rid of by the formation of carbonic acid, they are
stored up in the body, and form a collection for future use. The animal fats
appear easier of absorption than the vegetable. During their digestion, they
are, probably, in part decomposed, and the fatty acids, like the acids derived
from the starch, must, to a certain extent, antagonise the infroduction of
alkali in the food. The relative proportion of fat to albuminates in the best
diet (viz., that which is most easily digested, and, at the same time, produces
the greatest mechanical force), appears to be as 1 to 2, or as 1} to 2.

3. The starches and sugars ate supposed to be entirely heat-giving, and not
formative (respiratory, and not plastic); but so great is the obscurity of this
part of physiology, that it is impossible to be quite certain of this. It seems
undoubted, that they are more easily attacked by oxygen than either the albu-
minates or the fats ; and therefore that they save these constituents from too
rapid disintegration. Whether the starches actually form fat in the human
body is still doubtful.* By a judicious employment of their use, the elimin-
ation, and perhaps the formation, of the albuminates and fatty tissues can be
modified ; and it is evident that this principle will enter largely into the
treatment of disease.t

In addition to respiratory action, it is probable that the singular alternation
of acid and alkaline fluids in the body, which arises from the constant intro-
duction of an excess of alkali in the food, and the constant production of acid
from the food, is probably especially connected with the metamorphosis of
starch, which causes the production of lactic acid. Lactic acid, in the presence
of albumen and certain salts, seems to have the power of decomposing even
stronger acids than itself ; then being absorbed from the place where it has
aided in setting free some potent acid, and carried away, the lactate of the
alkali is decomposed, a carbonate is formed, and the alkalinity of the body is
again restored. The exact amount of acid produced in the body with and
without starch has not, I believe, been at present determined.

If the starch foods thus greatly influence the acidity of the body, we can
perceive another reason why they should enter into the composition of a
perfect diet. Their relative amount to nitrogenous substances in the best
diets, is as 2} or 31 to 1.

4. The salts and water are as essential as the nitrogenous substances.  Lime,
chiefly in the form of phosphate, is absent from no tissue ; and there is some
reason to think no cell growth ean go on without it ; certainly in morbid

wths which are overgrown, and in rapidly growing cells, it is in large amount.

Whether magnesia is equally important for cell growth and tissue life is
less certain. Both lime and magnesia are essential for bone growth and re-
pair ; and there ean be little doubt that the judicious abstraction or _enlplﬂ}'—
ment of these will form an important part in the treatment of hone diseases.

Potash and soda, in the forms of phosphates and chlorides, are equally im-
portant, and would seem to be especially concerned in the molecular currents;
forming parts of almost all tissues, they are less fixed, so to speak, than the
magnesian and lime salts, Tt is also now certain, that the two alkalies do
not replace each other, and have a different distribution ; and it is so far
observable, that the potash secems to be the alkali for the formed tissues, such
as the blood cells, or muscular fibre ; while the soda salts are more largely
contained in the intercellular fluids which bathe or encircle the tissues. The

* In his last edition, Ludwig scems to admit that they will form fat. —Phys. des Menschen,

band ii. p, 608, ’
'? ‘I‘Li;sp has long been known, and to some extent, practically employed.
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employment of those two alkalies in medicine is great, and will no doubi be
based hereafter on more certain principles that we now possess,

The chlorine and phosphoric acid have also very peculiar properties ; the
former apparently being easily set free, and then giving a very strong acid,
which has a special action on albuminates, and the latter having remarkable
combining proportions with alkalies. DBoth are furnished in almost all food ;
the chlorides of sodinm also separately. Carhonie acid is both introduced and
made in the system, and probably serves many uses. Iron is of course also
essential for certain tissues, and in small quantity is found almost in every
tissue, and in every food. The sulphur and phosphorus of the tissues appear
to enter especially as such with the albuminates. :

Some salts, especially those which form carbonates in the system, such as
the lactates, tartrates, citrates, and acetates, give the alkalinity to the system
which seems so necessary to the integrity of the molecular currents, The
state of malnutrition, which in its highest degree we call scurvy, appears to
follow inevitably on their absence; and as they exist chiefly in fresh vege-
tables, it is a well-known rule of dietetics to supply these with great care,
though their nutritive power otherwise is small.

Such, then, being the general principles of diet, the points to be considered
in a complete treatise on hygiene, would be—

1. The quantity of the different classes required for persons of different
sexes and ages, during and after the period of growth and pregnancy, and
under all ordinary conditions of life and climate.

2. The determination of the best articles of food in each class, and the
quality of those substances ; and whether or not they are fit for food, and are
in any way altered or falsified,

3. Their digestibility and best mode of cooking, so that they may be supplied
in the best form.

Digestibility depends on bulk, cohesion, due admixture, and variety. Cook-
ing is intended especially to lessen cohesion, and to soften tissues, so that they
may be broken up ; and to add flavour, which may aid appetite and digestion.

When these things have been determined, all other points depend on the
person taking the food. He can aid nutrition by proper mastication, and by
sﬁi} habits and customs as are known to have a good effect on the changes
of tissue.

The object of this work prevents so large a treatment of this subject, and 1
must therefore consider only those substances which form part of the food of
the soldier ; but as far as is possible, I shall do it in the above order.

SECTION II.
THE FOOD OF THE SOLDIER.—ARMY REGULATIONS.

The Army Medical Regulations place the food both of the healthy and sick
soldier under the control of the medical officer. He is directed to ascertain
that the rations of the healthy men are good, and that the cooking is properly
performed (Regulations, pp. 29, 30, 42, 51, 79) ; the amount of food for the
sick is expressly fixed (p. 59). On taking the field, the prineipal medical
officer is ordered to advise on the subject of rations, as well as on all other
points affecting the health of the troops. It will thus be seen that a great
responsibility has been thrown on the Medical Department, and that its
members will be called upon to give opinions on the quantity of all kinds of
food _511[‘13‘1“3‘11 to soldiers ; the composition of diet ; on the quality and adul-
teration of the different articles ; and on their cooking and preparation.
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Quantiry aND CompositioN oF Foop ror HeavtEY MEN oF THE SOLDIERS'
Age (20 1o 40).

Although it is not possible to determine @ priori in any particular person
how much food is sufticient for compléte manifestation of his possible power,
it is of importance to fix the average amount, as in the Army and Navy fixed
quantities of food, or rations, must evidently be issued ; and their sufficiency
or otherwise can only be known by reference to average quantities. In differ-
ent cases the amount of food required varies according to—1. Activity of the
bodily and mental functions ; 2. The digestibility of the food ; 3. The size of
the body, though this is probably a matter of less moment ; 4. The composi-
tion of the body, whether chiefly bony, muscular, or fatty.

In fixing the amount of a ration for a large body of men, it should satisfy
the majority, and should err on the side of excess rather than defect. More
evils result from under than over feeding. Even with a liberal ration there will
always be found in a regiment of 1000 strong some for whom it is insufficient.

A man of average size and activity will, under ordinary conditions of mode-
rate work, take in twenty-four hours from gth to J4th of his own weight in
solid and liquid food. In this country he will take about 40 ounces (i.e. with
an average range of from 34 to 46 ounces) of so-called solid food (bread, meat,
&e.), and from 50 to 80 ounces of water, making in all from 80 to 120 ounces
by weight of ingesta.* The ratio of the so-called solid to the liquid food
varies greatly. In most cases it is 1 to 2, but in some only 1 to 1. Great
bodily activity renders necessary an increase in the solid, but seems to require
a less increase in the liquid food.

The so-called solid food contains a certain percentage of water ; if we elimi-
nate this, and consider only the anhydrous or water-free food, we find the
amount in twenty-four hours to be on an average for healthy men from 19 to
25 ounces. Putting the case in this way, the average amount is then—

Water-free food, . : > : 22 to 23 ounces.
Water, ; : . - : 60 to 90 ,,

The relative amount of the water-free food to water is usually as 1 to 4 or
as 1 to 5.

Assuming the average to be 23 waterfree ounces daily, and the mean
weight to be 150 lbs., the body receives y3zth of its own weight in water-free
golids. The range in different persons is from g4th to yigth of the body
weight. Each pound weight of the body receives about 0°15 ounces (range
from 0-1 to 0:2 ounces) of water-free food, and 0°5 ounces by weight of water
in twenty-four hours. But this amount differs in rest and in activity.

The following table gives the average amount for men of mean height (5 feet 6
to 5 feet 10) and weight (140 to 1601b.), under different conditions of activity:—

A man will take on an average, in 24 hours—

Water-free Water in

mu{éj:;d ai\!::ir. el
When nearly at rest, . . " ; 185 70 to 90
‘When in moderate and usual exercise, . 23 70 to 90
: 80 to 100

Under great exertion, . : : 26 to 30 { e thota
Undergoing enormous exertion, ; { ffcf_,gngfﬂ }uncertain.

# In two of the most active men I have ever known, whose food and drink I determined very
carefully, I found the total amount of solid and liguid f::u::d was g'gey A0d 'y, 4, of the body

weight.
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These are all averages, and there is a wide range. From day to day a man
takes different amounts. Much depends also on the kind and digestibility
of food. A larger quantity of indigestible food is taken ; much is then lost
by passing out undigested by the bowels. Of the water about }th or 1th is
taken as water, the rest is contained as water in the so-called solid food.

It is most important to fully understand that if more work is required from a
man his food must be increased in proportion. If it is not, one of two results
follows : the man ceases part of his work, and his usefulness as an agent of
foree lessens ; or he continues his work, but at the expense of his tissues ; his
weight lessens, and at a certain point, which is not yet defined, all morbific
causes (malaria, contagions, cold, &e.) begin to act upon him more easily.

Amount of Nitrogen, Carbon, vnd Salts.

The phenomena of nutrition are owing to the various chemical inter-
changes of nitrogen and carbon, with the concurrent influences of oxygen and
hiydrogen (chiefly, though not entirely, in the form of water) and of various salts.

A man of mean height, weight, and activity requires in twenty-four hours.*

Nitrogen about, . : : : 250 to 350 grains.
Carbon, ,, : : : : 3500 to 5000 ,
Salts, = : : : : 400 =
Viz.:— g
Chlorine, . : ; ; . 120 o
Phosphorie acid, . : A ; a0 o
Potash, : . : : i 40 i
Soda, : : . g ‘ 170 5
Ironm, . ; : : : : 1 .t
Lime, i : . ; I "
esia, . : . ; : ? T
Organic acids ? ? i

The amount of salts cannot be fixed at present; the quantity of chlorine
and phosphoric acid is probably near the truth, but the amount of potash,
lime, and magnesia, and even soda, is very doubtful. Few perfect determina-
tions have been made of the potash ; and as it is uncertain how much of the
lime and magnesia present in the intestinal discharges are owing to elimin-
ation, or simply to the remains of food, it is obvious that at present we can-
not fix their quantities. The precise amount of iron is doubtful. One diffi-
culty, is that the amount required is judged of by the amount eliminated ;
some of the quantity passing out by skin and lungs and kidneys may, how-
ever, be mere surplusage, and have never been actually employed in nutrition.

It has been attempted to express the thermometric power of the foed in
mechanical equivalents ; but at present it does not appear to me that we can
venture to speak with any precision. It is only certain that a very large pro-
portion of the chemical force of the food is expended in maintaining the

* Dr Edward Smith has given some very interesting tables showing the amount of carbon
and nitrogen taken by the Lancashire operatives in the time of the cotton famine in 1862, The
daily consumption was for single males 4588 grains of carbon and 215 of nitrogen, and for
single females 3758 grains of carbon and 155 of nitrogen. Married adults appear to have taken
less, doubtless from the additional calls on their means. The diminution of nutritive elements

appears to be chiefly in the nitrogen. The diet was, therefore, far from the starvation point,
as far as nutrition is concerned. |
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mechanical forces acting in the body itself, and is not manifested in external
force of movement or thought.*

With regard to the relative amounts of nitrogen and ecarbon required for
the human body, the most perfect experiments yet made are by John Ranke.
In a state of rest the relative amount of nitrogen and earbon varied between
1 N.to11C,,and 1 N. to 15 C. The absolute amount (weight of person
160-61b. avoir.), was 240 grains of N. to 35314 grains (8:07 ounces avoir.)
of C. to exactly maintain the weight and the balance between ingesta and
egesta. According to Gasparin’s caleulations, a man weighing 1411b. will
require in grains,

Nitrogen. Carbon,
During rest, . , : : 198 : 4152
o Naxarkion e W S B SRR GG L e

The ratio of these numbers is rather different from those of Ranke. During
rest there was 1 N, to 21 C.; and during activity 1 N. to 12 C. On an
average about §ths of the carbon are given in the starches and fats, and }th in
the albuminates, but the ratio varies a good deal.

: Amount of Nitrogenous and Carboniferous Food.

When, instead of speaking of nitrogen and carbon, we speak of nitro-
genous and carboniferous food, the proportions come out differently.t Omne
part of nitrogenous food to, from 3 to 6 parts of carboniferous (1 to 4 being the
mean), forms the usual proportion in apparently all nations, and it is indeed
remarkable how the ratio is preserved in different countries. The following
table shows the amount of nitrogenous and carboniferous food, if the num-
bers given in the table for calculating diet (p. 141) are adopted. A similar
table has been given by Letheby in his instruective paper read before the
Society of Arts (Jowrnal of the Society of Arts, March 1857). The numbers
are a little different :— '

Nitrogenous Carboniferons substances
Substances per cent. per cent. reckoned as starch.§
Beef, . ; . 15 : ; . 20016
Bread, . . : 8 A : . D28
Flour, . - - 146 . : . A1
Rice, : : 1 b ! : . 856
Potatoes, . . b, . . 236
Peas, ; : s 24 - : . 624
Cheese, . . : 33h . ; . D832
Mill, ‘ ; ; 4 : ; . 1388

#® The mechanical equivalent of heat is 430 grammes lifted 1 metre = 1 gramme of water
raised in temperature 1° Cent. The work which can be done by 1256 grains of nitrogen and
5500 grains of carbon has been ecalenlated as equal in work to 14 millions of 1bs. raised one foot.

t I have not here used the term plastic and respiratory food, as an error is involved when
such words are used in the usnal sense. Liebig's grand and in the abstract true physiological
generalisation cannot be applied in the classification of diets, The plastic and respiratory
actions in nutrition can be abstractedly discussed, but it is questionable if most articles of food
(and perhaps all) are not both plastic and respiratory.

T 'é'n'hen fat is to be reckoned as starch, it is considered that 1 part of fat = 2-4 starch, the
fat is therefore multiplied by 24, and added to the amount of starch. The reason of this is
seem by comparing the composition of fat and starch :(—

Fat, Starch.
Carbon, : ; ; : 70 . : : 3 44+44
Hydrogen, . ' ; : 11 . . . ' 617
Oxygen, y : : . 10 L P : : 49-39

100 100
Fat will demand 290-834 parts of O. to convert all the carbon into earbonic acid.  Starch will
demand only 118-834 parts. These numbers are to each other as 2-4 to 1.

o i’ e e i
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If it be desired to caleulate the amount of nitrogen or carbon in these
articles, it can be done very simply :— ;

1. Divide the nitrogenous substance by 6-3, the result is nitrogen ; e.g.
beef = 15, nitrogenous substance per cent., therefore—

%:2'42 per cent. of N.

2. Multiply the amount of fat by 79, the result is carbon ; multiply the
amount of starch by 444 ; the result is carbon, add the two results.

But it must be understood that there is also 53'b per cent. of carbon in
the mnitrogenous substances. Multiplying any albuminoid substance by 535
will give the amount of carbon; eg. in 100 ounces of meat there are 15
ounces of nitrogenous matter, and these 15 ounces contain (15°x 535 =)
9 ounces of carbon.

If the amount of carbon in the fat, starch, and albuminoid matters be added,
we obtain the total amount of carbon in the diet under examination.

Ameount of the Fundamental Dietetic Principles.

As already stated diet must not be considered only in relation to its
amount of nitrogen, earbon, hydrogen, and salts. The form in which these
elements exist is of great moment, and it would therefore appear that the
physical condition of the food is second only in importance to its ultimate
chemical constitution, and it is therefore at present of the greatest practical
importance to caleulate the amount of the fundamental dietetic principles.™

It now seems certain that the fats and starches are not interchangeable ;
that each class has its own part to play in nutrition, and therefore it is
wrong, in caleulating diets, to confound starches and fats under the one common
term of carboniferous,

The mean amount of the four classes of solid aliments has been determined
by several physiologists ; but yet it is clear many more experiments are needed
to get a true average. The following table is taken from Moleschottt the
greatest authority, at present, on this point.

W}?:BI and food required daily for a working man of average height and
weight :—

) Grammes. 1 EE:CE;;EG;EME,
Albuminous substances, ; 130 : : 4-HBY
Fatty, N e - [ 2964
Carbohydrates, . . : 404 : . 14257
Salts (all kinds), . : : 30 : : 1058

! 648 22:866
Water, . i : . 2800 08:580
‘ 1 3448 121446
Hildesheim ‘hu.s calculated that a man in moderate exertion should have =
Albuminates, i : ; : : 464 ounces avoir.
Fat, . . - : s . . 1.3 5
Starches, : . . : : ]

14

Total, 23-84

* As defined by Prout, and now admitted by the chief authors on diet.

LP hys. der Nahrungsmittel, 1860, p. 223. " A considerable number of diets have been cal-
culated by }'dult'leril Payen, Gasparin, Liebig, Playfair, Hildesheim, Christison, Letheby
Lauder Lindsay (36th Annual Report of the James Murray Lunatic Asylum, 1864), and several
ﬂtllﬂrﬂi and I have also calenlated several, but such details can only {m given in a treatise on
diet ; by means of the table afterwards given, however, any one may calculate out the amounts.
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These numbers are taken chiefly from working men's dietaries, In per-
sons of an equal activity, but more able to obtain what food they please, I
believe, the albuminates and fats will be found in larger amount and the
starches smaller ; at least, they were so in the two following cases :—

In a friend of very active habits, aged thirty-two, and weighing 165751,
the so-called solid food amounted to 40} ounces, on a mean of seventeen days.
The water free solids and the water amounted to—*

Albuminates, . - : ; ; 6:056 ounces avoir.
it T R e A 0D .
Carbohydrates, 3 : . o [l i
22-338 5
Water (in food and drink), : . 88860 T

In this case a very large amount of fat was taken in the form of meat and
butter, and a lesser proportion of starches. No less than 413 grains of
nitrogen were taken daily.

In another friend, aged twenty-six, weighing 1321b, of remarkably active
habits, the daily solid ingesta were 42 ounces avoir., caleulating the water in
this the water-free food was :—

Albuminates, . . : : : 7-37 ounces avoir.
Fats, ; 3 : : . L 6-048 +
Carbo-hydrates. : : : S Ly s >

25:168 2
Water (in food and drink), : . 6042

In this case, as in the former, the amount of albuminates was very large, in
accordance with the extremely active life ; the fat was also very large, owing
to the quantity of meat and of butter (2 ounces) taken daily; the starches
were comparatively in small amount.

In both these cases the subjects of the experiments were in easy circum-
stances, and took food ad libitum ; they both appeared to be in perfect health ;
they took no wine or spirits, and but little beer. .

A railway navvy's consumption at home is :—

Bread, . : ; : ; : : 28-50 ounces.
Meat, ; ; - : : 1370
Potatoes, ; ; : : ; : i %
Cheese, . f : i : . : i 4 [
Butter, . p : i . A i i G
Vegetables, . ! ‘ ] . : B
Beer, . : . ; : ; k 37 o
Coffee, . : ; ! . / : i} i
Cocoa, . . : . ’ 1-1 "

Making, altogether, about 52 ounces of (so-called) solid food, without reckon-
ing the tea, coffee, &c. ; the amount i 77 water-free ounces of a,llmminn‘f.fesf
and 263 of carboniferous (Letheby). Dr Christison found that the Berwick-
shire reaper takes about 7 ounces of albuminates, and 37 of carboniferous food,

# Tn this and the following case the food was very carefully weighed ; the amount of water
and nitrogen in the bread was determined ; the remaining amounts were caleulated on the sup-
sition that the composition of the food was similar to that given in the table for caleulating

diets.

]
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while the Yorkshire labourers will take 88 ounces of albuminates, and 42 of
carboniferous (Letheby)—an amount which is almost incredible,

Moleschott has caleculated that 104 grammes of nitrogenous substances
(=3'671 ounces avoir. or 243 grains of nifrogen) is the least amount a work-
ing man ought to have. Many men not working particularly hard take 5 to
5-4 ounces avoir. daily of water-free albuminates. The least amount on which
tolerably active life can be maintained for a short time, is 14 or 15 ounces
avoir. of anhydrous nitrogenous substances (=97 to 100 grains of nitrogen).
With this amount, however, the body loses weight, and more nitrogen passes
off than enters, unless, as socon happens, the work of the body is lessened.*
The amount of mechanical work obtainable from such a body is very small.

For the purpose of calculating the amounts of the several classes of aliments
a table of average composition must be used, as, of course, it is impossible to
make analyses of the articles actually taken. Such tables cannot pretend to
absolute accuracy, but are yet extremely useful as giving a close approxima-
tion. Whenever practicable the nutritive value should be calculated on tho
raw substance, as the analyses of cooked food are more variable. It must
then be seen that no loss oceurs in cooking.t

Table for Caleulating Diets.

Ix 100 PamrTs.
Articles of the Soldier's Diet.

Albumi- | Fats. Carbohy- Salts.

Water. kb | e,
Uncooked meat of the kind sup- | '
plied to soldiers,—heef and = .
mutton. DBone constitutes }th | 70 15 84 16

of the soldier’s allowance,¥ |
Uncooked meat of fattened |
cattle. Caleulatedfrom Lawes'
and Gilbert's experiments. +| 63 | 14 19 37
These numbers are to be used
if the meat is very fat, . . |
Cooked meat ;§ roast, no drip-
ping being lost. Boiled as- b4 | 76| 1645 ... 295
sumed to be the same, .

Bread ; white wheaten of aver-

gl i } 40 15 | 402 | 13
Flour, average quality, . . .| 14 | 146 1:2 | 686 16
Bisomity S mens R wy, 8 156 1 i B =
T I T s 10 5 -8 | 632 0-5
Oatmeall:irvilvorioh 20t o beinl 16 68 632 | 2|

* In the experiments on the friends just referred to, the amount of entering nitrogen w
afterwards reduced to 175-78 and 164 grains daily, from a previous amount of i;mf:u"r.z than il%
rains. The amount of urea was enormously lessened, but in both cases more N, passed off
I- an EI}fﬁjlj‘lﬂﬂ :ihﬂ body, and the body losing weight, the active work in one person began to
EI}E:II;T; ;,Irlia]w ays. In the other no effect on the work was produced in seven days, the extent
T Since this was written an useful little book has been published by Dr orace Dobell
]!‘;_IaTnlllml n{ E[let nlr_ulhReglmer_i, 1864,” which contains a f: u]lcrptnhla of ﬂliﬂ-} kim’I,H
v I';e Erﬂu x: dme of the meat is reckoned with the albuminates; it is not certain what dedunetion
i) e on account of its lower nutritive value, which is about ith that of albumen

§ These numbers are taken from John Ranke’s analysis, || Silica of the husk dedneted.
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Table for Calewlating Diets—Continued,

I 100 Pants.
Articles of the Soldier's diet.
Water, [AbIDi-| page (Carbohy| g,
Maize (Poggiale), . . . . .| 135 | 10 67 | b3 14
HEnE (tep) i WU S S e HD 22 A 24
Potatoes, . . . .| T4 15 -1 | 234 1.
Carrots (cellulose axclud&d} .| 85 6 ‘25| 84 7
Cabbage, . . . . L [ 2 5 58 7
Brlttrer, Bl 6 3 | 91 ... | variable
Egg (10 per cent. must be de- )
ducted for shell from the | 735 | 135 | 116 1
weight of the egg), . . .
Cheese, . . 368 | 335 | 243 54
Milk (sp. gr. 1030 and 01"{31} 87 4 37 b -6
Milk (sp. gr. IDEG) ; .| 90 3 25 39 ]
Engar i i e L ; 3 96-5 i)

The mode of using the table is very simple ; the qua,ntlt-jr of uncooked meat
or bread being known, and it being assumed or proved that there is no loss in
cooking, a rule of three brings out at once the proportion. Thus, the ration
allowance of meat being 12 oz., 2'4 oz or 20 per cent. is deducted for bone, as
the soldier does not get the best parts, The quantity of water in the remaining

751:;3 6_v -2, and the water-free solids will he 2-4 ounces.

In the case of salt beef or pork, it is not certain how their value should be
caleulated. The analyses by Girardin give for uncooked salt beef—
49-11 per cent of water,
2482 .  fibrin and cellular tissue,
288 extractive matters,
7 ,»  albumen,
18 ., fat,
A soluble salts ;
but the analysis of the brine shows that much of the nutritious matters,
organic and mineral (phosphoric acid, magnesia) have passed out of the meat,
Liebig has reckoned the nutritive 1033 at one-third, or even one-half. The large
percentage of fibrin and eellular fissue in salt meat is made up of indigestible
nitrogenous substances, which afford, probably, little real nutritive material.
Perhaps salt beef may be reckoned as equal to two-thirds the quantity of fresh
beef ; this estimate is certainly quite high enough.

The precise amount of the mineral matters of the various articles can be
ealculated, whenever necessary, from the following list, compiled in great part
from Moleschott's elaborate tables. The mode of calculation is the same as
above. For example, it is required to know the amount of chloride of potas-
gium in the soldier's ration of meat, which is taken, we will say, as 9*6 ounces
without bone—

96 ounces will he

139 = 96
100
- Thers i3 also a g:ml] deal of indigestible cellulose, about 5 per cent.

t Mr Whitelaw (Chemical News, March 1864) has shown that the brine is saturated with
the juice of meat, and extract of meat may be obtained by dialysis from the brine.

='01334 oz, or 5'83 grains.

-

3



143

CALCULATION OF DIETS.

a1[} Ul SIaqUNT 243 JT
aIT B AT Ul S)[US a7} apnya “-3ua0 aad T 1o g, wer) arour Jou s1 Inoy e3gm pood Jo

Junoms sMeald m Suwq yswod pur vsanden jo sayegdsoyd o

[
i

“IENous A]980[0 USALS 51 INOY Ul JUNOIIE 913 “Pas|vI] A% O[ B,
O3} Ul 8 UOIIB[AI AUILS D1} DAY SjusIpaLiul anpy, “yuao 1od .5
AI[} pue ‘meIq A1) YILM SO] S1v JUAIM JO £3[US 81} Jo A0y J

"Juao aad §9.¢ s uwotm onp3 sald sesdeuR s q[1N) pue same]  Jueo Jod § quoqe “za—STeydng gnd usijo s1 Jeew jo ysw o
G0o- [ “* |¥90° | ¥I. |8I0- 100~ | L0O- | 180- | ™ $00- | 710- oy
ses . o waa mﬂc paa P R . awan e e o . . . - n_w._u.mhﬁu_“._.._nﬂv
100- |L10 | " | 680- |9T0- | LFO: ** |800- | | €10 10- |9g0- [ ~ ° ° * ‘powormydmg
6oL | 98- 6- | L1G- | 66F- | 6LT- | 9FD- | GFO- | G1E- | 866 GIS: |¥6% [9%6- |G8F- | - ‘P omoydsoyg
€00 | €10- [ LOO- | 9TO- | 9E0- | G00- o elo- | 610 1900+ | #00- | LT0- | TT0. | " ‘eyeydsoyd ao woar aprx()
$10- [B80- | G0- |¥90- [961. |§G0- | 981- | 966 | 150- | 165 | ~° [€€0- |¥¢0. | €0.[€G0. [ ~ © * ° - - ‘eseudepy
8G1- | 160. | £GS- [6GE | 680 | 9GO0 | 9€E. [910- | GEO0- | LGO- | -~ L&0. | €80 | E10- | TCO- PRl T By
€10 | 880 8 | 198 (¥G0- | " | 6 10 | TI6T- | " | ™ |9F%0- | ©7 | 9EO- . i " ‘wpog
9¢0- | GL- [661- [¥GF- | FE 989 | 86- |96E- T |9%% | " | 9¢- | &F- |866- | PG| = * ° = * * ‘ysmyogq
131 | gL Gl sl Bl colesn | v v |en | ¢ 0 c‘wmpsmed ¢
1¥0- | Q1. | S¥-gl9g1- | " |ETI0- i el TR S L-G|B10- |169- |OTg. | = ° ~ ‘wmIpos apuopyy)
* ‘sRouRjsqNE paLp
8%4- | G0-1 %6 &Go.I| 69 1| %@ 8’1 g [966:1] €I 39 TI-I|] GT «9I am jo quon aod ‘gse (o]
Q
28 D BB BB E|F(F| 0|58 8
e | Bty BE| 5 PRt el R | g
2, ,..l_wm m = ’ &

P00 JO Sy parapuf) JuaLfip dip up sounisqns poaauLpy fo alivpuaatad



144 FOOD.

We are now prepared to examine the food of our own and other armies.

Excrisa SoLpieEr ox HoME SERVICE.

Daily Quantity, Cost, and Nutvitive Value of the Soldier's Rations.

Articles, Quankity tikeen Cally) | Price. | To whom paid.

INTBRE: = o el 12 OZ.
Brem:i, e 16 ¥ } 4}d. | Government.
e e f
Potatoes, . . .. . 16 7 oy
Other vegetables, . 8 i BTI?%EI 12.;.:;11: ;nt.:;i];?s’
%’fﬂe’ ; g ?{g Jh 31d. partly supplied at
Sa,liz, 0- 95 :': cost tpnce by govern-
Sugar, 1-:33 5, AR
Milk, e L T J

Total quantity, 65+ 32 oz |

Totalimalae:: L e rasn s sni e Bd. |

Nutritive Value in Ounces (avoir.) and Tenths of Ounces.

Articles. Water. I:.H’Eﬁﬂ:ﬁ Fat. hﬂﬁfﬁ Salts. r
Meat, one-fiftth de- b A . :
ducted for bone, } e 144 Ogs 154
Bread, : 9- 6 1-92 0-36 11-73 312
Potatoes, . . . . 11-84 24 0-02 3-75 020
Other vegetables = : , :
e } 798 | 016 | 004 | 046 | 050
1351 o S R 2-92 01 0-08 0-13 016
Sugar, . Mt 004 1-28 ‘006
Sl o s - 25 |
Total,. . . . | 3888 | 386 | 130 | 1735 | 808 |
In addition there is coffee, 033 ounces.
5 tea, i R
" Pepper, "

Reckoned as nitrogenons and carboniferous substances (starch), the amount
is—
Nitrogenous substances, 3-86=1.
Carboniferous (starch), 2047 =5.3.
This is equivalent to—

Nitrogen, 268 grains.
Clarhon, 9 ounces, or 3937 grains.
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Dr Playfair has calculated the diet of the English soldiers at home to be

Nitrogenous substances, . 4'2 ounces avoir.
Non-nitrogenous, ,, . - 136 =
Salts, . 3 ; ! 0-57 s

But probably the meat was calculated as without bone, and all the articles
bought by the soldier himself were not included.

The ration of the English soldier at home, therefore, appears to be deficient,
to a certain extent, in albuminates; to be very poor in fat, and to be in
excess in starches. The fresh vegetables are sufficient. It would be im-
proved by the addition of more meat, or what would perhaps be better, two
ounces of good cheese—by some fatty food, such as bacon, butter—or by a
greater use of oil in cooking (an excellent way of getting fat into the system)—
and by a larger employment of beans and peas.™

The accessory foods are rather deficient, and vinegar especially should be
used. Robert Jackson very justly insisted on the importance of vinegar as a
digestive agent and flavourer, as well no doubt as an antiscorbutic. He re-
marks on the great use of vinegar made by the Romans, and possibly the
comparative exemption which they had from scurvy was due to this. In time
of war this ration is quite insufficient. (See War.)

The diet of the soldier on foreign stations is stated under the several head-
ings when it differs materially from that of home service, and the alterations
in the diet which should be made under circumstances of great exertion are
given in the proper chapter.

In the time of Edward V1. the English soldier's rations during war were—
meat 2 lbs, bread 1 Ib., wine 1 pint (Froude). The wine was the light
French wine invariably used in England before the Methuen treaty.

Ration oF THE FrRENCH SOLDIER.+
In time of Peace.

In time of peace the different arms of the Service are somewhat differently
fed, according to the contribution which the men make themselves, as in
England. Thus the infantry of the line pay 45 centimes daily, the cavalry of
the line 43 centimes, and the imperial gnard 50 centimes. In time of peace
the State furnishes only bread and fuel, the soldier buys the rest.

Infantry of the Line,

» Grammes. Ounees avoir.
Munition bread, . : ; 750 265
White bread for soup, . ; 250 8-8
Meatb (uncooked), . : : 250 8-8
Vegetables, - : . 160 56
Salt, : : : ; 15 0°5
P _ 0-07
epper, . ; : 2 _ 31 grains.
Brandy, . : : : 50 C.C. 0-1§ ounces.
Total, exclusive of brandy, ; . b027

If biscuit is issued, 550 grammes (or 19-4 ounces) are given in place of
bread. If salt beef is used, 250 grammes (8'8 ounces) are issued, and 200
(7 oz.) of salt pork. Haricot beans frequently form part of the vegetables,

Analysed by the table for calculating diets, and deducting 20 per cent. from

*® Various diets have been proposed by Sir A. Tulloch and others in the Royal Sanitary

Commission’s Report, p. 429, ef seq. Dr Christison’s remarks will be alse found there, and are
well worth attentive study. i

T Code des Officiers de Santé, par Didiot, 1862, pp. 481, ef seq.
K
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For this food, and for a very small quantity of fresh vegetables, the soldier
pays a little over 11d. daily. As this is insufficient, he is obliged to buy food
for himself. Hildesheim states that he has not been able to ascertain whether
he obtains even in this way enough, but that diseases of an asthenic character
are of such uent occurrence among these soldiers as to lead to the belief

that the diet, even when increased by private means, is insufficient.

On the March (in ounces avoir.)

Quantity. | Water. il“h]';';? iﬁtr EE?EEF Salts.

Bread, 33 14 29 4 152 25
Meat, . 825 6-2 1:33 i

41-25 202 423 115 152 25

20-58 oz. avoir. daily of water-free solid in addition to a small supply of
fresh vegetables.

If the soldier always got this quantity, he might manage pretty well, but
he sometimes receives part of it in money ; this he spends always in brandy,
and soon becomes “ fatigued and unable to bear the marches.”

Hildesheim says he greatly requires “ a warm breakfast,” after which, even
in stormy weather, great fatigue can be borne.

In time of War,

The war ration is divided into a lesser and greater war ration ; the former
merely differs from the latter in having one-half as much meat,

Greater War Ration.®

Ounces. Ounces,
Bread, . : ) 29 Or Peas, or Beans, or Flour, 8
Or Biscuit, ] : 144 Or Potatoes, ; : 48
Fresh Meat, . : 8 Salfy : : . 75
Or Salt Meat, . ; 10 Coffee, roasted, . : B
Rice, : . : 3 Brandy, : : : 2
Or Barley, Rye, or Buckwheat, 3}

As the ration is thus not always the same, it is difficult to calculate it, but
supposing rice was issued, it would be =20217 oz. of total water-free solids.
This amount would suffice for a daily march of about fourteen English miles,
but not for anything more severe than this. If peas or beans were issued,
the amount of nitrogen would be greater.

This diet scale is not well arranged. Ri 1
are not substitutes for each other, ¢ il il sl

In the war in Schleswig, in 1864, the diet of the Prussian soldier was
stated to be—meat 41b, bread 21, peas or beans }ib, salt % 0z., roasted coffee
4 0z., Tice or sago occasionally. On field days the meat was doubled. Biscuit
was only used when bread could not be obtained.

* Ordinance of 1850. Das Prenss. Militai : 1864, p. 159.
The amount of potatoes seems very ETMt.I r Med.-Wesen. Von C. J. Prager. . P
K 2
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Salt, ; . . g 14 ounces,
Horse radish, ! 3 ; : grains,
Pepper, ’ . graius,

j 14 gills.

; ine ; . . .
It will be ubsalg'va::i that this ration is particularly strong in accessory and
antiscorbufic food ; in this respect, we might take a lesson from the Rusgians.
Hindu diet,—The Hindu diet consists of ?c-me of the mil;ata Ei:lholum,
cum see Millets), rice, leguminose (Cajanus Indicus), with green
%ﬂeﬁﬂe&, ;:311010, and spices, ;'_’f any kind of diet of this sort has to be calculated,
it can be readily done by means of the analyses of the usual foods given farther
on. For example, a Hindu prisoner at labour in Bengal, receives, under
Dr Mouat's dietary,” the following diet during his working days :—

Total. | Water. | Album. Fat. |Starches.| Halt.
ox. Oz, OE. OE, azZ. 0.
Rics, . ; a0 | 2 | 1 16 |1674 | 1
Rl oo Canit | 4 4 |9 | 08 | 275 12
indicus),
Vegetables (“““'k““'i} 6 | 546| 12 | 03 | 34| -04
as cabbage),
B - . N . & 33 e
Salt, . : e e B BRGE B S
Spices, . ; 33 e T s -

In some Bengal prisons, 2 ounces of fish or flesh appears to be also given.

SECTION IIL
AMOUNT AND KIND OF FOOD IN SICKNESS.

This subject belongs to the practice of medicine, and cannot be treated in a
work on Hygiene. A few words may, however be said.

Two modes may be employed in caleulating sick diets.

1. The average diet of healthy men may be halved or quartered ; here the
relations of the different classes remain the same, but the amount is lessened.
These half and quarter diets are useful, as allowing the physician to know at
once the exact amount his patient is taking ; and tables can be kept of the
nutritive value of the diet, to avoid trouble in calculation.

2. The relative proportions of the several classes may be altered ; the nitro-
genous substances may be increased or lessened ; or the fatty or starchy sub-
stances or salts may be thus dealt with. By making alterations in this way,
certain tiggpes may be fed or brought into a state of inanition at the option of the
physician, ‘and the nitrogeneous tissues can be wasted or fed, or the fat of the
body can be removed or increased almost at will. This can be done in some
cases both directly and indirectly—thus, the growth of the nitrogenous tissues
can be altered both directly by increasing or lessening the nitrogenous sub-
stances ; or indirectly, by altering the amount of starches, which by their more
easy union with oxygen, affect the action of that agent on the nitrogenous
tissues. But these results are not identical ; in one case, if the nitrogenous
aliments are increased, the growth of the nitrogenous tissues is rendered more
active, and their bulk increases, because there is increased formation ; if the
starches only are increased, the nitrogenous tissues also increase in bulk, or
rather remain unwasted ; but this is simply from delayed metamorphosis.

" See Mouat's elaborate report ** On the Diet of Bengal Prisoners,” Government Return, 1860.
p- 49. The chittack is reckoned as the bazaar chitmckiaviz., =-1283 I, or nearly 2 ourices avoir,
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It cannot be said at present that the facts of nutrition, now being worked
out by physiologists, can be applied very perfectly in the treatment of disease ; *
but some indications have been given, and it is certain, that the physician can
in this way wield a great power ; which, if less striking than that obtained
more rapidly by drugs, is yet of immense moment.

Iy addition to quantity and composition, the digestibility of the food is a
point of vast importance in the treatment of the sick, as the nervous and
muscular powers of the stomach, and the supply of gastric juice, are so often
lessened. The point of digestibility indeed is often alone considered, and
certainly it is most important ; but it should not supersede, but supplement
the determination of quantity, and the calenlation of composition.

Fixed scales of diet for sick must be used in hospitals for convenience ; but
the innumerable wants of the sick can never be compressed into three or four
beds of Procrustes; and as the treatment by diet is better understood, the
fixed diet tables will gradually become mere outlines, which will be filled up
by orders for each special case. :

In the army, in order to facilitate work, a very elaborate system of diet
tables is in use, which is intended to avoid, as far as possible, the employment
of extras. There are altogether ten diets—tea, spoon, beaf-tea, milk, low,
chicken, half, fish, roast, entire. The amount is given in the Medical
tions (page 60). The following table shows the quantity in the chief diets,
and the proportion of carboniferous and nitrogenous aliments, as calenlated
by Lk Christison, and not by means of the preceding table, are also given.

Amount and Nutritive Value of Military Hospital Diets, as fixed by

Regulation.

Tea Diet. Ounces. Carboniferous. | Nitrogenous. Total.
Bread, 8 4-12 084 496
Tea, . 3 3 -,
Sugar, 3 300 3-00
Milk, 6 0-48 027 0-75

Total, . 173 760 111 871
Low Diet.

Low Diet. Ounces. Carboniferous.| Nitrogenous. Total.
Meat and Bone, . 8 1-20 161 81
Bread, 14 721 1-47 868
Sugar, 13 1:50 00 1:60
Milk, - s 6 ‘48 27 T

Rice, 2 1:60 20 1-80

; Milk, 15 1:20 67 1:87

Pudding, Sugar, 13 1:50 i 1:50
Egg, 1 30 40 ‘70
Total, . 49 1499 462 19-61

# Moleschott has attempted this in his chapter (unfortunately too short), on the Diet in

Inflammations, &c.
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Regulation—continued,
Half Diet.

Half Diet. Ounces. Carboniferous. | Nitrogenous. Total.
Meat, 8 1-20 161 2-82
Bread, 16 824 1-68 9-02
Potatoes, 8 1-96 20 216
Barley, 1 1-17 28 1-45
Sugar, 1 1-75 ‘00 1-75
Milk, : 6 48 27 75
Vegetables, 3 ‘06 01 07
Butter, 1 100 00 1:00
Flour, 0} ‘18 04 22

Total, . 45} 16:04 4-10 20-14

Entire Diet.

Entire Diet. Ounces. Carboniferous, | Nitrogenous. Total.
Meat, ex-bone, 12 1-30 245 375
Bread, 16 8284 1-08 9-02
Potatoes, 16 392 40 432
Barley, 1 1-17 ‘28 1-45
Sugar, 1 1-75 00 175
Milk, . 6 48 27 ‘TH
Vegetables, 4 ‘08 02 ‘10
Butter, 1 1-00 00 1-00
Flour, 1 ‘18 04 22

Total, . o8k 18:72 454 23-26

Fowl Diet.—Nearly same as half diet, but with half fowl or chicken,
weighing 8 ounces, exclusive of bone, either to be roasted or made into soup,
in lieu of 8 ounces meat,.

_ Fish Diet.—Nearly the same as half diet, but with 8 ounces of white fish
in lieu of 8 ounces of meat, and with two ounces of butter instead of one.

Roast Diet.—Nearly the same as half diet, but with 8 ounces of mutton-
chop in lieu of 8 ounces of meat.

Spoon Diet.—Bread (8 oz.), tea, sugar, milk, and arrowroot.

f(}l‘%ﬁﬁ Diet.—Bread (12 oz.), tea, sugar, milk, salt, and 8 ounces of beef

SECTION IV.

DIGESTIBILITY OF FOOD.

The quantity of the different articles of diet being determined, and their
good quality ascertained (sce succeeding chapters), the next point is to fix
their degree of digestibility.
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Digestibility depends partly on the original nature of the substance, as to
hardness and cohesion, or chemical nature, and partly on the manner in which
it can be altered by cooking. Tables of degree of digestibility have been
formed by several writers, and especially by Dr Beaumont, by direct experi-
ment on Alexis St Martin ; but it must be remembered, that these are merely
approximative, as it is so difficult to keep the conditions of cooking equal.*

Rice, tripe, whipped eggs, sago, tapioca, barley, boiled milk, raw eggs, lamb,
parsnips, washed and baked potatoes, and fricasseed chicken, are the most
easily digested substances in the order here given ; the rice disappearing from
the stomach in one hour, and the fricasseed chicken in 24 hours. Beef, pork,
mutton, oysters, butter, bread, veal, boiled and roasted fowls, are rather less
digestible ; roast beef disappearing from the stomach in three hours, and roast
fowl in four hours. Salt beef and pork disappeared in 4} hours.

As a rule, Beaumont found animal food digested sooner than farinaceous,
and in proportion to its minuteness of division, and tenderness of fibre,

SECTION V.
VARIETY OF FOOD.

According to the best writers on diet, it is not enough to give the proxi-
mate dietetic substances in proper amount. Variety must be introduced into
the food, and different substances of the same class must be alternately em-
ployed. It may appear singular, that this should be necessary ; and certainly
many men, and most animals, have perfect health on a very uniform diet.
Yet, there appears no doubt of the good effect of variety, and its action is
probably on primary digestion. Sameness cloys ; and with variety, more food
1s taken, and a larger amount of nutriment is introduced. It is impossible,
however, with rations, to introduce any great variety of food ; but the same
object appears to be secured by having a variety of cooking.. Formerly, the
soldier had nothing but boiled beef; now, he has roast meat twice in the
week, and stews occasionally ; and a portion of his flour is made into puddings.
In the case of children especially, a great improvement in health takes place
when variety of cooking is introduced ; and by this plan (among others), Dr
Balfour succeeded in marvellously improving the health of the boys in the
Duke of York's School.

SECTION VL
DISEASES CONNECTED WITH FOOD,

So great is the influence of food on health, that some writers have reduced
hygiene almost to a branch of dietetics. Happiness, as well as-health, 1s
considered to be insured or imperilled by a good or improper diet, and high
moral considerations are supposed to be involved in the due performance of
digestion, If there is some exaggeration in this, there is much truth; and
doubtless, of all the agencies which affect nutrition, this is the most important.

The diseases connected with food, form probably the most numerous order
which proceeds from a single class of causes ; and o important are they, that
a review of them is equivalent to a discussion on diseases of nutrition generally.

It is of course impossible to do more here than outline so large a topie.

Diseases may be produced by alterations (excess or deficiency) in quantity ;
by conditions of digestibility, and by special characters of quality.

# An extended table is given in Dr Coxe's excellent edition of ** Combe’s Physiology of Iliges-
tion,” p. 1238.
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Sus-SECTION I.—ALTERATIONS IN QQUANTITY.

1. Euwecess of Food.—In some cases, food is taken in such excess, that it is not
absorbed ; it then undergoes chemical changes in the alimentary canal, and at
last putrefies ; quantities of gas (carbonic and sulphuretted hydrogen) are
formed. As much as 30 1bs. of a half-putrid mass have been got rid of by
purgatives.* Dyspepsia, constipation, and irritation, causing diarrhcea, which
does not empty the bowels, are produced. Sometimes some of the putrid
substances are absorbed, as there are signs of evident poisoning of the blood,
a febrile condition, torpor and heaviness, feetor of the breath, and sometimes
possibly even jaundice, It was, no doubt, cases of this kind which led to the
routine practice of giving purgatives ; and as this condition, in a moderate de-
gree, is not uncommon, the use of purgatives will probably never be discontinued.

The excess of food may be absorbed. The amount of absorption of the
different alimentary principles is not precisely known. Dogs can digest an
immense quantity of meat, and especially if they are fed often ; and not simply
largely, once or twice a day. In men also, much meat and albuminous matter
can be digested;t though it is by no means uncommon, in large meat-eaters,
to find much muscular fibre in the fieces. Still, enough can be taken, not
merely to give a large excess of nitrogen, but even to supply carbon in sufficient
quantity for the wants of the system. In one day, in Hammond's experiments,
1933 grains of nitrogen, equal to 278 ounces of albumen, were actually
absorbed.

There is certainly a limit to the digestion of starch, as after a very large meal
much starch passes unaltered. This is also the case with fat; and if large
quantities are given, much passes by the bowels. But in all cases, habit
probably much affects the degree of digestive power ; and the continued use of
certain articles of diet leads to an increased formation of the fluids which
digest them.

When excess of albuminates continually passes into the system, conges-
tions and enlargements of the liver, and probably other organs, and a general
state of plethora, are produced. If exercise is not taken at the same time, there
is a disproportion between the absorbed oxygen and the absorbed albuminates,
which must lead to imperfect oxidation, and therefore to retention in the
body of some substances, or to irritation of the eliminating organs by the
passage through them of products less highly elaborated than those they are
adapted to remove.

Although not completely proved, it is highly probable that gouty affections
arise partly in this way, partly probably from the use of liquids which delay
metamorphosis, and therefore lead to the same result as increased indigestion,
and in some degree from the use of indigestible articles of food.

Very often Iarge meat-eaters are not gouty, and do not appear in any way
over-fed. In this case, either a great amount of exercise is taken, or, as is
often the case in these persons, the meat is not absorbed, owing frequently to
imperfect mastication.

A great excess of albuminates without other food produces in a short time
I‘:iVE dﬂIE—Emnmond} marked febrile symptoms, malaise, and diarrheea ; and
if persevered in, albumen appears in the urine,

. " A good case of this kind is recorded by Routh (Fmcal Fermentation, p. 19). Some convicts
in Australia received from 7} to 731b of food daily. Obstinate constipation, dyspepsia, diarrheea,

skin diseases, and ophthalmia w roduced,  Purg tities of
half-putrid masses. > - e [ Ry lacge quaRkiti 9

t Jones’s, and especially Hammond’s experiments, Experimental Researches,” 1857, p. 20.
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_ Excess of starches and of fats delays the metamorphosis of the nitrogenous
tissues, and produces excess of fat. Sometimes acidity and flatulence are
caused by the use of much starch. It is not understood if profounder diseases
follow the excessive use of starches unless decided corpulence is produced,
when the muscular fibres of the heart and of many voluntary muscles lessen
in size, and the consequences of enfeebled heart’s action are produced. When
an excessive quantity of starch is used to replace albuminates, in physiological
experiments, the condition becomes of course a complex one.

If an excess of starch be taken under any circumstances, much passes into
the faces, and the urine often becomes saccharine,

There may be also excess of food in a given time; that is, meals too fre-
quently repeated, though the absolute quantity in twenty-four hours may not
be too great. ;

3. Deficiency of Food.—The long catalogue of effects produced by famine
is but too well known, and it is unnecessary to repeat it here. But the effects
produced by deficiency in any one of the four great classes of aliments, the
other classes being in normal amount, have not yet been perfectly studied.

The complete deprivation of albuminates, without lessening of the other
classes, begins to produce marked effects in from four to five days. There is great
loss of muscular strength, often mental debility, some feverish and dyspeptic
symptoms. Then follow anemia and great prostration. The elimination of
nitrogen in the form of urea greatly lessens, while the uric acid diminishes in
a less degree. If starch be largely supplied, the weight of the body does not
lessen for seven or eight days (Hammond).

If the deprivation of albuminates be less complete (70 to 10 grains of
nitrogen being given daily), the body lessens in activity and passes into more
or less of an adynamic condition, which predisposes to the attacks of all the
specific diseases (especially of malarious affections and typhus), and of pneu-
monia, and modifies the course of some of these diseases, as, for instance, of
typhoid, which runs its course with less elevation of temperature than usual,
and with less or with no excess of ureal excretion.
~ The deprivation of starches can be borne for a long time if fat be given, but

if both fat and starch are excluded, though albuminates be supplied, illness is
produced in a few days. Nor is it difficult to explain this, as albumen con-
tains 535 per cent. of carbon and 155 per cent. of nitrogen to supply 3500
grains of carbon, no less than 1014 grains of nitrogen must be introduced, a
quantity three times as great as the system can easily assimilate, unless
enormous exertion be taken, and then the quantity of carbon becomes in-
sufficient.

Men can be fed on meat for a long time, as a good deal of fat is then intro-
duced, and if the meat be fresh (and raw ) scurvy is not readily induced.

The deprivation of fat does not appear to be well borne, even if starches be
given ; but the exact effects are not I believe known. The great remedial effects
produced by giving fat in many of the diseases of obscure mal-nutrition, prove
that the partial deprivation of fat is both more common and more serious than
is supposed. The deprivation of the salts is also evidently attended with
marked results which are worthy of more attention than they have yet
received. There seems good reason to think that proper cell growth requires a
liberal supply of phosphate of lime, and that good bone growth cannot go on
without lime and magnesia. The marvellous effects of iron in anmmia are cer-
tainly best explained by looking on the treatment as simply a_dietetia one, a
substance being supplied which had previously been wanting in the food, or
which had from some cause or other passed more rapidly out of the system
than it could be replaced by the food. But the deprivation of the organic
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salts forming carbonates of alkalies in the system produces the most singular
result if, as commonly supposed, the peculiar mal-nutrition of tissues (for the
blood is less affected), which we call scurvy, is to be attributed to their defi-
ciency. And as scurvy is not prevented by the simple carbonates of the
alkalies, it must be supposed that it is citric, lactic, and c:ther. acids of that
kind which are required, and that seurvy is not so much a deficiency of alkali
in the system as a want of organic acids and alkalies together.

Bad effects are also produced if the intervals between meat are too long;
this is a matter in which there is great individual difference, and need not be
further referred to.

Sus-SecTioN II.—CoxpiTioNs oF DIGESTIBILITY AND ASSIMILATION.

A great number of diseases are produced, not by alterations in quantity, or
by imperfections in quality of the raw food, but by conditions of indigesti-
bility, either dependent on physical or chemical conditions of the food itself,
or of the digestive fluids. To some persons certain foods are indigestible at
all times, or at particular times. Indigestibility leads to retention, and then
to the results of retention, viz., chemical changes and putrefaction going on in
the stomach and bowels under the influence of warmth, moisture, and air.
Then irritation is produced, and dyspepsia, diarrhceea, or dysentery, are caused.

Indigestibility extends, however, farther than this, There is some reason for
thinking that the albuminates sometimes pass into the circulation less pro-
perly prepared than usual to undergo the action of the liver, and that they
therefore produce irritation of that organ, and passing into the blood in some
unassimilable state, produce irritation of the skin or kidneys. Sometimes,
indeed, albumen appears in the urine, as if it had circulated like a foreign
body in the blood. Such conditions are usunally allied to some evident error
in primary digestion, but occasionally are not obviously accompanied by any
gastric disorder. Whether there is any similar imperfection in the digestion
of starch or fat is not at present known,

Sup-SectioN IIL—CoxpiTioxs oF QuaLiTy,

Altered quality of what is otherwise good food, are the causes of a great
number of diseases. Most of these are referred to under the headings of the
different articles of food, and the subject is merely introduced here to com-
plete the general sketch of the production of disease from food.

In inquiring, then, into the effects of food, the following appears to be the
best order of procedure :—

1. Is the fqnd excessive or deficient in quantity as a whole, or in any of
the primary classes of aliments?

2. Are the different articles digestible and assimilable, or from some
cause inherent in the food or proper to the individual, is there diffi-
culty in primary digestion or want of proper assimilation ?

3. Is the quality of the food altered either before or after cooking ?



CHAPTER VI.

QUALITY, CHOICE, AND COOKING OF FOOD, AND DISEASES
ATTRIBUTABLE TO IMPROPER QUALITY,

SECTION L
MEAT.

Tee advantages of meat as a diet are—its large amount of nitrogenous
substance, the union of this with much fat, the presence of important
salts (viz., chloride of potassium, phosphate of potash, carbonate of potash,
or a salt-forming carbonate in inecineration), and iron. It is also easily
cooked, and 1s very digestible ; it is probably more easily assimilated than
any vegetable, and there is a much more rapid metamorphosis of tissue in
carnivorous animals than in vegetable feeders. Whether the use of large
quantities of meat increases the bodily strength or the mental faculties more
than other kinds of nitrogenous food, is uncertain. The great disadvantage
of meat is the want of starch.

The composition of meat has been already given ; but the annexed table
will supply further details :—

Composition of Fresh Beef. (Moleschott—Mean of all the Continental

Analyses).

Water, . : : ! : : 734
Soluble albumen and hsematin, . . : 225
Insoluble albuminous substances, . : : 15.2
Gelatinous substances, . : : : 33
Fat,* ; - : : G : 2.87
Extractive matters, : . \ : 1:38
Kreatin, . ; : . : L 0-068
Ash, ! . 16

The composition of the ash has already been given (page 143).

It is worthy, however, of remark, that Stélzelt found 89 per cent. of car-
bonic acid in 100 of ash, which indicates probably lactic acid. Are the
antiscorbutic properties of fresh and raw (f) meat connected with this acid,
and is it destroyed by cooking? More than one-third of the ash is composed
of phosphoric acid. It is alkaline.

Beef, mutton, and pork form the chief meats eaten by the soldier.

In time of peace, he only receives fresh meat, beef and mutton, and more
seldom pork ; in time of war, he has salt beef and salt pork. The meat is
supplied by contractors, or is, at some stations, furnished by the commissariat,
who have their own slaughter-houses,

The medical officer may be called on to see the animals during life, or to
examine the meat.

* The amount of fat in this analysis is certainly too low.
+ Liebig's Annalen, band. 77, p. 256,
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SuB-SecTioN [.—INSPECTION OF ANIMALS.

Animals should be inspected twenty-four hours before being killed.* In
this country killing is done twenty-four or forty-eight hours before the meat
is issued ; in the tropies only ten or twelve hours previously.

Animals should be well grown, well nourished, and neither too young nor
too old. The flesh of young animals is less rich in salts, fat, and syntonine,
and also loses much weight (40 to 70 per cent.) in cooking.

Weight—An ox should weigh not less than 6001Ib, and will range from
this to 12001. The French rules fix the minimum at 250 kilogrammes
(=550 av.). The mean weight in France is 350 kilogrammes (= 7701 av.).
A cow may weigh a few pounds less ; a good fat cow will weigh from 700 to
T401. A heifer should weigh 350 to 400I. The French rules fix the
minimum of the cow’s weight at 160 kilogrammes (= 3521h). The mean
weight of cows in Franece is 230 kilogrammes (= 5061b).

There are several methods of determining the weight ; the one most com-
monly used in this country is to measure the length of the trunk from just in
front of the scapula to the root of the tail, and the girth or circumference just
behind the scapul® ; then multiply girth by 0:08, and the product by the
length, the dimensions in cubic feet are obtained ; each cubic foot is supposed
to weigh 42Ib avoirdupois. The formula is (C x ‘08) x L x 42. An ox or cow
gives about 60 per cent. of meat, exclusive of the head, feet, liver, lungs, and
spleen, &e.t

A full.grown sheep will weigh from 60 to 90W, but the difference in
djﬂ’&rant. breeds is very great. It also yields about 60 per cent. of available
foo

A full-grown pig weighs from 100 to 1801b or more, and yields about 75 to
80 per cent. of available food.

Age—The age of the ox and cow should be from three to eight years ; the
age is told chiefly by the teeth, and less perfectly by the horns. The tem-
porary teeth are in part through at birth, and all the ineisors are through in
twenty days ; the first, second, and third pairs of temporary molars are through
in thirty days ; the teeth are grown large enough to touch each other by the
sixth month ; they gradually wear and fall in eighteen months ; the fourth
permanent molars are through at the fourth month ; the fifth at the fifteenth ;
the sixth at two years. The temporary teeth begin to fall at twenty-one months,
and are entirely replaced by the thirty-ninth to the forty-fifth month ; the order
being—central pair of incisors gone at twenty-one months ; second pair of
incisors at twenty-seven months ; first and second temporary molars at thirty
months ; third temporary molars at thirty months to three years ; third and
fourth temporary incisors at thirty-three months to three years. The develop-
ment 1s quite complete at from five to six years. At that time the border of the
incisors has been worn away a little below the level of the grinders. At six
years, the first grinders are beginning to wear, and are on a level with the
incisors. At eight years, the wear of the first grinders is very apparent. At
ten or eleven years, the used surfaces of the teeth begin to bear a square mark
surrounded with a white line ; and this is pronounced on all the teeth by the

twelfth year; between the twelfth and fourteenth year this mark takes a
round form.

* Every contract should have a clause giving officers the power of inspection.
+ The animal is divided into carcass and offal ; the former includes t.]Fe whole of the skeleton
E_ﬂ’c'ﬂpt the head and feet), with the muscles, membranes, vessels, and fat, and the kidneys and

at surrounding them. The offal includes the head, feet, skin, and all internal organs, except
the kidneys.
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The rings on the horns are less useful as guides. At ten or twelve months
the first ring appears ; at twenty months to two years the second ; at thirty to
thirty-six months the third ring ; at forty to forty-six months the fourth ring ;
at fifty-four to sixty months the fifth ring, and so on. But, at the fifth year,
the three first rings are indistinguishable, and at the eighth year all the rings.
Besides, the dealers file the homns.

In the sheep, the temporary teeth begin to appear in the first week, and fill
the mouth at three months ; they are gradually worn and fall about fifteen or
eighteen months, The fourth permanent grinders appear at three months,
and the fifth pair at twenty to twenty-seven months. A common rule is
“two broad teeth every year.” The wear of the teeth begins to be marked
about six years,

The age of the pig is known up to three years by the teeth ; after that there
is no certainty. The temporary teeth are complete in three or four months ;
about the sixth month, the premolars, between the tusks and the first pair of
molars, appear ; in six to ten months the tusks and posterior incisors are
replaced ; in twelve months to two years the other incisors ; the fourth per-
manent molars appear at six months ; the fifth pair at ten months ; and the
sixth and last molars at eighteen months.

Condition and Health.—There ought to be a proper amount of fat, which
is best felt on the false ribs and the tuberosities of the ischium, and the line
of the belly from the sternum to the pelvis; the flesh should be tolerably
firm and elastic ; the skin should be supple.

As showing health, we should look to the general ease of movements, the
quick bright eyes, the nasal mueous membrane red, moist, and healthy-look-
ing ; the tongue not hanging ; the respiration regular, easy ; the expired air
without odour ; the cireulation tranquil ; the exereta natural in appearance.

‘When sick, the coat is rough or standing ; the nostrils dry, or covered with
foam ; the eyes heavy ; the tongue protruded ; the respiration difficult ; move-
ments slow and difficult ; there may be diarrhcea ; or secanty or bloody urine,
&c. In the cow the teats are hot.

The diseases of cattle which the medical officer should watch for are—

1. Epidemic Plewro-pneumonia (a lung disease).—Not easily recognised
at first, but with marked lung symptoms after a few days.

2. Foot-and-Mouth Disease (murrain, aphtha or eczema, epizootica).—At
once recognised by the examination of the mouth, feet, and teats.

3. Typhoid Fever (typhus contagiosus, Steppe disease, Rinderfoot).—
Recognised by the great uneasiness, fever, abdominal pain, and
seouring, and nervous twitchings.

4, Anthraz (malignant pustule, carbuncular fever).—If boils and car-
buncles form, they are at once recognised ; if there is erysipelas, it
is called black-quarter, quarter-ill or blackleg (erysipelas carbun-
culosum).

5. Simple inflammatory affections of the lungs, bronchitis, and simple
pneumonia. All have obvious symptoms.

6. Dropsical affections from kidney or heart disease.

7. Indigestion, often combined with apoplectic symptoms,

A great number of other diseases attack cattle, which it is not necessary to
enumerate. All the above are tolerably easily recognised. The presence of
Teenia mediocanellata cannot, to my knowledge, be detected before death.

The diseases of sheep are similar to those of cattle ; they suffer also in
certain cases from splenic apoplexy or “ braxy,” which is considered by
Professor Gamgee to be a kind of anthrax, and is said to kill 50 per cent of all
sheep that die in Scotland ; the animals have a * peculiar look, staggering
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gait, blood-shot eyes, rapid breathing, full and frequent pulse, scanty secre-
tions, and great heat of the body.”

The smallpox in sheep (variola ovina, clavelée of the French) is easily
known by the flea-bitten appearance of the skin in the early stage, and by the
rapid appearance of nodules or ‘]:bmpu]m and vesicles.

The sheep is also subject to black-quarter (erysipelas carbunculosum); one
limb is affected ; and the limp of the animal, the fever, and the rapid swelling
of the limb, are sufficient diagnostic marks.

The sheep, of course, may suffer from acute lung affection, scouring, red
water (hematuria), and many other diseases. Of the chronic lung affections,
one of the most important is the so-called * phthisis,” which 1s produced by
the ova of the Strongylus filaria. This entozoon, has not, I believe, been yet
found in the muscles, and the meat is said to be good. The rot in sheep
(fluke disease), is caused by the presence of the Distoma hepaticum in large
numbers in the liver, and sometimes by other parasites. The prineipal
symptoms are dullness, sluggishness, followed by rapid wasting, and pallor of
the mucous membrane, diarrheea, yellowness of the eyes, falling of the hair,
and dropsical swellings occur. The animal is supposed to take in the Cer-
caria (the embryotic stage of the distoma) from the herbage. The so-called
“ad,” “sturdy,” or * turnsick,” 1s caused by the development of the Cenurus
cerebralis in the brain.

The pig is also attacked by anthrax in different forms ; by typhoid, and by
hog cholera, which may perhaps be a rapid form of typhoid. The swelling in
the first case, and the scouring, fever, and prostration in the second, are
sufficient diagnostic marks. In 1864, a severe fever of this kind, with or
without scouring, prevailed among the pigs in London.

The so-called measle of the pig is caused by the presence in the muscle of
the Cysticercus cellulosus. It is detected in the following way :—The
“ measle trier” throws the pig on its back, draws out and wipes the tongue,
and looks and feels for the sublingual vesicles containing the Cysticerci, Some-
times a bit is cut out of the muscle under the tongue, and the Cysticerci are
microscopically examined. A small harpoon ean be used for this purpose,
and gives little pain. The presence of the Trichina spiralis (a disease to
which no name is yet given) is indetectable before death, unless it be also
found in the muscles under the tongue.

Sus-Secrion II.—IxspecTion oF DEAD MEAT.

Fresh Meat.

Meat should be inspected, in temperate climates, twenty-four hours after
being killed ; in the tropics, earlier.

The fulluwjng points must be attended to —

@ Quantity of Bone.—In lean animals, the bone is relatively in too great
proportion ; taking the whole animal, 20 per cent. should be allowed.

(0) Quantity and Character of the Fat.—1It should be sufficient, yet not
excessive, else the mlfative proportion of albuminous food is too low ; it should
be firm, healthy looking, not too yellow; without hemorrhage at any point.
The kind of feeding has an effect on the colour of the fat ; some oil cakes
give a marked yellow eolour,

Professor Gamgee states that pigs fed on flesh have a peculiarly soft

* Fifth Report of the Medical Officer to the Privy Council, p. 222.
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2. Salt Meal.

It is not at all easy to judge of salt meat, and the test of cooking must
often be employed. The following points should be attended to :—

(a.) The salting has been well done, but the parts inferior.—This is at once
detected by taking out a good number of pieces ; those at the bottom of the
cask should be looked at, as well as those at the top.

(b.) The salting well done, and the parts good, but the meat ﬂfl’f.—Hfﬂ‘B the
extreme hardness and toughness, and shrivelling of the meat must guide us.
It would be desirable to have the year of salting placed on the cask of salt-
beef or pork. by

(¢.) The salting well done, but the meat bad—If the meat has partially
putrefied, no salting will entirely remove its softness ; and even there may be
putrefactive odour, or greenish colour. A slight amount of decomposition is
arrested by the salt, and is probably indetectible. Cysticerci are not killed
by salting, and can be detected. Measly pigs always salt padly.

(d.) The salting badly done, either from haste or bad brine—In both cases,
signs of putrefaction can be detected ; the meat is paler than it should be;
often slightly greenish in colour, and with a peculiar odour. . :

It should be remembered that brine is sometimes poisonous ; this oceurs in
cases where the brine has been used several times ; a large quantity of animal
substance passes into it and appears to decompose. The special poisonous
agent has not been isolated.

Sup-Secrion TTT,—IDISEASES ARISING FROM ALTERED QQUALITY OF MEAT.

A very considerable quantity of meat from diseased animals is brought into
the market, Professor Gamgee has estimated it at one-fifth, but the amount
is uncertain.

Instances are not at all uncommon in which persons, after partaking of
butcher’s meat, have been attacked with serious gastro-intestinal symptoms
(vomiting, diarrhcea, and even eramp), followed in some cases by severe febrile
symptoms ; the whole complex of symptoms somewhat resembles cholera at
first, and afterwards typhoid fever. The meat has been often analysed, for the
purpose of detecting poison, but none has been found.* In the records of
these cases, the kind of meat, the part used, and the origin from a diseased
animal, are not stated, and, in some ecases, it may be conjectured that the
cooking, and not the meat, was in fault. Still, the instances are becoming
numerous, and are increasing every day, as attention is directed to the subject.
We should conclude, from general prineciples, that as all diseases must affect
the composition of flesh, and as the composition of our own bodies is inextri-
cably blended with the composition of the substances we eat, it must be of
the greatest importance for health to have these substances as pure as possible.
Animal poisons may indeed be neutralised or destroyed by the process of
digestion, but the composition of muscle must exert an influence on the com-
position of our own nitrogenous tissues which no preparation or digestion can
Iemove.

On looking through the literature of the subject, however, we find less evi-
(]Glf}ﬂﬂ than might be expeeted. T eannot but believe this to be, in part, owing
to imperfect observation, especially when we think for how long a time the
Trichina disease has been overlooked. I have observed also with interest

* See Professor Gamgee's paper in the Fifth Rer-I: of the Medical Officer to the Privy Council,
AEA

}fmﬁ]p 287. He refers to cases noted by Maclagan, Taylor, Letheby, Dundas Thomson, and
eltin.
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(b.) The flesh of over-driven animals is said by Professor Gamgee to con-
tain a poison which often produces eczema on the skin of those who handle
it ; and eating the flesh is said to “have been attended with bad effects.”

(e.) Barly stage of Aeute Inflammatory Disease,—The meat is not apparently
altered, and it is said that some of the primest meat in the London market is
taken from beasts in this condition ; 1t is not known to be injurious, but it
has been recommended that the blood should be allowed entirely to flow
out of the body, and should not be used in any way.

d.) Chronic wasting discases—Phthisis, Dropsy, §e.—The flesh is pale,
cooks badly, and gives rise to sickness and diarrheea. It also soon begins to
decompose, and then causes very severe gastro-intestinal derangement.

e.) Chronic Nervous Fevers—Same as above.

\) Epidemic Plewro-preumonia of Cattle—A good deal of doubt exists
on the effect of this disease on the meat. It would seem hardly possible that
the flesh should not be seriously altered in composition by so severe a disease,
but it seems certain that a large quantity of such meat is daily consumed
without apparent injury. I have been informed by two most excellent antho-
rities that the Kaffirs ate their cattle when destroyed by the epidemic lung
disease which prevailed at the Cape some years ago, without injury. Both
- my informants—Staff-surgeon Nicholson and Assistant-surgeon Frank—made
very careful inquiries on this point. Dr Livingstone, however, states that the
use of such flesh produces carbuncle.

(g.) Anthraz and Malignant Pustule.—Many of the older authors (Ramaz-
zini, Laneisi, quoted by Levy), mention facts tending to prove the danger of
using the flesh of anmimals affected with malignant pustule. Chaussier also
affirmed the same thing, but subsequently modified his opinion considerably.
The apparent increase in the number of cases of malignant pustule in men has
been ascribed to eating the flesh of animals with this disease, but it is quite
as likely that inoculation may have taken place in other ways.

The evidence laid before the Belgian Academy of Medicine led them to
believe the flesh of cattle affected with carbuncular fevers to be injurious, and
it 1s not allowed to be sold. .

It has been supposed that the outbreaks of boils, which have certainly
become more prevalent of late years, are produced by meat of this kind, but
the evidence is very imperfect.

Menschel® has also lately recorded a case in which 24 persons were
seized with malignant pustule, the majority after eating the flesh of beasts
suffering from the disease, the others from direct inoculation. Those
who ate the flesh were attacked in three to ten days; those who were
inoculated, in three to six days. In those who ate the flesh the carbuncle
appeared in two cases on the upper arm, in three on the forearm, in nine on
the face and head. The gangrenous degeneration rapidly extended. Five died
of the 24 cases. One woman ate flesh and broth ; another ate the same flesh
but threw away the broth. The first was attacked—the second had only
diarrhcea.  This appears to be the most satisfactory case on record. It is
also stated that pigs fed on the flesh got the disease, and that a woman who
ate some of the diseased pork was also attacked.

On the other hand, several old authors, and lately Neffel,+ asserts that the
Kirghises constantly eat horses and cattle (either killed or dying spontane-
ously) affected with malignant pustule without injury.

Parent Duchitelet (t. ii. p. 196) quotes a case from Hamel (1737), in

* Preuss. Med. Zeit. 4th June 186 1 Canstatt' : . 1. 957,
f Canstatt's Jahresh, for 1860, "“ﬁﬂf u nstatt's Jahresb. p. 162, band fv. p. 257
&)

IJ-l



164 ARTICLES OF THE SOLDIER’S FOOD.

which a bull infected three persons who aided in killing it, and a surgeon
who opened one of the tumours of a person affected; yet of more than
100 persons who ate the flesh roasted and hoiled no one experienced the
slightest inconvenience, and Parent states that many other cases are known in
literature, :

Parent Duchitelet and Levy (t. ii. p. 661) quote from Morand (1766) an
instance in which two bulls communicated malignant pustule to two butchers
by inoculation, yet the flesh of the animals was eaten at the * Invalides”
without injury., But both these instances are of old date. Pappenheim
(Handb. der Sanitats-Pol. band 1. p. b8T) states (without giving special
instances) that there are many eases in which no bad effect resulted from the
cooked flesh of charbon—that the peasants of Posen eat such meat with per-
fect indifference, and believe it is harmless when boiled.

‘With regard especially to the erysipelas earbunculosus, or black-quarter, as
distinguished from malignant pustule (if it is to be so distingunished), Professor
Gamgee (Fifth Report of Medical Officer to the Privy Council, p. 290) refers
to cases of poisoning, and two deaths mentioned to him by Dr Keith of
Aberdeen, caused by eating an animal affected with black-quarter. He
also nofices an instance which oceurred “a number of years ago in Dum-
friesshire,” when 17 persons were more or less affected, and at least one
died, and states that a number of cases have been related to him by different
observers.

The discrepancy of evidenece is so great as to lead to the conclusion
that the stage of the disease, or the part eaten, or the mode of cooking,
must have great influence, and that a much more careful study than has yet
been given to this subject is necessary to clear up these great variations of
statement. ;

(h.) Splenic Apoplexy or Braxy of Sheep.—Professor Simond ™ states that
pigs and dogs died in a few hours after eating the flesh of sheep dead of
braxy. Professor Gamgee (Privy Council Report, 1863, p. 280) affirms the
same thing. On the other hand, the experiments of Alfort (Levy, t. il. p. 664,)
have shown that pigs, dogs, and fowls are not incommoded by this poison,
which yet acts violently when swallowed by sheep, goats, or horses.

(1) Smallpox of Sheep.—The flesh has a peculiar nauseous smell, and
is pale and moist. It produces sickness and diarrhcea, and sometimes febrile

ptoms,

(y.) Foot-and-Mouth Disease (Aphtha epizootica)—Levyt states that at
different times (1834, 1835, 1839,) the aphthous disease has prevailed among
cattle both at Paris and ILyons, without the sale of the meat being inter-
rupted, or giving rise to bad results,

(k) Typhus of Cattle (Typhoid or Intestinal Fever).—A priori, such flesh
would be considered highly dangerous, and the Belgian Academy of Medicine
so consider it ; but there is some strong evidence on the other side. In Stras-
bourg and in Paris, in 1814, many of the beasts eaten in those cities for
several months had typhoid fever, and yet no ill consequences were traced.
But it may be questioned whether they were looked for in that careful
way they would be at the present day.} Some other evidence is
stronger : Renault, the director of the Veterinary School at Alfort, made
for several years after 1828 many experiments, and asserts that there is

» ienltural Journal, No. 50, p. 232. t Traité d’Hygiéne, 1857, t. xi. R 663,
e words of Coze (Parent Duchételet, t. xi. p. 201), are, however, very strong. At Stras-

bourg he says—*‘ Un millier de beufs de ﬁgmndu taille, malades pour la plupart an plus haut
dagré, puisqu’un assez grande nombre ont été égorgés au moment ou ils allerent expirer, a ét6
eonsommé, pendant et aprés le blocus, et cet aliment n’a produit ancune maladie.
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no danger from the cooked flesh of cattle, pigs, or sheep dead of any con-
tagious disease (“Qu'elle que soit la repugnance bien naturelle que puissent
inspirer ces produits.”*

{.) Rabies in the dog and cow produce no bad effects.t

im.} The Cysticercus cellulosus of the pig produces Tenia soliwm, and that
of the ox and cow the Tenia mediocanellata. These worms often arise from
eating the raw meat, but neither cooking nor salting are quite preservative,
though they may lessen the danger. Smoking appears to kill the Cysticerci,
and so, according to Delpech, does a temperature of 212° Fahr,

(n.) The Trichina spiralis in the pig gives rise to the curious Trichina
disease caused by the wanderings of the young Trichine. The affection is
highly febrile, resembling typhoid or even typhus, or acute tuberculosis,
but attended with excessive pains in the limbs, and cedema.f Boils are also
sometimes caused. The eating of raw frichiniferous pork is the chief cause,
and, as in the case of Cysticerci, the entozoon is not easily killed by cooking
or salting. Great heat (212° Fahr.), intense cold, and complete decomposition
of the meat do not destroy it. Smoking, when thoroughly done, does destroy
it (Leuckhardt).

&a,} The Eehinococeus Disease.—It is well known that many persons will
eat freely of, and even prefer, the liver of the sheep full of flukes. I am not
aware that in this country direct evidence has been given of the production
of liver echinococens from this canse—but in Teeland the echinococeus disease,
which affects from one-sixth to one-eighth of the whole population, is derived
from sheep and cattle, who in their turn get the disease from the Tenia
of the dog (Leared and Krabbe).

(p.) Glanders and farcy in horses do not appear to produce any injurious
effects on their flesh when eaten as food. Parent Duchiitelet quotes two
instances, in one of which 300 glandered horses were eaten without injury.—
(Hyg. Publ. t. ii. p. 194, See also Levy, t. ii. pp. 661, 662.)

(g.) Medicines, especially antimony, given to the animals in large quanti-
ties, have sometimes produced vomiting and diarrheea. Arsenic, also,
is occasionally given, and the flesh may contain enough arsenic to be
dangerous.§

In time of peace, the duty of the army surgeon is simple. Under the
terms of the contract, all sick beasts are necessarily excluded. Without refer-
ence, then, to any uncertain questions of hurtfulness, or the reverse, he must
object to the use of the flesh of such animals. This is the safe and proper
course,

But, in time of war, he may be placed in the dilemma of allowing such
meat to be used, or of getting none at all. He should then allow the issue
of the meat of all animals ill with inflammatory and contagions diseases, with
the exception of smallpox, and perhaps splenic apoplexy in sheep. But it
will be well to take the precautions—1s#, Of bleeding the animals as thoroughly
as possible ; 2d, Of using only the muscles, and not the organs, as it is quite
possible these may be more injurious than the muscles, though there are no
decided facts on this point ; and, 3d, Of seeing that the cooking is thoroughly
done. But animals with smallpox, Cysticerci, and Trichina should not be

* Payen, ‘‘ Des Substances Alimentaires,” pp. 80, 1.
+ Parent Duchitelet, t. ii. p. 197, ci case of | : : i
to thm&kwhn xita the flash, p. 197, cites a of seven mad cows being sold without injury
1 Aitken’s Practice of Medicine, vol. ii. p. 130. See also Reports on Hygiene by the writer in
ﬂ‘ﬁﬁﬂgﬂﬂfdlﬂ] Report for 1860, 1861, n[;d 1862, where rel‘grzlnm to myﬁst of the early cases
) :

§ Levy, “Traité d'Hygiéne,” t. ii. p. 666 ; reference to experiments of Danger, Haudin and






PRESERVATION OF MEAT. 167

thermometer will be found very useful, especially in showing cooks that the
temperature is often much higher than they think. :

In cutting up meat, there is a loss of about 5 per cent., and there is also a
loss from bone, so that, all deductions being made, the soldier does not get
more than 5 or 6 ounces of cooked meat out of 12 ounces. In the cooking
of salt meat, the heat should be very slowly applied, and long continued ; it
is said that the addition of a little vinegar softens the hard sarcolemna, and
it is certain that vinegar is an agreeable condiment to take with salt meat,
and is probably very useful. It may be of importance to remember this in
time of war.

It has lately been shown, that the large quantity of flesh-extract contained
in the brine can be obtained by dialysis. Place the fliltered brine in a bladder
or vessel of the prepared dialysis-parchment, and place it in a large vessel with
water ; the salt diffuses out, leaving, in three or four days, the extract behind ;
from two gallons of brine a fluid was obtained, which, on evaporation, yielded .
1 of extract (Whitelaw, Chemiecal News, March 1864). The liquid left
in the dialyser may be mixed with flour, and then forms a nutritions meat-
biscuit (Whitelaw). Instead of pure water in the outer vessel, salt water may
be at first used. An air-bladder will do as a dialyser if the parchment cannot
be obtained. Mr Whitelaw (Chemical News, May 1864) has also suggested
a process for converting salt meat into fresh. Place the meat and some
brine in a dialyser (made of untanned skin, or any material which can be ob-
tained), and insert in sea-water. The salt of the brine passes into the sea-
water ; the salt of the meat into the brine ; and the meat takes np from the
brine some of the natural juice which has previously passed into the brine.
It swells, and becomes, in reality, fresh meat. If bags could be procured,
this process would be very useful at sea.

SuB-SECTION V,—PRESERVATION OF MEAT.

Meat may be kept for some time by simply heating the outside very

strongly, so as to coagulate the albumen ; or by placing it in a close vessel,
in which sulphur is burnt, or by covering the surface with charcoal, or strong
acetic acid, or weak carbolic acid. Injections of alum, and chloride of
aluminum through the vessels, will preserve it for a long time ; water should
be injected first, and then the solution. Even common salt injected in the
same way will keep it for some time. So also will free exposure to pure air,
charcoal thrown over it, and suspended also in the air; or the meat being cut
into smaller portions, and placed in a large vessel, heat should be applied,
and, while hot, the mouth of the vessel should be closed tightly, with well
washed and dried cotton wool ; the air is filtered, and partially freed from
germs,
Plans of this kind may be useful to medical officers under two circum-
stances, viz.,, on board ship, and in sieges, when it is of importance to preserve
every portion of food as long as possible. The covering the whole surface
with powdered charcoal is perhaps as convenient as any plan.

Meat is n.lsti- preserved in tin cases, either simply by the complete exclusion
of air (Appert’s process), or by partly excluding air, and destroying the oxygen
of the remaining part by sulphite of soda (M*‘Call’s process). It is not neces-
sary to raise the heat so high in this case, and the meat is less sapid. Meat
prepared in either way has, it is said, given rise to diarrheea, but this is
simply from bad preparation ; when well manufactured, it has not this effect.
(See also chapter on CoxcexTrRATED Foon.)
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SECTION II.
WHEAT.

Advantages as an Article of Dief.—It i3 poor in water, and rich in solids,
therefore, very nutritious in small bulk ; when the two outer coats are sepa-
rated, the whole grain is digestible. The nitrogenous substances are large
and varied, consisting of soluble albumen (1 to 2 per cent.), and gluten (8 to
12 per cent.), which itself consists of 3 or 4 substances (mucin or vegetable
casein, glutin, or gleadin or vegetable gelatine, which gives the adhesiveness
and power of rising in fermentation, and vegetable fibrin.)* The starchy sub-
stances (starch, dextrin, sugar) are large, 60 to 70 per cent., and are easily
digested ; and, according to Mége Mouriés, a nitrogenous substance (cerealin)
is contained in the internal envelope, which, like diastase, acts energetically in
transforming starch into dextrin, sugar, and lactic acid. Some consider this
cerealin to be merely a form of diastase. The salts (see table, p. 143) are
chiefly phosphates of potash and magnesia.

Disadvantages.—It is deficient in fat, and in vegetable salts which may
form carbonates in the system.

As usually prepared, the grain is separated into flour and bran ; the mean
being 80 parts of flour, 16 of bran, and 4 of loss. The flour is itself divided
into best or superfine, seconds or middlings, pollards or thirds or bran flour.
In different districts different names are used. The wheats of commerce are
named from colour or consistence (hard or soft), the hard wheat contains less
water, less starch, and more gluten than the soft wheat.

Sun-SeorioN I.—WaEAT GRAINS.

The medical officer will seldom be called on to examine wheat grains, but
if so, the following points should be attended to. The grains should be well
filled out, of not too dark a colour; the furrow should not be too deep ; there
should be no smell, no discoloration, and no evidence of insects or fungi
The heavier the weight the better. In the Belgian army the minimum
weight is 77 kilogrammes the hectolitre.t In England, good wheat weighs
60 to the bushel; light wheat 58, or even 50Ib. The fungi, if present,
will be found at the roots of the hairs, and if in small amount, are only

#* These are the substances found by Ritthausen and Von Bibra. Giinsberg has given rather
different results (*° Watt’s Dict. of Chemistry,” article Gluden, vol. ii. p. 875, The following
table is taken from Voo Bibra :—

Composition of Gluten from the finest Meal in 100 parts of Gluten (afier Von Bibra).

1 2. | 3. 4. |
Vegetable fibrin, i 7095 | 71-66 | 60-40 | 70-48
Vegetable glutin, 14-40 | 1600 | 17-57 | 1692
Vegetable casein, 880 663 | 730 633
Fat, » o« & 686 602 | 573 627
In wheat the vegetable fibrin is larger, the gluten and casein are in much less amount ;

times scarcely §.
= The fibrin contains 1'2 per cent. of 8. and
! P

The glutin, ,, 088 , 8.
The caszein g D°B8 iz g,
t Squillier, Des Subsist, MilL p. 87,
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microscopie. If in large amount they cause the diseases known by the name
of rust, bunt or smut, or dust-brand ; they are owing to species of Uredo and
Puceinia. (See Frour.*) If any grains are seen pierced with a hole, and on
examination are found to be a mere shell, with all the starch gone, this is
owing to the weevil, and the little insect can itself be found readily enough
if a handful of wheat be taken, and spread over a large plate. The weevil
can hardly escape being seen. (See fig. 34, p. 176.) The Acarus farinee (see
Frour) may also prey on the wheat grain, but cannot be seen without a
microscope.
Sus-Sectiox II.—Frour.t

Almost all the bran is separated from the finest flour; it has been a ques-
tion whether this is desirable, as the bran contains nitrogenous matter—as
much sometimes as 15 per cent., with 3'5 per cent. of fat and 57 per cent. of
salts. DBut if the bran is used, it seems probable that much is left undigested,
and all the nutriment which is contained in it is not extracted (Poggiale.)
A plan has been lately employed by Mége Mouriés, which seems to save all
the most valuable parts of the bran; the two or three outer, and highly
siliceous envelopes of the wheat are detached, and the fourth or internal
envelopes are left. Several plans of decorticating wheat have been proposed,
and some of them seem likely to supersede the old system of grinding.

By a special manipulation and fermentation, Mouriés proposes to so far
alter the cerealin that its energetic action on starch and production of acid is
lessened, while all the really nutritious parts of the envelopes are preserved.}
If the whole bran is used, it should be ground very fine, as the harder enve-
lopes are very irritating, and it is well to remember that for sick persons with
any bowel complaints bread must be used entirely without bran. I have
found dysenteries most intractable, merely from attention not being directed to
this simple point.

Ezramination of Flour for Quality and Adulteration,

Flour should be examined physically, microscopically, chemically, and
practically, by making bread.

The quality is best determined by chemical examination ; adulterations by
the microscope. '

* The brand of wheat and other cereals is owing to the Uredo or Puceinia, the species
bemﬁ\mafh!m@l or segefwn.  Rye, maize, millet, &c., appear to have their own amciaa.Pm

t The following, after Pel:lgﬁig (mean of 14 analyses), may be taken as the mean composition of
flour., The analyses of Von Bibra (Die Getreidearten und das Brod, 1860), agree very closely

with it ==
Wheat, Flowr, and Bran.
Tn 100 parts.
o Flour. Bran.
ater, . . : ; - ; : : ; 14 0-3
Fabfymabtem,” o o0 iiu g ‘98
Nitrogenous substances insoluble in water (gluten), 12.8 10-54
Nitrogenous substances soluble in water {n]Euman}, 1-8 1-64
Non-nitrogenous soluble substances—dextrin, sugar, 72 58
Lo i e T S T R 29-62
Cellulose, * 17 43-08
¢ s his papsis I the ¥ Cotipted Remian do Fhoad vols 57, B hevalli
'|1u:-t ks lgnﬁyve e mptes Rendus de 1'Acad.” vols. 37, 38, 42, and Chevallier’s Re-

* This is, however, the cellulose of the entire grain, both of th i i Y
" g e husk and the interior of the grain. The
ulrt&ﬁmlgivun ab page 148; the potash, phosphoric seid, and magnesia are the principal ingredients; the
carthy phosphates are especially combined, and in definite proportions, with the albuminates (Mayer), and
"t‘“ the gummy matter (Bibra). The alkaline phosphates free. The bran contains much silica. Oudemans
places the cellulose lower (25 to 30 per cent),, and the salts higher, (4 to 6 per cent.)
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takes a long time. A small charcoal fire is probably the best plan when
appliancies are wanting.

If the ash be more than 2 per cent., add hydrochloric acid, and see if there
be effervescence (carbonate of lime) or magnesia. Dissolve, and test with
oxalate of ammonia, and then for magnesia, in the same way as in water (see
p. 22). As flour contains both lime and magnesia, to prove adulteration,
the precise amount of lime and magnesia must be determined by weighing the
incinerated oxalate of lime, or the pyrophosphate of magnesia (page 31).

If there is no effervescence, add water, and test for sulphuric acid and
lime, to see if sulphate of lime (plaster of PariE? has been added. In normal
flour the amount of sulphuric acid is very small.

Notiee, also, if the ash be red (from iron). If clay has been added, it will
be left undissolved by acids and water.

If carbonate of magnesia has been added, the ash is light, and porous and
bulky (Hassall).

An easy mode of detecting large quantities of added mineral substances is
given by Redtenbacher; the flour is strongly shaken with ehloroform ; the
E;Bl;r floats, while all foreign mineral substances fall. This is a very useful

4. The remaining ingredients can be determined, if necessary, from the
starch water, but it is seldom necessary to do so. Allow the starch to sub-
side, pour off the fluid, and wash the starch by decantation, then dry and
weigh ; take all the water and washings, evaporate to a small bulk, add a little
nitric acid, and boil ; albumen is thrown down ; collect, wash, and weigh.
Evaporate the whole of the remainder to dryness, and weigh (mixed dextrin
and sugar.

If the water be small, the gluten large, and the salts in good quantity, the
flour is good, supposing nothing is detected on microscopical examination,
But in all cases it is well if time can be spared to have the

Practical Test by Baking.—Make a loaf, and see if it is acid when fresh,
and how soon it becomes so ; if the colour is good, and the rising satisfactory.
Old and changing flour does not rise well, gives a yellowish colour to the
hrm@, and speedily becomes acid. Excess of acidity can be detected by
holding a piece of bread in the mouth for some time, as well as by test-
paper.

Test for Ergof.—There is no v od test for ergot when it is ground up
with the flour. Laneau’s plan ?;F’IEG make a pﬂ&rﬁaﬂ with a wea!l:c a.lka]in{a
solution ; to add dilute nitric acid to slight excess, and then alkali to neu-

Fig. 24.—Transverse Section of Envelopes of Wheat, Scale 1000th of an inch.

tralisation ; a violet-red colour is said to be given if ergot is present, which
h;gﬂt&lea rosy-red when more nitrie acid is added, and violet when alkali is
added. _

Wittstein considers this method imperfect, and prefers trusting to the
peculiar odour of propylamine (herring-like smell), developed hy liquor
potassee in ergoted flour. T have no experience of this point.
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Microscopical Examination.

This is especially directed to determine the relative amount of flour and

bran, the presence of fungi or acari,” or the fact of adulteration by other
Erains, :
Structure of the Wheat Grain.—Tt is necessary to refer briefly to the struc-
ture of the grain of wheat, as this of course must be thoroughly understood.
There are four envelopes (some authors make three, others five or six—the
outer coat being divided into two or three), surrounding a fine and very
loose areolar tissue of cellulose filled with starch grains.

Envelopes of Wheat—The drawings show the coats in situ, cut transversely
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Fig. 25.—Envelopes of Wheat (longitudinal section). Scale 1000th of an inch.

and longitudinally, also the separate coats. The outer coat is made up of two
or three layers of long cells, with slightly beaded walls, running in the direc-
tion of the axis of the grain. The septa are straight or oblique, and, as will
be seen, the cells differ in length and breadth. The size can be taken by the
scale. The hairs are attached to this coat, and are prolongations, in fact, of
the cells. In the finest flour the hairs and bits of this coat (as well of the
other coats) can be found.

Fig. 26. —Outer Coat, and Hairs of Wheat. Scale 100th of an inch.

The second coat, counting from without, is composed of a layer of shorter
cells, more regular in size, with slightly rounded ends, and lying at right
angles to the first coat, or across the axis of the grain. It is impossible to
mistake it. The third coat is a delicate diaphanous, almost hyaline mem-

———
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brane, so-fine that its existence has been doubted. Dr Maddox, however, has
distinctly shown it to have faint lines on i, as seen in the drawing, which
may be cells, In the transverse section of the envelope, it appears as a thin
white line. The fourth, or internal coat, is composed of one or two layers (in

Fig. 27.—Outer Coat, and Hairs of Wheat. Scale 1000th of an inch.

places) of rounded or squarish cells filled with a dark substance, which can
be emptied from the cells,. When the cells are empty, they have a remote
resemblance to the areolar tissue of the leguminoss, and there is little doubt

Fig. 28,—Second and Third Envelopes of Wheat. Seale 1000th of an inch.

that from this cause adulteration with pea or bean has been sometimes impro-
perly asserted.

The Starch Grains of wheat are very variable in size, the smallest being
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smaller. The second coat, disposed at right angles to the first, as in wheat, is
like the second coat of wheat, except in being more delicate. The third
appears precisely the same as that of wheat. The fourth has the cells similar
in shape to the corresponding wheat coat, but they are very much smaller, as
may be seen on reference to the scale, and there are two, or often three,
layers.

j:]:']1E| starch grains of barley are very like the wheat, with a central hilum
and obscure marking, but are on the whole smaller ; some have thickened
edges, instead of the thin edges of the wheat-starch grain, but it is very

Fig. 37.—Barley (second and third coats).

difficult, and sometimes impossible, to distinguish them. It is therefore
especially to the envelopes that we must attend.

Tﬂ-‘{i'ﬂ'

Fig. 88.—Barley (fourth coat). Fig. 39.—Barley (Starch-grains).

Detection of Potato Starch.—This is a matter of no difficulty ; the starch
grains, instead of being round or oval, and with a central hilum and obscure
rings, are pyriform, with an eccentric hilum placed at the smaller end, and
with well-marked concentric rings. Weak liquor potass@ (1 drop of pharma-

M



178 ARTICLES OF THE SOLDIER'S FOOD.

copal to 10 of water) swells them out greatly after a time, while wheat-starch

Fig. 41.—Medium and small-sized Potato-
starch grains, treated with Liq. Pot. Ph.
Fig. 40.—-Fotato Starch x 285. Lond. One-third part and water x 285,

is little affected hy this strength ; if the strength is 1 to 3 (as in the figure),
the swelling is very rapid.

Detection of Maize (Indian Corn).—There are two envelopes; the outer
being made up of seven or eight strata of cells; there is no transverse second

Fig. 42, —Indian-Corn Flour x 500, Cellulose of Indian Corn-— x 500, with mark-
ings from the starch-grains on the inter-
cellular membrane,

coat, a8 in wheat ; the internal coat consists of a single stratum of cells like
the 4th of wheat, but less regular in shape and size. The cellulose, through
the seed holding the starch in its meshes, forms a very characteristic struc-
ture, which on section looks like a pavement made of triangular or square
pieees ; the cells are filled with the starch-grains, which are very small, and
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compressed, so as to have facets. They .ave very different from the smooth,
uncompressed round cells of wheat.

|
Fig. 43.—Longitudinal section of coats of Indian Corn and Cellulose x 190,

Bits of cellulose, with its peculiar angular markings, are always found if
the wheat is adunlterated with maize.

Fig. 44.—Bean Starch x 500,

Detection of Bean and Pea.—These adulterations are also at once dis-
covered ; the meshes of cellulose are very much larger than those of the
fourth coat of wheat, with which it has sometimes been confounded, and
the starch-grains are also quite different; they are oval or reniform, or
with one end slightly larger ; they have no clear hilum or rings, but many
have a deep central longitudinal cleft running in the longer axis, and occupy-
ing two-thirds or three-fourths of the length, but never reaching completely to
the end ; this cleft is sometimes a line, sometimes almost a chasm, and occa-

a2
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to be of any value.* Several other tests have been given, but are imperfect,
and really unnecessary, for the microscopic characters are sufficient. ;

Detection of Oat.—There are two or three envelopes; the outer longi-
tudinal cells; the second transverse, and not very clearly seen; the third
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Fig. 47.—White Oat—Long. sect., 2d and 3d coats not separable, @ Compound grains x 190 ;
b One do. x 500.

a layer, usually single, of cells like wheat. The starch-cells are small,
many-sided, and ecohere into composite round bodies, which are wvery
characteristic, and which can be broken down into the separate grains
by pressure. A high power is the best for this. The oat starch does
not polarize light. There is no difficulty in the detection of the starch-
grains.

Detection of Rice.—The husk of rice is very peculiar ; on the outer coat are
numerous siliceous granules, arranged in longi-
tudinal and transverse ridges hir:]):; There are
numerous hairs, some of which are seated
over stomata. Below this is a membrane of
transverse and longitudinal rough-edged fibres
(b c), while below these again is a fine mem-
brane of transverse angular cells (d), covering
a very delicate membrane of large cells.
The starch corpuscles are very small ; angular

Fig. 48.—Ground-Rice Flour x 500, under low powers ; under high powers they
are seen to be facetted and compressed. They
cannot be mistaken for the round cells of wheat, but may be confounded

'935“3 has given facts which appear to greatly lessen its value, —Bquillier, Des Subsist. Mil.
I"! L
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with maize. As will be seen on reference to the scale, they are, however,
much smaller,
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Fig. 49. —Rice x 170, Fig. 50.—Rice x 170.

Flg 49. Transverse section of the Husk of Rice, .
;f 50. Appearance of Husk as seen in a transparent medmm af g];rmmm am:l gum }
o Siliceous granules, arranged in longitudinal and transverse ri perforated
stomata, some h:mng hairs seated over them. & ¢ Transverse and longitudinal, mngh
Il

edged fibres. @ A fine membrane of transverse angular cells ; these overlie a very delicate
membrane of large cells e,

® 170,

Detection of RJE —The envelopes are very like those of wheat, and can

P perhaps be hardly distinguished. The recent
starch-grains are also extremely like those of
wheat, but the .older and drier grains have
sometimes a peculiar rayed hilum. I have seen
this, however, in very old wheat, but never to
the same extent as in rye.

Rye, if in any quantity, is discovered by
baking ; it makes a dark, acid bread.

Linseed is not a common adulterant. The
envelopes are peculiar : the external is made u
of hexagonal cells, containing oil; the secon
of round cells ; the third of ﬁhrea and the
fourth of angular cells, unntmmng a dark reddish
F:% 51.—Rye- 5;_4]1':1 th, u“;‘l;zﬂm:,rml colouring matter,

i {n.ltur sl Sarrazin in France and Belgium has been
sometimes used, but is not common. There may also, perhaps, be other
adulterations of grain, &e. in India.

Buclkwheat (Polygonum fagopyrum, or Fagopyrum esculentum).—Like rye,
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this is only likely to be found in wheat coming from the Baltic. The

Fig. 52.—Rye—1. Transverse section of Testa, &c. x108; 2. Coats in sifu from without, x 170,
@ External ; & Middle ; ¢ Internal coat ; & Starch-grains x 108.

drawing sufficiently shows the texture of the envelopes, which is very com-
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it. Outside these cells is a very thin
and delicate membrane, retaining the
marks of attachment of the spiral cells.

plicated. The starch-grains are small and round, and adhere together in
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tiful structure of the envelopes, which could not be confounded with those of
wheat, The starch-grains are very small, round, and tolerably uniform in
size.

Melampyrum arvense and other species (Purple Cow-wheat—Serophula-
riacee).—This has occasionally been mixed with flour; it is not injurious,
but gives the bread (not the flour) a peculiar smoky violet bluish violet
tint. This depends on a colouring matter in the seed, which, when warmed
with acid, gives the violet colour.®

Trifolium arvense (Trefoil—Leguminose).—This also gives the bread a
red violet colour. It is not known to be injurious.

Rhinanthus major and minor (Sainfoin or Yellow rattle—Serophulariacer)
—gives bread a bluish-black colour, a moist sticky feel, and a disagreeable
sweet taste. It is not injurious.

Lolium temulentum (Rye-grass— Graminewe, Other species may be used.)—
This gives the bread no colour, but produces narcotic symptoms, vertigo,
hallucinations, delirinm, convulsions, and paralysis. Pellischek states that
these symptoms do not occur if the grain be dried in an oven before baking,
or if the bread is left for some days before being used. The detection of the
lolinm is best effected by means of aleohol, which gives a greenish solution
with a disagreeable repulsive taste, and on evaporation a resinous yellow-

1 ble extract is left. Pure flour gives with alcohol only a clean
straw-coloured solution, with an agreeable taste (Pellischek).

Bromus (Brome-grass— Gramineee ; different species—dArvensis or Seca-
linus),—Pellischek states that the seeds of this plant give the bread a dark
colour, and make it indigestible. It is probably a most uncommon adul-

teration.

It will be found that when mixed with flour, the microscope will detect
readily many of these substances. Detection is often very difficult when the
flour is made into bread, and therefore, whenever from the bread there is any
cause of suspicion, means should be taken to obtain some of the flour,

Comes flour.—A flour obtained from Revet wheat is used by the bakers for
dusting their trough. Hassall has found this cones flour to be greatly adulter-
ated with rice, maize, beans, rye, and barley. Sometimes cones flour is
mixed with good flour. All these impurities have been already described.

Cooling of Flour.

The effect of heat is to coagulate the albumen, and to transform some of
the starch into dextrin. Substances are also added to the bread to cause a
further transformation of the starch.

Cales.—The unfermented cakes are simply made with water and salt. As
they are very readily made, are agreeable to taste, and nutritious, it is very
desirable to teach every soldier to make them ; so that in war, when bread is
not pmcu:':;a]nlehha may not be confined altogether to biscuit. The Australian
“damper” is simply made by digging a hole in the ground, filling it with a
wood fire, and, when the fire has thoroughly burnt up, removing it, placing
the dough on a large stone, covering it with a tin plate, and heaping the hot
ashes round and over it. In a campaign every soldier, if he could get flour
and wood, would soon learn to bake a cake for himself. The only point of
manipulation ;vluch requires practice is not to have the heat too great ; if it
be above 212° too much of the starch is changed into dextrin, and the cake

* Pellischek, Schmidt's Jahrb. 1863, No. 3, p. 287.



186 ARTICLES OF THE SOLDIER'S FOOD,

1s tough. Exposed to greater heat, and well dried, the unfermented cakes
become biscuit.

Macearoni is flour of an Italian grain, moistened with water, and pressed
through a number of small openings, while at the same time heat is applied.
As it is very nutritious, in small bulk, and keeps well, it would be a good food
for soldiers in war if its cost could be lessened,

Suve-Section I1I1.—Biscurt,*

To make biscuit, flour is often taken with little or no bran (on account of
the hygroscopic properties of bran) ; but bran is also sometimes used ; no salt
is added. The simplest biscuits are merely flour and water. Some biscuits
are made with milk, eggs, &ec.

Choice of Biscuit.—Biscuit should be well baked, but not umnt; of a
light yellow colour, and should float in water ; when struck, it should give
a ringing sound ; and a piece put into the mouth should thoroughly soften
down. It should be free from weevils, which are easily seen.

Advantages as a Diet.—As it contains little water (see Table * ), and, bulk
for bulk, is more nutritious than bread, §ths of a Ib are usually taken to equal
1b of bread ; but different authorities give different numbers. Its bulk is
small, and it is easily transported.

Disadvantages.—Like flour, it is deficient in fat. After a time, it seems
difficult of digestion. Perhaps the want of variety is objectionable; but
certain it is, that men do not thrive well upon it for long periods. In war, it
has always been a rule with the best English army surgeons, for more than a
century, to issue bread as much as possible, and to use biscuit only in cases
where it cannot be avoided.

Sue-SectioNn IV.—Breap.t

If carbonic acid gas is in any way formed in or forced into the interior of
dm:{;h, so as to divide the dough into a number of little cavities, bread is
made,

There are three kinds of bread :—

1. Carbonic acid is disengaged by a fermentative process, caused by yeast
or leaven. During the baking a certain amount of preformed sugar yields
carbonic acid ; a portion of starch is converted into dextrin and sugar, and

* Composition of Biscuit :—

Water, . . . . 8tol% |8Suga, 1-9.
Nitrogenous substances, . 16 Fat, 1-3.
Dextrin, ¥ 38 Starch, 72 to 7b.

1 Composition of Bread :—

Water, | Nitrog. Sub. Fat. IStAm'llr.ﬂ, ke

English Baker's Bread :—

Maximum nutriment, ; ; % a3 867 1-5 56-03

Minimum nutriment, : - : 44 G-03 1 48-07
French Commissariat :—

Old formula, . i ; ; : 41 7g 1-5 47

New formula, . . : ! : a5 78 15 626
Anstrian Commissariat, . : i : 45.50 g2 1+4 46

o

The nitrogen in 100 parts of dry bread, in eleven different armies, varies from 2:26 per cent.
(French), to 1-12 per cent. (Prussian). According to Reichenbach, the erust contains a sub-
stance (assamar), which has an influence in retarding tissue metamorphosis.
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also yields carbonic acid; a little lactic and butyric acids, and extractive
matters, are formed. It is of importance to prevent this change from going
too far; and herein is one of the arts of the baker; and it is partly to pre-
vent this that alum is added, which has the property of arresting the change
Odling).

( Inu:lgi}tl-:ing bread, the proportions are 201b of flour ; 8 to 121 of tepid water ;
4o0z. of yeast, to which a little potato is added, and 14 to 20z of salt ; 280Ib
of flour (1 sack) will give from 90 to 105 4Ib loaves ; the baker always endea-
vours to combine as much water as he can, so as to get more loaves. 6ilh
of dough yield 61 of bread. Machines are now generally used for mixing
the dough (Stevens’ Machine).

2. Carbonic acid is disengaged by mixing carbonate of soda or ammonia
with the dough, and adding hydrochlorie, tartaric, or citric acids, Baking
powders are compounds of these substances.

3. Carbonic acid is forced through the dough by pressure (Dauglish's
patent aerated bread). This process has the great advantage of rendering
impossible for the conversion of starch into dextrin, sugar, and lactic acid to
go too far. About 20 cubic feet of carbonic acid (derived from chalk and
sulphuric acid) are used for 280Ib of flour; and about 11 cubic feet are
actually incorporated with the flour (Odling).

The Table on page 188 can be used in the following way —

Determine the percentage of water and of gluten (nitrogenous compounds)
in the flour. Then learn how many 4Ib loaves are given by a sack of 2801,
or how many pounds of bread are given by 100Ib of flour.

Then the table will give the amount of water, and of nitrogenous substance
in the bread.

As there is vegetable albumen in the flour, as well as gluten, a correction
should be made by adding one per cent. to the weight of the gluten,

Advantages of Bread as an Article of Diet.

It is hardly necessary to mention these. The great amount of nitrogenous
matters and starch it shares with flour; the nitrogenous substance is to the
carboniferous as 1 to 63 (Forbes Watson, Odling). It therefore requires more
nitrogen for a perfect food. The process of baking renders it more digestible
than flour. No satiety attends its use, although it may be always made in the
same way ; this is probably owing to the great variety of its components,

Disadvantages.—It is poor in fat and some salts, especially in the case of
the finest flour freed from the internal envelope. Therefore we see that the
practice of using fat with it (butter for the rich, fat bacon for the poor man)
is extremely common. As to the relative advantages of the three methods of
making bread, the last (acration by carbonic acid) is said to have the advan-
tage of making white bread, though the inner envelopes are left ; of not causing
any loss of starch, or permitting the change to go too far; of not containing
any unwholesome yeast. The system of making bread with yeast has been
objected to on the ground that bad yeast is often used; the fermentative
changes go on in the stomach, much ecarbonic acid gas is disengaged, and
dyspepsia, flatulence, and unpleasant sensations, such as heartburn, are pro-
duced. There is no doubt that badly prepared bread gives rise to these
symptoms, thongh whether this is owing to bad yeast is, I think, uncertain.
The second met‘hud yields a wholesome bread, but is too expensive for com-
mon use, and it has also been pointed out that the hydrochloric acid of
commerce always contains arsenic. The amount would be too small to be
hurtful, but might have a medico-legal consequence.
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Speeial points about Making of Bread.

Bread may be of bad colour—rather yellowish, from old flour ; from grown
flour (in which case the changes in the starch have generally gone on to a
considerable extent, and the bread contains more sugar than usual, and doesg
not rise well), and perhaps from bad yeast. The colour given by admixture
of bran must not be confounded with yellowness of this kind.

Bread is also dark-coloured from admixture of other grains, as already noticed
under flour (rye, buck-wheat, melampyrum, sainfoin, &ec.) Bread may be acid,
from bad flour giving rise to an excess of lactic and perhaps acetic acids, or,
it is said, from bad yeast. It is bitter from bitter yeast.

Bread is heavy and sodden from bad yeast fermenting too rapidly, or when
the fermentation has not taken place (cold weather, bad water, or some other
cause, will sometimes hinder it), or when the wheat is grown ; when too little
or too much heat has been employed.

It becomes mouldy rapidly when it contains an excess of water.

Rice is used as an addition because it is cheaper; it retains water, and
therefore the bread is heavier. Rice bread (if 25 per cent. of rice be added) is
heavier, of closer texture, and less filled with cavities. Potatoes are some-
times added, but are generally used only in small quantity with the yeast.

Alum is added to stop an excess of fermentation, when the altering gluten
or cerealin acts too much on the starch, and it also whitens the bread ; it
does not increase the amount of water ; it enables bread to be made from flour
which otherwise could not be used. Sulphate of copper and of zine, in very
small amount, are sometimes employed for the same purpose.

For acid flour lime-water is used instead of pure water ; lime-water has this
advantage that, while it does not check the fermentation of yeast, it hinders
the action of diastase on starch (Odling).

After being taken from the oven bread begins to lose weight. The 4-h
loaf loses,—

In the first 24 hours, . ; : ; . 11 ounce.
In 48 Pl A e T T AR
Yo ED ” - T g g . ? 7
Gl : 83

But this is merely an average, and is altered by amount of crust, tiempemture,
and movement of air.
Loaves are generally weighed when hot, and that is considered to be their
weight. In the Austrian army a loss of 29 per cent. in four days is permitted.
‘When loaves become stale they can be rebaked, and then taste quite fresh
for twenty-four hours, after that they rapidly change.
Old biscuit also, mixed with water, can be rebaked, and becomes palatable.
In the French army different kinds of bread are used ;* ordinary bread ;
biscuited bread ; bread half biscuited ; bread one quarter biscuited ; hospital
bread. The “ Pain biscuité” is used only on service ; it is baked more firmly
than ordinary bread.
Pain de munition ordinaire keeps 5 days in summer and eight in winter.
»» au quart biscuité » 10 to 15 days,
» demi - i BEbe 30y
» biscuité » 40to b0
‘The French munition loaf weighs 15 kilogrammes (3:31b avoir.), and con-
tamns two rations of 760 grammes each (1'65 1b). The ration of biscuit is 550

grammes (1-21b).

* Code des Officiers de Santé, 1863,
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It would be useful to adopt the practice of strongly baked bread in our
army ; it 1s a good substitute for biscuit.
Compressed Bread.—(See Concentrated Foods.)

Framination of Bread.

There is perhaps no article on which the medical officer is more often called
to give an opinion.

General Characters—There should be a due proportion, not less than 30
per cent. of crust ; the external surface should be well baked, not burnt ; the
crumb should be permeated with small regular cavities; no parts should be
heavy, and without these little cells ; the partitions between the cavities should
not be tough ; in the best baked bread the cavities are stratified in layers per-
pendicular to the crust (“‘ piled or flaky bread ;") the colour should be white,
or brownish from admixture of bran; the taste not acid, even when held in
the mouth. If the bread is acid the flour is bad, or leaven has been used ; if
the colour changes soon, and fungi form, the bread is too moist; if sodden
and heavy, the flour is bad, or the baking is in fault; the heat may have
been too great, or the sponge badly set.

Chemical Examination.—This is conducted chiefly to ascertain the amount
of water, acidity, and the presence of alum or sulphate of copper.

Water.—Take a weighed quantity (say 100 grains) of crumb, and dry in a
water bath ; powder and then dry again in a hot-air bath or oven, and weigh ;
the water should not be more than 45 per cent.; if more, the bread is pro
tanto less nutritious, and is liable to become sooner mouldy.

Acidity.—This can be determined by a standard alkaline solution. (See
Beer.) At present no observations have been made on this point, but it may
be important as indicating bad flour. In good bread the acidity on first
baking is very trifling ; it increases slightly for five or six days.

Alum.—The determination of the presence of alum is not difficult, but the
quantitative analysis is a very delicate matter, and probably the medical officer
will act wisely in simply noting the presence, and leaving the question of
quantity undetermined. Many processes have been proposed,® some of which
are merely modifications of each other. The following seems the most
simple :—

st part. Take at least 1Ib of crumb, put in a mortar, and soak it well in
pure cold water ; filter, and get as clear a fluid as possible; add a few drops
of hydrochloric acid, and then chloride of barium. If there is no precipitate
no alum can have been added, and the process need not be proceeded with.
If there is a slight precipitate, it may be accounted for by sulphate of lime or
magnesia in the water added, or of sulphate of magnesia in the salt, or by the
slight amount of sulphuric acid naturally existing in the grain. Perhaps the
medical officer will know whether the water or the salt contains sulphates,
and if so the absence of alum may be inferred. If there be a large precipitate,
the presence of alum is probable, but is not certain, and the process must be
continued,

2d part. Take another 3Ib of erumb, and incinerate it in an iron or porce-
lain vessel to black ash, or grey ash if possible. Put in an evaporating dish, add
a little hydrochloric acid, and evaporate to dryness. This is in order to render
as much silica as possible insoluble. Moisten thoroughly with strong hydro-
chloric acid, add water, and boil ; filter, add carbonate of soda nearly to
neutralisation, and then an excess of pure potash dissolved in alcohol.t The

# By Kuhlmann, Letheby, Odling, Wentworth, Scott, Crookes, Hassall, Hadow, Horsley.
Common liguor Fatuam fnaqyuntl;,r contains alumina, and should be tested as follows :—
add & slight excess of hydrochloric acid, and neutralise with ammonia, boil ; if a precipitate
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lime and magnesia are thrown down ; the alumina is held in solution. Boil
and filter. Add an excess of hydrochloric acid, and boil with carbonate of
ammonia ; alumina falls; wash the precipitate by decantation, not using a
filter, collect in a small porcelain capsule, dry, and weigh.
1 grain of alumina = 9 of dry alum.
3 5, =4D of erystallised alum.

After weighing, to make assurance doubly sure, moisten with a few drops
of nitrate of cobalt, and heat in the blow-pipe flame ; a beautiful blue or
purplish-blue colour should be given. As phosphate of magnesia gives the
same, this test cannot be used with the ash of bread.

There is one inaccuracy in the above process; the alumina always retains
some phosphoric acid, and therefore the precipitate gives a greater quantity of
alum than really exists. The difference is not probably material, but if it is,
the process devised by Mr Crookes should be used,* or the following modifi-
cation.

After weighing the precipitate, dissolve in nitric acid, add a piece of
metallic tin, and boil ; the tin is oxidised and thrown down as stannic acid
and phosphate ; evaporate to dryness, dissolve in water, filter, and add car-
bonate of ammonia ; pure alumina falls, dry and weigh.t

Dr Letheby has also used a decoction of logwood as a test ; a piece of pure
bread and a piece of suspected bread are put in a glass containing freshly-
prepared decoction, and left for 24 hours ; the pure bread is simply stained,
the alomed bread is dark-purplish, as the alum acts like a mordant. Mr
Hadow has also used this test with advantage, but Mr Crookes, after many
experiments, came to the conclusion that it was valueless.f The chemical
test shonld be therefore always resorted to.

Alum is not much used except with inferior bread.§ The amount of alum
in bread is said to be, on an average, 3 ounces to a sack or 280Ib of flour; if the
sack gives 105 4-Ib loaves, there will be 16 grains in a 4-Ib loaf ; if crystallised
alum is meant by this, there will be only about 8 grains of dry alum|| in a 4-1b
loaf. Hassall states the quantity to be 3ib (8 ounces) to 240t of flour, but
that the quantity differs for old and new flour. A very good witness, ¥ in the
inquiry into the grievances of the journeymen bakers, gave the quantity at
10 ounces per sack ; this would give 416 grains per 4 loaf. When mixed
with flour and baked, the alum is decomposed ; part of the alumina combines
most strongly with phosphoric acid ; and either this or the alum itself is pre-
sumed to be in combination with the gluten; bisulphate of potash is pro-
bably formed. :

The effects of alum on the flour during baking have been already noticed.
The effects on health will be presently considered.

Sulphate of Copper.—Cut a smooth slice of bread, and draw over it a glass
rod dipped in ferrocyanide of potassium. If copper be present a brick-red

occur, the liquor potasse must not be used. It is said also that the salt used in making bread
may contain a little dlumina ; if so, another fallacy is introduced, and the salt sust be ex-
amined ; but this error must be most trifling. Whenever pmticai}la the flour should be ob-
tained, and II:LI.IIERI]F surgeons will generall able to m to do this.
; Eiﬁ:ﬂma 1 umwmt%jvin clﬁ the “ Chemical News,” 1862,
in ‘f Watt's Dictio i i i
* Chemical News, Sept, 1863, > * rewustry,” vol. i. p. 660.

§ Report on Journeymen Bakers, 1862, p. 164, i
found alum in half the loaves examined. B SRR s Taml, o,

Il Mitchell, in his Treatise on the Falsifications of F t: but
there is little doubt his alumina was not pure. E R R R poer AT

9 Report on the Journeymen Bakers, 1862, p. 163. Some of the statements are beyond even
this amount. 1 to 41b per 1000 (415?) foaves (p, xxxvi.); but this is probably an exaggeration,
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colour is given by the formation of ferrcoyanide of copper. This test is very
delicate.

Potatoes.—If potatoes in any quantity have been added, the ash of the
bread instead of being neutral is alkaline ; this can only occur from carbonate
of soda having been added, or from the presence of some salts of organic acid,
citrates, lactates, tartrates, which form earbonates on incineration. But if it
be from carbonate of soda, the solution of bread will be alkaline, so that it
can be known if the alkalinity is produced during incineration. If so it is
almost certain to be from potato.

Framination of Yeast—Common brewers’ yeast is not likely to be adulter-
ated. If any solid mineral substances are mixed with German yeast, they are
detected either by washing or by incineration. Dr Letheby found German
yeast, imported in 1863, to be adulterated with 30 per cent. of pipe clay.

Microscopical Examination of Bread.

Under the microscope some starch-cells can be seen, but they are generally
enlarged and partly broken up ; often they are broken up altogether, and form
little angular masses which might be mistaken for rice starch grains. The
gluten forms little stringy masses. Sometimes with a low power some dark
points are seen ; under a high power, 500 or 600 diameters, these are found to
be formed of a number of dark little rods joined together. This is a kind of
bacterium often found in large guantities in yeast, and is carried into the
bread. It must not be mistaken for an impurity.

Fungi—The most common fungus is a kind of Penicillium (sitophilum
and roseuin), greenish, brownish, or reddish yellow colour ; sporules, sporangia,
and mycelium can all be seen, The Oidium aurantiaeum has been several times
detected in France and Algeria ; it is distinguished by its orange red colour.
A greenish mucor is often found in bread. I have not yet seen the Puc-
cinia so common in flour,

Microseopical Examination for Adulterations.

Rice flour cannot be detected unless it is in very large quantity ; then the
number of small angular grains may create suspicion, often unfortunately no-
thing more than suspicion. Potato starch is often completely broken up, and
cannot be detected ; if potato itself is used, little masses of it can often be
found, and some starch grains with eccentric hilum. Incineration for the alka-
line ash is useful in this case.

Bean and pea flour, if more than 4 per cent., give a dark colour to the
bread ; the starch cells can often be found ; moistening the bread with hot
water sometimes produces the peculiar smell of the pea.

The microscopical examination of bread for adulteration is unsatisfactory ;
the flour should be examined instead, whenever it can be obtained.

Diseases connected with the Quality of Flowr and Bread.

1. The Flour originally bad.—It may be ergoted or grown and fermenting,
or with fungi forming. Any anomalous disease approaching to ergotism shounld
lead at once to an examination of the flour, The fermenting fHlour produces
dyspepsia and diarrheea ; the heat and moisture of the stomach, no ﬂolﬂ}t.,
excites at once very rapid fermentation ; the gluten, already metamorphosing,
acts very energetically on the starch, and carbonic acid is rapidly developed ;
hence uncomfortable feelings, flatulence, imperfect digestion, and diarrhcea,
It is to remedy this condition of flonr that alum is added, and some of the

effects aseribed to alum may be really owing to the flour,
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The most important disease connected with flour is, however, ergotism ;
this is less common in wheat than in rye flour, but yet is occasionally seen.
Sometimes ergoted meal produces at once violent stomach and intestinal
symptoms, at other times primary digestion is well performed, and the early
symptoms are great general depression and feverishness, ushering in the local
symptoms of acrodynia.

2. Flour originally good, but altering either from age or from not having
been well dried.—The bread is often acid, and sometimes highly so ; this may
produce diarrheea, though I have known such bread used for a long time with-
out this effect ; usually persons will not eat much of it, and thus the supply of
nutriment is lessened. If the bread be too moist, fungi form, and the Oidium
aurantiacum, In particular, has been known in Algiers to give rise to little
endemics of diarrheea (Boudin and Foster.®*) The Mucor mucedo either does
not produce this, or rarely. It should be remembered, however, that mouldy
oats (the fungus being the Aspergillus) have given rise to paralytic symptoms
in horses, so that these fungi are to be looked on with suspicion.t It is not
known that the Acarus so common in this flour has any bad effects when
eaten.

3. Substances added.—Alum, of course, is the chief substance; there has
been much difference of opinion as to its effects. It has been asserted to pro-
duce dyspepsia ; to lessen the nutritive value of bread by rendering the phos-
phorie acid insoluble, and to be also a falsification, inasmuch as it permits an
inferior flour to be sold for a good one. The last allegation is no doubt correct ;
the second, probably so, as there is little doubt of the formation, and none of the
insolubility, of phosphate of alumina. The first point is more doubtful, though
several physicians of great authority (Carpenter, Dundas Thomson, Gibbon,
Normandy), have considered its action very deleterious, and that it causes
dyspepsia and constipation. Pereira considered that whatever may have been
the effect in the case of healthy persons, sick persons did really suffer in that
way. A question like this is obviously difficult of that strict proof we now
demand in medicine, and personally I have been able to come to no conclu-
sion, except that several persons have told me that the London hakers' bread
produced in their cases constipation, and this they attributed to alum. See-
ing, indeed, that the usual effect of bad flour is flatulence and diarrheea, if con-
stipation were decidedly produced by bread, it would be more likely to pro-
ceed from alum than from any other ingredient of the bread. Looking again
to the fact that sometimes bread has contained large quantities of alum,—some-
times as much as 40 grains in a 41b loaf, and probably more,—we get an
amount in an ordinary meal which (if the phosphate of alumina is an astrin-
gent) might very well cause constipation.

Looking, then, to the positive evidence, and the reasonableness of that evi-

dence, it seems to me extremely likely that strongly alumed bread does pro-
duce the injurious effects ascribed to it.

The addition of alum is forbidden by law.

Sulphate of O’spp_er.T—T'l:w amount used is so small that it seldom produces
any symptoms; still it is a possible case that some anomalous cases of
stomach irritation might be owing to this. The Lolium temulentum gives rise
to narcotic symptoms (see ante),

B Flour from other G’mz’;w.-—lt is not known whether the addition of potatoes,
rice, barley, peas, &e., in any way injures health, except as it may affect
nutrition or digestion. Occasionally, in times of famine, other substances are

® Archives l;-}nm de Méd., 1848, p. 244
t Sanderson’s Report in Syd. Soc. Year-Book for 1862, p. 462,
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much passes out undigested.* My friend, Dr Johnston (26th regiment), has
communicated to me the particulars of an outbreak of diarrhcea in a military
prison clearly due to badly cooked maize. It should be soaked in water, but
not too long (2 to 4 hours), and then thoroughly boiled for several hours (4
to 6) at a rather low heat. Maize cakes are both palatable and nutritious.

Rye makes a very acid dark bread, which causes diarrhcea in those un-
accustomed to it ; custom, however, soon remedies this, and, as far as nutritive
value goes, it appears equal to wheat. It contains less vegetable fibrine, and
more casein and albumen, and a peculiar odorous substance.

Diseases connected with Maize and Rye.

It is presumed that alterations in the flour will produce the same diseases
as in the analagous case of wheat, Ergotism is, however, more common in
rye than any other grain. The Pellagra of Lombardy has been ascribed to a
fungus (Verderame or Verdet) forming in the maize. Many volumes, with
different statements, have been written on this point, and it is still doubtful
whether or not the Verdet has this effect. The evidence is not sufficient, but,
on the whole, seems to me most in favour of the wview which connects
Pellagra with diseased maize,

SECTION VI.
RICE.t
The whole grain (paddy) deprived of the husk is sold as rice. There are

many varieties, of different colours (white, red, brown?) and composition. The
amount of nitrogenous matter varies greatly from 3 to 7-5 per cent. of the

—_

T 100 pearts of Rye-flowr and Rye-bran ( Von Bibra).

Flour with little Bran, Eran,
Water, g - ; : - : 14'6 15:320
Albumen, . . 5 - : - 1-565 2-150
Substances included under gluten, . - . 10-181 15941
Gum or Dextrin, - ; . - - 4100 10-400
Bugar, A ¢ : : : : 3:465 1-560
Fat, . : , - ; ; : 1800 473
Starch, : . : : : : G4-289% 21085
Celluloge, ; 5 : . 28-533

For the salts, see the other t.ahlu.‘
Amoint of Ash in 100 of Rye-flowr=2.—In 100 of Ash (Von Bibra).

Potash, . Mty 2037 to 87°54 | Bilicate of Alumina. . 144
Soda, . 3 F 3:85 to 00300 | Oxide of Iron, and Sul-
Magnesia, . . 1077 to 1437 phuric Aecid, . .

Lime, . : 5 1-34to 263

Phosphoric Acid, . 50-35 to 42-

* Sep, egpecially en this point, Edward Smith’s ¢ Experiments on Prisoners in Coldbath-
fields.” The food was partly maize, and 40 or 50 grains of nitrogen were passed daily by the
bowels, no doubt from undigested food.

t Ltice.flowr (Von Bibra), in 100 parés (without salls).

Water, PRI e Ll Fat, i SR AN
Albumen, . : ? ‘ 0-050 | Starch, . ) - . . 70918
Other nitrogenous matters, . 7162

Gum or Dextrin, . . 1-670 100-000

Sugar, i 5 : ; 0-300
The amount of nitrogenous substance is greater than usnal.
The salts amount to from -3 to -85 per cent. ; potash, magnesia, and phosphoric acid are the
main ingredients, as in the other Cerealia.

* A little cellnlose still with the starch,
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moist grain. As an article of diet, it has the advantage of an extremely
digestible starch grain, and, like the other Cerealia, there is a great admixture
of substances ; it is, however, poorer in nitrogenous substances than wheat,
and is much poorer in fat, consequently, among rice-feeding nations, legu-
minons seeds are taken to supply the first, and animal or vegetable fats to
remedy the latter, defect. Rice is also poor in salts.

Cooking of Riee.—It should properly be steamed, not boiled, and the
steaming should be thoroughly done, else the starch-grains are mot swollen
and digestible. If boiled, it should be for a long time at a low temperature ;
the rice (or conjee) water contains some albuminous matter, and the grain loses
in nutritive power,

Chaoice of Rice.—The grains should be clean, without grit ; the individual
grains without spots, or evidence of insects. The size varies much, according
to the kind ; the large kinds usually command the highest market price.

Comparison of the foregoing Grains—Order of Richness.

bl Fat. Starch, &e. Salts.
Wheat. { Maize. Rice. Barley.
Barley. Oats. Maize, Oats,
Rye. Barley. ‘Wheat. Wheat.
Oats, Rye. Rye. Rye.
Maize. ‘Wheat. Oats. Maize.
Rice. Rice. Barley. Rice.

SECTION VIL

MILLET, RAGGY, BUCKWHEAT, GRAM.

Various other grains belonging to the Cerealia, or to other natural orders, but
having similar properties, are used as food in different countries. Of these,
the above named are chiefly those the mediecal officer may have to report on.

Millet is used largely in Africa (west coast), and Algeria, in Italy, Spain,
Portugal, some parts of India, China, &e.

English Names. Botanical Names, Indian Names.
Sawee Chennawaree
Common millet, Panicum miliaceum, (Hindustani).
Varagoo (Tamnul).
v Dhurra (Arabic).
Small millet, { Bugghomm or Baniomn.. ) Glain [{Tamulj.
| S Joar or Jowree (Hind.)
Spiked millet, Penicillaria spicata, Bijra or Bajree (Hind.)

Cumboo (Tamul).
Golden-coloured millet, Sorghum saccharatum,

Italian millet, Setaria Italica,
(GGerman millet, Setaria Germanica,

Kala kangni (Hind.)
Tenay (Tamul).

Raggee or Raggy (Hind.,
Canarese, and Tamul).
Murha and Maud in the
N. Prov. of Hindustan.

Elensine Clorocana,
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The table sufficiently expresses the composition of most of these.*
In 100 Parts of Meal (freed from Bran).

Pentcillaria L
Panicum miliaceums| & Kind ﬂ?ﬁéﬂi“ﬂ Bﬂﬁ:ﬁ:ﬁn; ﬂﬂw}:wﬁ‘;::
{Common Millet). m:chul;imgsrin E; Arabs, Joar or Jo-
. name of Bajra. waree of India.
Water, : > : 12-22 118 1195
Nitrogenous substances, 9-27 10-13 864
Dextrin, ; 9-13 oAz 3:82
Sugar, 1-80 hs 1-46
Fat, . 743 462 39
" E - . ('Wiﬂl

Starch, 59-04 7175 |70 23{ ks,
Siliea, 0-11 s

The ash is about 3 per cent. in Panicum, 2'6 in Penicillaria, and 17 in
Sorghum.  When freed from silica, which is present in large amount, the ash
contains 20 per cent. of potash, 24 of magnesia, a little soda, no lime, and
about 50 per cent. of phosphoric acid.

The other millets (Setaria germanica and Panricum sanguinale) are very
similar in constitution.

Millet bread is very good, and some was issned to the troops in the last
China expedition. This should always be done in a millet country, if wheat
or barley cannot be got.

Raggy or Ragee, Murha and Maud of the upper provinces ( Eleusine Corocana),
a millet, is largely used in Southern India (Mysore), and in some parts of
Northern Hindustan, and is considered even more nutritive than wheat.t It
is very indestructible, and can be preserved for many years (even sixty) in
dry grain-pits.

Buckwheat and Gram are not so likely to be used. The former i1s poor in
nitrogenous substances and fat, but makes a fair tasting bread.

Gram bread or cakes have been occasionally used in India for Europeans,
and this use might be extended ; the cakes are palatable, and extremely
nutritious, as may be seen by the tables.

Polygonum Fagopyrum, or Fagopyrum eseulentumi (Buckwheat), used in
some parts of Russia.
In 100 parts.

Water, 12,7564 | Sugar, 0-914
Nitrogenous substances, 2-645 'at, . \ . 0-943
Dextrin, . ; 2+850 Starch, . . 79-894

The ash is about 1'[19‘per cent., and contains chiefly potash, magnesia, and
phosphorie acid.

Cicer arietinum (Gram or Gram—Dholl of India).
In 100 parts without husk.

‘Water, : 11-39 Starch, ; 63-18
Nitrogenous matters, 22:70 Mineral matter, 260
Fat, 376

# The native names of the Indian grains and pulses used, es mcinl]}' in Sonthern India, are
given very fully in a paper by Mr Elliot (Edinburgh Philosophical Journal, July 1862) ; and
also in Mt Cornish’s excellent paper (Madras Medical Jowrnal, Febroary 1864).

+ For the Indian grains and pulses, Dr Forbes Watson's admirable paper can be consulted ;
also the papers by Mr Elliot, and Dr Cornish, alveady referred to.

t+ Other species of Buckwheat are P. tartarium and P. emarginatuin.
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SECTION IX.

LEGUMINOS A.*

The Leguminose, in respect of dietetic properties, are broadly distinguished
from other vegetables by their very large amount of nitrogenous substance,
called legumin or vegetable casein. The advantages of peas and beans as
articles of diet are the great amount of this substance, and the existence of
much sulphur and phosphorus in combination with the legumin ; in salts
also they are a little richer than the Cerealia, especially in potash and lime,
but are rather poorer in phosphorie acid and magnesia ; 1Ib of peas contains
about 168 grains of salts, The disadvantages of and beans are a certain
amount of indigestibility ; about 6:5 per cent. of the ingested pea passes out
unchanged, and starch-cells, giving a blue reaction with iodine, are found in
the faeces ; much flatus is also produced by the sulphuretted hydrogen formed
from the legumin. Still, they are a most valuable article of food, and are
always to be used when much exercise is taken, as they are an excellent

* Composition of the Dried Grain,

Pisuwm saticem— | Phaseolus culpgaris | Vicia Faba—Com-
Peas —EKidney Bean. |mon or Broad Bean.
mtar,‘ e R 145 16. 12-8
uinin, urnen, gluten-like : ; :
substances, . . ’ - } 223 22:5 22
Cellulose, . . 2 : 40 44 5-
Starch and Dextrin and Sugar, 526 49- 526
Fﬂ-t», ® ® * B e E- g- 1'3
Chlorophyll, 1-2
Salts, . . 24 24 2:5
Potash, 86 “08 62
Soda, . ‘16 24 -84
Lime, . 1 | 23 ‘15
Magnesia, 18 -18 ]
L 023 001 03
Phosphoric acid, -85 64 ‘9
Sulphuric ?::id, — ﬁ; 07 08
of potassinm, iy s
Chloride of sodium, 044
Chlorine, : : 025 06

Chief Indian Peas and Beans (after Forbes Watson), in 100 parts (without husks).

o 2 2 - — =R T Eas

Exg | 22 i | § | EE | ds

Bis| i g | 2 28 | =2
M= é a = g L g SE
£ ag SEZ : 13 | 332 3 £
= B =8 = - =

35 Ea e 1 £E | lis é E
By |8 | 1|8 |1 |l
E €3 : 25 EEA
Water, .- + . 1179 10°63 1244 10-25 12:03 1184
Nitrogenous substances,|  27-96 22:18 24-73 38-83 2527 2515
R 1-47 1-05¢+ 1-36 10°51 220 1:26
Starch, . ., . 5636 6213 5876 2665 5938 5985
Mineral matters, . 2-48 311 817 414 319 1-92

t A little oll is often mixed with the Dholl, which increases the fatty matter to 3 or 4 per cent.
£ Not liked by the Hindus, on account of its red blood-like colonr. 4
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addition to meat and Cerealia. Both men and beasts can be nourished on
them alone for some time. Added to rice, they form the staple food of large
populations in India. Mr Cornish mentions that, in the Sepoy corps, the
men are much subject to diarrheea from the too great use of the * dholl”
(Cajanus indicus).

Choice of Pea.—By keeping, peas lose their colour, become very pale
and much shrivelled, and extremely hard. Anything like decomposition, or
existence of insects, is at once detected. The powder does not keep very
long ; the whole peas should be split.

The microscope should be used to detect the Acarus. The characters of the
Pea and Bean Starch are given at page 178.

Coolcing of Peas and Beans—They must be boiled slowly and for a long
time, otherwise they are very indigestible. If old, no amount of boiling
softens them ; in fact, the longer they are boiled the harder they become ;
they should then be soaked in cold water for twenty-four hours, crushed, and
stewed ; in this way even very old peas may be made digestible and palatable.
Chalk-water must be avoided in the case of peas as of other vegetables, as the
lime-salts form insoluble compounds with the legumen.

Lathyrys sativus (Kassaree dholl of India).—Oceasionally in Europe, and
constantly in some parts of India, this vetch has been used when mixed with
wheat or barley flour for bread. "When used in too great quantities, it produces
(without there being necessarily any alteration of the grain?) paraplegia. In
Bengal, near Allahabad, Dr Irving™ found in some villages no less than from
10 to 15 per cent. of the people paralytic from this cause.

From its composition it would not appear to be innutritions. Without
husks, it is composed of-—

Nitrogenous substances, 27-96 | Ash, . ' ; . 248
Fat, . : h . 147 | Water, ] : . 1172
Starches, . : . 56:30

SECTION X,

SUCCULENT VEGETAELES.

Almost all other vegetables are used, not so much on account of nutritive
qualities, as for the supply of salts; some of them, however, contain very
digestible starch and sugar, or other substances, such as pectin or asparagin, or
peculiar oils which act as condiments, as in onions.

Su-SectioN L.—PoraTors (SoraNum TUBEROSUM).

The composition has been already given (p. 142). The salts are noted below.+
It will be observed from these, and from the tables already given, that the

#* Tndian Annals, 1857,
+ Potato.—Percentage amount of ash 1+ to 1°5. Mineral constituents in 100 of ash.

(Way.) (Fromberg.) (Way.)  (Fromberg.)
Potash, ; F . 46°60 5023 Chloride of sodium 343
Soda, et e L1 37 Carbonic acid, (from
Magnesia, . . 870 44 the incineration of 313-30
Lime, DI R 0-83 of organic acids,
Phosphorie acid, . 1330 1010 Oxide of iron, . : 1
Sulphuric  ,, . 466 14-67 Hilicate of alumina, 195
Chloride of potassium, 1176

Th bonate of potash is produced in the incineration from the vegetable salts (citrate,
mﬂ“&fﬂ.mﬂm of por?mhji An analysis of Vogel's gives no less than 21 per cent. of carbonate

of potash, and 34 per cent. of earbonate of soda in 100 of ash.
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amount of potash and phosphoric acid is not so great as in some other sub-
stances ; the true use of the potato is probably to be found in the large
amount of salts (malates? tartrates? citrates) which form carbonates on in-
cineration. The juice of the potato is acid. There is no better antiscorbutic
than potatoes, and its starch is very digestible. The citric acid is combined
with potash, soda, and lime.

As the amount of salts is small, and that of water large, at least 8 to 12
ounces of potatoes should be taken daily if no other vegetables are eaten (=8
ounces at 1 per cent. of salts contain 35 ; at 1-5 per cent. = 52-5 grains.)

Choice.—Potatoes should be of good size, firm, cut with some resistance,
and present no evidence of disease or fungl.

A still better judgment may be formed by taking the specific gravity, and
uging the following tables :—

Potatoes.—The solids can be determined by taking the specific gravity, and
multiplying it by a factor taken from the table below, the result is the per-
centage of solids :— :

gl kel Factor. B Factor.
1061—1068 16 1105—1109 94
1069—1074 18 1110—1114 26
1075—1082 20) 1120—1129 98
1083—1104 22 |  1115—1119 97

If the starch alone is to be determined, deduct 7 from the factor, and
multiply the specific gravity by the number thus obtained, the result is the

percentage of starch.
If the specific gravity of the potato is :—

| Below 1068 The quality is very bad.
Between 1068—1082 5 inferior.
Between 1082—1105 5 rather poor.
Above 1105 % good.
Above 1110 e best.

As, however, the medical officer will seldom have an hydrometer which will
give so high a specific gravity, and must work, therefore, with a common
urinometer, the following plan must be adopted :—Take a sufficient quantity
of water, and dissolve in i § an ounce or an ounce of salt, and take the specific
gravity ; then add another } ounce or ounce, and take again the specific
gravity ; do this for two or three times, so as to get the increase of specific
gravity, for each addition of a known quantity of salt; then add salt enough
to bring up the specific gravity to the desired amount. This is, of course, not
quite accurate, but in the absence of proper instruments it is the only plan I
can devise,

Cooking of Potafoes.—The skins must not be taken off, or a large amount of
salts passes into the water; using salt water is a good plan, as fewer of the salts
then pass out. The boiling must be complete, as the starch-grains are other-
wise undigested, and it must be slow, else the cellulose and albuminates are
hard. Steaming potatoes is by far the best plan ; the heat must be moderate;
the steam penetrates everywhere, and there is no loss of salts.

Preservation of Potatoes—Sugar, in the form of molasses, is the best plan
on a large scale ; a cask is filled with alternate strata of molasses and peeled
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and sliced potatoes. On a small scale, boiling the potatoes for a few minutes
will keep them for some time. Iree exposure to air, turning the potatoes
over and at once removing those that are bad, are useful.®

The preserved potatoes arve sliced, dried, and granulated, and when well
prepared, are extremely useful.

Sus-Section IL.—SweET Porato (Coxvorvunus Batata).

Composition per cent.—

Water, ; 67D to 73 Albumen, . \ 1:5
Starch, ; 13 to 16 Fat, . A A -3
Sugar, 3 6 to 10 Salts, ; ; 2:9
Pectic acid, . 12 Cellulose, . : 25

This vegetable is very rich in sugar and in salts. It may be usefully
employed for soldiers, wherever it can be procured, in lien of potatoes, for
some time,

SuB SegerroNy ITL—Yaum (DioscorEA SATIVA).

Composition—
Water, . : T4 Pectin, : ; 2.8
Albuminates, . 2 Cellulose, . . 2.2
Starch, . ! 16 Tt 1 . 5
Sugar, : ; ‘3 Salts, . : 18

This also is an useful vegetable, though inferior to the potato and batata.
It is largely used for soldiers in the West and East Indies.
SUB-SECTION IV.—OTHER VEGETABLES.

The composition of Carrots and of Cabbage has been already given (p. 142).
Two or three of the more common may be added—

Albumen Starch i
s Woody | Mineral

VO | e, | Bt | | P |subeance
Turnip  (Brassica , : , D :
rapa), . . 005 |11 4:0 ol ¢ 05
Pa:zr;;é;{ﬁwﬂmm 82:04| 1-215| 6:389 | 0:546| 8:022| 1:041
Jerusalem artichoke
Helianthus tube- > | 76:35| 0.9 19 09 1:22 1-61
TOSUS,

Other vegetables contain special ingredients, such as asparagin in asparagus
(a small amount is also contained in potatoes), wax, peetin (CH.O,), which is
a little more oxidized than starch or sugar ; or peculiar oils and savoury or
odoriferous matters.

On account of its volatile oils, the onion tribe is largely used, and is a
capital condiment, and whenever practicable should be used.

* In the Crimean war there was a considernble loss of potatoes sent up to Balaklava, and at
a time when the men were most in need of them. The addition of sugar to the raw potatoes

might have been made.
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Onion contains some citrate of lime (for Dried Vegetables, see page 216).

There are many vegetables which can be employed as antiscorbutics
besides potatoes, omions, and green vegetables. The wild artichoke, the
Agave americana (cactus), are both excellent antiscorbutics, and the latter is
said to be better than lime juice. Sorrel, and in a less degree scurvygrass and
mustard and cress are useful.

In war, almost any kind of vegetables may be used rather than that the
troops should be left without such food. In one of the Caffre wars, an
African corps kept free from scurvy by using a sort of grass (1) in their soup.

The dried vegetables, and especially the dried potato, have considerable
antiscorbutic powers (Armstrong®). The dandelion was largely used in the
French army in the Crimean war. The American Indians put up for winter
quantities of dried plums, buffalo berries, and choke berries, and escape
seurvy (Hamilton's Mil. Surg. p. 212),

If vegetables cannot be procured, citrate, tartrate, and lactate of potash
should be given.

SECTION XI.
MILK.

A cow gives very variable quantities of milk, according to food and race ;
perhaps 20 to 25 pints in twenty-four hours is the average. A goat will give
6 to 8 pints,

SuB-SECTION I.—MILK A8 AN ARTICLE oF DIET.

Milk contains all the four classes of aliment essential to health. Being
intended especially for feeding during growth, the proportions of nitrogenous
substances and fat, as compared to sugar, are large.

Average composition of unskimmed milk. A certain proportion between
the casein, fat, and sugar must exist.

Per cent. Per cent.

Toso " Son6. 103 100
Casein, . 4 5 Salts, ” il ‘D
Fat, ; L L Total solids, 13-3 99
Lactin, . b 3:9 Water, . 86:7 901

The amount of salts varies from ‘5 to ‘8 per cent., but seldom, if ever,
exceeds 1 per cent. This is of importance in the detection of adulteration by
salts. In poor milk, the salts may be as low as -3 per cent.

Milk is very largely used in some countries ; especially in India and Tartary,
where the use of the koumiss, prepared from mare's milk, has been supposed
to prevent phthisis.

Milk varies in quantity and composition according to—1st, the age of cow ;
2d, the number of pregnancies, less milk being given with the first calf
(Hassall) ; 3d, to the age of the calf, being at first largely mixed with
colostrum ; 4#h, to the time of day, being slightly richer in solids in the
morning (Hassall) ; 56k, to the kind of feeding, beet and ecarrot augmenting
the sugar ; 64, and remarkably, according to the race, some cows giving
more fat (as Alderneys), others more casein (as the long-horns). The last
portion of the milk given in milking is richest in cream (Hassall).

* Naval Hygiene, p. 112. 1In the American war, however, the antiscorbutic effects of the
dried vegetables have not been found to be very great.
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and sm the number of C.C. of milk, which added to the 100 C.C. of water,
suffice to obseure the light.
232
F=seid 0-23
If, for example, 3 C.C. of milk, added to the 100 of water, were sufficient
to obscure the light, the percentage of fat 15—

s ﬂTj + 23 ="T-96 per cent.

From this formula, the following table has heen ecalenlated, which enables
us to read off at once the percentage of fat .—

Per cent. Per cent.
i § e ik . e
1 to 100 of waterobscures the light = 23-43 | 14 to 100 of water obscures the light = 1-88
15 2 ” 1546 | 15 » : 1] 178
2 i 5 11'82 | 16 P = 1-68
25 1) 2 9:51 | 17 3 L] 160
3 k] L Tgﬁ 1’3 ] ¥ 1.52
30 5 o 686 |19 y ok 1-45
4 o - 603 | 20 - - 1'39
4'5 » ” 0°38 | 22 5 " 1-28
5 T ™