A manual of practical hygiene / by Edmund A. Parkes ; edited by F.S.B.
Francois de Chaumont.

Contributors

Parkes, Edmund A. 1819-1876.
Chaumont, F. S. B. Francois de 1833-1888.
Royal College of Physicians of Edinburgh

Publication/Creation
London : J. & A. Churchill, 1878.

Persistent URL
https://wellcomecollection.org/works/ag5k2tvf

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/

e e e A ...x.........”..m.\
- e e s v
e
- L
r . a
X
o .
k it
¥ z y b %
s -
Fi
: # o n A -
s - .I - ¥
I 5 F W) F: .
o -~ =
: i [ -
e
e S = - 0 s
R e s > < E.
Wﬂﬂaﬁ&;ﬁ\.&ﬁn e e e :
e S ; : :
e i
o e e i
.“ ”.“..U..w.\.“....“..v.......xxu..”..........\......\..x\........%\... e S : R o =
e e e o o : .
he e = e £ s =
S ok e ...m‘x. = . . 1
G R ; :
s i R o e " =
. . . . :
" e
e -.- s l..k....u...- i '
s S ..........Hw...\\.“.“...”.... - 3
e
: R . .
..“. & .N....................\..\."...“,. e i
1 e e e
o z =
e
IR : :
e -
: : : :
s : 3
oy 7 ..
S e e e
T z 7 :
: : L ...“..Mf."..\.”....m..... r e
e e 5 -
= = ......n.....u.\"...xx."._..x.x..“.w 7 S ?
. s T ’
s . st A - i s
= e e e, . i e = o 5
A i s e R e :
i R s o e SER
- S e s : E .
5 Y A e e i - = =
T e e :
= z = .............\.. S e S :
1 R o LIALA : L =

2T | P -t L e e DT R

ORI R e
Samme

Z
5
:
:

s




































A i =100 A ¥ 5] 1 ¥ -
’ 181 e} T . e . -
. ! L | 8 11 y TR A 3 | 3 VOISl A
L EL - Ty I T5Tn
R -
I ] 1= 1
i I =l O ET 1 71
wr i 4k i Fu | Ba =Tt a4 i
= AL JLLE I 1
. A Lr) TS ¢ ST 1 3 1
Tat o . 1 -
E L1 | 1L RS o e nd 5 o+ -
aby e " 1= 5 =
L] b L o i
- L ¥ I 5 I P
T “hal 3 | = = e :
17 - | i
Al SAT Tr QO A R | A
i LB #
o - R b 1
g e ] a 1
| e A1V T T P
2 | b 1T '
= Ar 1Ty
| Fi | e ]
Ll 8F TLF 1 | 1 i
18 ih e
- E 3 ! - LA RREER N
Hil ) - e
1 L i Lj Y A1:10%] §
i L H LF iy | 1 1 v f
& 1 y a1
| | 1] (AT
(0] e ] i
r . L] |} 1
(11" i 1 L ILLLS rt
[ { - :
th i i F
h ] Lifa) | dodieal
1L ] 10 |
i g N AT




I ] ! f o




























INTRODUCTION. |

Iimmzm is theart of preserving health ; that is, of obtaining the most perfect
aetion 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
bhere were freatises on hygiene, which that great master evidently embodied
in his incomparable works. It was then based on what we should now call
empirical rules—viz., simply on observations of what seemed good or bad for
health. Very early, indeed, the effects of diet and of exercise were carefully
noticed, and were considered the basis of hygiene.* Hippocrates, indeed,
appears to have had a clear conception of the relation hetween the amount of
food taken and of the mechanical energy produced by it; at least, he is
extremely careful in pointing out that there must be an exact balance between
food and exercise, and that disease results from excess either way.

The effects on health of different kinds of air, of water, and to some extent
of soils, were also considered at a very early date ; though naturally the igno-
rance of chemistry prevented any great advance in this direction, Hippocrates
summed up the existing knowledge of his time on the six arficles, which in
after-days received the absurd name of the ¢ Non-naturals.” 1 The six articles,
whose regulation was considered indispensably necessary to the life of man,
m—ai.r, aliment, exercise and rest, sleep and wakefulness, repletion and
evacuation, the passions and affections of the mind.

- With the exception of the attempts of the alchemists, and of the chemical
%siciana, to discover some agent or drug which might inerease or strengthen

e principle of life,] the practice of hygiene remained within the same limits

—

= Herodicus, one of the preceptors of Hippocrates, was the first to introduce medicinal
for the improvement of health and the cure of disense ; thongh gymnastics in train-
ng for war had hEﬂ:ll used long before. Plutarch says of him, that labouring under a decay
:ft.h he knew could not be perfectly cured, he was the first who blended the gymnastic act
a.mmf-]ﬁﬁfh ;lll such a Llil.rlﬂﬂllﬂl' ﬂifll?'mt“tﬂd to old his own life, and the lives ul."] others
LU 1 eame disense. e was censured i i i ;
constitutions.—Mackenzie on. Health, by Plato for keeping alive persous with crazy
th'i-l;rh'm title originated in & sentence of Galen, and was introduced into use by the jargon of
e Peripatetic school. It was employed in all treatises on hygiene for probably nearly 1600

Hﬁ,ﬁ{‘ “Enﬁ when ehemistry was being rudely studied by the alchemists that an entirely different

ih !l:EIB‘IIE arose. The discovery of chemical agents, and the great eflect they produce
& 1 e :'-‘f led to the notion that the conld in some way aid the forces of life, and insure a
pro u.ngenl, it not an eternal youth, a life of ages instead of one of years, 'I’hia belief, the






INTRODUCTION. ;> 4

Ts 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
wo look around us and consider the condition of the world—the abundance
of life, its appalling waste ; the wonderful contrivances of the animal king-
dom, the apparent indifference with which they are trampled under foot ; the
divine gift of mind, its awful perversion and alienations ; and when, espe-
cially, we note the condition of the human race, and consider what it appa-
rently might be, and what it is ; its marvellous endowments and lofty powers ;
its terrible sufferings and abasement ; its capacity for happiness, and its cup
of sorrow ; the heavenly boon of glowing health, and the thonsand diseases
and painful deaths,—he must indeed be gifted with sublime endurance or
undying faith who can still believe that out of this chaos order can come, or
out of this suffering happiness and health.

In the scheme of Providence it may not be meant that man shall be
healthy. Diseases of mind and of hody may be the cross he has to bear; or
it may be the evil against which he has 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, hefore 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 eertainly gaining knowledge, and
that knowledge tells us, in no doubtful terms, that the fate of man is in his
own hands.

It is undoubtedly true that we can, even now, literally choose between
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 civilisation and social customs may gall us, or even our fellow-men may
deny us health, or the knowledge which leads to health. DBut 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.

T]_:m rules would commence with the regulation of the mother’s health while
bearing her child, so that the growth of the new being should be as perfect as
possible.  Then, after birth, the rules (different for each sex at certain times)
wnuldr embrace three epochs ; * of growth (including infancy and youth) ; of
maturity, when for many years the body remains apparently stationary ; of
decajr_, when, without actual disease, though, doubtless, in consequence of some
chemical changes, molecular feebleness and death commence in some part or
other, forerunning general decay and death.

* First expressly noted by Galen.
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There are, however, some cases in which the State cannot eaa?‘_l;,' iutarrf'are,
‘though the individual may be placed under unfavourable hygienic conditions
by the action of others. For example, in many trades, t.ha employed are sub-
jected to danger from the carelessness, or avarice, or ignorance of the em-
ployers. Every year the State is, however, very properly more and more
interposing and shielding the workman against the dangers which an ignorant
or careless master brings on him.

But in other cases the State can hardly interpose with effect; and the
growth of sanitary knowledge, and the pressure of public opinion, alone can
work a cure, as, for example, in the case of the dwellings of our poorer classes.
In many parts of the country the cottages are unfit for human beings ; in
many of our towns, the cupidity of builders runs up houses of the most miser-
‘able structure, for which there is unhappily no lack of applicants ; or masters
oblige their men to work in rooms, or to follow plans which are most detri-
mental to health.

But even in such cases it will, I believe, be always found that self-interest
would really indicate the course which is one of the foremost rules of religion.
viz,, that we should do for our neighbours as for ourselves. Analyse also the
‘effect of such selfishness and carelessness as I have referred to on the nation
at large, and we shall find that the partial gain to the individual is far more
than counterbalanced by the injury to the State, by the discontent, reckless-
ness, and indifference produced in the persons who suffer, and which may
have a disastrous national result. It is but too commonly forgotten that
the whole nation is interested in the proper treatment of every one of its
members, and in its own interest has a right to see that the relations between
individuals are not such as in any way to injure the well-being of the com-
munity at large.

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

This is shown in the strongest light by the army. The State employs a
large number of men, whom it places under its own social and sanitary con-
ditions. It removes from them much of the self-control with regard to
hygienic rules which other men possess, and is therefore bound by every
principle of honest and fair contract to see that these men are in no way
injured by its system. But more than this: it is as much bound by its self

researches and measures develops itself, it will be seen that even great wars and politieal earth-
?I';'lake-& are really nﬂt'lmzlg:m comparison with these silent social chunges. Even now legislation,

ough fragmentary and in some respects contradictory, is beginning to exert a deep influence.
In the last few years several important Acts have been passed, viz.,, the Sanitary Act (Tth
August 1866), and the Amended Sanitary Act (July 1868); the Public Health (Scotland) Act
{August 1867) ; the Act for providing better Dwellings for Artisans and Labourers (July 1868),
and the former Acts on the same subject in 1866 and 1867 : the Sewage Utilisation Act (August
1867). The Public Health Act of 1872 has advanced the subject another stage, and though
some dissatisfaction has been expressed at its mode of working, there seems liltle donbt that
ita ultimate effect will be far deeper and more useful than appears at first sight. Legislation,
and action based on legislation, can only proceed slowly, mnH we must be satisfied if' thera be
a continual advanee, though it may not be so rapid as some desire.*

P Mj'-""-’ recently the Public Health Act of 1875 lins been possed, as well as the Amended Adulieration Act
the Rivers Pollution Act, and otliers






BOOK L.

CHAPTER L
WATER.

Tae supply of wholesome water in sufficient quantity is a fundamental
sanitary necessity, Without it injury to health inevitably arises, either
simply from deficiency of quantity, or more frequently from the presence of
impurities. In all sanitary investigations, the question of the water-supply
is one of the first points of inquiry, and of late years quite unexpected
evidence has béen obtained of the frequency with which diseases are
mtroduced by the agency of water. In such an investigation, if the headings
of the sub-sections of this chapter are followed, and the facts are noted under
each heading in order, it will be hardly possible to overlook any condition
which may have affected health. The order of investigation would be as
follows :—Quantity of water per head; how is it collected ; stored ; distri-
buted ; what is its composition ; is it wholesome water at its source and
throughout, or has it been contaminated at any point of its distribution ; what
are the effects presumed to arise from it1*

SECTION 1.
ON THE QUANTITY AND SUPPLY OF WATER.

Sue-SEctioN I—1. Quantiry oF WATER For Heartay MEx.

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

* drmy Regulations on the subject af Water.—The Regulations for the Medical Department
of Her Majesty's Army frequently refer to the supply of water. In Part IL., Section i., para-
E‘:Ph b (issued as a circular July 1875, pending the complete issue of the Revised Regulations)

Surgeons General and Deputy Surgeons General are directed to ““ascertain that the water-
supply is good and abundant, and perfectly protected from pollution. " Also, “*that the means
of ablution and cleanliness are sufficient and made use of by the men.” In the Sanitary Regula-
tions (army cirenlar, December 1876) Section ii. paragraph 6, the medical officer in charge of
kro0ps is ordered to examine, from time to time,  the quality and amount of drinking-water,"
wd to ascertain that there is *“no soakage from latrines, cesspools, drains, or other sources of
mpurity.” He is also ordered to inspect the lavatories and baths. Tn Sections vi. and vii. the
inme s'?pemsmn over the water-supply of camps and garrisons and transpor tships is

injoined.

rdWhﬁn an army takes the field a Sanitary Officer is appointed, and le examines into all
ianitary points, including the watersupply. ~ (Section viii. paragraph 63.)

u{n the quarterly and annual reports t B water-supply has to be considered, in common with
3 lil!r sanitary conditions, ineluding ** the sources, quality, and quantity of the water-supply,
u; wl‘:e'thur:b 18 wholesome, and what means of purification are in use, if such be necessary,
Also, *‘ Baths and lavatories, their conditions, and if sufficient for cleanliness for troops
ind sick ; whether there are bathing parades and how often a weak.”

A







QUANTITY AND SUPPLY OF WATER. 3

Middlesborough (140 per head). Mr Bateman states that in the manufactur-
ing towns of Lancashire and Yorkshire, the present amount is from 16 to 21
gallons ; in some cases less, according to the table in the Sixth Report of the
Rivers Pollution Commissioners.

At Norwich about 14} gallons daily per head are supplied on the constant
system, of which 105 are taken for domestic purposes, 3 for trade, and -7
gallons for public and sanitary purposes.* In Manchester the supply is also
constant, and is 14 gallons per head for domestic, and T for trade purposes.

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

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

now considered.

Amount for Domestic Purposes, excluding Water-Closets.

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

An adult requires daily about 70 to 100 ounces (3} to 5 pints) of water for
nutrition ; but about 20 to 30 ounces of this are contained in the bread, meat,
&c., of his food, and the remainder is taken in some form of liquid. There
are, however, wide ranges from the average. Women drink rather less than
men ; children drink, of course, absolutely less, but more in proportion to
their bulk than adults. The rules for transport vessels allow 8 pints in, and
6 out of the tropics for cooking and drinking. During hot weather and great
exertion a man will, of course, drink much more,

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

Gallons per
Cook-house, . : : : s e TAT
Ablution rooms and baths, : : - 5 4
Cleaning barracks, : . : ! : 2-25
‘Wash-house and married people, 5 : : 25
975

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

Gallons daily per

Codldng, ., : S ol , e dibd
Fluids as drink (water, tea, coffee), . . ; ‘33
Ablution, including a daily sponge-bath, which ¥
took 21 to 3 gallons, : . } %
Share of utensil and house-washing | : 3
Share of clothes (laundry) washing estimated, 3
12

These results are tolerably accordant with the Dublin experiments, if we
remember that with a large household there is economy of water in washing
utensils and clothes, and that the number of wives and children in a regiment

* Report by Mr Pole,
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is not great. In poor families, who draw water from wells, T have found the
amount to vary from 2 to 4 gallons per head, but then there was certainly not
perfect cleanliness.

Mr Bateman* states that in a group of cottages with 82 inmates, the daily
average amount was 7} gallons per head, and in another group 5 gallons per
head. Dr Letheby found in the poor houses in the city of London the amount
to be 5 gallons.t In experiments in model lodging-houses, Mr Muir states
that 7 gallons daily were used.f Mr Easton, in his own house in London,
found he used about 12 gallons per head, of which about 5 were for closets,
leaving 7 for other uses; but I infer that the laundry washing was
not included. In the convict prison at Portsmouth, where there are water-
closets, and each prisoner has a general bath once a week, the amount is 11
gallons (Wilson).

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

I believe we may safely estimate that for personal and domestic use, without
baths, 12 gallons per head daily should be given as a usual minimum supply ;
and with baths and perfect cleanliness, 16 gallons should be allowed. This
makes no allowance for water-closets or for unavoidable waste. If from want
of supply the amount of water must be limited, 4 gallons daily per head for
adults is probably the least amount which ought to be used, and in this case
there could not be daily washing of the whole body, and there must be in-
sufficient change of under-clothing.

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

Amount for Water-Closets.

The common arrangements with cisterns allow any quantity of water to be
poured down, and many engineers consider that the chief waste of water 8.
owing to water-closets. In some districts, by attention to this point, the con-
sumption has been greatly reduced ; in one case from 30 to 18, and in another
from 20 to 12 gallons per head. It has not yet been precisely determined
what quantity should be allowed . for water-closets. Small cisterns, termed
water-waste preventers, are usually put up in fowns with constant water i
supply, which give only a certain limited amount each time the closet 1s used.
The smallest water-waste preventer holds 4 gallon, but thisis too little. The
hetter kinds hold 1 to 2 gallons; but even 2 gallons are often insufficient to
keep the pan and soil-pipe perfectly clean ; the water-waste preventer must be
gometimes allowed to fill again, and be again emptied. Considering also that
some persons will use the closef twice daily and sometimes oftener, and that
occasionally more water must be used for thoroughly flushing the pan and

* On “ Constant Water Supply,” By Messrs Bateman, Beggs, & Rendle. 1867.

+ Re urL?-Ttt' the East Lumh!r:? ater Bill Committee, 1867, Questions 2346 and 2347.
+ Ibid, p. 6.

-




QUANTITY AND SUPPLY OF WATER. 3

goil-pipe, 6 gallons a-day per head should probably be allowed for elosets. In
this particylar instance a false economy in the use of water is most undesirable.
Water latrines require less ; the amount is not precisely known ; the experi-
ments of the Royal Engineers at Dublin give an uverage of 5 gallons per
head, but it is considered this might be reduced.

In fixing the above quantities, viz, 12 gallons per head for all domestic
purposes except general baths and closets, 4 gallons additional for general
baths, and 6 for water-closets, I shall be considered by some to have fixed the
daily supply too high, while by others I shall be accused of the contrary fault.
I have endeavoured to base it on facts, and do not think I am much in error.
It 1s, however, necessary to make some allowance for unaveidable waste, and
for extra supply to closets, and it will be a moderate estimate to allow 3
gallons daily per head for this purpose. This will make 25 gallons.

There is another reason for believing that an amount of about 25 gallons
per head should pass from every house daily into sewers, if sewers are used.
It is that in most cases this quantity seems necessary to keep the sewers
perfectly clear, though in some cases, no doubt, with a well-arranged and con-
structed sewerage, a less amount may suffice. DBut the complete clearage of
sewers is a matter of such fundamental importance that it is necessary to take
the safest course.

HAimount for Animals.

From experiments conducted in some cavalry stables in 1866, by the Royal
Engineers, the War Office authorities have fixed the daily supply for eavalry
horses at 8 gallons, and for artillery horses at 10 gallons per horse. This is
to include washing horses and carriages. The amount seems rather small.
Of course the amount that horses drink varies as much as in the case of men,
and depends on food, weather, and exertion ; but if a horse is allowed free
access to water at all times, and this should be the case, he will drink on an
average 6 to 10 gallons, and at times more. In the month of October, with
cool weather, I found a horse 16 hands high, doing 8 miles a-day carriage-
work, and fed on corn and hay, drank 7} gallons, Another carriage horse
drank nearly the same amount. In a stable of cavalry horses, doing very
little work, and at a cool time of the year, I found the amount per horse to be
61 gallons. The amount used for washing was 3 gallons daily. In hot and
dirty weather the quantity for both purposes would be larger. For washing
a horse requires at least 1} gallon, and twice this amount if he is washed
twice a-day. There is a saving, however, if grooms wash several horses in
the same water. It is difficult to say how much is used for carriage-washing,
On the whole, including carriage washing, &ec., 16 gallons per horse is not an
excessive amount. A cow or an ox, on dry food, will drink 6 or 8 gallons ;
a sheep or pig, 4 to 1 gallon. In the Abyssinian expedition, the following

;:cil:xd the caleulation for the daily expenditure of water per head on ship-

Elephants, i = i J ;

T e
Oxen (large dranght), . : i : 6 ::
Oxen (small pack animals), k 4 : b
Horses, : 3 . : ; G

Mules and ponie : . 5 4

13

fgﬂ:‘?ﬂﬁlggh‘ﬁ;‘ *irln(l 100 men, 50,000 gallons were put on board for a

5 i 3 - . :
Ahyrulz;j:':n lllniam;.mn was derived from Major Holland, Assistunt Quartermaster-(General,
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Sup-Srerion TL—CoLLECTION, STORAGE, AND DISTRIBUTION OF WATER.

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

1. CorLLECTION.

In many cases collections of water oceur naturally in the depressions of the
surface, or the commingling of small streams forms rivers, The collection by
men consists almost entirely in imitating these natural processes, and in
directing to, and finally arresting at some point, the rain or the streamlets
formed by the rain. The arrangements necessarily differ in each case.
Rain-water is collected from roofs, or occasionally from pavements and flags,
or cemented ground; in hilly countries, with deep ravines, a reservoir is
sometimes formed by carrying a wall across a valley, which is well placed for
receiving the tributary waters of the adjacent hills, or on a flatter surface
trenches may be arranged, leading finally to an excavated tank.

The collection of the surface water which has not penetrated is usually
aimed at, but it has heen proposed by Mr Bailey-Denton* to collect the sub-
goil water by drainage pipes, and thus to accomplish two ohjects—to dry the
land, and to use the water taken out of it. Below the surface the water 1s
collected by wells, shallow, deep, and Artesian, or by boring.

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

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

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

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

Multiply the area by 144 (number of square inches in 1 square foot), to
bring it into square inches, and multiply this by the rainfall. The product
gives the number of cubic inches of rain which fall on the house-top in a yean,
or in any time the rainfall of which is known. This number, if divided by
2T7-274, or multiplied by ‘003607, will give the number of gallons which

* On the Eujppl;.r of Water to Villages and Farms, by Mr Bailey-Denton, C.E.
1

't In the Ashantee Expedition the tube well did not succeed, as it got clogged with sand
(See Sir A. D, Home's Heport, Army Medical Reports, vol. xv. p. 247).
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the roof of the house will receive in a year (viz, in this case 6232 gallons) ;
or, if it is wished to express it in cubic feet, the number of cubic inches must
!E:E gjﬁ‘gded by 1728 (number of cubic inches in a eubie foot), or multiplied by

To caleulate the receiving surface of the roof of a house, we must not take
into account the slope of the roof, but merely ascertain the area of the flag
space actually covered by the roof. The joint areas of the ground-floor rooms
will be something less than the arvea >f the roof, which also covers the thick-
ness of the walls and the eaves.

In most English towns the amount of roof space for each person cannot be
estimated higher than 60 square feet ; and in some poor distriets is much less.
Taking the rainfall in all England at 30 inches, and assuming that all is saved,
and that there is no loss from evaporation, the receiving surface for each person
would give 935 gallons, or 21- gallons a-day. But as few town houses have
any reservoirs, this quantity runs in great part to waste in urban districts.
In the country it is an important source of supply, being stored in cisterns or
water-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 lostin 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.

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

In estimating the annual yield of water from rainfall, and the yield at any
one time, we ought to know the greatest annual rainfall, the least, the average,
the period of the year when it falls, and the length of the rainless season. It
must also be remembered that the amount of rainfall differs very greatly even
in places near together. 3

Springs, Rivers.—1t will often be a matter of great importance to determine

the yield of springs and small rivers, as a body of men may have to be placed
for some time in a particular spot, and no engineering opinion, perhaps, can
he obtained.
" A spring is measured most easily, by receiving the water into a vessel of
known capacity, and timing the rate of filling. The spring should be opened
up if necessary, and the vessel should be of large size. The vessel may be
measured either by filling it first by means of a known (pint or gallon)
measure, or by gauging it. If it be round or square, its e._npnclt:,r can be at
once known by measuring it, and using the rules laid down in the chapter for
measuring the eubic amount of air in rooms. The capacity _uf 15-]]13 vessel in
enbic feet may be brought into gallons if desirable, by _multlplymg by 6-23.
If a tub or cask only be procurable, and if there is no pint or gallon measure
at hand, the following rule may be useful :— ¢

Take the bung diameter in inches, by measuring the circumference at the
bung, dividing by 3-1416, and making an allowance for the thickness of the
staves; square the bung diameter, and multiply by 39. Tuke the head
diameter by direct measurement, and square it, and multiply by 25. Multiply

4840 square yards == 1 square acre. Lineal feet x  -00019 = miles.

%-Ii] s:;mm:’ m]'::lﬂ -] lfaﬁmgrn llnila. o, 81
0 s . X
Jl:- Tznﬂnrsgrm?hiu?::ﬂmuintg gnllﬁ: multiply by 40 and divide by 11,091, or multiply at

once by 003607,

*  Ogquare feet = 1 square yard. | Square yards x 0002067 = acres.
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one diameter by the other, and the product by 26. Add the sums,
and multiply by the length of the cask ; then multiply by -000031473, and
the result is given in gallons,* .

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

1. A wooden trough of a certain length, in which the depth of water and
the time which a float takes to pass from one end to the other 18 measured.

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

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

The same object may, however, be attained with sufficient accuracy
for the purposes of the medical officer by selecting a portion of the stream
where the channel is pretty uniform, for the length of, say not less than
12 or 15 yards, and in the course of which there are no eddies. Take
the breadth and the average depth in three or four places, to obtain the
sectional area. Then, dropping ina chip of wood, or other light objeet, 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 four-fifths of
the surface velocity (being nearly the proportion of mean to surface velocity),
and multiply by the sectional area. The result will be the yield of the
stream per second.

It may sometimes be worth while, if labour be at hand, to remove some of
the irregularities of the chanmel, 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 ; but, in other cases, pumping by hand or horse labour may be

* Nesbit's Practical Mensuration, 1859, p. 809. Another rule, applicable to commen forms
ﬁﬁl}_ﬂka is to multiply the eube of the dingonal by 000225 ; th&jcu]rI; of the diagonal iz got by
thi ing the uare aof ]_f the sum of th._e diameters to the square of half the length ;—then

Ef:]umimn tiplied by its square root gives the cube of the diagonal. This and many other
:I%a- nﬁan,w]ﬂm“ can be very conveniently done by means of the common, or carpenter’s,

Ihscharge of water through o sluice.—Multiply breadth i ight ; thi
St Hﬂ:i:ran b s'luica,w ply of opening by the height ; this
ge=aren, multiplied by five times the square roof of head of water in feet.—The
is::idmrlz;'n;nntﬁr iatti}:e -lillfem;ca cil-‘ level I:]:nf t;:a water above and h-u{ﬂw the {lnm, if Lhﬁf sluice ha

ely under the lower level ; or the height of the u ] f
apening, if the sluice be above the lower ieveﬁ. . e
harge of waler over a weir 1 foot in length.—If the weir is more or less than a foot,

*
'It" = " ] u .
?}lﬁe:}ﬁ]ﬁl’i ?ﬂgﬁr in the tuble opposite the given depth by the length of the weir in feet,

Depth falling Discha T
over, inches, mlnrﬁg.m E:E: hi:i:::;:,s D"ﬁﬂﬁfﬂ.m
: . 170 cubic feet. E 19-70 cubic feet.
¥ . 3 3 28062
1& = : EFE.]. ay b3 p ¥¥ Ay
2 1348 . o T vy i

Thus, if the weir mensure 1 foot, and the depth of water falling over : Mo
: o over be 2 inches, th
18 read at once, viz., 1365 cubic ’]'eat«, or B-].'{Ilpgnnmm per minute. ncliss, the delivery
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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.

Permanence of Supply.—It is obvious that the permanence of the supply

of a spring or small stream may often be of the greatest moment in the case |

of an encampment, or in the establishment of a permanent station.
In the first place, evidence should, when available, be obtained. If no

evidence 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 carbonie 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
permeable rocks form a vast reservoir. In the granitic and trap districts,

small streams are liable to great variations, unless fed from lakes ; springs are
more permanent when they exist, being perhaps fed from large collections or =

lochs.
9. STORAGE.

The amount of storage required will depend on circumstances, viz., the =
amount used, and the ease of replenishing. It is, of course, easy to calculate -

the space required when these conditions are known, in this way :—The
number of gallons required daily for the whole population must be divided by
623 to bring into cubic feet, and multiplied by the number of days which
the storage must last; the product is the necessary size of the reservoir in
cubic feet.

Many waters, particularly rain water, must be filtered through sand before
they pass into small cisterns, and the filter should be cleaned every thm‘e. or
four months, Fig. 1. is a single filter recommended by the Barrack Com-
mission, *

A double filter can be made by having a second chamber.

Whatever be the size of the reservoir, it should be kept carefully clean,
and no possible source of contamination should be permitted. In the large
reservoirs for town supply, the water is sometimes rendered impure by floods
washing surface refuse into them, or by substances hemg thrown in. _In fact,
in some cases, water pure at its source becomes impure in the reservoirs.

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

As far as possible, all reservoirs, tanks, &c., should be covered in and
ventilated ; in form they should be deep rather than extended, so as to lessag
evaporation, and secure coolness. Though they should be periodically an
carefully cleaned, it would appear that it is not always wise tu}:r disturb wath:r
plants which may be growing in them ; some plants, as the Protococcus, dt. e
Chara, and others, give out a very large amount of oxygen, and thus oxidise

* Report on the Mediterrancan Stations, 1863,
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‘fand render innocuous the organie matter which may be dissolved in the water
Hor volatilised from the surface* Dr Chevers mentions that the water of
Hsome tanks which were ordered to be cleared of water plants by Sir Charles
¥ Napier, deteriorated in quality. Other plants, however, as some species of
‘Jduckweed (Lemna at home, Pistia in the tropics), are said to contain an acrid
matter which they give off to the water. It would be well to remove some
‘Bof the plant, place it in pure water in a glass vessel, and try by experiment
Level of Ground

Fig. 1.

whether the amount of organic matter in the water is increased, or whether
any taste is given to the water. Dead vegetable matter should never find its
way into, or at any rate remain in, the reservoir. ;

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

‘When tanks are large they are made of earth, stones, or masonry ; if mortar
be used, it should, as in the case of the smaller reservoirs, be hydraulie, o
that it may not be acted on by the water.

The materials of small reservoirs and cisterns are stone, cement, brick, slate,
tiles, lead, zine, and iron. Of these slate is the best, but it is rather liable to

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
eisterns, as in the case of leaden pipes, may yield lead to water, and should be
used as little as possible, or should be protected. TLead cisterns are often
corroded by mud or mortar, even when no lead is dissolved in the water.
Iron cisterns and pipes are often rapidly eaten away ; they are now sometimes
protected by being covered inside with Portland cement or with a vitreous
glaze. Crease’s patent cement is a very useful covering. Perhaps Barff’s
process of producing the magnetic oxide on the surface of iron may
be utilised. Iron tanks are now very much used. They must be covered, and
in India be protected from the sun. Zinc has been said to be a good
material ; water acts a little upon it, but generally the compounds formed
(hydrated oxide, zine ulmatet) are almost insoluble, N evertheless, it is said

* Clemens in Archiv, fiir Physiol. Heilk. 1853,
+ Fonssagrives, Ann, d'Hyg. Jan. 1864. p. 557.
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that water passing through zine pipes, or kept in zine pails, may produce
symptoms of metallic poisoning. *

Cisterns should always be well covered, and protected as much as possible
from both heat and light. Care should always be taken that there is no
chance of leakage of pipes into them. A common souree 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 ; o
prevent this, the overflow pipeis curved so as to retain a little water and form
a trap, but the water often evaporates, or the gases force their way through it ;
no overflow pipe should therefore open into a sewer, but should end above
ground over a trapped grating.t A cistern supplying a water-closet ghould not
be used to supply cooking and drinking water, as the pipes leading to the
closet often conduct closet air to the cistern. Hence, a small cistern (water
waste preventer) should be used for each closet. Cisterns should be periodi-
cally and ecarefully inspected ; and in every new building, if they are placed
at the top of the house, convenient means of access should be provided.

Tanks to hold rain-water require constant inspection.

‘Wells (which are really reservoirs) are very liable to eontamination from
surface washings during rains. A good coping will often prevent this; but if
there is much subsoil soaking, lining with iron to a certain depth, or covering
with brickwork set in cement for a sufficient depth, to arrest the flow, may be
desirable.

3. DisTRIBUTION.

When houses are removed from sources of water the supply should be by
aqueducts and pipes, The distribution by hand is rude and objectionable, for
it is impossble to supply the proper quantity, and the risks of contamination
are increased. Some of the most extraordinary of the Roman works in both
the Eastern and Western Empires were undertaken for the supply of water—
works whose ruins excite the astonishment and should rouse the emulation of
modern nations.

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

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

* My friend, Dr Orsborn, of Bitterne, has seen several cases of this kind. [In some cases,
at least, water left in the so-called galvanized vessels for any length of time,—a good many
days,—tastes strongly of zinc salts, —F. de Gé] o .

¥ For an instance of Typhoid fever produced by this cause, see Lectures on State Medicine,
by F. de Chaumont, p. 76, 77. .

+ Much valuable evidence on the constant supply may be found in the Report of the House
of Commons Committea on the East London Water Bills, 1867. It is curious to see how diffi-
enlt the definition of a constant supply was found to he. The difference of opinion hetween
engineers on the desirahility of a constant supply is shown to be considerable. The statements

in the text are drawn from a collation of this evidence, and from a consideration of Mr bate-
man's pamphlet, and many other works.
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The great arguments against storage on the premises (except on a limited
seale for closets and boilers) are the chances of contamination in cisterns, and
the very imperfect means of storage. In poor houses wooden casks or barrels
are often used, and may be placed in the worst situations. The arguments
against the storage system are certainly directed in part against removable
failures. If every house had a good cistern in a proper place, i.e., secured
from contamination, and capable of easy inspection and cleansing ; if, in fact,
the details of the system were good, it might be argued that storage on the
premises would be the best plan, as giving without fail, and at all times of
day and night, a sufficient supply of water, not merely for common use, but
for emergencies. It must, however, be admitted that, especially in poor
houses, the inspection and cleansing even of a well-placed cistern will never
be properly done, and that with all precautions the chances of contamination
of the water during storage are very great. As regards this point, the constant
system has a very great superiority, for there is no chanee of contamination
except in the reservoir or in the pipes. So great an advantage is this in a
sanitary point of view, that almost all those who have paid most attention to
sanitary affairs have advocated the constant system. It is, however, quite
necessary that it should be understood what the constant system sometimes is
in practice. When there is an abundance of water, as at Glasgow, the
stoppages of water may be few, but when water has to be economised, the
water is from time to time shut off from the house pipes, and then no water
may be procurable for hours. This, however, is avoided as much as possible
in the day time, so that the inconvenience is reduced to a minimum. Insome
cases, again, in order to economise water, a throttle or ferule is introduced into
the communication or house pipe,* lessening the diameter to #th or even to

th of an inch, or smaller, so that if the head of pressure be small the water

ows very slowly, and sometimes merely dribbles. In other cases, a meter is
put on a pipe communicating with several houses ; and the owner of the honses
is charged for the water, and this leads him to enforce a very sparing use of
it. In all these ways the constant system may tell against the CONSIIMET ;
while, on the other hand, great waste, leaking fittings, and fraudulent abstrac-
tion of water (fo avoid which there are several ingenious contrivances) tell
against the company, and lead to a depreciation of their property. Another
Injury is also sometimes inflicted on the company, for their fittings are stolen,
and besides the loss, an enormous waste of water may be caused, and not be
daiie:ted for some time,

In spite of all these difficulties, the system of constant supply. in some
ghape or other, has been carried out inahmﬁlrl? 150 towns inEngluE*El :Ti' and the
Metropolis Water Act of 1871 has now ordered constant supply for London,
1f demanded by the rate-payers, and if proper fittings are provided.

In providing a constant supply, certain precautions are necessary. The
ﬁth:tags must be as perfect as possible. In some cases, when the system has
been changed from the intermittent to the constant system, as in Chester, the
Wwaste of water has been so great that the old plan has heen recurred to.
ﬂﬂmmﬂﬂr taps do not answer, and the best screw taps and fittings must be
used.{ To prevent theft, it has been proposed to make the removal of fittings

* The terms used to describe the pi di i i i

] ] pes diffur a little apparently ; the mains and district or
:::::ll'[nm-ni Inm the large pipes, whicﬁ are always full of water, the latter being of eourse the
ok ﬂ";m |fa service-pipe 1s another term for a district main. The communication-pipe is that
o rom the service-pipe to the house, and in the house it takes the name of house.

pe.

't Mr Beggs’ Pamphlet, op. cit 20 .
. cit. page 20,

+ A bad ball-cock has been known to drop 12 gallons a-day. 1
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a specific offence, punished summarily by imprisonment, and to place the .
sale of such property under the same restrictions as in the case of Crown
pmpart:!r.

One important sanitary advantage of the constant system is that, in order
to facilitate inspection and detection of waste, no waste pipe is allowed to open
into a sewer, but it is always so placed that any escape of water can be easily
seen (the so-called warning pipe). The great evil of sewer gases being con-
ducted back into houses through overflow pipes is thus avoided. Careful =
inspection and good fittings so far lessen the waste of the constant system,
that in some cases less water is used than under the intermittent plan.* !

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

If the constant systen is used, a good screw stop-cock, available to the
tenant, should be placed at the point of the entrance of the pipe into the
house, so that the water may be turned off if pipes burst, or to allow the pipes
to be empty, as during frost. Every precaution must be taken that impure
water is not drawn into the pipes by a pipe being emptied and sucking up
water from a distance.t

For the supply of a very large city, it might be desirable to divide the city
into sections, and to establish a reservoir for each district, holding three or
four days' supply. In this way the waste of one section would not take away
the water from another. In some instances, people in one part of a town
supplied with the constant system, have used so much water for gardens that
other parts have been altogether deprived of supply. The system of secondary
reservoirs would mot only lessen this chance, but would make it possible to
ascertain that every part of the town was getting its supply. The number of

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

+ The Board of Trade issued a Minute in 1872 laying down ations and defining the
kind of fittings and arrangements for London ; the following are the principal points : lead
pipes to be of certain strength (if internal diameter is § in., 3 in., § in., § in., 1 in, 1} in, =
the respective weights per lineal yard are to be 5 1b., 6 lb., 74 1b., 9 lb., 12 1b., 16 1b.).
Every pipe in contact with the und to be of lead ; each house to have a communication pipe,
but an}]y one, unless an owner has it for a block of houses : connection of every communication

ipe to be by a brass screwed ferule or stop-cock with a clear area of water wa equal to §
inch, every joint to be a plumbing” or ”wi'ﬂ:" joint. No pipe to pass through an ash-pit,
manure heap, drain, unless it eannot he avol d, and then the [;lpu is to belaid in an exterior
east-iron pipe or jacket ; each pipe in the ground to be 30 inches below surface ; each com-
munication pipe to have near the entrance into the house a screwdown stop-valve ; if in the

und such valve to be protected by proper cover and guard box ; every cistern to be water-
tight, to have a 1 #¢ ball-tap ;" no waste-pipe excepta * warning pipe,” and such warning
pipe to be 80 P aced ns to be easily inspected. No cistern buried in ground to be used ;
wooden cisterns to have metallic linings ; every water-closet, nrinal, or boiler shall be gerved ouly
from a cistern, and ghall not be in ﬁ?rect communication with the water-pipes ; closets npﬂ
urinals to have water-waste preventers; every “ down pipe” into a wntar-r.lnse_ttu have an in-
ternal diameter of not less than 1} inch, and to weigh not less than 9 1b, per lineal yard. No
bath to have an overflow pipe e:mﬁt of the * warning” kind ; the outlet must be distinct
{rom the inlet, and the inlet s iall be l’ighur than the highcst_stumi of the water. Lead warning
pipes, of which the ends are ope, and which caunnot remain charged with water, may have
the following minimum weight ; & inch diameter to have a weight 8 lbs. per yard ; }m., Glba. 5

1 in., 7 1bs.
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water companies in London has in fact somewhat this effect, but the subdivi-
sion is not carried far enough.

To sum up the comparative sanitary advantages of the two systems, I
believe it may be said that either would answer if perfectly l:!‘lrl‘li.:}d out ; but
that the constant system is safer, especially for poor houses, as it leaves no
loop-hole for inattention in the cleansing of cisterns. ~ Only, it requires that the
constant system should really fulfil the conditions laid down for it, viz., it
should deliver sufficient water and at all times, and not merely delude us with
a phrase. _

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

Bituminigsed paper pipes were sometime since brought into the market,
but they have not succeeded ; after a time they become soft. Pipes of
artificial 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.

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
versus cleanliness and health, and the latter too often give way. Means must
also be devised for the speedy removal of dirty water from houses for the
same reasons. In fact, houses let out in lodgings should be looked upon, not
as single houses, but as a collection of dwellings, as they really are.

ACTION OF WATER ON LEAD PIPES,

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 :—

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

2. The waters which act least on lead are those containing carbonic acid,§
calcium carbonate, calcium phosphate (which has been found by Frankland to

ifea'-:lm‘adlmh attributes the greatest influence to ammonium nitrite formed from organic matter :

ad nitrite is rapidly formed, and earbonate is then produced ; the nitrous acid being set free
to act on another portion of lend. The ammonium nitrite exists in most distilled water,

t Pattison Muir attributes very powerful action to nitrates, but says that it is modified or
en;n nrreawlijly the presence of carbonates, sulphates, and ehiuridos.

+ Pattigon Muir found that a solution of sulphate or chloride of ammonium of 0:04 per
cent., took up 2-2 grains per allon after uﬂamura to lead for 505 hours.

& In a late paper, M. Langlois (Ree, de Mém, de Med. Mill, 1865, p. 412) attributes a great
action on lead to the carbonic acid, but states that the carhonate of lime entirely pmtmta%oa.d
especially, as T understand him, by rendering the earbonic acid inactive, ¢
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ordinary tinned lead piping both gave up lead to the pure water now used at
Manchester. . e el _

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

(¢) Fusible metal, viz, lead, bismuth, and tin. This is certainly
objectionable. ST

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

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

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

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

(k) Varnish of coal tar.t

BUBSTITUTES FOR LEAD FIFES.

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

SECTION II.
QUALITY OF DRINKING WATER.

Sus-Srorron I.—ComrosiTION,

The composition of water is of importance for several economic purposes ;
for certain trades which require careful processes of washing and dyeing ; for
the supply of engines, &c. But these subjects are too technical to Lo dis.
cussed here, and I have restricted this chapter to the quality of water as used
or drinking purposes, The only domestic matter of importance connected
with quality, apart from drinking and cooking, is the relative amount of soap
Used by hard and soft water in washing. But this is so obvious a matter that
1t only requires to be alluded to.

* The composite Pipes of this kind made by Messts Walker, Parker, & Co. are said to with-
1 nd any BMQ‘E!nt of torsion. On the ﬂ-lltlli)rllif of Professor Reynolds (Manual of Health for
reland) it is said, that lead alloyed with 3 per sent. of tin is not acted upon by water; pipes of
this kind ap ear to be used in Dublin and in Glasgow,
T Lander Lindsay, Action of Hard Water on Lead, p. 21.
5 Iron pipes coafed inside with Angus Bmith's bituminons varnish are a good deal used,
hrﬂlm‘lmﬁnh made at Netley these were found to yield a distinct taste of tar to the wator
& considerable time ; after o time however, this action censed. Probably Baril's process of
producing a surface of magnetic oxide on fron will come into nze.

& I have seen block tin pipes eaten throu x 1w
of the presence of I:ul_,mu:“1. I[F. De, C.] gh by water at Woolston, apparent }.m consequence

I







QUALITY OF DRINKING WATER. 19

West Indian Islands) from the use of rain instead of spring or well water,
which is often largely impregnated with earthy salts. In all places where the
spring or well water is thus bad, as in the neutral ground 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.

Iee and Snow Water.—In freezing, water becomes much purer, losing a

large portion, sometimes the whole, of its saline contents. Even caleium
carhonate and sulphate are thus got rid of. The airis at the same time
expelled. TIce water is thus tolerably pure, but heavy and mnon-aerated.
Snow water contains the salts of rain water with the exception of rather less
ammonia. The amounts of carbonic acid and air are very small.
. There has long been an opinion that snow water is unwholesome, but this
is based on no relisble 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 eonjectured that the spread of
cholera in the Russian winter in 1832, was owing fo the use of such snow
water contaminated by exeretions.

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

Spring, Well, and Eiver 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 ecircumstances
impeding or favouring evaporation, such as temperature, movement of air, &e.
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
carbonic acid from the air in the interstices of the soil, which is much richer
(250 times) in CO, than the air above. It then passes more or less deeply
into the earth, and dissolves everything it meets with which can be taken up
in the time, at the temperature, and by the aid of carbonic acid, In some
sandy soils there is a deficiency of CO,, and then the water is also wanting in
this gas, and is not fresh and sparkling.

The chemical changes and decompositions which occur in the soil by the
action of carbonic acid, and which are probably influenced by diffusion, and
perhaps pressure, as well as by temperature, are extremely curious,* but can-
1ot be entered upon here. The most common and simple are the solution of
calcium carbonate, and the decomposition of ealeium and sodium silicate by
ﬁar.btc:mc acid, frﬂcr alkaline carbonates, Salts of ammonia also, when they
exist, appear from Dietrich's observations i 1 i
e to have a considerable dissolving
ahiFer'l from a variety of sources, river water is even more complex in its con-

iitution than spring water; it is also more influenced hy the season, and b
circumstances connected with 1 T

: : season, such as the melting of snow or ice,
rams and floods, dc. The water taken on opposite sides of the same river
has been found to differ slightly in composition.

The general result of solution and decomposition is that the water of springs

—

* These are given in detail by G. Bischof, ‘0 i " ¢
Society's edit.), 1854, vol. i el 1emical and Physieal Geology (Cavendish
mldllif:t.r}' of Gﬂﬂlﬂg;’,rgr Ij'l'pi"fft]t: aag 3 and in ll".‘l.rnuﬂ Dictionary of C]Jﬁll!lﬂtl‘jl’ . J!Lﬂ.ll:iu,
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and rivers often contains a great number of constituents—some in very small,
others in great amount. Some waters are so highly charged as to be termed
mineral waters, and to be unfit for drinking, except as medicines. The
impurities of water are not so much influenced by the depth of the spring as
by the strata it passes through. The water of a surface spring, or of the
deepest Artesian well, may be pure or impure. The temperature of the water
also varies, and is chiefly regulated by the depth. The temperature of
shallow springs alters with the season ; that of deeper springs is often that of
the yearly mean. In very deep springs, or in some Artesian wells, the
temperature of the water is high.

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

The mode of combination of these substances is yeb 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 caleulates the combination as follows. The
chlorine is combined with sodium ; if there is an excess, it is combined with
potassium or calcium ; if there is an excess of soda, it is combined with
sulphuric acid, or if still in excess, with carbonic acid. Time is combined
with excess of chlorine, or sulphuric acid, or if there be no sulphurie acid, or
an excess of lime, with carbonic acid. Magnesia is combined with carbonic
acid. So that the most usual combinations are sodium chloride, sodium sul-
phate, sodium carbonate, calcium carbonate (held in solution by carbonic acid),
calcium sulphate, caleium chloride and silicate, and magnesium carbonate ;
but the results of the analysis may render other combinations necessary.

Distilled Water.—Distillation is now very largely used ab sea, and affords
an easy way of getting good water from sea or brackish water. Almost any
form of apparatus will suffice, if fuel can be procured, to obtain enough water
to support life; and if even the simplest appliances are not attainable, the
mere suspension of clean woollen clothing over boiling water will enable a
large quantity to be collected. At sea, salt water is sometimes mixed with 1§
from the priming of the hoilers, and oceasionally from decomposition of
magnesium chloride (probably), a little free hydrochloric acid passes off.
This can, if necessary, be neutralised by sodium carbonate.

As distilled water is nearly free from air, and is therefore unpalatable to
gome persons, and is supposed indigestible,t it may be acrated by allowing 1t
to run through a cask, the bottom of which is pierced with fine holes, so as to
expose the water to the air. Plans for aerating the water distilled from sea
water have been proposed by Normandy and others, and are used in many
steamers. Organic matter, at first offensive to taste and smell in distilled
water, can be got rid of by passing through a charcoal filter, or by keeping
three or four days. s

Care should be taken that no lead finds its way into the distilled water.

* Fresenins, Quantitative Analysis, 8rd edit. p. 481
+ By some even dangerous (Gérardin).

1
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Many cases of lead poisoning have occurred on board ships, partly from the
use of miniwm in the apparatus, and partly from the use of zine pipes contain-
ing lead in their composition.

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

This depends on many circumstances. Spring water is both pure and
impure in different cases; and the mere fact of its being a spring is not, as
sometimes imagined, a test of goodness. Frequently, indeed, river water is
purer than spring water, especially from the deposit of calcium carbonate ;
organic matter is, however, generally in greater quantity, as so much more
vegetable matter and animal exereta 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 Quse, at York; the water of this
river is derived chiefly from the millstone grit which feeds the Swale, the Utre,
and the Nid, tributaries of the Ouse; the water contains only 9 grains per
gallon of salts of caleium, magnesium, sodium, and a little iron. The wells
in the neighbourhood pass down into the soft red sandstone (Yoredale series)
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 caleium chloride and caleinm, sodium, and magnesium
nitrates.  Shallow well water is always to be viewed with suspicion ; it is the
natural point to which the drainage of a good deal of surrounding land tends,
and heavy rains will often wash many substances into it.* The following table
is given by the Rivers Pollution Commissioners (Sixth Report, p. 129):—

1. Spring-water, . :
Whu]esume{ 2. Dgaz];%ve]l—wte-r, : }vﬂ? palatable.
3. Upland surface water
B s ne {4. Stored rain-water, .}mﬁdmﬁlﬁ' patsiable.
P a. %urface water from cultivated land, . :

6. River water, to which sewage gains access, table.
e {?. Chillost woll wath, . o }Pﬂh

SuB-SEcTI0N II.—CHARACTERS AND CLASSIFICATION OF Drivgixe WATERS.

The general characters of good water are. easily enumerated. Perfect clear
ness ; freedom from odour or taste ; coolness ; good aeration ; and a certain
degree of softness, so that cooking operations, and especially of vegetables,
can be properly performed, are obvious properties.  But when we attempt a
more complete description, and assign the amounts of the dissolved matters
whic]:E it is desirable should not he exceeded, we find considerable differenice
of opinion, and also a real want of evidence on which to base a satisfactory
Judgment. At the Sanitary Congress held at Brussels in 1853, it was decided
that the total solids ought not to exceed 0+5 grammes per litre (=35 grains per
gallon), and the same amount had been previously laid down in the * Annuaire
des Eaux de la France pour 1851 ” (p. 14) ; but this statement is really of little
use, since this quantity of some salts would be hurtful, of others harmless,

Still, an hygienie classification or enumeration of potable waters, based on

asare generally admitted, will be useful. T have divided all kinds
of waters used for drinking into four classes :—

1. Pure and wholesome water.
2. Usable

3. Suspicious "
4. Impure "

* Dr Cameron (Dublin Journal of Medical Science) cites & case wh : ter
were obtained from different levels in the same well, oy SN R R it
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WATER,

And the following deseription will define these terms :—

HYGIENIC CLASRIFICATION OF DRINKING WATERS.

1. Pure and
Character or 2. Usable 3. Susplcious 4, Tm
Constituent. WI‘:;:I[;:!:IDﬂ Water. Water. WItE:f‘ Remarks.

Clearness, lus- | Transpavent, Tmnﬂ-}i:ﬂ Turbid. Turbid and not | Turbidity, due to ve
tre, and sira-| sparkling, and| sparkling, and euglly puritied | fine mineral matter,
tion, . | well aErated, well afirated. by coarse fil- | somebimes associae

tration, with pure waters: thu-.,
minutely divided e
cium sulphate will not
subside in di I
WaLET,
Suspended mat- | None detectable Absent or easily | Considerable. | Large.
T L by ithe e, geparable by
coarse  filtra-
tion or sob-
sidence.

Colour, . . | Colourless. Colourless  or | Yellowish, Diatinetly yel-| Where the impurity is
slightly green- low or any| mostly vegetable, the
ish. murked eolour,| colonr may be very

‘TABLE, & Pulatable. Palatable, Any marked | Any  marked | marked in good, or

tuste, least nsable water.

Smell, None. None. None. Any  marked

odour.

Solids (dlssolv- | Under 8 grs. per | Under 80 grs Ahove 80 pre|Above 60 grs.|In chalk waters of the
edy: Total, . | gal (=114| per gol. (=428 per gal. (=428 per gal (=714 | 1stclass the solids m

partspermil). | parts permil.). | parts per mil.). partsper mil.). | reach 14 grains pe

Solids, volatile | Under 1 gr. per | Under 3 grs. per| 3 to & grs. per Above 5 grs. per | gallon (=200 parts per
{capable of | gal (=14 parts| gal (=43parts| gal (=43 to7l gal. (=Tlparts| million), the greate
being  dissi- ermil). per mil). parts per mil.). r mil.). part being calcium car=
ated by red | Solids on incine- | Solids may blac- | Much  blacken- uch blacken-| bonate.
eat) . . . | ration should| ken a little, but| ing on inci- ingandnitrous| In peat waters the in-

searcely blac-| nofumesshonld | neration pr| fumes given| cinerated solids m
[ be given off. nitrous fumes | off, or smell of | blacken conaiderably.
given off. burnt horn.

Chlorine, . Under 1 gr. per | Under 8 pra. per | Above 3 grs. per Above 6 grs. per | Water, slightly contam
gal. (=14 parts| gal. (=43 purts gal (=4dparts | gal (=86 parts nated with sea-wates
per mil.). per mil.). prer bl ) peer mil). may have a higher

amount of chlorine and’

still be nsallo.
Theseare generally indi

cations of previoos ani

Nitrites, . . | Absent, Absent, Present. Marked, mal contamination, bu

Nitrates, . Absent or very | Present. Marked, Large. they may occasionally
faint trace. come from vegetable

matter,

Oxygen required | Under 007 grs. | Under 07105 grs, | Above 0-105 gra. Above 004 grs.|The amonnt may
for oxidisable| per gal. {=1| per gal. (=13] per gal, (=1:5| per gal. (=20| greater in good P
organic mat-| partpermil). | partspermil). parts per mil.). | partspermil).| waters.
ter,determingd
by permanga-
nate in  pre-
sence of acld, ]

Ammonin: free |Under 00014 gra. |Under 000035 grs. Above 0-0085 grs, | Above 040070 grs. | Frankland s standard for
or saline, . .| pergal.(=0902| pergal (=0056| per gal. (=005 pergal. (=010 | good water is: 2 to

parts per mil}. | parts permil). parts per mil.). parts permil.). parts per milllon of o7

Ammonia: albu- |Under (0058 grs. |Under 000070 grs. | Above (F0070 grs. Above (0105 gvs. | ganiccarbon ; 0°2 part
minold or or-| pergal.(=008| pergul (=010 pergal (=0"10( per gal (=015| per million of oiganit
ganle, . . .| partspermil). | partspermil). | parts per mil).| partspermil).| nitrogen. He  mlsd

Harndness, fixed, | 2° Clavk'sscale, | Under 4° Clark’s Above4* Clark's | Above 6° Clark's | gauges it by the * pre
scile, scale, scale. vious sewage COntam

Metallie  eon- | None. Troce of lron. | Trace of iron. | Any metal ex-| ination," as measured
tamination, . cept lron. by the nitrogen exis

Hydrogen  or | Absent, Absent Absent, Fresent, ing as nitrates—aboul
alkaline  sul- 1 part per million bed
phides, . . the limit of inorganie

H!ummplﬂchn.- Mineral mat-|Sameas No,1. |Vegetable and | Bacteria of any nitrogen in* reasonabl)
racters, . . | ter: mgullbln animal forms| kind: Fungi;| safe” waters.

forms with more or less| nUMEeTONS vego-
endochrome; le and co-| table and ani- HB.—Frmklmd'an m
large animal ourless: orga-| mal forms of | bers are stated ]
folme; no or- nic debris; | low types; Epi- 100,000, ingtead of
ganic debris fitves of cloth-| thelia or other | million,
Ing, or other| animal etrnc-| Pollution :
ovidence  of | tures;evidences| sloncrs’ Sixth Report,
hounse refuse. | of sewage; ova | page 13 and seg.).
of parasites, &c.

N.B.—" Parts per mil."

mean " Parts per milllon,” equal to imilligrammes per litre.™
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- Tt must, of course, be understood that it is not necessary that all the above
characters should be present in one water to place it in a particular class ; nor
would it be right to condemn a water for one character alone. Thus, although
any marked deviation from the above conditions might be suflicient to remove a
water from class 1, it would scarcely be fair to degrade a water further on
account of its mineral characters only. On the other hand, a marked excess
of albuminoid ammonia and of oxygen required for organic matter would be
fair cause for condemning a water, even if its other characters were good. As
it is impossible to lay down rigid rules, something must be left to the discre-
tion and judgment of the observer.

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

The waters of the fourth class should be entirely disused, or only be used
| when a better souree is not procurable, and means of purification (see page

28) should then be systematically resorted to,

Sue-Sectron I[IL—Oricin oF THE IvpUurIiTIES IN DRINEKING WATER.

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

1. Impurities of Source.

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

L. The Granitic, 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 solids, viz., sodium carbonate and chloride, and a
little lime and magnesia. The organic matter is in very small amount. The
| clay-slate water is generally very pure, often not containing more than from
| three to four grains per gallon. The water from hard trap-rocks is pure, but
if the trap be disintegrated the shallow wells sunk in it arve of course liable to
be fouled by surface washings or soakage.

2. The Water from Millstone Grit and Hard OQolite—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 caleium and magnesium
| sulphate and carbonate ; a trace of iron,

3. Soft Sand-Rock Waters—These are of variable composition, but as a
rule are impure, containing much sodium chloride, sodium carbonate, sodium
sulphate, iron, and a little lime and magnesia, amounting altogether to from-
thirty to eighty grains per gallon, The organic matter may be in large
amount,—four to eight grains per gallon, or even more. Sometimes these
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Generally impure, with caleium carbonate and sulphate, magnesium sulphate,
sodium chloride and carbonate, iron, silica, and often much organic matter,
Occasionally the organic matter oxidises rapidly into nittites, and if the
amount of sodium chloride is large, it might be supposed that the water had
been contaminated with sewage. The amount of solids per gallon varies from
20 to 120 grains, or even more. ; Ry

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.
Cultivated lands, with rich manured soils, give a water containing often both
organic matter and salts in large quantify. Some soils contain potassium,
sodium, and magnesium nitrates, and give up these salts in large quantity to
water. This is the case in several parts of India, at Aden,"and at Nassick in
the Deccan (Haines). In towns and among the habitations of men, the sur-
face water and the shallow well water often contain large quantities of calcium
and sodium nitrites, nitrates, sulphates, phosphates, and chlorides. The
nitrates in this case probably arise from ammonia, ammonium nitrite being
first formed, which dissolves large quantities of lime. Organic matter exists
often in large amount, and slowly oxidises, forming nitrie 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 ; it is not unusual to find from 12 to 40 grains, and in some
cases even more. Suspended organic matter is also common. The salts are
variable. A little caleium and sodium, in combination with carbonic and
sulphuric acids and chlorine are the most usual. Of course, if the marsh is
a salt one, the mineral constituents of sea-water are present in varying pro-
portions.

13. Water from Grave-yards—Ammonium and caleium nitrites and
nitrates, and sometimes fatty acids, and much organic matter. Lefort found
a well of water ab St Didier, more than 330 feet from a cemetery, to be
largely contaminated with ammoniacal salts and an organic matter which was
left on evaporation. The water was clear at first, but had a vapid faste, and
speedily became putrid.

14. Artesian Well Water.—The composition varies greatly. Insome cases
the water is so highly charged with saline matter as to be undrinkable ; the
water of the Artesian well at Grenelle contains enough sodium and potassium
c&r’bnnateq to malke 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, sometimes nil.  These last two points rather militate
against the employment of water from very deep wells,

* C. Schmidt (quoted by Roth and Lex) has g : -
water of Durpa¢£1 S ) has given the following comparative analysis of the

The normal water The water of the

Eives town wells gives
per litre, per litre,
Total Salts, . . 44520 1-16G02
Nﬂf i . . . {559 19202
Hrﬂ, : i 3 00046 128
Nad, g 3 i “G08R 760G
Ka(, : : - 00538 7326
[ | 2 ¥ g 00642 11217

i ; . 0061 0563
In Dreeden the same nl'fall.lltﬂ have been found, -
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15. Water from Wells near the Sea.*—This often contains so much saline
matter as to taste quite brackish, although the organic matter may not be
very large. In some samples from Shoeburyness (analysed at Netley) the
total solids ranged from 104 to 218 grains per gallon of total solids, the
chlorides being from 22 to 65 : mean of six samples—165 total solids, and 35
of chlorides. In one sample, however, the albuminoid ammonia was only
0:07 per million, and in five the oxygen required for organic matter was
under 0:75 per million.

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

9. Impurities of Transit from Source to Reservoirs.

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

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

The very numerous animal and vegetable substances derived from habita-
tions are usually classed under the vague, but convenient term of “organic
matter,” as the separation of the individual substances is impossible. The
organic matter is usually nitrogenous, and Frankland has proposed to express
its amount in terms of its nitrogen (organic nitrogen), but this view is not yet
generally received on account of the difficulty of estimating the very small
quantity of nitrogen. The nitrogenous organic matter undergoes gradual
transformation, and forms nitrous and nitric acids and ammonia. The exact
steps of this process are perhaps complicated. On keeping the water the
nitrites disappear, and in some cases the nitrates also gradually diminish, per-
haps from the action of bacteria. A. Miillert found the residue of a well
water gave with soda hydrate a herringlike odour, which seemed like trimethy-
lamine.

Many of the “organic matters” in water are not actually dissolved, but are
so finely suspended that they pass through filtering paper. There is no doubt
that among this “suspended organie matter” many small plants and animals
are always included. It is probably owing to the variation in the quantity of
suspended organic matter (living and dead) that water from the same source
sometimes gives different results on analysis, even though the water be taken
at the same time. During its flow in open conduits, however, a species of
purification goes on, by means of subsidence, the action of water-plants, and
to some moderate extent by oxidation. On the whole, these processes appear
in India to render river water, in spite of all the contaminations it receives,

# Fora good example of the influence of a tidal river on neighbouring wells, see my # Lectures
on State Mgediuine.” 'ZFuth x p. 1. [F.deC] : :

+ For a full account of all these impurities, and the best mode of dealing with them, the
six Reports of the Rivers Pollution Commissioners must be referred to.

+ Roth and Lex, Militiir-Gesundheitspfl. p. 16.
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purer than tank and well water.* The freedom from noxious substances is
also apparently greater in India in the quick running streams, which may also
| depend upon purification taking place in them. §

3. Impurities of Storage.

| The chance of substances getting into the water of wells, and tanks,} and
even of cisterns in houses is very great. Surface washings and soakage con-
| taminate wells and tanks, and leakages from pipes, passage of foul air through
pipes, or direct absorption of air by an uncovered surface of water introduce
impurities into cisterns.§ Tt is singular in how many ways cisterns and tank
| waters get foul, and what care is necessary not only to place the cistern under
| safe conditions at first, but to examine it from time to time to detect
| contamination of the water. In India, especially, the tank water s often con-
| taminated by clothes washed near, or actually in, the tank; by the passage
| even of excrement directly into it, as well as by surface washings, so that in
fact in some cases the village tank is one of the chief causes of the sickness
of the people. There is, perhaps, no point on which the attention of the
sanitary officer should be more constantly fixed than that of the storage of
| water, either on the large or small scale.
In shallow wells (4 to 30 feet deep) the soakage water from the ground in
| loose soils of chalk and sand is often very impure. Thus in a town the well
water offen shows evidence of nitrites and nitrates and ammonia, and
of chlorine farin excess of river water in the neighbourhood, though the strata
are the same.|| Oeccasionally, by constant passage of the water, a channel
| is formed, which may suddenly discharge into the well ; and some of the cases
of sudden water poisoning have thus arisen.

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

In some cases a well at lower level may receive the drainage of surrounding
| hills flowing down to it from great distances. Good coping stones, so as to
| protect from surface washings ; good masonry for several feet below the surface

of wells in very loose soils, so as to prevent superficial sonkage, are necessary
in all shallow wells,

4. Tmpurities of Distribution. :
If water is distributed by hand, i.e., by water-carts, barrels, or skins, there

; 18 necessarily a great chance of its being fouled. In India, where the water
| 18 generally carried by water-carriers (Bhisties), inspection of the carts or skins

* Falmer shows this clearly in a very interesti i ¢ Tl i "
I!Imballﬂ?ﬂr ¥ Iy interesting paper in the *“Indian Medical Gazette " for
uch influence has been aseribed to oxidation, and doubtless in art correctly ; but Dy
Frml}land has shown its effect to be limited. 'Che Trwell river, after rﬁsing Manchester, runs
1 ;nﬂ::a to its junction with the Mersey without further material pollution, and falls over 4
| Weirs ; yet the purification by oxidation is trifling, By sy honing water from one vessel to
| another so as to represent a run of 96 miles, the organic mr{suu was only reduced 6°4 per cent,
. ﬂ-“j_l the organie nitrogen 25-4 i:er cent,
: fn;ﬂI]i f::: ﬁ,’ﬂﬂlﬁ of ff:i ;Eﬁ,}’ﬁi""‘}“‘“ fﬂ'ﬂm in tanks in the marsh near Tilbury Fort
I i ops are fonung ti 4 i
| (Army Medical m: val. xril p. 1) respectively 41 and 145 grains per gallon
i "‘153“']:' case of absorption by an open cistern of gases from water-closets and urinals is
recorded by Druitt (““ Medical Times and Gazette,” September, 1868). The water as supplied

contained 08 r million of albumineid i 7
) Both and Tos, . ion of e e e L
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should be systematically made, and whenever it be possible, pipes should be
substituted for the rude method of hand conveyance. But even pipes may
contaminate water; metals (lead and iron) may be partly dissolved ; wood
rots, and if the pipes are occasionally empty impure air may be drawn into
them, and be afterwards absorbed by the water.* I have been informed that
1 towns supplied on the constant system, when the pipes are becoming empty
the flow of water from a tap has drawn foul water or air through a pipe at
some distance, and in this way even the water of the mains has been befouled.

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

SECTION III

PURIFICATION OF WATER.
Withod Filtration.

1. Ezposureto 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 fre-
quently revived since. The water is simply poured through a sieve, or a tin
or wooden plate, pierced with many small holes, o as to caunse it to fall in
finely divided streams, or a hand-pump is inserted in a cask of water, and the
water 18 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. The same plan has been used in Russia on a large
scale, the water being allowed to fall down a series of steps, passing through
wire gauze as it does so. In Paris, also, it has been employed on the small
scale,

2. Boiling and Agitation.—This plan gets rid of calcinm earbonate, iron in
part, and hydrosulphuric acid, and lessens, it is said, organic matter. 1t is
uncertain how far boiling will destroy the poisons of the specific diseases. It
will not destroy bacteria, or at least their germs still live, and Lex found some
bacteria still moving rapidly, at a temperature of 127° C.I Most fungus
spores are killed by boiling.

3. Aluminous Salts.—Alum has been used for centuries in India and China,
to purify water from suspended matters. It does this very effectually, if there
be calcium carbonate in the water; caleium sulphate is found, and this and a
bulky aluminium hydrate entangle the floating particles and sink to
the bottom. Mr Alfred Bird has proposed aluminium tersulphate, which is -
equally efficacious ; it is an acid liquid, containing about *4 grains of the sul-

* (ases of this sort are given in the reports of the medical officer of the Privy Council No. -
ii. new series. See Dr Bloxall on fever at Sherborne, Dorset, and Dr Buchanan on the fever at
Caius' College, (}nmhridgiﬁ. FII;I': the h&%ﬂ;ﬂmn ﬂﬂm trapavater was sucked in from the closets.

TFood, Water, and Air, February , - B8, .

';'t‘- It seems tmpi*n‘nnhla that any germ or organism should resist the temperature of boiling
water, if every part of it be thoroughly heated to that point. The apparent resistance may
perhaps be due to some spheroidal condition the organism may be eapable nf'mumin.g, Sander-
son puts the death-point of common septic Bacteria ot about, 110° C or 230° F.  (F. de. C)




PURIFICATION OF DRINKING WATER. 29

phate in each minim ; and M. Bellamy* has also proposed a modification of
the alum process, by adding additional potash to a solution of alum till the
precipitate is redissolved. The quantity of crystallised alum to be used should
be about 6 grains per gallon; of Mr Bird’s fluid (sulphate of alumina), 20
dro

]}‘ﬁm numerous experiments on purifications with crystallised alum, and
with Mr Bird’s patent liquid, I found the following effect to be produced,

with and without caleium carbonate in the water :—
Effect on Artificial Sewage Water of different composition, the Sewage
Matter being partly dissolved partly suspended.

- Grains of oxygen
required to oxidise
at 140* F., and in

Grains of the presence of
volatile matter sulphuric acid, per
per gallon. gallon,
1. Distilled water, containing volatile sewage
matter and 8 grains of caleium carbonate B8 1050
per gallon, ; : : .
Same as above, after precipitating with 9 3.85 350
grains of erystallised alum per gallon . 2
Same, with 18 minims of Bird's pn.t-ant-} 490 638
liquid (aluminium sulphate), i o i
2. Distilled water, with sewage, but with only |, 9744
2-1 grains caleium carbonate per gallon, }
Same as No. 2, with 18 minims of Bird’s } 938
patent fluid. . - : :
Same as No. 2, with 54 minims of Bird’s } 210
patent fluid, . 4 - .
3. Distilled water, without ealcium carbonate, [
the sewage matter being almost entirely - b 805
dissolved and not suspended, . : j
Same, with 68 grains of erystallised alum, 476 700
4. Same water as No. 3, but with 5 grains of | .
calcium carbonate, ; : : } 5 805
Same, with 20 drops of Bird’s liquid, . 402 595
Same, with 6-8 grains of crystallised alum 476 595

It is clear from these and other experiments, not only that caleium
earbonate ought to be in the water, but that the action of both alum and Bird’s
fluid is made more upon the suspended organic matters than upon those
actually dissolved ; and, indeed, having regard to the great difficulty of insur-
mg that water is actually free from minute suspended matters, it is even a
question. whether aluminous salts will act in any appreciable degree
on dissolved organic matters. But on suspended matters, both organic and
mineral, the effect is very great indeed. Common alum and Bird’s liquid
seemed to me practically equal ; but alum, being solid, is more convenient for
L T

a sedimentous water is extremely soft, a little calci i i
carbonate should be put in before th}; alut;n 18 added. P iy

4. Addition of Lime Wuter (Clark’s patent).—By combining with earbonie

;%:]:]m mRamltm de PAcad., Nov. 11, 1867, p. 799,
; e head-quarter wing of the 824 Highlanders, goin the Indus in 1
i rrheea from the use of the water - l_:im ﬁal'l; wing u.fzdi i ulr]l{:in.n:;L ]L::I TIIIBE} l:;inrﬁt:um’ir'gg Eﬂ In;;
g then used it and the diarrhea disappeared, —Indiain Medical Gas., Aug.1860, p, 158, '
L ’ -
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pended matters, which it possibly carries down by giving to the water a deli-
cate albuminous coagulum, so that it purifies water on the same principle as
beer is fined.* Dr O'Shaughnessy thought its action was connected with its
astringency. I have made some experiments on its action, but without any
satisfactory result. I did not even find it cleared the water thoroughly from
suspended matters, and it had no effect on the amount of nitrons
acid, ammoniy, or of oxidisable organic matters, as far as these could be judged
of by potassium permanganate. Renewed experiments are, however, necessary.

8. Immersion of Iron Wire and Magnetic Ozide of Tron {Mﬁdl:;-ﬂk},—Thm
plan is said to decompose organic matter. Charcoal and ferric oxide are some-
times mixed.

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

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

To put these facts in another form :—

Organic matter is got rid of most readily by exposure to air, boiling, agita-
tion, charcoal, alum, potassium permanganate, astringents,

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

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

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

Caleium and magnesivm sulphate and chioride 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.

Sand and Gravel.—On the large scale, water is received into settling reser-
Voirs, where the most bulky substances subside, and is then filtered through
gravel and sand, either by descent or ascent, or hoth.||

* Pereira, Pharmaceutical Journal, vol. jx. p, 475,

l + In thadu'orth of China, imcl mpecti]ﬂ ¥ during winter, the water
re, andcontains not only suspended matters, byt dissolved animal matter in | v
'iglliﬂlh gives the water a disagreeable offensive smell. The Chinese uazar ':Tllnt:i. 11"; a‘;:g:p?::asntti:i
which 18 cooled with a lump of tee, if it is desired to drink it cold, In this way they secure
themselves from all bad effects of this water (Friedel, Das Klima Ost-Asiens, p, 60}, The
MPMT use alum nftrtl charcoal ; but these do not always entirely remove the taste. The
bﬂtﬁgr'isl' i!:ﬂsr: ];sg:? their ““brick tea” to purify the water of the steppes, which would otherwise

urgeon-Major W. Harvey has tried with good effect the ; mersi
arcoal in 4 stream, so that the water nhun]dg B thron hﬁ;;lr;b:;;:fm
- %Ghemlier,_'l‘matd des Désinfect., p. 147, In the As lanti eampaign, under the directions
: urgfmn-hlan V. Gouldsbury C.M.(., the water was purified in the following way, in the ah.
:ﬂa c; proper filters —Alum was added to precipitate suspended matter—the water was passed
th:ﬂu%;ﬂ:d ruunilé EI}:: ?rr?:i;:tl:;. ;II‘ ul.[tl Jnap?hgu t:a.s?} sand ; (3.) charcoal in pieces: it wag

. ion of po

taken from a hole in a marsh, was innocuous ulri.er ti:ilg“ ?mﬂp&:;l;:;:gmmtﬁ e VgL Sven

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

of the Peiho becomes very

of one or two bags of
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The London water companies usually employ a depth of 3 to b feet ; in the
latter case, the upper stratum of 18 inches or 2 feet is composed of sand, the
lower 3 foet are made up of gravel, gradually increasing in coarseness, from
pieces the size of a small pea and bean to that of a middle-sized potato. A
stratum. of oyster shells, about 1} inch in thickness, has been used by some
companies instead of a layer of gravel, bub this plan is not general. If the
filter is 3 feet in thickness, the upper 15 inches are sand, and the lower 21
inches are gravel.

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

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

1 have made some experiments on a sand filter of 1 square foot surface, and
made in imitation of a London water company's filter, viz., 15 inches of fine,
well-washed white sand, and 20} inches of gravel, gradually increasing in
coarseness, The first eight gallons were thrown away, 8o as toavoid the fallacy
of including the distilled water with which the sand had been washed.

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

Tt took away three-quarters of the colour.

Tt lessened the total solids by . : : . T-063 grains.
a3 ,,  mineral solids by . . : . 4703
o ,,  volatile solids by 2:36

total amount of ux;*gen 1l'equir;at1 imt
oxidation by nearly half, or B L

L] ar

3 ,,  hardness by . : s : . 461

= ,,  chlorine by . 5 - : . 06

s ,  free ammonia : ; : . 0042
albuminoid ammonia . - . 0126

E] i

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

It is yet uncertain whether the action of sand on organic matter is at all |
chemical, 4.e., whether the organic matter is oxidi ed in its transit ; considering
swhat an amount of air is contained in the interstices of sand, and how finely :
the water is divided in its transit, some amount of oxidation is probable, but
good chemical evidence is yet wanted., Mr Shield’s experiments, given in the
note, seem to me opposed to the probability of much chemical action. On
dissolved mineral matters sand exerts at first, and when in thick layers, a good

will be fonnd in & work called “The Water Works of London,” by Messts Colburn & Shaw,
1Eﬁ_i’.1n a sand and gravel filter, 33 inches in thickness, Mr. Shield (Proe. Inst. of Civil En-.
gineers for 1867) ; gives the following numbers :—The original amount of organie matter heing.
“8006 grains per gallon, the amount after filtration was a8 follows—after 23 hours action, =
1:012 ; after 120 houts, 643 3 after 240 hours, 917 ; after 876 hours, *808. So that, while on
the whole the sand removed some organic matter, the amount was really incopsiderable.
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deal of action; much sodium chloride can be removed ; and Professor Clark
has stated that even lead can be got rid of by filtering through a thick stratum.
Very finely divided clay seems to pass through moare readily than any other

uspended matters.®
¢ f[E]ie fine white sand is the best; it should be chosen carefully, and well
washed, and, if possible, heated to redness before use.
Instead of sand and gravel, trap rock has been used. : :
Sponge.—Sponge has a considerable effect in mechanically arresting
suspended particles. I took two sponges, weighing 255 and 155 grains, and
pressed them into glass funnels; 11 gallons of sedimentous water of known
composition were passed through each sponge. The total sediment in the 11
gallons weighed 2737 grains ; the larger sponge removed 257 and the smaller
252 grains, On dissolved matters sponge has little effect, as shown in the
next table. Three sponges, weighing 611, 409, and 365 grains, were taken,
and an artificial sewage water was poured slowly through.

Grains per Gallon.
S Il e (G
Unfiltered, . 2 : .| 182 42 14 2-80
Filtered through largest sponge, | 175 56 119 2-66
Flél;rsge through middle-sized 182 49 14 975
Filtered ti]_mugh smallest sponge, | 175 56 Ji=g 2:80

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

*A ;;let:ulim* difficulty, never experienced in Encizlnnd, has been discovered in the filtering,
through sand, of the Hooghly water at Caleutta ; aring the rainy season the fine mud bro Et
penetrates very deeply into the filters, and rapidly chokes them ; in the dry season this
068 not happen; the suspended matters are arrested, as in England, near the upper surface
of the sand.  Mr D. Waldie (Journal of the Asiatic Society of Bengal for 1873, part 11, p. 210.)
explains this by showing that in the'rainy season the water contains much less saline matter
ian in the dry season; it is this saline matter which seems to act on and so cauge coherence
the particles of mud, so that they become larger and coarser, and are more easily arrested.
In order to remedy this, Mr. Waldia proposes the addition of substances to the water during
Ge rains, which may cause this conlescence; he has tried a great number of experiments
different substances, on the whole ur_gshﬂliuaﬂ alum and perchloride of iron are the best :
964 Ib of erystallised alum, or 19-15 I of perchloride of iron, were found to be necessary for
the clarification of one million gallons of muddy Hooghly water during the rainy season,
.t On this point there is some difference of opinion, as will be seen on reference to the
debates on Mr Byrne's paper in the Proceedings of the Institution®of Civil Engineers for 1847,
Dr Letheby advocates a slow filtration, while Dr Frankland considers that s rapid How is
gufficient ; on passing 41,000 gallons in one day through coarse charcoal, 8 feet in thickness,
he found half the organie matter removed.  With a head of 22} feet of water, he has sed,
in 24 hours, as much as H0,734 gallons per square foot through 84 inches of chareoal : ut in
this case the purifying effect is not stated. Dr Frankland has therefore r-:culrrmen:iad that
the water !—t!ppli of n town shall be filtered through animal charcoil. The cost, howeyer
would be large, though there is no doubt the water can be got through at a sufficient rate, °

a







PURIFICATION OF WATER. 85

as well as a mechanical effect, but that the limits of purification are sooner
reached than was supposed, if the organic matter be large, so that a more fre-
quent cleansing is required. 'When, however, the amount of organic matter is
small (under 1 or 2 grains per gallon), the nntmnlls Very permanent. Dr
Frankland has suggested that there may be two kinds of organic matter in
water, one of which is not acted on by charcoal.® _ : _

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

Sea-weed Charcoal is gaid to be efficacions.

Lron and Chareoal.—Animal charcoal mixed with spongy iron obtained
from the refuse of copper pyrites is a very good purifier ; also spongy iron in
combination with coarse sand and pyrolusite.

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

The Souchon filters, which are much employed in Paris, are made
of diaphragms of wool, which is partially tanned by boiling in solution of
alum and cream of tartar, then dyeing in infusion of gall-nuts, and washing in
solution of sodium carbonate. The filter of M. Fonvielle, also used in Paris,
is composed of nine layers of sponges, pounded sandstone, and aravel.

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

- Cleansing of Filters.—But there is a limit to all purifyi wers, and the
action of all filters is therefore temporary. || .&fterﬁ thn}:;nﬁlﬁ?:h ({i’penda on
_* The condition of the organic matter i i i

mmen passes through u:ﬁi?ﬁg?d, whE}ztfﬁgl:ﬁ?“t?ﬂ;u?ri;Eﬂﬁtﬁﬁhxx?ﬁgﬁglﬁg

deeompose. (See note by Dr J. L. Notter, Sanitary Record, Oct, 1876, p. 289
%‘anklnnd, indeed, seems to consider wood charcoal acelece. gpﬂnfuding} of Inst. Civil

ilaeem, 113‘51?_!1 E&hate on Mr Byre's paper.
; sxaminec 8ix filters from one maker, and found the average removal of arganic sew
matter to be 745 per cent. ; the grmteut, being 96, and the Iﬁt 562 per cantl:g“'l‘]m nctii‘ug:
alzo fairly permanent, though cleansing was sometimes necessary.
It is :I.'l%!l] s however, to call attention to the remarks in the sixth Report of the Rivers
Pollution Commissioners, where they say that, *‘the property, which animal charcoal
ssesses in a high degree, of favouring the growth of the low. forms of organised life, is a
ﬁrnﬂ?uiﬁ?t?‘#‘ck'n its ll?a as t:': ﬂclntf]rm_%r ﬁed]mm I'n:l potable waters.”—I have seen some con-
: 18 In experiments made at Netley, it sh t i i
ﬂltl;la'r;l;g I:nn;:{nrinf.le at short intervals. (F. ng. .]lm i s ety qCrERERREERS
the Hygienic Congress at Brussels (Angust 18768), T found that some of the Continental
chemists were so impressed with the dan er1s arising f filte :
inclined to doubt the advisability of ﬂ.ltratiugn at ull.—ﬁ-‘. ?Eluiﬂlpum B th'nt ERLTES
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the amount of impurity of the water, they become clogged ; the substances
which block them are organic matters (probably suspended) and lime salts.
Sodinm chloride, after being arrested for some fime, may be given off again,
and thus seldom long remains in a filter. Instead of taking the filter to pieces
when they are clogged, the following plan may be resorted to :—Every two
or three months (according to the kind of water) air should be blown through,
and if the charcoal be in the block form it should be brushed. Then 4 to 6
ounces of the pharmacopeeial solution of potassium permanganate, or 20 to 30
grains of the solid permanganate in a quart of distilled water, and 10 drops
of strong sulphurie acid, should be poured through, and, guhsequently,
a quarter to half an ounce of pure hydrochloric acid in 2 to 4 gallons of
distilled water. This both aids the action of the permanganate, and assists
in dissolving manganic oxide and caleium carbonate. Three gallons of distilled
or good rain water should then be poured through, and the filter is fit again for
use, This plan would be useful on foreign stations, where the filter canmot be
sent home or taken to pieces ; if it can be taken to pieces, the charcoal should
be spread out in a thin layer, and exposed for some time to air and sun, or
heated in an oven. 1f sponges are at all used, they should be removed from
time to time, and thoroughly washed in hot water. If the filtering material
is composed of a solid plate or ball, the surface should be brushed or scraped.
* If the charcoal can be taken out it should be washed, then boiled with a
little Condy’s fluid, then spread out in the sun or in an oven and dried. If
means exist it can be re-burnt, All kinds of charcoal, and, of course, most
domestic filters, give off at first some substances to water ; a certain amount of
preliminary washing out with pure water is desirable.* Among other sub-
stances, caleium phosphate is taken up from animal charcoal, and even with a
minute quantity the water will not act on lead (Frankland).

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

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

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

3. (Clommon domestic filters, of various kinds, filled by hand.

4. Pocket filters, usually of the syphon kind, or made of a hollow block of

charcoal, with a tube passing into the interior cavity, the water passes from

without into the cavity.

5. Ship filters.—Major Crease, R.M.A., has arranged a very useful tank
filter for ships; it is an iron box, cemented inside by a process patented by
Major Crease, and divided info two parts by a partition ; on one side are 10 to
12 inches of sand, on the other is a corresponding amount of animal charcoal,

or charconl is placed on both sides; a plate and screw lies on both sand and

charcoal, so that they can be compressed to any desired extent ; and the water

#1 Lave found that an interchange sometimes takes place in a filter. T passed some
ealcium sulphate and nitrate water through a new charcoal filter ; the sulphuric acid was

entirely removed, and the nitric acid partly so; their place was taken by phosphoric acid.
It has ocenrred to me whether a selenitic water might not be made more wholesome by thus
anbstituting phosphoric acid, by leaving the ealeiwm phosphate in the charcoal, or supplying
it from time to time.
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enters on one gide, passes down through the sand, and ascénds through the
charcoal. I have examined this filter carefully and find its power to be very
great. It removes oily matter, which is so often found in condensed water,
and both the sand and charcoal are easily taken out and cleaned. He has
also introduced smaller filters for barrack use, which are extremely good, and
are excellent for ambulance and field use (see figs. 9 and 10). Of the tank filters
used in the Ashanti war, Dep.-Surg.-General Sir A. D. Home, K.C.B, V.C,
reports: “ For effectiveness in perfectly filtering water in large quantities, and
for the ease with which the filtering substance could be cleansed, those tanks
left nothing to be desired.” (Army Medical Reports, vol. xv. p. 247.)

SECTION 1IV.

EFFECTS 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 Reports.* It was then shown that want of
water leads to impurities of all kinds ; the person and clothes are not washed,
or are washed repeatedly in the same water ; cooking water is used scantily,
or more than once ; habitations become dirty, streets are not cleaned, sewers
become clogged ; and in these various ways a want of water produces unclean-
liness of the very air itself,

The result of such a state of things is a general lowered state of healths
among the population ; it has been thought also that some skin diseases—
scabies, and the epiphytic affections especially—and opthalmia in some cases,
are thus propagated. Tt has also appeared to me that the remarkable cessation
of spotted typhus among the civilised and cleanly nations is in part owing,
not merely to better ventilation, but to more frequent and thorough washing
of clothes,

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

. Little is known with certainty of the effects produced on men by deficiency
in the supply of water. Under ordinary circumstances, the sensation of
thirst, the most delicate and imperative of all our feelings, never permits any
great deficiency for a long time, and the water-removing organs eliminate with
wonderful rapidity any excess that may be taken, so as to keep the amount
in the body within certain limits. But when circumstances prevent the sup-
Ply of water, it is well known that the wish to drink becomes so great, that
men will run any danger, or undergo any pain, in order to satisfy it. The
exact bodily condition thus produced is not precisely known, but from experi-
ments on animals and men, it would appear that a lessened amount of water
1 the body diminishest the elimination of the pulmonary carbonic acid, the
intestinal excreta, and all the important urinary excreta.

m:ﬁijt and second Reports (with evidence) of the Health of Towns Commission, 1844 and

't The experiments of Falek and Schefl on ani
- oy er nnmmla.u, .nnr.l of Mosler on men and women, are
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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 museular efforts, and it is very important that the supply
should be by small quantities of water being frequently taken, and not by a
large amount at any one time. The restriction of water by trainers is based
on a misapprehension : a little water, and often, should be the rule. (See
EXERCISE. )

Sus-Secrion IL—IMPURE SUPPLY.

At present, owing probably to the difficulty of making analyses of waters,

the exact conneetion 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 fo produce any bad effect; while others have believed that some
mineral ingredients, such as calcium carbonate, are useful.
" Tt may be true that water containing a large quantity of organic matter, or
much caleium and magnesium sulphate, has been used forlong periods withous :
any ill effects. The water of the Canal de I'Ourcq, which contains much
caleium bicarbonate, and some caleium and magnesium sulphate, was found
by Parent-Duchételet to produce no bad effect, and Boudet has lately asserted
the same thing.®

In some of these cases, however, very little careful inquiry has been made
into the state of health of those using the water, and that most fallacious of

‘all evidence, a general impression, without a careful collection of facts, has
often been the only ground on which the opinion has been come to. As well
observed by Mr Simon, in one of his philosophical Reports,f we cannot ex-
pect to find the effect of impure water always sudden and violent ; its results
are indeed often gradual, and may elude ordinary observation, yet be not the
less real and appreciable by a close inquiry. In fact, it is 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
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 astill
more rigid inquiry will further prove the frequency and importance of this
mode of origin of some diseases.

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

Of the hurtful substances, the suspended animal, and especially feecal
matters, are probably the worst. At least, it is remarkable how frequently,
both in outbreaks of diarrheea and typhoid fever, the reports notice turbidity,
discoloration, and smell of the water. It is this fact which makes the examina

* The Canal de 1"Oureq (which has a boat population of about 40,000) is now abandoned as a
gource of drinking water, and the greater E.n-t of Paris is supplied from the river Vanne.
+ Second Anuual Report to the City of ndon, p. 121 '
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tion of colour and turbidity so important. The thoroughly dissolved organic
matters appear less hurtful ; at least there is some evidence that perfectly clear
waters, though containing much matter dissipated by heat, and consisting of
dissolved organic matter or its derivatives, ave often taken without injury.
Probably, also, the more recent the feecal contamination, the more injurious,
since the most poisonous attacks on record have been in ecases of wells into
which, after slow percolation for some time, a sudden gush of sewage water
has taken place. ) ;

It has been frequently stated that the readily oxidisable organic matters in
water are the most dangerous, This opinion has probably arisen from the
1dea that a substance in rapid chemical change is more likely to excite some
corresponding and hurtful action in the body; and it may be true, but
there is no evidence, to my knowledge, which can be trusted on the point.
There is, on the other hand, some evidence that animal matters forming fatty
acids give rise to salts which, though not oxidising into nitrous and nitric
acid, are as hurtful as the more oxidisable substances,

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

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

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

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, :

Affections of the Stomach— Dyspepsia,

| $mptan_15 which may be referred to the convenient term dyspepsia, and
,w]:‘uch consist 1n some loss of appetite, vague uneasiness or actual pain at the
epigastrium, and slight nausea and constipation, with occasional diarrhoea,
are caused by water containing a large quantity of caleium sulphate and
chloride, and the magnesian salts. Ty Sutherland found the hard water of
the red sandstone rocks, which was formerly much used in Liverpool, to have
a decided effect in producing constipation, lessening the secretions, and
causing visceral obstructions ; and in Glasgow, the substitution of soft for
hard water lessened, according to Dr Leech, the prevalence of dyspeptic com-
plaints. It is a well-known fact that grooms object to give hard water to their

* Wanklyn has actually proposed to add J inking w
b0 grains per gallon, in ngrde[:;r tluj?mpmva mﬂi&m ?hlualdc B ﬁm“t'uf
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horses, on the ground that it makes the coat staring and rough—a result
which has been attributed to some derangement of digestion. The exact
amount which will produce these symptoms has not been determined, but
water containing more than 8 grains of each substance individually or collec-
tively appears to be injurious to many persons. This would correspond to
about 10 degrees of permanent hardness. A much less degree than this will
affect some persons. In a well water at Chatham, which was found to
disagree with so many persons that no one would use the water, the main
ingredients were 19 grains of carbonate of lime, 11 grains of calcium sulphate,
and 13 grains of sodium chloride, per gallon. The total solids were 50 grains
per gallon. In another case of the same kind, the total solids were 58 grains
per gallon, the calcium carbonate was 29, the calcium sulpbate 11, and the
sodium chloride 14 grains per gallon.

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

Diarrhoea.

Many conditions produce diarrheea.

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

(b) Suspended Animal, and especially Feecal Matters, have produced
diarrheea in many cases ; such water always contains dissolved organic matters,
to which the effect may be partly owing. The case of Croydon in 1854
(Carpenter) is one of the most striking on record. In cases in which the
water is largely contaminated with suspended sewage, it is important to
observe that the symptoms are often markedly choleraic (purging, vomiting,
cramps, and even some loss of heat). This point has heen again noticed by
Oldekop of Astrachan, f who found marked choleraic symptoms to be produced
by the water of the Volga, which is impregnated with sewage. Seven cases
in one house of violent gastro-intestinal derangement (vomiting, diarrhcea,
colie, and fever), produced by water contaminated by sewage which had passed
into the cistern, are recorded by Dr Gibbh.§ In the prison at Halle an out-
break of diarrheea was traced by Dolbruck to the contamination of water with
putrid substances. In St Petersburg the water of the Neva, which is rich in
organic substances, give diarrheea to strangers.|| ]

Suspended animal and vegefable substances, washed off the ground by
heavy rain into shallow wells, often produced diarrhcea, as at Prague in 1860,
when an endemic of * catarrh of the alimenfary cana " yyas produced by heavy
floods washing impurities into the wells. ¥

(¢) Suspended Vegetable Substances.—In this country, and also in the late
American civil war, several instances have oceurred of diarrheea arising from
the use of surface and ditch water, which ceased when wells were sunk ;
possibly there might be also animal contamination. It is not, therefore, quite

*H 's Hygiene, p. Z18.
Twﬁﬂ'ﬂﬂﬁ? mﬁm ﬁgmmnm’i &th Report on Potable Waters in Bengal, Appendix,
. 44
3 + Virchow's Archiv, band xxvi, p. 117
& British Medical Journal, Cet. 1870,
. il Hisch, quoted by Roth and Lex, Mil. Gesundheitspfl., p. 24.
o[ Canstatt’s Jahresb, 1862, vol. 1. p. 3l.
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ertain that suspended vegetable matter was the wvera cawsa. Surgeon-
?ﬂujur Gore has Eamrded a%reinle-ut outbreak of diarrheea at Bulama, on the
west const of Africa,* produced by the water of a well ; the water was itself
pure, but was milky from suspended matters, consisting of debris of plants,
chlorophyll, minute cellular and branched alge, monads, polygastrica, and
minute particles of sand and clay. When filtered the water was quite

(d) Dissolved Animal Organic Matter.—The opinion is very widely diffused
that dissolved and putrescent animal organic matter, to the amount of 3 to 10
grains per gallon, may produce diarrheea. This is possibly 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, if it be
perfectly dissolved. In the latter case the water is, however, always clear and
sparkling, never tainted or discoloured. The frequent presence of other
impurities renders it difficult to assign its exact influence to dissolved organic
matters.

In the case of a well-ventilated court in Coventry,t where diarrhcea was
constantly present, the water contained 5-68 grains per gallon of volatile and
combustible matter, but then it contained also no less than 105 grains of fixed
salts, which, as the water had a permanent hardness of 51°+6 (Clark’s scale)
after boiling, must have consisted of caleium and magnesium sulphates and
chlorides. Italso contained alkaline salts, nitrates, and ammonia. The com-
position was therefore so complex, that it is difficult to assign to the organic
matter its share in the effects. .

The animal organic matter derived from graveyards appears to be especially
hurtful ; here also ammonium and caleium nitrites may be present. .

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

(f) Feetid Gases.—Water containing much sulphuretted hydrogen will give
rise to diarhees, especially if organic matter be also present. In the late
Mexican War (1861-62), the French troops suffered at Orizaba from
a peculiar dyspepsia and diarrheea, attended with immense disengagement of
gas and enormous eructations after meals. The eructed gas had a strong smell
of sulphuretted hydrogen.t This was traced to the use of water from sul-
phurous and alkaline springs; even the best waters of Orizaba contained
organic matter and ammonia in some quantity. The experiments of Professor
Weber have shown what marked effects are produced by the injection of
sulphuretted hydrogen in solution in water into the blood ; 18 it possible that
water containing animal organic matter may occasionally form SH, after
[ 'abmrgtiun ium_ the blood, and that the poisonous effect of some water may
| e owing to this? The symptoms of poisoning by water contaminated by
| Séwage are sometimes very like those noted by Weber in his experiments,
¥iz,, diarrheea and even choleraic symptoms (lowering of temperature), and
irritation of the lungs, spine, liver, and kidneys.

_ The absorption n*_f sewer gases, as when the overflow-pipe of a cistern opens
into the sewers, will cause diarrheea. This seems perfectly proved by the
case recn_rdﬁd by Dr Greenhow, in Mr Simon’s second report.§

() Dissolved Mineral Matters, if passing a certain point, produce diarrhoea.

* Report on Hygiene by the Author, ¢ Army Medical Report,” vol, v, p. 428,
ot .M 5 ot oo U ey Coml 1080, . 7,

| + - . ae b I g Lo ¥ rd s

d'acid sulfurique,” but sulfhydrique™ must be m-fnnt.. i B Do

§ Second Report of the Mediral Officer of tho Privy Council, Parl. Paper, 1860, p. 165,
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Boudin refers to an outbreak of diarrheea 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 carbonate of soda, Sulphates of lime and magnesia also cause diarrhaea,
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 proportion of
sulphate of lime and other purgative salts;” and he tells us that Pinel had
noticed the same fact twenty years before in a particular section of the
Salpétritre. In some of the West Indian stations, the water drawn from the
ealeareons formation has been long abandoned, in consequence of the tendency
to diarrheea which it caused.

Nitrate of lime waters also produces diarrhoea. 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. 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 character formerly caused much disease of
this kind. In a water I examined, which became brackish from sea water,
and which produced diarrhcea in almost all persons, I found the amount of
chlorida of sodium to be 253 grains per gallon. But, doubtless, a much less
quantity than this, especially if chloride of magnesium be present, will act in
this way.

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

Dr Beedeker,} a physican 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 contained a considerable
quantity of copper, which seemed to be in combination with some organic
matter.§

Lead (as might have been anticipated) was also largely presentin this water,
as leaden pumps were used ; iron, on the contrary, was not dissolved.

Dysentery.

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

Several of the older army-surgeons refer to this cause. Pringle does so
several times, and Donald Munro, in the “Campaigns in Flanders and
Germany.” In the West Indies, Lempriére,|| in 1799, noticed the increase
of bowel complaints 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

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

Zaitsehrift fur Hygiene, vol. i, p. 166. See also a remark on the effect of caleium and =
lm':n.asium nitrate in muuiué a tendency to diarrhea in the Report on the Drainage of Berlin

(Die Kanalisation von Berlin 1868, pp. 27, 28).
"+ Pappenheim’s Beitrage, heft iv. p. 49, :

§ The amount of copper re nired to produce poisonous symptoms appears to be doubtful.
Tt is snid that the miners in the desert of Attacama, in South America, prefer to use wnter
containing so much copper as to have & distinct green colour, rather than the water hrought
up from the wells near the shore in skins, which give it an unpleasant taste. It is true that
it is used for making coffee and may thus be to a certain extent purified.

| Vol i. p. 25.
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was not, however, for many years after this that fresh sources of water were
sought for in the West Indies, and ;hut Lmn water began to be used when
ing or river water could not be go _

gm]g&?-'l;:l*lgmantiuns as a curious fact, in reference fo the West Indies, ﬂ]ﬂ_ij
ships' crews, when ordered to Tortola, were invariably seized with fluxes,
which were caused by the water. Buf 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 carry his drinking water with him. _

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

The epidemic at Guadaloupe, in 1847, recorded by Cornuel, seems also
quite conclusive as to the effect of impure water in causing, not merely
isolated cases, but a wide-spread outbreak.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 Surgeon-Major Oakes to the passage of sewage from a
cesspool into one of the tanks. ““This was remedied, and the result was the
almost total disappearance of the disease,”

That in the Fast Indies a great deal of dysentery has been produced hy
impure water, is a matter too familiar almost to be mentioned (Annesley ;
Twining). Its constant prevalence at Secunderabad, in the Deccan, appears
to have been partly owing to the water which percolated through a large
grave-yard. One of the sources of water contained 119 grains of solids per
gallon, and in some instances there were 8, 11, and even 30 grains per gallon
of organic matter. (Indian Report, p. 44.)

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

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

In time of war this cause has often heen present; and the great loss by

d]'aenter;r in the Peninsula, at Ciudad Rodrigo, was partly attributed by Sir
J. M‘Grigor to the use of water passing through a cemetery where nearly
20,000 bodies had been hastily interred,
. The impurities which thus produce dysentery appear to be of the same
kind as those which cause the allied condition, diarrheea.  Suspended earthy
matters, suspended animal organic matter, caleium and magnesium sulphates
and chj_"—'ﬂdﬁ‘: caleium and ammonium nitrates, large gquantities of sodinm and
magnesium chlorides in solution, appear to be the usual ingredients ; but there
are few perfect analyses yet known.§

;gm the Walcl'::ral_rlt]‘avur. P IEI-D
¢ a review by the author on Irsanturr, in the © British and Foreign Medical and Chiy-
cal Review" for 1847, for fuller details of this epidemic. 5
. 3 Bec. de Mem, de Med. Mil. 1872, Sept. p, 230,

A localised epidemic of dysentery occurred in some barracks at Nurnberg in the summer
of 1872, 30 cases and 4 deaths taking place among the soldiers, The absorption of putrefaction
ﬁsau from the cloaca in the wings of the building by the drinking water, was considerad to

the cause ; the water contained nitrates and free ammonia. An individoal predisposition
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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,

9. AFFECTION OF OTHER MUCOUS MEMBRANES BESIDES THE ALIMENTARY.

Little has yet been done to trace out this point. At Prague, after the
severe flood of 1860, bronchial catarrh was frequent, probably caused chiefly
by the chills arising from the great evaporation; but it was noticed that
bronchial catarrh was most common when the drinking water was foulest and
produced dysentery. Possibly the bronchial and the urinary mucous mem-
branes may also suffer from foul water ; the point is well worthy of close in-
vestigation.

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 aftention of late years. It is
certainly one of the most important steps in etiology which has been made

in this century, and the chief merit of its discovery is owing to the late Dr
Snow.

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 of
air, was overlooked. Still, it has been a very general belief among the in-
habitants of marshy countries, that the water could produce fever. Henry
Marshall* says that the Singhalese attribute fevers to impure water,
« pgpecially if elephants or buffaloes have been washing in it,” and it is to be
presumed that he referred to periodical fevers. On making some inguiries 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, Balaghut,
and Mysore, and in the deadly Wynaad district, it is stated by Mr Bettington
of the Madras Civil Service, that it *“is notorious that the water produces
fever and affections of the spleen.” The essay by this gentlemani gives,
indeed, some extremely strong evidence on this point. He refers to villages
placed under the same conditions as to marsh air, but in some of which fevers
are prevalent, in others not ; the only difference is, that the latter are supplied
with pure water, the former with marsh or nullah water full of vegetable
debris. In one village there 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 {Tu]liwu.rw-} no one used to escape the fever ; Mr Bettington duga
well, the fever disappeared, and, during fourteen years, has not returned.

Another village (Tambatz) was also “notoriously unhealthy,” a well was

to the disease appeared, however, to be also necessary. (Schmidt's Jahrbiicher, 1874, 1 vol.
25.) 1
it Topography of Ceylon, p. 52. + Indian Annals, 1858, p. 6526,
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~dug, and the inhabitants became healthy. Nothing can well be stronger than
the positive and negative evidence brought forward in this paper. ‘

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

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

The same facts have been noticed in this country. Twenty years ago My
Blower of Bedford mentioned a case in which the ague of a village had been
much lessened by digging wells, and he refers to an instance in which, in the
parish of Houghton, almost the only family which escaped ague at one time
was that of a farmer who used well water, while all the other persons drank
ditch water. *

At Sheerness the use of the diteh water, which 18 highly im i
table debris, has heen also considered to jhe one of ;ﬁa ilne? U:E:uaTaﬂ;fv etgh:
E:Etra-::-{gmarlji insalubrity. t

At Versailles a sudden attack of ague in a regiment of cavalr
to ;‘T use of surface water taken froﬂ marah]'gc'ljsh'icti 4

e case of the Argo, recorded by Boudin.§ is an extre
In 1834, 800 anldiararlgn good 111%1;1%]1::.:,1Jﬂ:».au'l:ﬁ*.i.‘*l‘:$ in three vea?;lraytzt;uﬁ 12;[;5;-1
Bona in Algiers to Marseilles, They all arrived at Marseilles the same day.
In two vessels there were 680 men without a single sick man. In the third
Vessel, the Argo, there had been 120 men ; thirteen died during the short
Passage (time not given), and of the 107 survivors no less than 98 were dis-

*Snow “On the Mode of Communication of Cholera,” 24 edit. 1855, 1. 130, 3

+ 1s it mot possible that the great decline of agues in England is ]‘lm';:ii: due to a purer drinl.

iﬂg ;;ta;nléai::g caiolyr umiﬂ or_mtgg}'hzhar& m;n ba little doubt, when there was no o isad
; neh fewer wells axis e people must L 1

Seliooticns, Al o they do novw, m?:ii tll Intely, at Sheomeas " " FPPIY frOm Surface

+ Grainger'’s Report on Cholera, A ilix | to.
§Traité de Géographie ot do staustm maﬁiﬁﬁ%am t. ?.mifﬂ:ﬂ.
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There is no satisfactory evidence that typhoid stools had been in the sewage
matter, but their presence is not excluded. I learn, from personal communi-
cation with Dr Budd, that he has long been convinced of the oecasional pro-
pagation of typhoid fever in this way.

In 1860, an ontbreak of typhoid fever oceurred at the Convent of Sisters
of Charity at Munich. 31 persons out of 120 were attacked between the 15th
September and the 4th of October, with severe illness, and 14 of these cases
were true typhoid ; 4 died. The cause Was traced to wells impregnated with
much organic matter (and among other things typhoid dejections), and con-
t.ai.ning*nitmtas 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,t to have been partly through the medium of the water.

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

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

" n 1862, a very sudden and severe outbreak of typhoid in a barrack at
Munich was traced to water impregnated with faecal matter ; on ceasing to use
the water, the disease disappeared.| In 1865 a very remarkable outbreak
of typhoid occurred at Ratho, in Scotland, and was traced to drinking water
contaminated with sewage.Si In 1866 typhoid fever broke outin a girls'
school at Bishopstoke, near Southampton, and was traced unequivocally to
the bursting of a sewer pipe into the well. The water was disagreeable both
to smell and taste. 17 or 18 persons were affected out of 26 or 28. Several
very striking instances are recorded in Mr Simon's Reports by Drs Seaton,
Buchanan, and Thorne,** and in some of these cases analyses of the water were
made, which showed it to be impure, and to contain organic sewage, or its
derivatives. A very good case, af the Gamnkirk works in Glasgow, is recorded
by Dr Perry. 1§ Dr De Rengzy, the Sanitary Commissioner of the Punjab, has
also published a remarkable paper on the extinction of typhoid fever
in Millbank prison, and shows, from the statistics of many years, that the
fover has entirely disappeared since the use of Thames water was given up;

*

the disappearance was coincident with the change in the water supply. Two

* Edinburgh Medical Journal, Jan. 1862, p. 1153, See also Gietl, Die Ursachen des Enter.
Typhus in Miinchen, 1865, p. 63,

*FThiﬂi Report of the Medical Officer of the Privy Couneil, 1860.

+ Journ. de Med. de Bruxelles, Sept. 1861 ; and Canstatt’s Jahresb, for 1861, band iv. pp-
18%2, 183, Ses the 2d edition of this work for a short gocount of them.

& British Medical Journal, March 1, 1862, s

i| Gietl, Die Ursachen des Ent. Typhus in Miinchen, 1865, p. 62 In this little hook is
much evidence to show the propagation of typhoid by foul water and by deficient arrangements
for removal of exereta, s well a5 many instances of the carrying of the disease from place to
place, analogous to those narrated by Bretonneau many years ago. E

« Edin. Med, Journ. Dec. 1865. In this case a groom came the house ill with typhoid
from Dundee, and thus introduced the disease. This fact was communicated to me by a rela-
tion of the owner of the honse,

% Dr Seaton's Report on Tottenham (Report of Medical Officer to the Privy Couneil for
1866, p. 215). Dr Buchanan on Guildford (Ibid. for 1867, p. 34) ; Dr Thome's Report o
Terling (1bid. . 41); Dr. Buchanan's Report on Wicken-Bonant (12th Report, p. 72). In all
thesa instances the evidence reaches the highest degree of probability, and in the casesof
Guildford and Wicken-Bonant of almost absolute certainty. See also Report on Sherborne by
Dr Blaxall ; on Caius College, Cambridge, by Dr Buchanan {(both in No. ii. new series) : on Lewes
bv Dr Thorne (No. iv. néw series) ; also the case of Over-Darwen (Sanitary Record, 1875) ; case

ven by Dr Stallard (Lancet, Feb. 1872) ; Dr Barclay’s Reports on Bangalore {Arm‘t? Med.

teports, vol. xiil. p- 908). Geissler also quotes from Hagler a very strong case occurring at Lausen
Schmidt's Jahrh, 1874, No. 2, p. 185). -
4t Lancet, June 1865
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llent cases are recorded by Dr Clifford .é.llbutt’_‘ and one by Dr Wohlrab,
:!Fb{;zh m'ecf;“;a from ambiguity:fr’r A very good case is recorded by Dr Latham.
Typhoid was introduced into a village and spread by the agency of

taminated drinking water.§ : :
m'i'hat water may l:::;g the medium of propagating typhoid thus seems to be
proved by sufficient evidence ; and it has been admitted by men who have
paid special attention to this subject, as Jenner, W. Budd, and Simon, It
does not seem unlikely, indeed, that this mode of spreading will be found to
be far more common than is supposed.|| : ,

Two questions arise in connection with this subject— _ ;

1. As typhoid fever undoubtedly spreads also through the air, What is the
proportion of cases disseminated by water, as compared with those disseminated
by air? No answer can yet be given to this question.q |

There is one point of some interest. When the dates of attack are given,
1t is curions to observe how short the incubative period appears to be ; while
it is probable that it takes many days (8 to 14) after the typhoid poison has
entered with the air before the early malaise comes on, in some of the cases
of typhoid brought on by water, two or three days only elapse before
the symptoms are marked. ** _

A very large number also of the susceptible persons who drink the water
are affected. ‘

2. Will decomposing sewage in water produce typhoid fever, or must the
evacuations of a typhoid patient pass in? This is part of the larger question
of the origin and propagation of specific poisons. It is certainly remarkable,
in the range of cases recorded by Schmitt, how uniformly the possibility of
the passage of typhoid stools is disregarded. Everything is attributed to facal
matters merely. A case recorded by Dr Downes,#+ in which six cases of
typhoid resulted from the overflow of non-typhoid sewage into a well, supports
this view. On the other hand, in the cases recorded by Allbutt and Wohlrab
already referred to, contaminated water had been used for some time without
producing typhoid fever. Persons affected with typhoid enteric fever then
entering the place, their discharges passed into the drinking water, and
then an outbreak of typhoid followed. An extremely strong ease is given
by Ballard.1f Very polluted water had been used for years by the inhabitants
of the village of Nunney without causing fever, when a person with enterie
fever came from a distance to the village, and the exereta from this person

* See my Report on Hylg'iune. Army Med. Dept. Bloe Book, 1860. p. 23.
+ Archiv, der Heilk. val, xii, p. 184 (1871).
£ Lancet, July 15, 1871.
3 A remarkable case is reported by Dr Zuckschwerdt acenrring in the orphan asylum at Halle
in1871. Also by Dr Burkart at Stuttgart, at Reinhartsdorf in Switzerland and o Schandan,
distinetly traceable to impure water. (Schmidt’s ““Jahrbiicher" 1874.)
; Bgﬁrm;.r fmﬂ?' an analysis of 1300%cases cites evidence of water carrviage (Schmidt’s Jalrh.
) No. &, p. 195),
1 Mr Simon in his 24 Report, new series, gives a table of 146 outbreaks investigated by his
cers in 1870-3 (4 years), in all of which great excremental pollution of ajr oy water, or
(Benerally of both, was found.

_** Dr. W Budd says, in a letter to me—* In the cases in which the poisan is conveyed by
Water, infection seems to be much more certain » and I have reason to think that the period of
inenhation is materially shortened. An illustration of this seems to be furnished by the
memorable outbreak which occured at Cowbridge some years ago, and which presented this
Imexampled fact : that out of some 90 or 100 persons who went to a race ball at the rincipal
nn there, more than one-third were within & short time laid up with fever. In this case
there was satisfactory reason to think that the water was contaminated, though there was 1o
chemical examination.” Tn the attack at Guildford, however, the incubative period was not
sliortened, as Dr Buchanan caleulates it at 11 days.

Lancet, 27th April, 1872,

13%%‘ Report to the Loeal Government Board on an outbreak of enteric fever at Nunney, Sept.

D
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were washed into the stream supplying the village. Between June and
October 1872, no less than 76 cases oceurred out of a population of 832
persons.  All those attacked drank the stream water habitually or oceasionally.
All who used filtered rain or well water escaped, except one family who uged
the water of a well only 4 or b yards from the brook. The case seems quite
clear—first, that the water aused the disease; and secondly, that though
polluted with excrement for years, 10 enteric fever appeared until an imported
case introduced the virus. . Positive evidence of this kind seems conclusive,
and I think we may now safely believe that the presence of typhoid evacua-
tions in the water is necessary. Common frecal matter may produce diarrheea,
which may perhaps be febrile,* but for the production of enteric fever the
gpecific agent must be present. The opinion that the stools of typhoid are
the especial carriers of the poison was first, I believe, explicitly stated by
Canstatt, t and has been also ably argued by W. Budd.

Cholera.

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

Tn 1849 the late Dr Snow, in investigating some circumseribed outbreaks
of cholera in Horsleydown, Wandsworth, and other places, came 0 the con-
clusion that, in these instances, the disease arose from cholera evacuations
finding their way into the drin ine water. Judging from the light of sub-
sequent experience, it now seems extremely probable that this was the case,
and to Dr Snow must certainly be attributed the very great merit of discover-
ing this most important fact. At first, certainly, the evidence was defective,§
but gradually fresh mstances were collected, and in 1854 oceurred the
celebrated instance of the Broad Street pump in London, which was investi-
gated by a committee, whose report, drawn up by Mr John Marshall, of
University College, with great logical power, contains the most convincing
evidence that, in that instance, at any rate, the poison of cholera found its

way into the body through the drinking water.||
In 1855 Dr Snow published a second edition of his book, giving an

iven by Mr R. Bond-Moore {London Medical Record, May 27, 1874,

page 327) as ocourring at Sedgley Park gehool,  Two years previously the water supply became
contaminated with ordinary sewage, but no typheid fever resuited, although there was
i drain was repaired

diarrheea, sickness, great languor, and great prostration. The laa]u'n%
and the attack ceased. Two E;m,nf‘l:-er, typhu?dwu introduced by one of the boysand spread,

apparently by the use of the closets. : el :
+ «cWahrscheinlich sind die Exhalationen des Krankes, Etine Fxcremente, vielleicht die
E}Tif-ﬂmﬂﬁ, ehilde im Darme, die Triiger des Contagiums.”—Canstatt, Spee. Path. und
Ther. 24 edit. band ii. p. 572 (1847).

Einige Bemerkungen iiber die Asiat, Cholera. Hanover, 1848, p. 36. :

There seemed at once an @ priovi argument adverse to this view, as, at that time, all
ovidence was against the idea of eholera evacuations being capable of causing the disease.
They had been tasted and drunk (in 1832) by men, and been given to animals, without effect.
Persons inoculated themselves in dissections constantly, and athed their hands in the fluids
of the intestines ; in India the parishs who remove excreta, and everywhere the washerwomen
who washed the clothes of the sick, did not especially suffer, And to these arguments st
be added the undoubted fact, that there were cerions deficiencies of evidence in Dr. Snow’s
early cases, (See review by the author in the British and Foreign Medical Chirurgical Be-

view, April 1805. !
II f-lapF}rt om \t.lﬁuzaI Cholera Outbreak in 8t James's ‘E‘fu:at.minster, in 1864. London, phurchﬂl,
1855. Lvery point is discussed in this report with a candour and precision which leaves
nothing to be desired. For further evidence on this outbreak, see Indian Qanitary Report:
evidence of Dr Dundas Thomson, p. 2, _

* A good instance is g
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account of all the cases hitherto known, and adding some evidence also as to
the introduction in this way of other specific poisons.*

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

1. Local outbreaks, in which contamination of the drm]{mg; water was
either proved or in which the evidence of the origin and succession of cases
seemed to make it cerfain that the cause was in the drinking water. In
England, Dr Snow and others have thus recorded cases oceurring in 1849 and
1854 at Horsleydown, Broad Street, Wandsworth, West Ham, &c. In 1865
the important outbreak at Newcastle-on-Tyne,t when all the circumstances
pointed very strongly to the influence of the impure Tyne water. In 1865
occurred the remarkable and undoubted case of water poisoning at Theydon
Bois, recorded by Mr Radeliffe, { and in the following year the violent outhreak
in the East of London was supposed to be connected with the circulation of
mmpure water by the East London Water Works Company. Much discussion
has taken place as to the real influence of the impure water which it is admitted
on all hands was used. Mr Radcliffe§ and Dr Farr] have collected the
evidence in favour of the opinion that the sudden outburst was really owing
to this water; while Dr Letheby and some others have expressed doubts on
this point, chiefly on account of the difficulty of reconciling with the h}rpothea%s
certain exceptional cases both of immunity and of attack. To me the evi-
dence in favour of the water being the cause appears extremely strong, and
far greater difficulty arises if that view is not received than is caused by the
exceptional cases referred to, and of which we may not know all the particu-
lars. In the same year (L866) an apparently unequivocal case of production
of cholera by the drinking water of a tank on board a steamer oceurred
at Southampton, and I have recorded the particulars in the Report of the
Medical Officer to the Privy Council for 1866.9]

A very striking case at Utrecht is noticed by Snellen, and is given by Dr
Ballot, of Rotterdam, who has adduced much strong evidence on the influence
of the foul water in Holland in spreading cholera. **

During the epidemic in 1866, except in the East London case, no such
striking instances of local outbreak from water contamination were recorded
asin 1849, but there were in some parts, and especially in Scotland, as noticed
by Dr Stevenson Macadam, t+ very striking coineidences hetween the abate-
ment of the disease and the introduction of a fresh and pure supply.

In Germany choleraic water-poisoning has not only been less noticed, but
the great authority of Pettenkofer is against its oceurrence. At Munich,
Pettenkofer} t could find no evidence whatever in favour of the spread by
Water ; and Giinther, in his careful work on Cholera in Saxony,s§ asserts that

* On the mode of Communication of Cholera. By John Snow, M.D. ndon, i
2d edition, 1855, . y R oL
For full particulars, see Dr Farr's Rarggrt on Cholera in England, 1866, p. 83,
~ % Report of the Medical Officer to the vy Council for 1865 (Eighth Report), p. 438.
bi %pﬂ:ﬁt of t.ltlla M&di{iﬂl Dﬂiue&' to theéli’liéiarg Council for 1866, p. 266,
[ port on the Cholara Epidemic o in land. Supplement to tlie 20th Annual
eport of the Re iutrar-Gunurﬁ: 1568, i o
Report of Medical Officer to Privy Couneil for’1866, p. 244. In this case the water was
foul tasted, and was certainly contaminated with sewage,
** Medical Times and Gazatte May 1869. Thus it was found that those who drank the,
| Water of the Polders (reclaimed lands) diad at the rate of 17°7 per 1000 ; those who drank L
- well-water, 168 per 1000 ; those who drank river-wator 119 per 1000 ; those who drank rajn.
| Water filtered, only 5.3 per 1000. 'The cit of Amsterdam itself, supplied by an aquednct
| With rain-water from the downs near Haar em had only 4 per 1000, In Rofterdam durin
! the spidemic the mortality fall to one-half immediately on pure water being supplied in the
lahﬁtf-m :ﬂmt p-er}:yh.r. ; Ju.agar.}
7 aosactions of the Royal Scottish Society of A . vil. p. 341 (1867).
Zeitsch, fiir Biol., band i, p, 355, e sl
Die Indische Cholera in Sashsen im Jahre. 1865, p. 125
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no influence whatever was exerted by drinking water. No evidence could be
obtained either in Baden or in villages near Vienna.* And asin all cases the
observers were not only quite competent, but were fully cognizant of the
opinions held in England, this negative evidence is of great weight. At the
same time, it cannot be allowed to outweigh the English cases, and, moreover,
even in Germany some positive evidence has been lately given. Dr Richter{
attributes a preponderant influence ina local outbreak among the workmen of
a sngar-manufactory to the pollution of the drinking water by sewage ; and a
gtill more striking case is recorded by Dr Dinger,1 in which the discharges of
a cholera patient passed into a brook, in which also the elothes were washed ;
the water of this brook being used for drinking, there was a sudden and very
fatal outbreak affecting the persons who took the water.

In India the evidence for cholera water poisoning is at present become very
strong. The great cholera outbreak of 1860 and 1861 was attributed by some
medical officers to the defilement of the tank water “into which the general
ordure of the natives is washed during the rainy season ;” § and still more re-
cently, what appears to be a striking instance has oceurred. No one can read
the able account given by Dr Cuningham and Dr Cutliffe in the Bengal
Report for 1867|| of the appearance of cholera among the vast crowd
of pilgrims after the great bathing day at Hurdwar, without coming %o the -
sonclusion that it was & case of water poisoning on a gigantic scale.§

That in India the cholera poison is often carried by water appears probable,
not only from the Hurdwar outbreak, but from the very sudden and violent
outbresks and the great sewage contamination in the water of many
disbricts. ** i

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

So also in other countries; the attack which caused such losses to
the French Division in the Dobrudscha in 1855, when the wells were sup-
posed to be poisoned, and to the English cavalry at Devna, 1} the water was
apparently the means of carrying the disease.

In evidence of this kind we must remember that each successive instance
adds more and more weight to the instances previously observed, until, from

% Valz and Witlacil, quoted by Hirsch in Jahresb. der ‘gen. Med. for 1867, band ii. p. 221,

+ Archiv der Heilk, 1867, p. 472 1 Ibid. 1867, p. 84

& MWilliam, E%iﬂam. Society Trans vol. 1. p. 274,

| Report of the Sanitary Commiissioners with the Government of India for 1867. Caleutta
1888.

« Dr. J. M. Cuningham has, however, since renounced the theory of the water carriage of
cholera

#= Vide .on the Sanitary Administration of the Punjaub for 1867, and subsequent
years, by A. U. 0. De Hnna{', Fsq. (Cases of Peshawur and Amritzur.) A

+4 See also the remarkable case of the Yerranda gaol, reported b Em%mn-llmnr H. Blane.
Out of 1279 prisoners there were 94 pases of cholera in b days, with 8 deaths. Of those 22 cases
oecnrred mmong 134 prisoners employed as a rmd-g&.nﬁ, and only 2 among all the
variously employed. It was shown that the road-gang alone drank of water from the Mootla
River, o little below thg;lmt where the clothes of two cholera patients from the village had
heen washed and their bodies bunt a few davs before. The rest of the prisoners drank the
nsnal water supply Jaid on from a Inke near Poonal, In the two cases among those otherwise
employed direct infection was undoubted in one, as he attended on cholera patients, and, con-
trary to orders, took his meals in the cholera ward, and drank water that had been standing
there; the other man slept near oue of the first cases, the patient vomiting in his immediate
vieinity,

4+ Iderive this information from a MS. essay of Dr Cattell. &
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the mere accumulation of cases, the cogency of the argument becomes
irresistible. :

2. The evidence derived from such local outhreaks is supported by that
drawn from the history of more general attacks, in which districts supplied
with impure water by a water company have suffered greatly, while other
districts in the same locality, and presenting otherwise the same conditions,
were supplied with pure water, and suffered very little. Thus the Registrar-
General has shown_that the districts supplied in 1853, part by the Lambeth
Company with a pure water, and part by the Southwark Company with an
impure water, suffered much less than the districts supplied by the latter
company alone (the proportion was 61 and 94 cases respectively to 100,000
of population). Schiefferdecker, in Konigsberg, has also given evidence to
show the different extent in which districts in the same eity supplied with
pure and impure water suffer,*

In Berlin, in 1866, in the houses supplied with good water the number of
houses in which cholera occurred was 366 per cent. ; in the houses with bad
water was 52-3 per cent.t

3. Additional arguments can be drawn from instances in which towns
which could not have had water contaminated with sewage have escaped, and
instances in which towns which have suffered severely in one epidemic have
escaped a later one, the only difference being that, in the interval, the supply
of water was improved. Exeter, Hull, N ewcastle-on-Tyne, Glasgow, and
Moscow are instances of this. Two very good cases are related by Dr Acland. }
The parish of St Clement was supplied in 1832 with filthy water from a
sewer-receiving stream. In 1849 and 1854 the water was from a purer source,
In the first year, the cholera mortality was great; in the last years, in-
significant. Two jails were near each other; the one suffered, the other did
not ; the water was impure in one case from drainage, pure in the other. The
Jail with bad water having got a fresh supply, the cholera did not appear in
the next epidemic. In Copenhagen a fresh water supply was introduced in
1859.  Although cholera had prevailed very severely there previously, in
1865 and 1866 there were only very few cases. The future must show if
this exemption was owing to the purer water.y In Haarlem, in Holland,
cholera prevailed in great intensity in 1849. In 1866 it returned, and again
prevailed as severely in all parts of the town except one. The part entirely
exempted in the second epidemic was inhabited by bleachers, who, between
1849 and 1866, had obtained a fresh sourcs of pure water.||

In looking back, with this new reading of facts, it would seem that some
older reported cases of sudden cessation of cholera can be explained, such as
the case of Breslau, in 1832, when the shutting up of a pump was followed
by the very rapid decline of the disease. Doubtless, however, in other cases
the causes of the cessation are different; heavy rain, by cleansing air and
gewers, and by stopping the evolution of effluvia, will sometimes as suddenly
arrest cholera.  Most important evidence is given by Professor Forster of
Breslau (Die Verbreitung der Cholera durch die Brunnen, Breslau, 1873).
He shows that five towns of Silesia (of 5000 to 12,000 inhabitants) are
entirely free from cholera, which never spreads, even when introduced. The

Y common condition is a water supply from a distance which cannot be
contaminated. In Glogau (13,000) half the water 1s from a distance and half

* See Report on Hygiene, Army Mad, Dept. ii

t Die Kanalisation von Berlin, J{E-G& ) Bl?.ti P T 2 330,
£ Cholera in Oxford in 1854, by H. W, Acland, M.D., p. 51.

5 Hornemann in Virchow’s Archiv, band 58, p. 156,

Il Ballot, British Med. Journal, April 1569,
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from wells: those using the former remain free, those using the latter are
attacked. In one case in Breslau, on a well becoming contaminated, eleven
persons were immediately attacked. Dantzig and Konigsberg used formerly
to suffer equally: Dantzig, having a new water-supply, does not suffer;
Konigsberg, with its original supply, continues to do s0.*

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 Dir Routh has pointed outt that, in the poorer Russian
houses, everthing is thrown out round the dwellings ; then owing to the cold,
and the expense of bringing drinking water from a distance, the inhabitants
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.

We may therefore conclude that the cholera evacuations, either at once or
after undergoing some special fermentative or transformation change, pass into
drinking water or float about in the atmosphere. In either case they are re-
ceived into the mouth and swallowed, and produce their effects directly on
the mucous membrane, or are absorbed into the blood. The relative frequency
of each occurrence, the incubative period, and the severity of the disease pro-
duced, are points still uncertain.

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

In addition to the production of cholera from drinking water containing the
cholera stools, it has been supposed that the use of impure water of any kind
predisposes to cholera, though it cannot absolutely produce the disease. The
facts already quoted on the influence of the Lambeth water seem to support!
this view ; but some German evidence in 1866 does not favour it.} I1f the
water acts in this way, it can only be by causing a constant tendency
to diarrhcea, or by carrying into the alimen canal organic matter which
may be thrown into special chemical changes by a small quantity of cholera
poison, which has been introduced with air or food and swallowed.

Yellow Fever.

As, like dysentery, typhoid fever, and cholera, the alimentary mucous
membrane is primarily affected in yellow fever, there is an a priori proba-
bility that the cause is swallowed also in this case, and that it may possibly
enter with the drinking water. Butno good evidence has been yet brought
forward.

Boudin § quotes a case from Rochard in which a French frigate (in 1778)
took in water at San Jago, where yellow fever prevailed. Some days after-

# In India also similar results are found. Cullen cites the case of Hurda, rendered free from
cholera by improved conditions of water supply. Payne reports that the new water ﬂ"-lElI"!'
Caleutta has Emi the strongest effect in diminishing,the mortality from cholera. See also the
Report on the Cholera in America in 1873, for casessof water carriage.

-!F Fuecal Fermentation, p. 24 ;

i See Report on Hygiens, A Medical Dept. Rnfart, vol. vii. p. 852

Traith de Geog. et de Stat. Med. 1868, t. i. p. 141.
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wards yellow fever broke out with such violence, that two-thirds of 1:]:urfl 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
observes, that this evidence is very defective; but yet we must remember
how completely the propagation of marsh and typhoid fevers, and of cholera
by water, has been overlooked, and how exactly this sudden and extensive
attack resembles the case of the Argo.

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

The other Zymotic Diseases.

No decided evidence has yet heen given that any other of the specific
diseases are propagated in this way, but Dr Macadam has brought some evi-
dence to show that erysipelas and throat ulcer may have a water origin,* and
Dr Menzies has stated that, in Naples, cases of (Edinburgh Med. and Sur.
Journal, Sept. 1872) diphtheria occurred, which he thinks were caused by
contaminated water. The evidence is not, however, at present sufficient to
prove this.

4. DISEASES OF THE SKIN, AND SUBCUTANEOUS TISSUES.

A curious endemic of boils oceurred in the vicinity of Frankfort in 1848,
It was confined to a small number of persons, and presented favourable
opportunities 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 is most elaborately
and logically argued, but it certainly seems remarkable that other instances of
the same kind should not have been observed, especially as in some trades
there is disengagement of large quantities of SH, into the atmosphere, and as
the drinking of sulphuretted springs is so common.

The peculiar forms of boil or uleer common in many cities in the East have
been in some cases referred to the water, The Aleppo evil, the Damascus
uleer, and some other diseases of an analogous kind, which have the peculiarity
of oceurring only once in life, are possibly more connected with the true con-
tagions ; but the unhealthy boils or ulcers g0 common in India, especially in
the north-west and along the frontier, are probably connected with bad water.
The so-called Delhi boil has much decreased in frequency since the waters of
the Jumna were used instead of the impure well water,{ but, on the other
hand, Fleming’s observations have thrown doubt on the fact of the water being
to blame.§ With regard to the frontier ulcers in India, Dr Alcock (35th
Regt.) has given some curious evidence, which seems to connect them with
vegetable detritus and the evolution of sulphuretted hydrogen.

The elephantiasis of the Arabs (the so-called Barbadoes leg or Pachydermia)

—

* Trans. of the Royal Scottish Society of Arts, 1867,

I Henle's Zeitschrift fiir Nat. Med, 849, vol. viil. p. 215.

T See Annual Report of San, Com. with the Government of India for 1867, p. 178 (1868).
Home excellent analyses of the Delhi waters are given by Dr Sheppard ; vide Dr Macnamara’s
ﬁﬁr{:ﬂlgg&l Third Reports of the analyses of potable waters in the Bengal Presidency. Cal-

§ The later observations of Drs D, Cunningham and T. Lewis have tended, on the other hand
to weaken those of Fleming, and to show that the water is probably to blame, :
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has been ascribed to organic impurities in water, but on no very stringent
evidence.

5. DISEASES OF THE BONES,

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

6. CALCULL

Tt has long heen a popular opinion that drinking lime waters gives rise to
caleuli (caleium phosphate and oxalate). Several medical writers have held
the same opinion, and have adduced individual instances of calculi
(phosphatic?) being apparently caused by hard waters, and cured by the use
of soft or distilled water. On a large scale, statistical evidence is, as far as I
know, wanting. The excess of cases of caleuli in Norwich and Norfolk
generally is not, in Dr Richardson’s opinion, attributable to the water.{ Dr
J. Murray, of Newcastle, has lately given some evidence] toshow a connection
between the lime waters and caleuli, especially phosphatic, but it does not
appear to be more convincing than that previously adduced.

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

Professor Gamgee, however, states that sheep are particularly affected by
caleulus in the limestone distriets.

7. GOITRE.

The opinion that impure drinking water is the cause of goitre is as old as
Hippoerates and Aristotle, and has been held by the majority of physicians.
The opinion may be said actually to have been put to the test of experiment,
gince both in France and Italy the drinking of certain waters has been resorted
to, and apparently with success, for the purpose of producing goitre, and
thereby gaining exemption from military conseription.|| And this issup
by the evidence of Bally, Coindet, and by many of the French army surgeons,
who have seen goitre produced even in a few days (8 or 10) by the use of
certain waters.Y While, conversely, Johnston saw goitre, which was common
in a jail, disappear when a pure water was used.**  Apart from this, the evi-
dence for the causation by water is extremely strong, many cases being
recorded where, in the same village, and under the same conditions of locality
and social life, those who drank a particular water suffered, while those who

» Traité d'Hygitne Militaire, 1857, p. 367,

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

+ British Medical Journal, September 1872,

§ Dr Wang in Chinese Customs Report for 1870, p. T1. :

il Among other evidence on this point, the late work of M. gpint-Lager (Sur les causes du
Cretinisme et du Goitre endémique, Paris, 1867) may be cited {E. 191, ef seq.), as he appears to
have carefully looked into the evidence. Sea a illarger (Comptes Rendus de I'Acad. t.
lv. p. 475), who also states, though this has been denied by Rey, that horses and mules
become affected from drinking the water of the Istre.

4 Eneyclopeedia of Practical Medicine, vol. i. art. Bronchocele, p. 324.

#+ Edin, Monthly Journal, May 1855.
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i 80 escaped.®*  The latest author who has written on this subject,
ndrlnfl I::liudiaa mcuﬁuﬂntad an immense amount of evidence, M. Saint-Lager,
expresses himself very confidently on the point, :

F[‘he impurity in t315]5@ water wh{::h causes goitre is not yet E‘I‘EGEEB]}" lrntilwn.
It is certainly not owing to the want of iodine, as stated by Chatin, and there
is little probability of its being caused hy organic matters, by fluorine, or by
silic.  On the other hand, the coincidence of goitre with sedimentous water
is very frequent. Since the elaborate geological inquiries of M. Gran;ger-i-
and the analyses of the waters of the Isére, magnesian salts in some form have
been often considered to be the cause, to which meny add lime salts also ; and
certainly the evidence that the waters of goitrous places is derived from lime-
stone and delomitic rocks, or from serpentine in the granitic and matﬁmorphm
regions, is very strong. The investigations now imclude the ﬂl_lps,rl yrenees,
Dauphiné, some parts of Russia, Brazil, and districts in Oude in North-West
India. A table compiled from Dr M‘Clellan’s work} is very striking :—

Goutre and Crefinism in Kumaon (Oude).

Percentage of Population affected,
S e v o . WithGolire. | WithlCrelilam.
Granite and gneiss, ., ., ., . . 02 0
Mica, slate, and hornblende, . . 0 0
Elamalate . oo s s 0-54 0
Green sandstone, . . . . . . 0 0
Limestone rocks . . ., ., . . ] L 30 l

There are, however, nof wanting analyses of water of goitrous regions
which show that magnesia may be absent (in Rheims, according to Maumend ;
in Auvergne, according to Bertrand ; In Lombardy, according to Demortain ;
while Saint-Lager enumerates other cases), while it has been also denied that

test, which show no relation between hardness of water and goitre, and partly
from the negative results of experiments on animals with caleinm sulphate
and magnesian salts,{ denies altogether the connection between goitre and
caleium and magnesium sulphates and carbonates, He states also that M.
Grange has now himself given up the belief of magnesia being the essential
agent of goitre,§ and argues that the constituent of the water which is the

cause is either iron pyrites (ferrum sulphide), or more infrequently
sopper or some other metallic sulphide. And he explains M*‘Clellan’s results
by the supposition, based on an expression of that writer, that in the limestone
districts of Kumaon the water had traversed the metalliferous strata of the
rocks.  Saint-Lager does not, as far as I see, support his opinion by actual
chemical analyses, but he brings forward geological evidence on a large scale,
to prove that the endemic appearance of goitre coincides with the metalliferous
districts. He has also made experiments on animals with iron salts, which
do not appear conclusive, though he believes he produced in some cases an

effect on the thyroid, His hypothesis seems to me to fai] from this want of

* Haint- T (op. cit.) cites several stron cases (p, 192 ef seq,
in:i'hif inﬁﬁ et I:I)a l’;n 8., vol. x]::riv. E!]:l 6, (e froed):
" Me Dgra al. Ih facts i i
n% Lo ral;a Ea nph;r of Beng ave included the on cretinism also, withont

¥ opinion on the relation et tife:
§ Bur les causes du Cretin, ot du Goitre, p, Esr_mn Bolre ‘aad aretiniam
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chemical analysis. He has made out a case for inquiry rather than for con-
clusion. It seems clear that while it may be admitted that impure water is
the cause of goitre, there ought to be renewed chemical analyses, and it
would not seem difficult to decide such a point by a properly conducted
inquiry.

In some observations lately made by Dr Ferguson on the goitrous part of
the Baree Doab district * (a boulder-gravel subsoil), the water is stated to be
largely charged with lime. In the jail at Durham, Johnstont states that
when the water contained 77 grains per gallon (chiefly of lime and magnesian
salts), all the prisoners had swellings of the neck ; these disappeared when a
purer water, containing 18 grains in the gallon, was obtained.

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

8. ENTOZOA, OR OTHER ANIMALS.

Whereas the Tenia solium and the Penia mediocanellata, and many
entozoa, find their way into the body with the food,|| the two forms of the
Bothriocephalus latus (T. lata) may pass in with the drinking water.q Both
embryo and eggs (but prineipally, or perhaps entively, the former) exist in the
river water. The ciliated embryo moves for several days very actively in
water ; it may then, after a time lose its ciliary covering, and then, not being
able to move further, perishes ; or it may find its way into the body of some
animal, and there develop into the Bothriocephalus latus.

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

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

The Ascaris lumbricoides (Round-worm) appears also sometimes to enter
the body by the drinking water. At Moulmein, in Burmah, during the wet
season, and especially at the commencement, both natives and Europeans,
both sexes and all ages, were, during my service thirty years ago, so affected
by lumbriei 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 facts in England (Aitken’s “ Practice of Medicine,” 6th edition, i p.
124). - . \
I.)aucl[m'tf'l' has no doubt of the passage of the ascarides’ eggs into drinking

¥
f
I r
h L]
}

* Sanitary Administration of the Punjab for 1871, Appendix 4, p. 33.
+ Edin. Monthly Journal, May 1855. ; ]
+ In Nottingham the people attribute Goitre to hardness of water. Generally it appears
nnT:.r with magnesinm limestone. . ‘
‘& Many instances are recorded in the French Military Medical Journal, Recueil de Mém. de
Méd. Mil., of the acute goitre produced in a few days. H
|| Dr Oliver’s observations in India show that cattle may get tenia ova from the water ; so
that men may do the same. (See Aitken's Med., 6th ed. vol, i. p. 179.) }
4 See eapecially a paper by Dr Knock in the Peterburger Med. Zeitsch, for 1861,  An ab-.
stract i8 given in the Lancet, Jan. 25, 1862; and the paper in full is printed in Virchow's
Archiv, band xxiv, 453. Cobbold, however, doubts the direct entrance in this way, and thinks
it more probable that ﬂahdrumft.lm J'mi for ih:hwg, gvhich after development in the first, may
find their way into the bodies of men who eat the fish. }
*# The natf'.ru treatment is the powder of & fungus (Wah-mo), derived from the female bamboo.
It is most useful, See paper by the author in the London Journal of Medicine, 1848, i
+t+ Die Menschlichen ?nmit&n, band ii. p. 220.

"
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water; and, indeed, they have been actually seen in drinking water by
Mosler.* But it seems yet doubtful (as all experiments have failed in pro-
ducing from the drinking water the worms in animals) whether the eggs alone
will suffice, and it seems possible that they must pass through some other
host before developing in the human intestine. This is also the opinion of
Cobbold. Mosler attributed in his case much influence to the large amount
of vegetable food taken by the persons affected. ;

The Dockmius duodenalis (Strongylus duodenalis, Anchylostomum seu
Sclerostoma duodenale) would appear from Leuckart's statementt to be
introduced by impure water. } :

Filaria Dracunculus (Guinea-worm).—The introduction by water of the
Filaria has long been a favourite opinion. It has been a matter of debate
Whether it is taken into the stomach as drink, and thence finds its way (like
the Trichina, to the muscles) into the 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. ||
It is possible that the Filaria samguinis hominis of Lewis may also be
introduced by drinking water.

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

Leeches.—Reference has already been made to the swallowing of small
leeches, which fix on the pharynx, and in the posterior nares, Cleghorn
(* Diseases of Minorea,” 1768, p- 38) noticed that coughs, nausea, and spit-
ting of blood were thus caused. In a march of the French near Oran, in
Algiers, more than 400 men were at one time in hospital from this cause. In
some cases the repeated bleedings from the larynx have simulated hemoptysis
and phthisis, and have produced anmmia, A leech, once fixed, seldom falls
off spontaneously. In India no accidents of this kind are on record, yet we
must assume that they occasionally oceur,

J. LEAD, MERCURY, ARSENIC, COPPER, AND ZINC POISONING.

1t 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-
m ;:ha metal as it flows through pipes or over motallic surfaces. (See

In 1864 a factory at Basle discharged water containing arsenic into a ond,
from which the ground and adjacent wells were cnllilt'gminated, and slnjwem
“ness in the persons who drank the well water was produced. (Roth and
Lex, “Milit. Gesundsheitpl.” p. 41.)

® Virchow's Archiv, band xviii, p- 249, + Ihid. band ii. p. 465
thi The importance of the discovery of Griesinger (Archiv fiir Phys, Heilk, 1854, pI.II 565}, that
& ?'d fﬂ-ﬂﬁl Widely spread Egyptian chlorosis, is caused by the Dochmius duodenaiis, has
. ha n sufficiently aEpraclnted: Not only anmmia and liver diseases, but symptoms pe-
5 : wmorthoids, are offen also produced.  And as similar facts have
nl::w L Obse in Brazil, Arabia, and Madagascar, it seems impossible but that in India
! the I'Dl'rmdnhlnlaﬂ'echnns caused by the Dochmius should not he QOO
. 8 See Dr Aitken's long and excellent chapter on this disease, in the first volume of his

| Practice of Medicine, 6th edition, p, 139, et, ., for, i i
e of Medicine, i} a“mh: féﬁﬁ, ol 5’# for,a discnssion on the water and earth question,

I
| Y Med. Chir. Trans., vol. xlvii . 65, and vol. 1ij. p. 879,
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General Conclustons.

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

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

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

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

5. The introduction of the ova of certain entozea by means of water is
proved in some cases—is probable in others.

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

SECTION V.
EXAMINATION OF WATER FOR HYGIENIC PURPOSES.*

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

Collection.

Great care must be taken that a fair sample} of the water is collected in per-
fectly clean glass vessels (not in earthenware jars)}—Winchester quarts are
most convenient—which should be repeatedly out with some of the
water to be examined. The bottle should be stoppersd; a cork should be

# Dr F. N. Macnamara has prepared for use in India ““A Scheme for the Analysis of Potable
Waters,” It is an admirable gchama, ltmd I hma.?u ?ﬂa use of ﬁn I;Erutis y:::alhem o
Bo taining tests and apparatus suflicient to carry out the
tl1'il;. ho;lganﬁnsulld% Messrs Eu.Etl:?}' aadﬂ!lrlwm, New Bond Street, London, and by Messrs
iffin & Sons, Garrick Street, Covent Garden,
Eﬂ; Tnhua, in taking water from n stream or lake, the hottle ouﬁl:t- to be lﬂlnnge-d below the
surface before it is filled. In clraﬁn&lﬁum a pl}lw, a portion ought to be allowed to run nﬁ{
first, to get rid of any impurity in the pipe. In judging of a town supply, samples sho
be obtained direct from the mains, as well as from the houses.
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avoided, except in great emergency, but if used it should be quite new, well
sealed, and tied down.®
Eramination.

For a complete investigation at least a gallon is necessary, but with a litra
or a couple of pints a pretty good examination can be made. The examina-
tion ought to be undertaken as soon after collection as possible, say in 48
hours (Wanklyn). Pending examination it ought to be kept in a dark cool

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

The smell and faste of the water give some indications ; for the smell the
water may be warmed, or distilled, when the odour of feecal matter is often
brought out clearly both in the distillate and residue. If the water is put in
a stoppered bottle, which it half fills, and is exposed to light, and then opened
and smelt after a few days, commencing putrefaction, or the formation of
butyrie acid, or something similar, can sometimes be detected. Tiemann re-
commends that the water should be heated to 110° or 120° Fahr. ; if hydrogen
sulphide be present add a little copper sulphate, which precipitates it and per-
mits any putrid smell to be perceived.

Taste is an uncertain indication. Any badly tasting water should be
rejected, or purified before use. Suspended animal organic matters often give
a peculiar taste, so also vegetable matters in stagnant waters. Some growing
plants, as lemnia, and pistia, give a bitter taste ; but most growing plants have
no taste. Perfectly dissolved animal matter is frequently quite tasteless. As
regards dissolved mineral matters, taste is of little use, and differs much in .
different persons. On an average—1

Sodium chloride is tasted when it reaches 75 grains per gallon.
Pntaaaium L " ” ﬂﬂ 1 2
Magnesium ,, - i b to bb. 5
Caleium sulphate, o o 26 to 30 o

»  carbonate, 1 i) 100 12 1, 1

1 nitrate, (L " 15 to 20 9 "
Sodium carbonate, % 5 60 to 60, i
Iron, . s e 2 2 1 »

. Ironis thus the only substance which can be tasted in very small quantities,
A permanently hard water has sometimes a peculiar fade, or slightly saline
taste, if the total salts amount to 35 or 40 grains per gallon, and the caleinm
sulphate amounts to 6 or 8 grains. The taste of good drinking-water is due
entirely to the gases dissolved ; water nearly free from carbonic acid hardness,
such as distilled water, is not so pleasant as the brisk well carbonated waters ;
g} EEET be called flat, but it is difficult to define the kind of taste or ahsence
i
The conditions of colour and transparency are given below.
l The coarser physical examination gives few indications of value, and if a

| ;amt; tiadraputed good on the evidence of this examination alone, it should be
stated.

|

* W. 0. Circular 82, June 1876, directs water to be sant in ppered gl

4 Giérardin also recommends tl?a litstre to be ;ntaﬂ. T i
. frrgE:'lg Gli_;:;m-:ttﬂ? Army lt{adlc';] Report for 1862 (vol. iv. p. 365.)
- m the apparen rence many persons have for water containing some saline
matter, Wanklyn has the wdditi i
B ot b i FHM tion of sodium chloride to drinking water, to the
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the water is then poured away or syphoned off. In special cases, where it is
important to know the exact condition of. the suspended matters, before they
undergo change by the action of the atmosphere of the room or laboratory
where they may be kept, they may be! collected in vacuum tubes, which may
be sealed. A very small amount of sediment can be thus got at. _An
immense number of dead and living things may be found. in water, which it
would be impossible to enumerate, but which may be conveniently divided
into two great and several minor headings.

1. Inanimate Substances.

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

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

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

2. Living Creatures.+

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

. (d) Bacteria, vibriones, or microzymes. Under these terms ape meant the
| 8mall points or jointed rods, sometimes moving rapidly sometimes slowly or
motionless. Distinctions are made between these three by some, while by
others the three terms are used as symonyms.£  High powers (and preferably

* Epitheliom from the skin reaks down slowly in water ; 1 detected some in unfiltered

ames water in Jannary 1869, and on the $1st May some of the same water presoarved in g
bottle showed quite distinctly the scales and nuclej, The collection of the~water, the sendin
ina barrel from Teddington to Netley, and the soakage in the water for five months, had not
! destroyed the epithelinm, Epithelinm from the mouths of cattle is sometimes found, This
' was the case in some water examined at Netley, got from a catch-pit in Parkhurst Forest,
|t Numerous Plates of the various organisms found in the Thames water have been iven b
Hassall, Microscopic Examination o the Water supplied to London, by A. H. assnl
n:.ngr:s . Food and its Adulteration, by same author, 1876. ) g
| I Frequently spoken of as Bacteroids and smaller forms as Bacteriform puncta,
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68 WATER.

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

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

As regards the carbonic acid, there is an objection to this method, as the
heat decomposes the caleium and magnesium bicarbonates, and therefore the
amount of carbonic acid evolved is greater than existed in the water as free
earbonic acid. On the other hand, it is impossible by heat alone to obtain
all the oxygen and nifrogen.®

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

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

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

Tf the gas is present in any quantity, it can be detected by the smell. -
Sulphides have, however, less smell. Both, even without smell, can be
detected by salts of lead. A large quantity of water should be taken in an_

evaporating dish, and a little clear lead subacetate or acetate allowed to flow
tranquilly over the surface. Black fibres of lead sulphide are formed. 1f
Jead acetate is mixed with solution of soda until the precipitate which at first
forms is redissolved, a very delicate test-liquoris obtained.  Solution of sodinm:
nitro-prusside is also a delicate test, and gives a beautiful violet-purple wlﬂfi
As it only acts on the sulphides, a little solution of soda must also be added
to detect the free hydrosulphuric acid. i

Carburetted hydrogen in small quantity in water is not readily detecteje

1
Gehiitzenberger and Gérardin, 18 ingenions and rapid, but it has the inconvenience of requ ring §
tﬁa rm;;;eutrﬁ} be freshly pro&:rml. as it will not E@epi {See Cumptes Rendus de 1 Acu.dénﬁj-t
des Sciences ; Lefort, Traité de chimie hﬂ‘llmlugéﬂ{m = Annales d'Hygiéne, Janvier, 1877.

. p. 201

+ Archiv fiir Wiss, Heilk, 18G4, No.

+ The Elﬂm of determining the oxygen by means of the sodium hydrosulphite, sn?autecil hi’
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but Tiemann says that warming the water to 110° Fahr,, will enable the
smell to detect coal gas, when chemical reagents fail. Generally there are
other impurities, especially if it be derived from gas impregnation. In larger
quantity it sometimes bubbles up from the water of stagnant pools, particularly
if there be much vegetable matter; and in the cases of some natural springs
in pefroleum districts, can be ignited.

Digsolved Solids.

The diserepancies which are sometimes found in the consecutive analyses, or
in analyses by two observers of the same water, probably arise from the diffi-
culty of always separating the suspended matters. Gt:rnsaqu_a];tly two samples,
apparently similar, may in reality contain variable quantities of suspended
matters which affect the determination of the solids, or influence other tests.

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

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

QuaLrtaTIVE EXxAMINATION 0F D1ssorLvep Sorips.
The water may be either at once treated, or, in the case of some con-
stituents, it should be concentrated by evaporation.

Water not Cloncentrated.

Subaln?::mught Reagents to be used and cffects, TRemarks,

Reaction Litmus and turmeric papers; | Usually neutral. Ifarid and acidity dis-
usual red or brown re-| appearson boiling, it is due to carbonie
actions, acid. If alkaline and disappears on

boiling, to ammonia (rare). plli‘pannns
_ nently alkaline, to sodium earbonate.
Lime Ozxalate of ammenium, Six grains per gallon give turbidity ;
White precipitate, sixteen grains considerable precipi:
tate,

Chlorine Nitrate of silver, and dilute | One grain per gallon gives ahaze ; four
nitrie acid, . Emms per gagl‘}nn give a marked tur-

White Precipitate becoming idity ; ten grains a considerable
lead colour, Precipitate,

Sulphurie Acid| Chloride of barium and dilute | One-and-a-half grains of sulphate give
hydmhlpr_m aeid, no precipitate until after standing ;

White precipitate, three Frﬂ.ins give an immediate haze,
and, after a time, a slight precipitate,

Nitric Acid | Brucine solution * and pure | The sulphuric acid should be poured
E?Il:"“m acid, Eﬁntl}* down to form a layer under
A pink and yellow zone, e mixed water and brucine solu-
tion ; half a grain of nitric acid per
gallon gives a marked pink and yellow
Zone; or,as recommended by Nicholson,
2 C.C. of the water may be evaporated
to dryness ; a drop of pure su phurie
ul:.*itt}1 and nlmiuutu erystal of brucine
ropped in; ‘01 grain per on
can be easily {Ietmmﬂ £y

* Brucine solution is made by dissolving one gramme in 1000 C.C. of distilled water, The
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ammonia, and sometimes phosphoric acid ; and if the contamination be recent,
of oxidisable organic matters. A stream fouled by animals or excreta may
thus show at different times of the same day different amounts of chlorine,
and this, in the absence of rain, will indicate contamination.

Ammonia is almost always present in small quantity, but if it be in large
amount, and be unaccompanied by nitric acid and nitrous acids and chlorine,
it probably indicates vegetable impregnation, and perhaps a marsh origin. A
large quantity of ammonia in water is always suspicious. If nitrates, &e., be
also present, it is more likely to be from animal substances, excreta, &c.
Nitrates and nitrites indicate previously existing animal matters, excreta, re-
mains of animals, or other animal substances ;* but it has not yet been proved
that vegetable matters may not furnish nitrates. If nitrites largely exist, it is
generally supposed that the contamination is recent. The coincidence of
easily oxidised organic matters, of ammonia, and of chlorine in some quantity,
would be in favour of an animal origin. If a water gives the test of nitric
acid, but mnot nitrous acid, and very little ammonia, either nitrate of
potassium, sodium, or ealeium is present, derived from soil impregnated with
animal substances at a long anterior date. If nitrites are present at first, and
after a few days disappear, this arises from continued oxidation into nitrates ;
if nitrates disappear, it seems probable thisis caused by the action of bacteria,
or other low forms of life. Sometimes in such a case nitrites may be formed
from the nitrates. Phosphoric acid, if in any marked quantity, indicates
origin from phosphatic strata (which is uncommon) or sewage impregnation,
Lime in large quantity indicates calcium carbonate if boiling removes the
lime, sulphate or chloride if boiling haslittle effect. Testing for carbonate of
lime is important in connection with purification with alum. Sulphuric acid
in large quantity, with little lime, indicates sulphate of sodium, and usnally
much chloride and carbonate of sodium are also present, and on evaporation
the water is alkaline. If water acts greatly and rapidly on potassic perman-
ganate, nitrites or sulphuretted hydrogen will probably be found ; if not, the
rapid action is from organic matter, which is decomposing ; probably animal,
as vegetable matter acts more slowly. Ferrous salts, which also act on. per-
manganate, are uncommeon in drinking waters. Large evidence of nitric acid,
with little evidence from permanganate, indicates old contamination ; if the
permanganate gives large indications, and especially if there be nitrous acid
as well as nitric, the impregnation is recent.

Tabular View of Inferences to be Drawn from Qualitative Examination.

Oxidisable
Chaxcter | corine, matter bY | Xitrates. | Nitrites. [Ammonia. Sulphates. Phosphates |  Remarks
| Chioride.
Good . . Slight. |Slight. |Trace. §Nil. Nil Trace. |Trace. |A pure water.
Usable .|Marked |Slight. |Trmee |Nil Nil. Marked.| Trace or Probahly sea-
tolarge. or nil. I nil. water ocon
tamination.
Suspicious| Large. Marked. |Trace. |Trace. |Trace. |Marked.| Marked. Probable ani-
mal con-
tamination.

Bad . . Large. |Large. |Marked. Marked.| Marked. | Marked.| Marked. |Probablysew-

are.
Suspicious| Slight. |Moderate, Nil.  |Nil. | Largo. |Trace. |Marked Probably
vegetat;la,
m
Usable .|Marked, |Slight. |Marked| Trace. | Trace. Trace. |Trace Old " animal
eontamina-
tion.

F', Dr Frankland has considered these substances as the representatives of © previous sewage
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A water containing any metal (except iron), other than the alkaline and
earthy metals, is to be condemned. : rerhom 4,

A water containing any gas, other than oxygen, nitrogen, or carhonic acid, is
to be considered suspicious, and not to be used without boiling or filtration,
or both.

QuANTITATIVE EXAMINATION OF IISSOLVED SOLIDS,

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

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

contamination,” In many cases they are so, but it cannot be held that_they are always so ;
any nitrogenons substance, quite apart from sewage, may furnish them, so that the phrase has
Been ohjected to, and is better avoided,

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

1. The estimation by ignition of the dried solids. However useful ignition is as indicating
the presence of nitrites, nitrates, or organic matter, the results are very uncertain as regards
quantity, owing to the loss of hygrometric water, the decomposition of carbonates, and errors
arising in recarbonating, the loss of nitrites and nitrates, and in some cases of chlovine, as well
as the destruction of organic matter. Hence *substances driven off by heat,' or ™ volatile
substances,” is not an equivalent expression for ** organic matters,”

2. Precipitation by aﬁerchluridu of iran, weighing, incinerating, and weighing again. The
dilﬁu]':;;tjr here is that all the organic matter is not precipitated, and other mineral substances
ma

. The determination of the ni and carben in the organic substances. This is the
plan proposed by Dr Frankland, who determines the nitrogen in the ammonia, nitric and
nitrous acids which may be nt, and also that in organic combination, and in this wa: gets
at the nitrogen, which must ave formed part of the organic matter (*‘organic nitrogen”). In
the same way the carbon existing other than in the sha of carbonic acid is determined
(*f organic earbon ). He hus mﬁmpuud a most ingenious and beautiful process, a short aceonut
of which the medical officer find in my Report on Hygiene in the Army Medical Depart-
ment Blue Book, vol. viii. p. 300. The most recent and best account of the whole process is
contained in Sutton’s Volumetric Analysis, 84 Ed. p. 201. "This plan requires so much
apparatus, time, and skill, as to be q yond the reach of medical officers, and it would also
appear that in the hands of even very able chemists it gives contradictory results ; the
Elmuhea are in fact so small, and the chances of error so repeated, that in its present form

i really beautiful plan seems not adapted for hygienie water analysis, It is also diffienlt
to know what construction should be put on the results: a water containing much non-
“imﬂeﬂm,'?{'ﬁﬂmﬂ matter may give a very much larger amount of * organie carbon™ than a
!Eli.m containing a much smaller amount of nitrogenous matter, and yet be much less hurt-

4. The determination of the nitrogen of the organic matters (as ammonia) by means of
a.l]l:ah_un anganate of potassinm l[“alhuplinnid ammonia), nf‘tgr all u.mnmnin]raxinl:ing as
such in the water has been got tid of. This lan, proposed by Wanklyn and Chapman, las
the merit of simplicity and rapidity. Tt has been ohjected to by Frankland on the ground
that the whole of the :ﬂit.rchu_ 15 not obtained. There is no doubt of this ; but Wanklyn
affirms that the ?mttht}' obtained is constant, and therefore comparison between different

t.im-:;i m:ln be instituted. Thudichum and Dupré, in their work on 1lu-;:'lim: (p. 262), state that
y fin . the albuminoid ammonia process so aceurate for albumen in wine, that they use
tin preference to other methods. It must be confessed, T think, that this point has not yet

disprﬁhetl to the bottom, and that cially the relation n[" the “ albuminoid ammonia *

ease produced by the water has not been yet made out. The ** albuminoid ammonia " of
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od scales are available, 200 C.C. of the water are sufficient,® if the scales
are inferior, 500 or 1000 C.C. of the water must be taken ; then evaporate to
dryness with a moderate heat, taking care that the wgﬂ:&r does not boil, else
there may be loss from spurting.  If the smaller quantity 1:‘!!3 taku_n, the w]ml_ﬁ
evaporation may be conducted in one vessel (of platinum if possible) ; buf if
the larger amount must be used, the evaporation should be commenced in a
large evaporating dish, and the concentrated water and deposit, if any, trans-
ferred into a small weighed crucible. The transference demands great care,
g0 that none of the solids shall remain encrusted in the evaporating dish. All
the contents of the large dish being transferred, evaporate to complete dryness
in an air, water, or steam bath, keeping the heat below 212° Fahr. When
the solids appear quite dry, raise the heat (in an air bath) to 260° or 2707,
and keep it heated for half an hour to one hour. Weigh as soon as the
capsule is cold, as the dried mass may be hygrometrie.

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

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

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

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

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

The determination of the total solids is a most important point, and should
be very carefully done. Tt gives a control over the other quantitative deter-
minations, and if erroneous may make the other conclusions wrong,

(b) Fized solids. Incinerate the dried solids with as low a heat as
possible ; watch the process, and note if there be much blackening, or if any
fumes can be seen, or any smell be perceived as of burnt horn. A piece of
filtering paper dipped in solution of potassium iodide and starch, and then

_ora piece of ozone paper, should be held over the crucible to detect
any nitrous acid which may be given out.

(¢) Volatile solids. The loss on ignition may be stated as “volatile sub-
Eﬁ&l‘lﬂﬂﬂ.' It consists _of destructible organic matters, nitrates, nitrites,
ammoniacal salts, combined water, combined carbonic acid,§ and sometimes
chlorides. The variableness of the composition of the * volatile substances ”
] Ethle':tlh to the disuse of the process by ignition as too uncertain. Combined

t&i’ er evidence it gives, hﬂWﬁ‘:ﬁl‘, some useful indications. The incin-
erated solids may be examined for silica and iron, as hereafter noted.

* Wanklyn recommends a ** miniature allon™ of i
hﬂrif t{gis is too :mnll \{'Iithuulf a dallmtga h:l?mr?n, s L Besak ST DS Wl
 the " miniature gallon” be used, Wankl i :
{ ool & oToAl fo B4 fo Bt i o7 oY benker gluas
an

This may be restored by add - ;
diiving t{u ik nm};nuniul?g a little solution of ammonium carbonate and then drying
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2. Defermination of Chlorine.

Chlorine may be determined very rapidly by the volumetric method.

Make a solution of pure silver nitrate, by dissolving 17 grammes (one-tenth
of an equivalent) in 1 litre of water. Of this solution 1 C.C.=355
milligrammes of chlorine, or 5:85 of sodinm chloride.*

Take 100 C.C. of the water to be examined ; place it in a white porcelain
dish ; add enough solution of yellow potassinm chromate to make the solution
just yellow, drop in the silver nitrate from the burette, and stir after each
addition. The red silver chromate which is first formed will disappear as
long as any chlorine is present. Stop directly the least red tint is permanent.
Multiply the C.C. used by 10, and then by the co-efficient of chloring, or of
sodium chloride if it be assumed that salt only is present. Neither the solu-
tion of silver nor the water must be acid ; if the latter is acid, a little sodium
carbonate must be added.

FEzample.—In 100 C.C. of water, a few drops of potassium chromate and
156 C.C. of silver solution gave a red colonr—1°5x 10x 3-55=53.
milligrammes per litre : 53 x 0°07 = 3-71 grains per gallon.

This caleulation may be shortly performed by multiplying the actual
number of C.C. used by 2-48. The result is grains per gallon. t

If it be reckoned as sodium chloride, the factor should be 4-09. This
process is very useful for determining the amount of salt in various articles of
food and drink. In water it is extremely so.

3. Hardness.

Clark’s very useful soap test offers a ready mode of determining this in a
manner quite sufficient for hygienic and economic purposes.f The processes
with the soap test may be divided into two headings. it

1. The determination of the aggregate earthy salts, and free carbonic acid,
as expressed by the term fofal hardness. The aggregate determination ean be
divided into two kinds of hardness, viz, that which is unaffected and that —
which is affected by boiling, and these are termed the permanent and the
vemovable hardness. ) '

II. The determination of the amount of certain constituents, as the lime,
magnesia, sulphuric acid, and free carbonic acid. These results are only
approximative, especially in the case of the magnesia ; but they are very use- ‘j
ful, as they give us enough information for hygienic purposes, and are done
in a very short time. L

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

4 ounces capacity. 3

Solutions Required.—1. Standard solution of barium nitrate. The =
strength of the standard solution is 0+26 grammes of pure barium nitrate to 158
litre of water; of the concentrated solution, ten times this strength, or 26 =

* If 4-788 grammes of nitrate of silver are taken, instead of 17 grammes, and dissolved in
1 litre of watg: 1 (.C. will correspond to 1 milligramme of chlorine. This is the stren
ordered in Dr {uuuamarﬁ%angaga. ig,mltrmntzllmamlai by Wanklyn. Sutton proposes a solu-

jon half the strength an .C. of water to be use , ; J
t'H:-‘l- For greater agcuﬂmn]r a correction for colour may be made, by deducting 0-15 grains peciy
gallon from the result as chlorine, or 0-24 as sodium chloride, per gallon. ;

+ The soap solution here recommended was suggested by mmtm:t.-ﬂurfou Nicholson, RJL..i
who has also given s complete system of analysis based on the soap test, Chemical Jaurnl.l,..
Decoember 1862,  Clark’s solution may, however, be used. piv) v :

§ MM. Boutron and Boudet, some years ago, made ‘some modifications in the soap test
manipulation, and their plan is now ecommonly followed in the French army, and is
¢ Hydrotimétrie,” 1 am indebted to this plan for several adaptations.
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grammes per litre. In English weights these ave 18'2 grains per gallon for
the standard, or 182 grains to 16 ounces for the concentrated solution; 1
part of which has to be diluted with 9 parts of water when used.*

2. Solution of Soap. Dissolve a piece of soft potash soap of the Pharma-
copeeia in equal parts of aleohol and water; filter and graduate. Or rub in
a mortar, emplastrum plumbi of the Pharmacopwia with dry potassium
carbonate, in the proportions of 150 to 40, or 3% to 1; lead carbonate
and potassium oleate are formed; dissolve in rectified spirit, filter and
graduate.

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

7. L1 [ JO R OG- BRSO S 1) (1
x = 2887 CC.

The 210 C.C. must then be diluted with spirit and water to 2887 C.C. The
solution should then be tested once more to see that it is quite correct.
t?ijfs“ﬂid trouble, it is best always to make the soap solution too strong
a t.
As the acouracy of all the subsequent processes depends on this graduation,
it is necessary to take the greatest care in the operation.
In all cases the glasses, burettes, &c., must be perfectly clean ; the least
quantity of acid, for example, will destroy the accuracy of the process,
Rationale of the Process—When an ‘alkaline oleate is mixed with pure
water, a lather is given almost immediately ; but if lime, magnesia, iron, baryta,
alumina, or other substances of this kind be present, oleates of these bases are
formed, and no lather is given until the earthy basesare thrown down. Free
(but not combined) carbonic acid prevents the lather. The soap combines in
equivalent proportions with these bases, so that if the soap solution be graduated
by a solution of known strength of any kind, it will be of equivalent strength
for corresponding solutions of other bases, There are, however, .one or two
points which render the method less certain. One of these is: that, in the
case of magnesia, there is a tendency to form double salts (Playfair and
Campbell), so that the determination of magnesia is never so accurate as in
the cases of lime or haryta. Carbonie acid appears to unite in equivalent pro-
m:ngnzht? it 1]::, iﬂﬂﬂﬁd through the soap solution ; but if it be diffused in
uniltajwith uninca? ;1;5. ;I.l up with the soap solution, two equivalents of the acid
b being clearly understood that the soap test is a imative (though
really accurate if carefully used), it wi el {- sh
plan for medical men, as ifdﬁmafm?d:t\;waﬂ Eﬂiﬂg?nim A

To avoid the repetition of the term tentl - i :
of
to call each tenth of a centimeter one meusumn SRR e ctryeienl

*Bolution of caleium chloride a8 origi 3
the Barium nitrate is more conveniont, © 7 ""cd ¥ Dr Clatk, is often recommended, but

+ Redwood and Wood, By this plan a very pure and unalterable soap solution is obtained,

-
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The same result (viz, grains per gallon) is obtained if the number of
measures (less 2) is multiplied by -35 ; thus, 52 measures were used
(62 — 2y x 35 =17"D.

If the hardness of the water exceeds 80 measures of the soap solution, 25
C.C. of water only should be taken, and 25 C.C. of distilled water added.

The result must then be multiplied by 2.

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

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

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

(23 — 2) % 25 x 20 x 0:07 =T7-35
grains of caleium carbonate per gallon.

(¢) Removable Hardness—The difference between the total and the per-
manent hardness is the temporary or removable hardness, which in the example
would be 17-5 —7-35 = 10:15 grains of ealeium carbonate per gallon.

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

The determination, then, of

1. The total hardness,
2. The permanent or mremovable hardness,
3. The temporary or removable hardness,

will enable us to speak positively as to the hygienic characters of
far as earthy salts are concerned. + ks e

* If there is much fixed hardness this process is hardly available
+ Determination of Certain Constituents by Soap many cases th i
; g : — e anal
with the afham processes ; but it may be desirable to carry it Jlr"arthe:r! and to }&t:urrgﬁ;i ﬁ:g
nm:nunt of some ingredients ; for example, lime, inagnesia, sulphurie acid, carbonie acid,

L approximate estimate can be given of several of these ingredients by the soap test

t'im h1 18 sufficient for hygienic purposes ; and any one who has learned to properly determine
‘nﬂmfawn}an will be able to carry on tl:u{jl:-m-nesa into finer details,

Lmhw 2 i Stf;ﬂ}? gstz.t:thicgam Boutron and Boudet have proposed, after determination of
nhf-ﬂlm ug‘nill.m&hapj‘flﬂﬂnc : Li‘llllihﬂ;ﬂul;ﬂ :;nﬂﬂlﬂi::m ﬂxu.lute:i mtT'Ithan_tI? determine the hard-
QUSRI A3 it oo mact ot st ke :hzl*temqve . tThe difficulty here is to_add

: ch itsell in exc ves hardness,
m]lnfi‘;:q J}mnd the best wnf’ to perform this pm:;eas is to have a pegfl'l:cgl} -:u:l'::nll?i::ﬂd clear
= |HE]mDmu3'. oxalate, and to add to 50 C.C, of water 1 drop for every 4 measures
Then {JE o nir?anh“aﬁ ; t-hﬁi}'l ]111'-1 other bottles, to add respectively, 1, 2, and 8 drops more,
it £ wtl*nnﬂ Ll -:.t:tri ll:ilt“u; '?im t:;:ti:lr:;ttﬁi ?11& sﬂﬁgt the rasullt. which gives the least hardness,

€l contains enough, but not too much ammoni
oxalate, e water need not be filtered, but it should be a!flu;we{l to stand at least fm‘-n?!?l!:;

or four hﬁul‘s‘, or, better still, twenty-four honrs before the hardness is taken, 1,

Then multiply the difference between the total hardness and the hardness after the addition

of the oxalate by the co- ime: this ia -
7 Equivule:t tubtxn.i e co-efficient for lime; this is 14, as each measure of the soap solution

8 amount of lime,
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Sulpluric Acid by Soap Test—This plan was proposed by Boutron ar
Boudet, and is briefly as follows :—The Eardnm ::E t]?e 'l;-.rﬂ;t-»s;.ll1fir being knuw;ld
50 C.C. of the standard barytic solution (26 grammes per litre) are added to
50 C.C. of water, and the mixture is allowed to stand for 24 hours, The hard.
ness (supposing no SO, were present) would be exactly equal to the original
hardness of the water and of the barytic solution combined, But S0, being
present, barium sulphate is precipitated, and there is a loss of hardness, Each
degree of loss equals '24 of sulphuriec anhydride (S0,).

Freample.—Original hardness, s : ; L ; 62
50 C.C. barytic solution . : L : 29
B4

After precipitation, - : . g . 712
Difference, - : 2 : 12-8
24 x 128 x 20 x 0-07 = 3:584 grains per gallon of SO,

Ezample.—Total hardness, : : : A 52
After lime precipitated, . ; ; ; 10 A

Difference, . - 5 : 42
42 measures x "14 x 20 x 0'07 =8-232 grains of lime per gallon,
Or, to save trouble, multiply the number of measures by ‘196 ; the result is grains per gallon.
If carefully done this rnsuﬁ; will be near the truth. ? ’ per gal

Muagnesia by the Soap Test.—Boutron and Boudet p to determine the magnesia b
boiling the water from which the lime has been thrown down. All usual elements of lmrc?:
nesz, except the magnesia, are thus got rid of. This is by no means so accurate a process as
that of the lime ; the lather is formed much less perfectly and sharply, and in ition the
constitution of the magnesia and soap compound is variable, The result must be considersd
:@H{é{liitu Erpmxinmti\fa, but may sometimes be rendered more accurate by diluting with dis-

1 wa '

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

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

Calculate as magnesia, the co-efficient of which, for each degree of soap solution, is <1, or,
as magnesinm, the co-efficient of which is ‘06. iz

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

{11-2) x -1 = 20 x 007 = 1-26 grains of magnesia per gallon.
Or, to save trouble, multiply the number of degrees by *14 ; the result is grains gallon.

Although this result is u]apmximutive, it is really nearer the truth than the d tion by
weighing in the hands of a beginner. .

jg'ee E’urbam‘c Acid 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,
80 ns to disengage some of the CO,, and then that the air should be sucked out. But this
does not entirely remove the carbonic acid. ) .

By the soap test the free carbonic acid can be determined®in the following way: Throw
down all the lime earefully by ammoninm oxalate, without adding an excess, 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, freed
from lime, be boiled, and the loss of water mpfamd by distilled water, the carbonic acid will
be driven off. The hardness should be then again determined. The difference between the
first and second trials will (if no iron exist in the water) give the amount of soap solution .
which had been previously acted on by the carbonic acid.

Example.—1. Total magnesian and carbonic acid hardness, = 132 measures,
2. Magnesian hardness, . 3 : T

Carbonic acid hardness, ; , = § o

1 measure of soap sol. eorresponds to ‘22 milligrammes carbonic acid. Therefore,
+22 3¢ b % 20 % 0°07 =154 grains per gallon.

As 2118 cabic inches weigh one grain, multiply the number of grains by 2:116 to bring into)§i*

: 1lom. i
cubic inches per ga 154 % 2116 =325 cubic inches,
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** Usually this process gives good results. Occasionally, from some cause of
which Tam ignorant, the barium sulphate does not precipitate. This does not
depend on the amount of sulphuric acid. The ease with which this process is
done renders it useful.  The barytic solution is only strong enough to precipitate
6-72 grains of sulphuric acid (SO,) per gallon, so that half the water only
must be taken, or less, if the sulphurie acid be evidently in large amount,*
.. Short factors : for SO, = 0.280, for SO, = 0-336.

Determination of the Earthy and Alkaline Carbonates by Molr's Process.

This is a very elegant process, and may he useful. w

Prepare a standard solution of sulphuric acid by mixing 49 grammes by
weight of pure sulphuric acid with distilled water up to one litre ; 2 C.C.
will saturate 10 milligrammes of calcium carbonate. Prepare a solution of
eochineal, by bruising the dried commereial cochineal and digesting it with
water, which is gently heated, for a short time. Add a little alcohol and filter,

_ Process.—Take 70 C.C. of the water to examine, and add a drop or two of
the cochineal solution, which gives a carmine red colour, Then run in the
standard acid solution till the colour becomes yellow or brown-yellow. Read
off the number of C.C. used, and multiply by 5. The result is grains of earthy
and alkaline carbonates per gallon, stated as caleium carbonate,

Lzample.—i0 C.C. of a sample of water, reddened with cochineal, required
39 of standard solution to make it yellow ;—then 39 x 5 = 195 = grains per
gallon of earthy and alkaline carbonates as caleium carbonate. If the water
be not alkaline to test paper, the result will represent calcium earbonate only.

Or, to shorten the caleulation, multiply the number of degrees of soap solution by +65: the
result is the amount of cubic inches per gallon.

5 "6 =325 enbic inches per gallon.

Tf much iron exists in the boiled water, it must be determined and its amount deducted
one measure of soap sulution corresponds to -14 grammes of iron (Fe).

Determination of Lime and Magnesia by Weight,

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

Lime by weight.—Take a known quantity of water ; add ammonium oxalate, and then
ammonia enough to give an ammoniacal smell.  Allow precipitate thoroughly to subside, and
then wash by decantation, or by throwing the precipitate on a small filter of Swedish paper,
the weight of the ash of which is known, Lwecantation is recommended. If a filter is used,
wash precipitate on filter dxar s serape precipitate from filter, and place in a platinum cruecible ;
burn hilter to an ash, by holding 1t 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 Elven, the process is done. If the paper is browned
(showing presence of caustic lime), recarbonate with ammoninm carbonate, drive off excess of
ammonia, dry, and weigh.

The substdnce weighed is caleinm carbonate, multiply by -56, and the result is lime,

Mohr's plan might also be used, iz :—preeiﬁitatinn of the lime in an ammoniacal solution
by standard oxalic acid, and then titration of ¢ excess of the latter by permanganate,

Magnesia by weight.—Take the water from which the lime has been thrown down; evapo-
rate to a small bulk ; filter if there be turbidity ; add solution of ammoninm chloride and
ammonia o slight excess ; then add a solution of sodium phosphate ; 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 ammoniaeal witer ; dry ; incinerate in -I'E;l intense leat ; weigh, taking
care to deduct the ash of the filter known by previous experiment. The substance is niag-
Bainm p:p;_-nphgffhu‘tu; multiply by -86086 to get the amount of magnesin.
L .Sf'lu.{phmrw.-l ut.—Take a known quantity of the water (500 to 1000 €.C.), acidify with
My mgi:iurl_-: acid and evaporate, ut 1ot 50 far as to run any risk of throwing down sulphate
| b; cgﬁ:::’n& ilﬂl';m;l i;nd“gri&r;: ad:_ji:L ﬁﬂ"“?da of harium 13 nl!gw to stand, and wash the precipitate
3 [ Bl ¢ I recipitate it Bl t the amount o i
Hdri:!a (805} or by 411, if it is wis al:l to ,_i’;..,..mﬂ' it ag E'Chm £ vrREo

f the amount of 80, Le small, ﬂvntﬂo

. ration may be resorted to, or the gravimetrie method
entioned above, W:izlumtuin's method 2 f i
““”'ifﬁ‘] edition, p. 97 ; also Report on l:hnlan Pl oG, B gfmu“ bl

g @ progress of Hygiene, Army Medical Reports, Vol,
ﬂ ¥
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Should the latter be already known (through the hardness), the difference, if I
any, will represent sodium earbonate, and may be calculated out as such.

4. Determination of Free or Saline Ammonia and Nitrogenous
: Organie Mutter,

(a.) Free Ammonia,

Strictly speaking, ammonia is not derived solely from organic matter, as it
is found in the atmosphere. Organic matter passing into water is, however,
the chief source, and it seems clear that both vegetable and animal substances
will give rise to ammonia.

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

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

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

Instead of weighing 0315 grammes, it is best to make a solution of ten =
times the strength (viz., *315 per litre =1 milligramme of NH, for 1 C.C.), j

— - i er

and to dilute it when required by adding nine parts of water to one of the
liquid. If sulphate of ammonia is used instead of chloride, the amount is
-3882 grammes per litre for the strong solution (1 C.C. =1 milligramme).
Pure Distilled Water.—If distilled water is redistilled, and the first portion
be rejected, the next portion is usually free from ammonia. Or the water
may be distilled from potassium permanganate. A good plan, suggested by
Dr J. L. Notter, is to add phosphoric acid to the water before distilling : this:
fixes the ammonia. Before the test is used, the water should itself be tested
with Nessler's solution, and it should be also certain that it contains no
organic matter which can furnish ammonia. Tt should also be free from Uﬂaﬁ
which interferes with the sharpness of the reaction.
— . These solutions being ready, the following process is gone through :—
Place in a retort 250 C.C. of the water to be examined, and 5 C.C. of
saturated sodium carbonate solution (although Wanklyn says that this, as &
rule, is not necessary). Attach the retort to a Liebig’s condenser, and di
off abont 120 C.C. ; carefully measure the amount of distillate; test a little
with Nessler’s solution in a test-tube ; and, if the colour be not too dark, take
100 C.C. of the distillate and put it into a eylindrical glass vessel, placed
upon a white plate or piece of white paper. Add to it 13 C.C. of Nwﬂ%;.

»

Put into another similar eylinder as many C.C. of the §ta'f1dard ammoni
chloride solution as may be thought necessary (practice soon shows

* The brown precipitate produced by Nessler’s solution has the composition I:T.'ﬂg, 1, OHg:
there are 17 parts of smmonia in 559, so that multiplying the weight of the precipitate by 1

r(viz,, ;:9) gives the weight of theammonia,
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amount), and fill up to 100 C.C. with pure distilled water : drop in 1} C.C.
of Nessler. If the colours correspond the process is finished, and the amount
of ammonium chloride used is read off. If the colours are not the same, add
a little more ammonium chloride so long as no haze shows itself,—if it does,
then a fresh glass must be taken and another trial made. When the process
is completed read off the C.C. of ammonium echloride used, allow for t]:fu
portion of distillate not used, multiply by 0°01 and then by 4 : the result is
milligrammes of free ammonia per litre, or parts per million.
Erample.—From 250 C.C. of water 123 were distilled ; 100 C.C. were

taken for the experiment; 45 C.C. of ammonium chélurida solution were
12:
required to give the proper ecolour; then 45 x 100 x 001 x 4=0-2214

milligrammes of free ammonia per litre. _

Should the eolour of the distillate prove too dark, a smaller quantity may
be used, and made up to 100 C.C. with distilled water. Wanklyn recom-
mends distilling only 50 C.C., Nesslerising it, and then adding one-third to
the result, on the ground that (as he says) three-fourths of the ammonia come
off in the first 50 C.C. He also says that with smaller sized apparatus 100
C.C. of water gives satisfactory results. (See “ Water Analysis,” 4th edition,

43).

G Th?a use of permanent coloured solutions, corresponding with known
amounts of ammonia, has been recommended, and caramel has been tried at
Netley. As yet the results have not been very satisfactory. Captain Abney,
RE, F.RS,, has also suggested a graduated prism, filled with weak solution
of eoffee, for the purpose.

‘When a Liebig’s condenser cannot be obtained, a flask may be used instead
of a retort, and the distillate conveyed to the receiver by a tube of glass (or
block tin) passing through a vessel of cold water, which must be renewed
from time to time. The tube may be bent in any convenient way so as to
expose it to the cooling water as much as possible. Every part of the
apparatus must be serupulously clean and well washed with distilled water,
It is well to wash the retort, flask, and glass tubes with dilute sulphurie acid,
and then rinse out clean with distilled water. In distilling, the retort should
be thrust well into the flame, and the distillation carried on rapidly.

The “free” or “saline ammonia” represents the ammonia combined with
carbonie, nitrie, or other acids, and also what may be derived from urea, or
other easily decomposable substances, if they are present. The limit in good
waters is taken at 002 milligrammes per litre; in bad waters it often
reaches 100 times this and more, (See Wanklyn’s  Water Analysis,” 4th
edition, p. 34 ef. seq.)

After the distillation of the free ammonia, the residue of the water in the

?;?ihizd +to be used for determining the albuminoid ammonia, to be now

(&) Albuminoid Ammonia.

The object of this process is to get a measure of the nitrogenous organic
matter in water, by breaking it up and converting the nitrogen into ammonia,
by means qf potassium permanganate in presence of an alkali : the ammoniy
can be distilled off and estimated as above.

Pracew..—ﬂ solution of permanganate of potassium and potash is prepaved,
by dlﬂﬁql"lﬂg B_EI'HWDIEB of permanganate and 200 grammes of solid caustie
otash in one litre of water, and boiling thoroughly to expel any ammonia
nd dex_sl:rﬂ}"anj' nitrogenous matter, 25 C.C. of this solution are added to
tillation of the free ammoniay and about
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110 to 120 C.C. distilled off. It is sometimes convenient to add a little pure
distilled water to the residue if the first distillation has been carried rather
far, Wanklyn recommends successive quantities of 50 C.C. to be distilled
off and tested until no more ammonia comes over. Determine the amount of
ammonia, as was done in the case of the free ammonia, and state the results
in this case as albuminoid ammonia. In this distillation there is sometimes
a little difficulty caused by * bumping,” especially in the case of bad waters ;
to remedy this it has been recommended to use pieces of tobacco pipe or
charcoal,®* Tt is better, however, to dilute the water if it be a bad one, and
not to distil too rapidly. : :

A good deal of controversy has taken place as to the significance of this
test, some chemists denying that all the nitrogen is obtained. Wanklyn,
however, insists that what is obtained is a constant quantity, and that ten
times the ammonia represents fairly accurately the nitrogenous organic matter.
Although it may mot be perfectly accurate, it seems better adapted for
hygienic purposes than Frankland’s method, which requires apparatus of a =
complicated and costly character, besides being liable to wide hmits of error.
With Wanklyn's process a bad water is not likely to escape detection,—in
the words of Hassall, “a bad water will appear bad, and a good water will
appear good, although the absolute quantities of organic matter cannot be
thus determined.” (** Adulterations Detected,” 1876, p. 82.)

The standard limit of albuminoid ammonia in good water is 008 =
milligrammes per litre, but Wanklyn thinks anything above 005 objection-
able if the free ammonia be large, He classifies waters into three classes
viz. :—Class L., waters of extraordinary organic purity, containing from 0-:00
to 0-05 of albuminoid ammonia,  Class I1, comprehends the general drinking-
waters of this country, giving from 0:05 to 0-10 of albuminoid ammonia.
Such water is safe organically, Olass II1., the dirty waters, yielding more
than 0-10 of albumincid ammonia. This last seems to be rather too sweep-
ing a statement. Although animal matter is the chief source of albuminoid
ammonia, it may be yielded by vegetable as well. Decaying leaves produce
it (Parkes), also peat (Dearing, Abel, Thorp, Russell), “Much albuminoid:
ammonia swhi{:h generally comes over slowly), little free ammonia, and almost
entire absence of chlorides, is indicative of vegetable contamination.”
(Wanklyn). In the Leek workhouse persons drinking such a water (free.
ammonia 0-02, albuminoid 0-34) suffered from diarrheea. There was only
05 grains of chlorine per gallon. In the water of a pond in Perthshire
found : free ammonia 036, albumineid 2:00 milligrammes per litre, and
chlorine only 0-62 grains per gallon. This had been used for many yea 8 i
without any bad effects observed. (¥. pe C.) :

In well-waters in villages there is often a large amount of albuminoid:
ammonia.t Wanklyn found in the Thames at Hampton Court 0-28, ab
Tondon Bridge at high tide 0:59. Dr Palmer found the tank water in
Calcutta to vary acconling to the time of year and amount of rain, the greatestd
impurity being in May and June, the hottest and driest time. The tank
supplying the Bengal Club showed in November 0-38, in May 050 and i
June 0:62. The water of the Hooghly, 16 miles above Calcutta, had
December 0:10, in May 0:14, and in June 0-10. {

It has sometimes been suggested to distil off at once the total ammonia by}
the process with permanganate and potash, Dr Macnamara mentions thal
this was done daily in Caleutta for a considerable time, and that “ by its use ¥

.J:I

e

* Both must be heated to redness immediately before use,

+ Water Analysis, 4th ed. p. 34

+ For examples, see my Lectures.on State Medicine, p. 78, table xii. [F.deC.]
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any faulty action in the filtering beds of the municipal water-works was at
once detected.”

8. Oxidisable Matter in' Water.

The oxidisable matter in water consists of oxidisable organic matter,
nitrites, ferrous salts, and sulphuretted hydrogen. The last can be easily
recognised by the smell, and got rid of by gently warming the water.
Ferrous salts are rare, but, if present, they impart a distinet chalybeate taste
to the water if their amount reaches the fifth of a grain of iron per gallon
(about 3 milligrammes per litre).  Generally their presence may be disregarded.
There remain, therefore, the oxidisable organic matter, and nitrous acid as
nitrites.  For determining these the potassium permanganate is very con-
venient. y

(a) Total Oxidisalble Matter in terms af Oxygen requared for its Ovidation.—
A solution of potassium permanganate is made by dissolving 0:395 grammes
of the crystallised salt in one litre of water. In presence of an acid each
C.C. of this solution is capable of yielding 0-1 milligramme of oxygen. To
test its accuracy a standard solution of oxalic acid is made by dissolving
0-7875 grammes of crystallised oxalic acid in one litre of water: 100 C.C.
acidulated with dilute sulphuric acid, and warmed, should exactly decolorise
100 C.C. of permanganate solution.

Process.*—Take a convenient quantity of the water to be examined, say
250 C.C.; add 5 C.C, of dilute sulphuric acid (I to 10); drop in the
permanganate solution from a burette until a pink colour is established ; warm
the water up to 140° Fahr. (60° C.), dropping in more permanganate if the
colour disappears ; when the temperature reaches 140° Fahr. remove the lamp ;
continue to drop in permanganate until the colour is permanent for about ten
minutes, Then read off the number of C.C. used, multiply by 0-1 to get the
milligrammes of oxygen, and by 4 to get the amount per litre.

Lwample—250 C.C. of water, with 5 C.C. of dilute sulphuric acid, re-
quired 3-5 C.C. of permanganate to give a permanent colour; 36 x 001 x 4 =14
milligrammes of oxygen per litre required for fofal oxidisable matter. t

It must be remembered that this includes both organic matter and nitrous
acid.  We must now differentiate these,

(%) Organie Oridisable Matter in terms of Oxygen required for its Owida-
tion.—Take 250 C.C. of water tobe examined ; add 5 C.C. of dilute sulphurie
acid as ahavE-; boil the water briskly for 20 minutes ; then allow it to cool
down to 140° Fahr. (60° C.) ; then add the permanganate until a pink colour
i8 established for ten minutes, Calculate out the oxygen as above, stating
the result as milligrammes per litre required for oxidisable organic matter, or,
shortly, as organie owygen.

_The rationale of this process is the driving off of the nitrous acid by boiling
mtﬁ-_ﬂull?hllﬂﬂ acid. 1t is ascertained that this can be done without decom-
position. :

() Nitrous Acid.—This can now be determined easily by caleulating from
the difference between the two preceding processes. Each milligramme of

oxygen represents 2-875 milligrammes of nitrous acid ; we must therefore

multiply the dffrﬁ?ﬂnﬂﬂ by this factor, and the result is nitrous acid in
milligrammes per litre,

Erample.—A sample of water yielded, (b ; L
- y {by process (a), 14 milligrammes
of oxygen per litre ; by process (B), 0-75. ' Then we have f 40 — 0°75 =065 =

* As recommended by Dr, Woods, Iate R. A., Jounal of the Chem. Society, 1861,

+ I special accurncy is required, a correction f il g
rom the result stated as milligrammes of 0;}';3?1 1—_.?.—,:. fi‘;ﬁlllr may be made, by deducting 0 06
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milligrammes of oxygen required for mitrous acid: 065 x 2:870 =187
milligrammes per litre of nitrous acid (NO,).

Hassall* has suggested an improvement on the above process (De
Chaumont's), namely, instead of boiling away the nitrous acid, 10 distil it
over and determine it directly in the distillate. Fresenius proposes a some-
what similar plan, only using acetic acid for the distillation, and then sul-
phuric acid for the subsequent titration. Paul'st plan is, to precipitate the
organic matter with aluminous chloride and sodium carbonate, evaporate
slowly down, decant, Add distilled water, and determine with the permanga-
nate in the cold. This is a more tedious process, and does not seem to be
more accurate.

One or two precautions are Necessary in the permanganate processes. In
process (a) permanganate must be added to the water from the very comimence-
ment, in order not 1o lose nitrous acid, which may be driven off as the water
is being heated. The faintest tinge of colour that can be distinetly seen ought
to be accepted, provided i remain for ten minutes. Care must be taken to
add the sulphuric acid in every case at the beginning; if this is not done a
brown colour is struck which spoils the experiment. Sometimes this colour
appears, even after acid i added, and is then probably due to excess of organic
matter ; dilution with distilled waber sometimes remedies this. The water
should be freed from sediment by cubsidence and decantation. The perman-
ganate acts upon the india-rubber tube of the common burette, therefore it is
well always to run off what has been in contact with it before beginning, or
to use a burette with a glass stop-cock.

The permanganate process is the only one (except Trankland’s) that gives
us any measure of the oxidisable organic matter in water, and is, in
the present state of our knowledge, indispensable, imperfect though its indiea-
tions may be, It is certainly an aid to our judgment of the condition of a
drinking water, being to Frankland’s carbon process something the same as
the albumineid ammonia method is to his nitrogen one. None gives
us thoroughly trustworthy information, but for the army or navy medical
officer, or any one not provided with a well appointed laboratory, the perman-
ganate process, combined with Wanklyn's, gives as much information as 1s
likely to be got at present, and sufficient for hygienic purposes. It must be
remembered that the permanganate does not act upon fatty substances, starch,
urea, hippuric acid, creatin, sugar, or gelatine. ;

Action of Permanganate in presence of an Alkali.

In order to avoid some of the fallacies and inconveniences of the test with
acid, F. Schultze} has tried the following plan, which has been slightly
modified by Lex. Five or more vessels, each containing 60 C.C. of the water
to be examined, are taken, and to each 2 C.C. of thin milk of lime are added,
and then 1, 2, 8, 4, 6 C.C. &e, of the permanganate solution (viz., 395
grammes per litre) are added and left for two hours. At the end of that time
some of the samples will be decolorised, others still coloured ; if No. 1 and
No. 2 are colourless, and No. 3 is coloured, then the amount of permanganate
destroyed is between 9 and 3 C.C. As in the cold each equivalent of
permanganate only gives off 3 (not & atoms) of oxygen, each C.C. corresponds
not to ‘1, but to ‘06 milligrammes of oxygen.§ 1t is for this reason that 60

» Adulterations Detected 1876, p. 84. _
+ Watt's Dictionary of Gﬁemmtr:!' Vol, V. p.1032. 1 Roth and Lex, op. cif. p.91
§ With sulphuric aeid the following 18 the reaction: —
g (KMnO,) + S(HS0) = K80, + 2(Mn80,) + $(H,0) + Og
without acid the reaction i8:
SKMnO,) + H,0 = 2(MnO;) + 9(KHO) + O
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C.C. of water are taken instead of 100, for it is elear that if 1 C.C. of the per-
manganate solution gives only ‘06 milligrammes to 60 C.C., it is the same as
1 to 100 C.C. of the water. The calculation of the results is thus easy ; if,
for example, Nos. 1 and 2 are decolorised, w]:g'.lﬂ No. 3 is coloured, the amount
of oxygen required is between *2 and -3 milligrammes for 100 C.C., or 2 and
3 per litre.  If 60 C.C. of a water take less than 3 C.C. of the permanganate
solution to give it a colour permanent for two hours, Lex considers that it is a
good water as far as this test is concerned ; if 3 and 4 C.C. are required it is
a medium water, and if the 5 C.C. do not give a colour the water is bad.

(d) Nitric Acid—The most convenient process for determining this is
Wankyln and Chapman’s modification of Schulze’s process, which consists in
converting the nitrogen acids into ammonia. We require caustic soda
perfectly free from nitrates (which can only be got by dissolving metallic
sodium in pure distilled water, 2 grains to 100 C.C. of distilled water) ; and
sheet aluminium. 100 C.C. of the water to be examined are mixed with an
equal bulk of the alkali solution, and a piece of aluminium foil, larger than
is capable of dissolving, is placed in it and left for several hours. At the end
of the time the liquid is distilled in a small retort and Nesslerised if the
ammonia be moderate in amount, or determined by a standard acid solution,
if it be large (Wanklyn). In this process the ammonia that comes over is
made up of the free or saline ammonia present in the water, and that which
results from the reduction of both nitric and nitrous acids. We can apply the
necessary corrections if we have ascertained the amount of free ammonia and
of nitrous acid by the other processes. Thus, let us suppose that we have
found in a sample of water 0:052 of free ammonia, and 1-27 of nitrous acid ;
dividing the latter number by 2706 we get the amount of ammonia that
would result from the nitrous acid alone,—in this case 0-469, If we obtained
by the aluminium process 3-371 of total ammonia, we should have :

3:371 —0-052 — 0°469 = 2-850 ammonia from nitric acid,

To convert this into nitric acid we must multiply by 3706 for HNO,, by
3'647 for NO, or by 3-176 for N,O, ; so that in the above case we should
have 10-562 of HNO,, or 10-394 of NOy or 9052 of N,O,; all in
milligrammes per litre.

E;D;L The determination of sulphuric acid has already been referred to (page

Iron is seldom required to be determined quantitatively, but it may be done
by a colorimetric test (as suggested by Wanklyn). Either the water may be
tested directly, or, what is better, the incinerated residue of the solids may be
treated with hydrochlorie acid, and made up to 100 C.C. with distilled water.
A cubic centimeter of solution of ferrocyanide of potassinm is added, which
will strike a blue colour. A comparative experiment with a standard solution
of iron may be made. (See under Alum in Bread.) This is a better process
than the permanganate method, which with small quantities of iron gives very
uhcertain results.

Silica may be determined from the incinerated residue, by treating it with
strong nitric or hydrochloric acid, evaporating fo dryness, u,id againgtmalt-iug
mbh_ acid ; (llEt—lilﬂd‘ water (about 50 C.C.) is then added, and a little heat
applied till everything soluble is dissolved ; the residue is silica, which may
be collected on a small filter, ignited and weighed. A number of Indian

waters contain considerabl B L el : i
St Suttar® iderable quantities of silica, either combined or in the sus-

*# Dr Nicholson, R.A., has noticed that the water at Kamptee, both from the river and frou .
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the discharge is usually large, and the water is rendered perceptibly foul to |
smell and taste ; chemical evidence of sewage (excess of ammonia, chlorine,
phosphoric acid, and oxidisable matters) seems to be usually attainable.
Although no observation has been made on the point, it seems likely that, as
vibriones exist in great number in the typhoid stools, they would, as in the
case of cholera, be found in the water.

In the case of marsh water, again, there is always abundance of vegetable
and animal life, and in heating the water the peculiar marshy smell may often
be perceived. Tiemann notices that phosphoric acid is sometimes found in
large quantities in water from marshy meadows.

SECTION VL
Qup-Secrion L—SEARCH AFTER WATER.

Occasionally a medical officer may be in a position in which he has to search
for water. Few precise rules can be laid down.

On a plain, the depth at which water will be found will depend on the
permeability of the soil, and the depth at which hard rock or clay will hold
up water. The plain should be well surveyed ; and if any part seems below
the general level, a well should be sunk, or trials made with Norton's tube-
wells. The part most covered with herbage is likely fo 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. Bunt usually
wells sunks near the sea are brackish; and it is necessary to sink several,
passing farther and farther inland, till the point is reached where the fresh
water has the predominance. :

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

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

If moist ground only is reached, the insertion of a tube, pierced with holes,
deep in the moist ground, will somefimes cause a good deal of water to be:
collected. Norton's American tube well (page 7) gave satisfaction in Abys:
sinia, although it did not suceceed so well in Ashantee. A common pll_mﬂ:l
will Taise the water in it if the depth be not more than 24 or 26 feet; 1L
deeper, a special force pump has to be used.

Sup-SecrioN 1L —SPECIAL (CONSIDERATIONS ON THE SUPPLY OF WATER
TO SOLDIERS.

In barracks and hospitals, and in all usual stations, all that has to be done:
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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 been contaminated. As far as possible, a record should be
kept at each station of the normal composition of the water.

In transport ships, the water and the casks or tanks should always be
examined before going to sea. Alum, charcoal, and potassium permanganate,
should be in store. If the water turns out bad, it must not at once be con-
demned ; by aeration, boiling, charring the casks, throwing alum and charcoal
into the water, what at first appeared a very unpromising water may be used.
I 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. TIf there is
a little taste from organic matter, let it be exposed to the air for two or three
days. Sea water can be made potable by filtration through a great depth of
charcoal if this can be obtained. Crease's tank filters supply an excellent
means of purifying water in large quantities.

During marches each soldier carries a water-bottle. He should be taught
to re-fill it with good water whenever practicable; a little flannel bag, into
which charcoal may be sewn, can be placed at the opening so as to strain the
water.® If the water is decidedly bad, it should be boiled with tea, and the
cold tea drunk. The exhausted leaves, if well boiled in water, will give up a
little more tannin and colouring matter and will have a good effect ; and if a
soldier would do this after his evening meal,
the water would be ready for the next day’s
march. Alum and charcoal should be used.
Small charcoal or sandstone filters with elastic
tubes (fig. 4.) at the top, which draw water
through like siphons, or through which water
can be sucked, are extremely nseful, 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,
and they poured their water through this.
They also used sandstone and pumice-stones.

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

If water-carts or watersacks are used, they should be regularly inspected ;
ﬁ]:uar? Msh““lfl have a straining filter of pure sand, through which the water
zarriuﬂapﬁﬁ. hhlhi'ﬂﬂm? and skins should be scrupulously clean. _ The water-

: eesties, n India should be paraded every morning, and the
sources of water inquired into,

When halting ground is reached, it may be necessary to filter the water, A

Fig. 4.

* I have proposed for adoption into the i i i _

2 o aervice a water-bottle with two openings; the larger
El&ﬂﬂ%hiﬁa a l!_l"“n“i bag, into which, if necessary, a little bit ﬁl'a}lmngc Ccan E:i;-lanud, :EHI
reer suspended matter arrested ; & good serew closes this opening ; the smaller

iu mﬂ f d.rh i i 1 r ¥ |
108 sinn: ha:'gﬂgﬁr nlt?ot;:l;:ﬂ by a plug Eﬂnum:l by alittle chain. (The Italian water-bottla
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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

Fig. 7. Fig. 8.

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
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Fig. 9.

through the gravel between the barrels, and flows into the inner barrel.
the French army it is ordered t that, if other means cannot be procured, f

+ Code des Officiers de Santé. Far Didiot. P. 515.
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and inodorous straw be taken, and chopped fine, and pressed at the bottom
of a tube pierced with holes ; if possible, chareoal 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 (lriiﬁr'-'lﬂgsf which need little
description.  Figs. 5 and 6 speak for themselves. Fig. T isa 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 wineh, and the supply pipe
being removed, and the hole elosed, a few turns of the handle clear the sand.
Fig. 8 is a simple contrivance, which may be made
of wood or tin. Figs. 9 and 10 show Crease’s field
filter in use, either as a hand filter (fig. 10) or con-
nected by an india-rubber tube to a bucket of un-
filtered water placed in acart (fig. 9). It acts with
great rapidity and gives good results.
- In the field, the medical officer may be sent on to
give a report of the quantity and quality of any
source. Before the troops arrive he should make
his arrangements for the different places of supply ;
men and cattle should be watered at different points ;
places should be assigned for washing: and if re-
moval of excreta by water be attempted, the excreta
should flow in far below any possible spring ; in the
case of a spring, several reservoirs of wood should
be made, and the water allowed to flow from one
to another—the highest for men, the second for
cattle. TIf 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 Hie, 106
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,

erever 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 cave 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,




CHAPTER IL
AIR.

I'r might be inferred from the physiological evidence of the paramount import-
ance of proper aeration of the blood, that the breathing of air rendered impure
from any ecause is hurtful, and that the highest degree of health is only pos-
sible when to the other conditions is added that of a proper supply of pure
air, Experience strengthens thisinference. Statistical inquiries on mortality
prove beyond a doubt that of the canses of death which usually are in action,
impurity of the air is the most important. Individual observations confirm
thiz. 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, ean
doubt that impurity of the air marvellously affects the first, and influences,
and sometimes even regulates, the second. The average mortality in this
country increases tolerably regularly with density of population. Density of
population usually implies poverty and insufficient food, and unhealthy work;
but its main concomitant condition is impurity of air from overcrowding,
deficiency of cleanliness, and imperfeet removal of exereta, and when this
condition is removed, a very dense and poor population may be perfectly
healthy. The same evidence of the effect of pure and impure air on health
and mortality is still more strikingly shown by horses; for in that case the
question is more simple on account of the absolute similarity in different
periods or places of food, water, exercise, and treatment. Formerly, in the
French army, the mortality among the horses was enormous. Rossignol® states
that, previous to 1836, the mortality of the French cavalry horses varied from
180 to 197 per 1000 per annum. The enlargement of the stables, and the
“ increased quantity of the ration of air,” reduced the loss in the next ten years
to 68 per 1000.+ In the Italian warof 1859, M. Moulin, the chief veterinary
surgeon, kept 10,000 horses many months in barracks open to the external
air in place of closed stables. Scarcely any horses were sick, and only one
case of glanders occurred.

In the English cavalry (and in English racing stables) the same facts are
well known. Wilkinson § informs us that the annual mortality of cavalry
horses (which was formerly great) is now reduced to 20 per 1000, of which:
one-half is from accidents and incurable diseases. Glanders and farcy have:
almost disappeared, and if a case oceurs, it is considered evidence of neglect.

The food, exercise, and general treatment being the same, this result hass
been obtained by cleanliness, dryness, and the freest ventilation. The ven-
tilation is threefold—ground ventilation, for drying the floors ; ceiling ventila--
tion, for discharge of foul air; and supply of air beneath the horses’ noses, to)
dilute at once the products of respiration.

M

* Traité d'Hygidne Militaire. Paris, 1857, :
+ Wilkinson, Journal of the Royal agricultursl Society, No. 50, p. 21, ef seq.
*+ Larrey, Hygitne des Hop. Mil. 1862, p, 63. § Op .cit.
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In cow-houses and kennels similar facts are well known ; disease and health
are in the direct proportion of foul and pure air.

The air may affect health by variations in the amount or condition of its
normal constituents, by differences in physical properties, or by the presence
of impurities. While the immense effect of impure air eannot be for 2 moment

‘doubted, it is not always easy to assign to each impurity its definite action,
The inquiry is, in faet, in its infaney; it is difficult, and demands a more
searching analysis than has been, or perhaps than can be at present, given.
When impure air does not produce any very striking disease, its injurious
effects may be overlooked. The evidences of injury to health from impure
air are found in a larger proportion of ill health—i.e., of days lost from sick-
ness in the year—than under other circumstances ; an increase in the severity
of many diseases, which, though not caused, are influenced by impure air;
and a higher rate of mortality, especially among children, whose delicate
frames always give us the best test of the effect both of food and air. In
many cases accurate statistical inquiries on a large scale can alone prove what
may be in reality a serious depreciation of public health.

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

It would be oceupying unnecessary space to enlarge on the composition of
pure air. In addition to oxygen and nitrogen, there are the following sul-
stances :—carbonic acid, watery vapour, organic matter in the form probably
both of dead and living structures, Perhaps, also, the almost universally
diffused salts of soda should be reckoned as normal constituents,  The
amount of oxygenis about 2096 in the usual air, 20-98 in the pure mountain
air, while in the air of towns, it may fall fo 20:90 or 20-87 (A. Smith, * Aip
aﬁi Rain,” pp. 35, ef seq.). The subject of ozone is treated in the chapter on
climate.

The amount of watery vapour varies in different countries greatly, from
about 40 per cent. of saturation to perfeet saturation ; or, according to tempera-
ture, from 1 to 11, or even 12 grains in a cubie foot of air, if that expression
may be admitted. The best amount for health has not heen determined, but
it has been supposed it should be from 65 to 75 per cent. ; but in Iilanjf
heaTHl;hy climatesfft 1s much more than this. ;

e amount of carbonic acid in normal air ranges from 2 to 5
(or ‘fl'{::m 2 to 5 volumes 111 10,000) ; it iucrensesgﬁighﬂy upto liﬁg‘ﬂt{glt;:g:?é
elevation, then decreases ; it is slightly augmented under certain cireumstances -
as in sea air by day, though not at night ; the difference being between 54
E }?ﬂ L fﬂ:}?:’ﬂgﬂﬁ ﬂi’?”}"}‘ dl?tmt;]mg the Arctic Expedition of 1875, Dr F.
88, ound 1 Tan . , T
mean, 0-552* in N, Lat, 82° 97" ge from 0-483 to 0-641 per thousand ;

The normal amount of organic matter is not k it i ity
be considered as an impurity, not known, if indeed it is not to

SECTION T,
IMPURITIES IN AIR.

A vast number of substances vapou : : .
. ; T8, gases, or solid particle t
pass into the atmosphere. Many of these substances mnmmlflsfécﬂ :ﬁtﬂhg

- 1 i
Dr B, Ninnis of the ‘Discovery,” found much higher amounts, but the conditions may not

ave heen quite the same, or some
[}ummittcuqun the Outbrenk of Emr'i'}fﬂﬂe?rﬁl St i i
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by smell nor taste, and are inhaled without any knowledge on the part of
those who breathe them. Others are smelt or tasted at first; but in a short
time, if the substance remains in the atmosphere, the nerves lose their delicacy ;
g0 that, in many cases, no warning, and in other instances, slight warning
only, is given by the senses of these atmospheric impurities,

As if to compensate for this, a wonderful series of processes goes on in the
atmosphere, or on the earth, which keeps the air in a state of purity,

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

certain limits. If it were not for these counterbalancing agencies, the atmo- ]
-sphere would soon become too impure for the human race. As it is, it is

wonderful how scon the immense impurity, which daily passes into the air,
is removed, except when the perverse ingenuity of man opposes some obstacle,
or makes too great a demand even upon the purifying powers of Nature.

The air passing into the lungs in the necessary and automatic process of
respiration, is drawn successively through the mouth and nose, the fauces,
and the air tubes. It may consist, according to circumstances, of matters
perfectly gaseous (as in pure air), or of a mixture of gases and solid particles,
mineral or organie, which have passed into the atmosphere.

The truly gaseous substances will doubtless enter the passages of the lungs,
and will meet there with that wonderful surface, covered with the most
delicate tufts of blood-vessels, unshielded even, it is supposed by some, by
epithelium, which stand up on the surface of 5,000,000 or 6,000,000 air-cells,
and through which the blood flows with great velocity ; there they will be
absorbed, and if, as has been 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
destructible nature ; or may dissolve or break down if of mineral formation ;
or may remain as sources of irritation until dislodged ; or perhaps become
covered over with epithelium, like the particles of carbon in the miner's lung,
or may pass into epithelium and enter the body through the lymphatics. ,

If such particles lodge in the mouth or nose they may be swallowed, and

ﬂ-——.—-_.qﬁ -

*
# The evidence of ** miners’ phthisis ” proves this; it in addition, Professor Zenker hHE
published cases in which snufl and different coloured powders have been found in the lungs of =
workmen employed in workshops in which such particles have been wixed with air. Dr Hmul‘[‘i’[
{Virchow's Archiv, band 39, p. 442) confined animals in a box into which the particles of a sooty
lamp passed ; the animals were well fed and were healthy ; the charcoal passed into the lungs,
and was got rid of by expectoration in the form of pigment-cells. When Knauff inhaled par--
ticles of ultramarine for only ten minutes, and examined his sputa, he found cells with blue ™
warticles in their interior. In a cat ehareoal particles penetrated in three days from the I-m:gsI {
into the lymphatic glands and to the pleura. y |
Dr Greenhow (Trans, Pathol. Society, 1868-69) has also pointed out how easily small
floating particles enter the air-cells, and encroach on the alveoli, and pass into the interior of
¢iiliate§ epithelium. Villaret confined rabbits in a smoky atmos here and proved the existence
of fing icles of carbon in the bronchi. Franke (Deutsche Klinik, 1860, No, 40) found par-

ticles of charcoal in the lungs in a man employed in loading charcoal,
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into the alimentary canal, and it is even more probable that this should
'E:E:ha 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.

BuB-Secrion I.—SuspENDED MATTERS.

Nature of Suspended Substances—An immense number of substances,
organic and inorganic, may be suspended in the atmosphere. From soil the
winds lift silica, finely powdered silicate of alumina, carbonate and phosphate
of caleium, and peroxide of iron. Voleanoes throw up fine particles of carbon,
sand, and dried mud, which passing into the higher regions, may be carried
over hundreds of miles,

The animal kingdom is represented by the débris of the perished creatures
who have lived in the atmosphere, and also it would appear that the ascen-
sional force of evaporation will 1ift even animals of some magnitude from the
surface of marsh water. The germs, also, of Vibriones, Bacteria, and Monads
(if we may call these animals), are largely present, and small eggs of various
kinds.

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

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

The works and habitations of man, however, furnish matters probably of
mich greater importance in a hygienic point of view.

It is not easy at present to give a complete enumeration of all the sub-
stances, but the following are the chief facts, divided under the headings of
suspended substances in the external air; in rooms inhabited by healthy

Persons ; in rooms inhabited by sick persons : in workshops and factories,

Suspended Substances in External Aip,

. 1. Dust and sand showers. In different parts of Europe there oceur from
time to time showers of dust and sand. Ehrenberg* gives the microseopic
examination of seventy showers ; n addition to particles of sand and oxide
of iron there Were numerous organic forms, which are classed by Ehrenbe
under the headings of polygastrica (194 forms), phytolithariz (145 forms),
polythalmia, &c. In addition there were portions of plants and fragments of
nsects. In a dust storm of February 1872, in Sieily, Silvestri + found four
species of diatoms and living infusoria. These sand-storms are sometimes
called monsoon showers, but it would appear that any violent storm of a
cyclonic character may lift the dust from sandy wastes, as from the African

rts, and transport it great distances,

It remains yet uncertain whether all dust-storms are

. entirely of tellurie
OTIgin ; 1t has been supposed that some may be derived fror

n meteorie showers,

* Ehrenberg's latest work was published in 1871, Ucbersicht der, seit 1847 fortgesets

X : : i te

B:m;!ufgﬁng‘w tiber das von der Atmosphere unsichtbar getragene reiche organiseha Lubm:
, -

+ Comptes Rendus, 1872, avid, . 881,
G
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i.e., may enter our atmosphere from the realms of space, and there has been
some speculation as to whether morpholithes of peculiar nature may not be
contained: in such meteoric dust showers. But the point at present has not
been cleared up.

There seems no doubt that atmospheric dust may travel to great distances ;
the air of Berlin has evidently contained organisms derived from the African
deserts, and the sails of ships 600 or 800 miles from Africa are often quite
red with the sand which lodges on them. . N

2, Independent of these sand-storms there are numerous living creatures in I
the atmosphere : some lifted from the ground by winds, others growing in the
air. Ehrenberg has discovered at least 200 forms—rhizopods, tardigrades, and
anguillule. These can be dried, and will then retain their vitality for
months, and even years.

When the external air is examined, either by means of an acroscope of some
kind, or by drawing it through previously heated glass tubes, surrounded by
a freezing mixture, many of these organisms can be found. Their number =
cannot be directly estimated at present. Indirvectly A. Smith has endeavoured
to caleulate the amount® from the ammonia in the air which appears to be ’
derived from organic matter, and has supposed that there might be 529,560
germs (=-0056 grain) in one cubic foot of the air of a city. But indirect
caloulations of this kind are of course doubtful. The following are the most
important kinds :—

() Extremely small round and oval cells, sometimes growing together, or
more probably cleaving, and then presenting an appearance like the figure of
4. The cells, described by Lemaire,i Trautman,t Béchamp, and others, are.
exceedingly minute, and it requires a power of 600 to 1000 diameters to see
them properly. Trautman states that they grow faster when sulphuretted
hydrogen is in the air, and are checked by carboli¢ acid. Lemaire found them:
in immense quantities in the air of dirty prison cells, and in the sweat of tha =
prisoners ; they will oceur, however, in the open air. They are supposed to
increase rapidly by cleavage, but their future development, if any, has not=
been traced : no effect on the body has heen proved to be produced by them. =l
"o these bodies the term microzymes should perhaps be restricted. .'

To the same class, perhaps, as those round and oval cells, the bacteria and
monads, which have been described as gathered from the air, must be assigned 35
the development of these cells into moving vibriones and rod-like bacte 1l
though asserted, has not yet been definitely proved, and indeed Burdon--
Sanderson’s observations rather throw doubt on the statement that true
bacteria exist in the air. Dr D. D. Cunningham§ found that Bacteria are
rarely present (that is, recognisable,) in dry atmospheric dust, but they were
occasionally found, as well as a specimen of green spirillum. But in the desi

it from the moist air of sewers distinct Bacteria were frequently observed: Sif

(b) Spores of fungi are not infrequent ; in the open air they occur mosk
commonly in the summer (July and August ||) ; they are not in this country
more frequent with one wind than another; the largest number found by
Maddox in ten hours was 250 spores ; on some days nota spore can be foundiSl
Maddox leaves undetermined the kind of fungus which the spores developed
under eultivation ; the spores were pale or olive-coloured and oval, proba
from some form of emut. Angus Smith found in water through which thes

# Air and Rain. b. 604, s
+ Comptes Rendus de ’Acad., Oct. 1867, b. 637, 1
+ Die Zersctzungsgase als Ursache zur Weiter-verbreitung der Cholera, 1869.

. cil. :
b udfl':::x, Monthly Journal of the Microscopical Society, June 1870, and February 151
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air of Manchester was drawn innumerable spores.  Mr Dancer has caleulated
that in a single drop of the water 250,000 fungoid spores as well as mycelinm
were present, but as the water was not examined for some time there may
have been growth. Mycelium of fungus seems uncommon in the air, but is
sometimes found. The cells of the Protococeus pluvialis are not uncommon,
and perhaps of other algee.  On the whole, the experiments of Maddox show
that in his locality (near Southampton), it is incorrect to speak of the air
being loaded with fungoid spores ; they can be found, but are not very numer-
ous.  Blackley (“Experimental Researches on the Causes and Natuwe of
Catarrhus Aestivus,” 1873,) says the amount of spores collected on a slide in
four hours amounted to 30,000 or 40,000 per square inch. Dr D. D.
Cunningham* says that in the air in the suburbs of Caleutta, spores are con-
stantly present, and usually in considerable numbers, He gives a large
number of beautiful drawings.

(¢) Parts of flowers, especially pollen,t in the spring and summer are very
common, cuticular scales, vegetable fibres and hairs, seed capsules, globular
cells, &c.f Near habitations are also found bits of wood often withered or
burnt, bits of charcoal, starch grains, cotton and wool fibres, &e.  All these
substances appear from Watson’s experiments to be more abundant in land
than sea air, as might, indeed, be expected.

(@) Animals, or portions, such as scales from the wings of moths and
butterflies ; portions of the wings of insects 5 legs of spiders, bits of spiders’
webs, and similar objects, are not uncommon ; but sometimes even livi
animals are found of some size, apparently rhizopods and amebiform bodies,

(¢) Mineral substances, fine particles of sand, clay, and chalk are generally
found, even when there is no dust-storm, and are much more common when
the ground is dry ; rain, indeed, appears not only to prevent these particles
from being lifted, but also to precipitate those in the air.

In manufacturing districts, or near a railway, there may he even large
particles of metals, or pottery clay, or stone in the external air ; in the dust
collected from a railway carriage near Birmingham, Mr Sidebotham§ found
many large particles of iron capable of attraction by a magnet, and being, in
fact, fused particles of iron often covered with spikes and excrescences,

In towns with macadamised roads, dust and remains of horse droppings,
finely powdered by the traffie, pass into the air, and as this is more common
in dry weather, the sanitary importance of watering and washing the streets
of great traffic is manifest,

., Mr Tichborne has published| some analyses of the street dust of Dublin -
1t contained from 297 per cent. of organic matter (at the top of a pillar 134
feet high) to 452 per cent. (in the air of a street) ; the organie matter was
& sable e fuely ground s i asied) g s damnast,
nitrate of potassium into nitrite ; it had, therefore, a strong deoxidising power,
T;hiflﬂﬁ éi‘:;-ll-s), fﬂmwdn by I;l];- J. D. Macdonald, R.N. -+ F.R.8,, shows some
0 e k] ound n g ex ir 1 '

Fiospital, Paddington. 1 ternal air in the garden of St Mary's

% ineh Annual Repott of the Sanitary Gommissioner with the G i
. ; el uvernment of India,

+ Blmklg}r{rlz-,u. fm-‘i._jdnhumthutpullun 181n large quantities, Eﬂmﬂilneamnmmtinug t.; }.%I,-'Lu grains
bk ?:“ﬁ'fﬁﬁ%fr Bulna‘;nlr:vghu i ’E"tfh'ﬂh of the air ({Jnt 400 to 500 feet) he found much more
T lnggu quanitity.” : roge mes a8 much.  Cunningham \op. cit.) also found pollen

% Bee observations on the suspended matters ofland and sea air, by Dr W,
for a description of & good plan of examini o alr, by Dr Watson, Staff Surgeon
Department ReNpurh vol. ;—E P. 520 (1871), ng the air, and for some drawings. Army Medical

l?irhmui:ia]m awu,“gctuhnr]ﬂiil. ' | Thid. Oct. 1870
rom ““Three ports on the Sanj O 5 " .
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(f) Tt cannot be doubted that various organic substances dried in the ground
and finely pulverised, may be liffed into the air by winds, and may be carried '
to great distances ; under the microscope the particles would probably appear '-
formless, and conld not be referred toany special class, but would be included
under the term of * dust,” or ¢ amorphous matter.” Inthis way it is believed
that some diseases may be propagated ; cholera, for example, by the particles
of dried excreta lifted and carried by the wind, and smallpox and scarlet
fever by the disintegrated epidermis or dried discharges. In the case of
smallpox and scarlet fever, the distances to which the “contagions” spread
by means of the air is certainly inconsiderable.*

Some of the various particles of different kinds thus suspended in the air
reflect and scatter the rays of light, and produce the appearance of fine motes,
which are familiar to every one, as seen in the course of a ray of light passing
through a dark reom, or when an electric beam is transmitted through a tube.
When the airis kept motionless they subside, so that most of them have
some weight, though some are s0 light as not to subside in rarified air
(Tichborne) ; when heated, Tyndall has shown that some of them are burnt, -
and a little bluish mist arising from the combustion can even be perceived ;
the destructible nature proves, of course, the organic origin of those consumed,
but does not show whether they are organised or not.

Suspended Multers in Enclosed Spaces.

1. Rooms inhabited by Healthy Persons.—In all inhabited rooms which are &
not perfectly ventilated, the presence of scaly epithelium, single and
tesselated ; round cells like nuelei, portions of fibres (cotton, linen, wool),
portions of food, bits of human hair, wood, and coal, can be found in addition
to the bodies which are present in the external air, though, as shown by
Watson, mineral matters and vegetable matters are not so plentiful, as the

In some cases articles of furniture may furnish certain substances ; the flock
wall-papers, coloured green Dy arsenical preparations (especially Scheele's green
and Schweinfiirth green), give off little particles of arsenical dust into the
room ; ¥ and it has been shown by Professor Fleck§ that the arsenious acid in
the Schweinfiirth green, when in contact with moist organic substances, and
especially starch sizing, forms arseniuretted hydrogen, which diffuses in the
room, and is no doubt the cause of some of the cases of arsenical poisoning =
from green papers. :

9. Siek-Rooms—In addition fo being vitiated by respiration, the air of
sick-rooms is contaminated by the abundant exhalations from the bodies, and:
by the effluvia from discharged excretions. The quantity of organic matter
is known to be large, bub it is difficult at present to give a quantitative state
ment. Moscati, who (in 181 B% condensed the watery vapour of a ward ab
Milan, describes it as being slimy, and as having & marshy gmell. The
11 of an hospital is indeed very remarkable, and its similarity in

peculiar sme _
hospitals of different kinds seems to show that the odorous substance has &

* Tn the air of the hack-yand of another London hospital, T found mnqidarnhl_ 1

quantities of epithelium ; and in the ¢ dirty linen area,” where 3
till washed, I found not only epithelium, but even pus globules, and also a E|1i||J|J13|11|1:|1:,3'.- of fatty
crystals, apparently from dressings. There were also Bacteria, both free an vl

mrm'}q ki C'}h tions on the air of barracks and military lmépitnls have heen made bl
roug ohservallons i i
ek ecially by Dis de Chaumont, Frank, Hewlett (of Bombayh

medieal officers of the army, o8
Stanley, Baynes Reed, Venner, Watson, and many others. (See the Army Med

A 1 rts, from 1860-70 #
m?tﬂr:'i‘ll:;:'nanﬁﬂlgiuy'uthel.ﬂ. : § Zeitsch. fiir Biologie, bd. viil. p. 445 (1873 & {
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similar composition in many cases. The reaction of ozone appears not to be
given in such an atmosphere, ; 4 ¥

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

The dust of a ward in St Louis, in Paris, examined by Chalvet, was found
in one experiment to contain 36 per cent. of organic matter, and in another
46 per cent. When burnt, it gave out an odour of horn.  The dust collected
in hospitals for diseases of the skin is stated by Gailleton to be full of
sporules of the Trichophyton. They can be found in the air of the ward
when condensed by ice, :

Much interest was excited in 1849 by the discovery by Drs Brittan and
Swayne, of Clifton, of bodies very like fungi in the air of a cholera ward :
later researches lead to the opinion that this observation was perfectly 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
sulphuric acid ; various suspended substances were arrested, starch, woollen
fibres, epithelium, fungi or spores of fungi, and vibriones. Mr Rainy also
found in the air of a cholera ward in St Thomas' Hospital, the spores and
mycelium of fungi and bacteria. Some of these bodies were found, however,
in the open air. In hospitals for skin diseases the Achorion has been detected
in the air where there are patients with favus ; and Tilbury Fox* has figured
the spores (clustered and in chains), and the mycelium of the Trichophyton
in a ward with a number of children with tinea cireinata.

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

Considering that the pleuro-pneumonia of cattle is probably propagated
through the pus and epithelium cells of the sputa passing into the air-cells of
other cattle ; that even in man there is evidence of a pneumonic or phthisical
disease being contagious (Bryson, “Cases in the Mediterranean Flest” , the
floating of these cells in the air is worthy of all attention. It may explain
some of those curious instances of phthisis being apparently communicated.
In the air of a phthisical ward at N etley, Dr Watson not only found pus
cells, but bodies which were not found in the external air or in the rooms of
healthy persons, and which were very like the cells seen in tuberculous
matter. In military granular conjunctivitis (gray granulations), the remark-
able effect of ventilation in arresting the spread (Stromeyer) seems to show
that we have here a similar case, and that ventilation acts by diluting, oxidis-
ing, and drying the cells thrown off from the conjunctivee. In small-pox
wards, Bakewell has found unequivocal evidence of minute seales of small-pox
matter in the air. It seems probable that the diseovery of suspended matters
of this kind will lead to most important results.+ The possibility of a direct
bransference from body to body of cells undergoing special chemical or vital
changes is thus Placed beyond doubt, and the doctrine of contagion receives
an additional elucidation. It remains to be seen whether pus and epithelium
cells becoming dried in the atmosphere can again, on exposure to warmth and
moisture, undergo the changes which had heen interrupted, or whether they
- Would not rather break duwr} into impalpable particles, and then be totally

oxidised and destroyed. Tt is now generally admitted that protophytes like

* Lancet, January 1872,

t In the accident ward of St Mary’s Hoapi i
. | pital, Paddington, I found pus cells in th ai
some beds which had a bad rapumtmnﬂr?r urful[mlm. i;Eh.m plate drlrm'n by Dr I'rfandr:;:::ﬁ:ir
e C, %

{Report on 3t Mary's op. cil.). (F.d
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the Protococeus pluvialis, may be dried and yeb retain their vitality even for
years, and may be blown about in atmospheric currents ; but it would not be
right to infer a similar power on the part of epithelium or pus cells,

3. Workshops, Factories, and Mines—Grinding of steel and iron, and
stones ; making metallic and pearl buttons; melting zine; melting solder;
carding and spinning textile fabrics of all kinds; grinding paint; making
cement, and in fact almost innumerable trades cause more or less dust derived |
from the fabrics and materials, to pass into the air.

Dr Sigerson* found a black dust composed of carbon, iron (in the shape of
small jagged pieces, and also as hollow balls 3% of an inch in diameter),
and ash, in metal shops. In the air of a printing office there was enough
antimony to be chemically detected. In the air of stables were equine hairs,
epithelinm, moth cells, ovules, and various fungi.

In addition to these suspended matters, which vary with the kind of worlk,

the air of workshops is largely contaminated by respiration and by the com-
bustion of gas (see below and page 105).
. In mines the suspended matters are made up of the particles of the parti-
cular substance which 1s being worked, or of rock excavated to obtain metals,
of sooty matters from lamps and candles, and of substances derived from
blasting (see page 112).

Sus-Seorion 1L.—GAsE0US SUBSTANCES.

A great number of gases may pass into the atmosphere either from natural
causes or from the works of man.

Compounds of Carbon.—Carbonie acid (abnormal if exceeding 5 in 10,000
parts), carbonic oxide, carburetted hydrogen, and peculiar substances
(gaseous) in sewer air. ;

Compounds of Sulphur.—Sulphurous aecid, sulphuric acid, sulphuretted
hydrogen, ammonium sulphide, and carbon bisulphide.

Compounds of Chlorine.—Hydrochlorie acid from alkali works.

Compounds of Nitrogen.—Ammonia and ammonium acetate, sulphide, and
carbonate (normal in small amount 1), and nitrous and nitric acids.

Compounds of Phosplhorus.—Phosphoretted hydrogen.

Organic Vapours.—Of the exact composition of the vapours, often feetid,
which arise from various decomposing animal matters, little is known. The
vapours of sewage have been examined by Odling, and were found to be
earbo-ammoniacal, containing more carbon than methylamine, and less than
ethylamine.

Sup-SEcTIoN IIT.—NATURE oF IMPURITIES IN CERTAIN SPECIAL CASES,
Air Vitiated by Respivation.

An adult man, in ordinary work, gives off in twenty-four hours from 12 to H
16 cubic feet or more, according to weight, of carbonic acid gas, and also
emits an undetermined quantity of carbonic acid gas by the skin. On an
average, an adult man, not doing excessive work, may be considered to give
to the atmosphere every hour not less than 6 cubic feet of carbonic acid.
Pettenkofer states the amount at about 0-7.+ Women give off less, and
children and old people also give off a smaller amount. .

The amount of carbonic acid in pure air being assumed to be on an average

* British Medical Journal, June 1870, from Memoirs of the Irish Academy, in which publi-

cation are some excellent observations by the same writer. ]
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three gaslights burning, Mr Weaver® found the carbonic acid to be 528 parts
per 1000 ; while, in a girls' schoolroom (70 girls, and 10,400 cubic feet), or
150 cubic feet per head, Pettenkofer found no less than 7 230 parts per 1000,
In many schools, workrooms, and factories, the amount of respiratory
impurity must be as great as this, and doubtless a constant unfavourable effect
is produced on health. Dr Hayne (in H.M. ship * Dorig”) found the CO,
to range from 103 to 3-21 between decks, the latter quantity being in the
ward-room with the scuttles int In the Arctic Expedition of 1875-6,
Dr Moss found as much as 482 in the ward-room of the * Alert,” *room
feeling very close;” and Dr Ninnis found 5-57 in the lower deck of the
“ Discovery. ”

In a horse stable at the Ecole Militaire, the amount was 7 per 1000. At
Hilsea, with a cubicspace of 655 cubic feet per horse, the amount was 1-053 ;
and in another stable, with 1000 cubic feet per horse, only 593 per 1000 (de
Chaumont). Mircker found 8:5 in a stable in Gottingen, and no less than
1707 in a byre.

By the skin and lungs pass off from 95 to 40 ounces of water in 24 hours,
to maintain which, in a state of vapour, 211 eubic feet of air per hour are
Necessary On an average. Of course, however, temperature and the
hygrometric condition of the air greatly modify this. Organic matter is also
given off from the skin and lungs, the amount of which has never been pre-
cisely determined. Noris it possible, at present, to estimate it correctly.
This organic matter must be partly suspended, and is made up of small
particles of epithelium and fatty matters detached from the skin and mouth,
and partly of an organic vapour given off from the lungs and mouth. The
organic matter from the lungs, when drawn through sulphurie acid, darkens
it; through permanganate of potash, decolorises it ; and through pure water,
renders it offensive. Collected from the air by condensing the watery vapour
on the sides of a globe containing ice (as by Taddei in the wards of the Santa

Maria Novella), it is found to be precipitated by nitrate of silver, to decolorise

potassium permanganate, to blacken on platinum, and to yield ammonia. It
is therefore nitrogenous and oxidisable. It has a very foetid smell, and this
is retained in a Toom for so long a time, sometimes for four hours, even when
there is free ventilation, as to show that it is oxidised slowly. It is probably
in combination with water, for the most hygroscopic substances absorb most
of it. It is absorbed most by wool, feathers, damp walls, and moist paper,
and least by straw and horse-hair. The colour of the substance influences its

absorption in the following order . black most, then blue, yellow, and white.

1t is probably not a gas, but is molecular, and floats in clouds through the

air, as the odour is evidently not always equally diffused through a room. In
a room, the air of whichis at first perfectly pure, but is vitiated by respiration,

the smell of organic matter is generally perceptible when the CO, reaches

{7 per 1000 volumes, and is very strong when the CO, amounts to 1 per
1000.; Trom experiments made at Gravesend, Netley, Aldershot, and
Hilsea, by various medical officers,§ it has been shown that the amount of
potassium permanganate destroyed by air drawn through its solution is
generally in proportion to the amount of carbonic acid of respiration.

Tt is indeed asserted by Gaultier de Claubry (* Ann. d’Hygiene,” April 1861,

* Mr Weaver gives several gmd apalyses in different public and private rooms in Leicester.
Lancet, July and August 1872,

+ Med, Chir. Trans. t:l.;ll 11't1.l.

+ On this point see o at page

g By Drs de Chaumont, Hewlett (Bombay Army), St John, Stanley, Baynes Reed, Innes,
Venuing, Martin, and others.
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p- 348), that in barracks, some minutes only after the soldiers had entered,
the smell of organic matter was perceptible, though there was at that time no
augmentation in earbonic acid detected.

When the air of inhabited rooms is drawn through pure water, and the free
ammonia got rid off, distillation with alkaline permanganate, in the ‘method
of Wanklyn, gives a perceptible quantity of “albuminoid ammonia.” In a
bed-room at 9 ., A. Smith* found 1901 milligrammes in 1 cubic metre of
air; at 7 A there were ‘3346 milligrammes in each cubic metre, .

Mr Moss (apothecary to the Forces) has made some careful experiments on
the air of rooms, and has compared i, in some cases, with the external air
(Lancet, Nov. 1872). The average of eight observations in the external air
(2t Portsmouth) gave 0-0935 of free N H,, and 0-0886 of a.lbumrfmlr:l NH, in
milligrammes per cubic metre. In the Portsmouth General Hospital he found
the free NH, as high as 0'855, and the albuminoid 1-307, " 4

The following is from Dr de Chaumont’s Reports on the Ventilation
Experiments at St Mary’s Hospital, Paddington.

Milligrammes per Cubic metre,

Total ]

oxygen for
Free NH, Mhﬁ?{in? 5 Eﬁ;ﬂﬂf oxyil ieun.hla Rgmurks.
makter.
External air, : ’ : Air damp and still, wind
R E 08574 | 05280 | .. | 14300 !‘ SW, light.
Wards, : 0:8GED | 04710 14800
Do, . i 0'6689 | 06770 1-5100
Do. , . 03519 06915 13600 ot 4 5
External air, ; : 2 ; i ir dry and warm, win
Angust 1876, . E 0°0163 | 05206 | 04444 | 06714 i 8.K. by E., fresh.
Wards, . 00497 04622 | 0:3747 g:5621
Do. : nil. 02824 | 0-2571 0°5142
Do, . : 00310 0-3576 | 0-3101 03567
Deo. . ] 0-0127 | 0:5259 | 02225 | 0-4451
Do. ., 3 0:0100 | 0-3684 | 0-4420 06315

It is evident that the condition of the external air, with regard to move-
ment and humidity, has a great deal to do with the amount of organic matter.
The nitrogen acids are also met with ; in one instance, in the above eXperi-
ments, they reached in a ward 28-484 per metre, of which 0-7392 was

nitrous, and the rest nitric acid,

Air Vitiated by Combustion,

_ The produets of firing pass out into the atmosphere at large ; those of light-
ing are for the most part allowed fo diffuse in the room,

Coal of average quality gives off in combustion— -

L. Carbon.—Ahout 1 per cent. of the coal is given off as fine carbon and
tarry particles,

2. Carbonic acid.—Ip Manchester, Angus Smith calenlated some years ago
that 1 ?,ﬂﬂﬂ tons of carbonic acid were daily thrown out, *

3. Carbonie oxide.—The amount depends on the perfection of combustion.
. 4 Sulphur and sulphurous gand sulphuric acids.—The amount of sulphur
in eoal varles from } to 6 op 7 per cent. In the air of Manchester, A. Smith
ound 1 gruin of sulphuric acid in 2000 and 1076 cubie feet.

—

* Airand Rain, p, 436 —If expressed as i i '
_ 1, D. 436.—1f e A8 grammes per million cubic metres, the amount js
00-114 and 334 uuf; in grains, in 1 million cubje feet, the numbers are 83:074 and 146910,
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5. Carbon hisulphide. :

6. Ammonium sulphide, or carbonate.

7. Sulphuretted hydrogen (sometimes).

8. Water.

From some manufactories there pour out much greater quantities of S0,
(copper works), arsenical fumes, sulphuretted hydrogen, carbonic acid, &o.

For complete combustion, 1 b of coal demands about 240 cubic feet of air.

Wood produces carbonic acid and oxide and water in large quantity, but
fow compounds of sulphur. 11 of dried wood demands about 120 cubic feet
of air for complete combustion.

Cloal-gas, when fairly purified, is composed of—

Hydrogen, - ] ¥ 40 to 4558
Marsh gas (light carburetted hydrogen), . 35 to 40
(Carbonic oxide, . i : : 8.t anib:B
Olefiant gas (ethylene), . - 3 3 o 4
Acetylene, . : : 7 T T
Sulphuretted hydrogen, . I : 0:29t0 1
Nitrogen, . : g - ; R
(arbonic acid, : : . ; 3 to 379
Sulphurous acid, . - . - e £ by ik
Ammonia or ammonium sulphide, . (or in the best eanmel-

Carbon bisulphide, : 5 coal gas only traces.)

Tn 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
emall. As much as 60 grains of sulphur have been found in 100 cubic fect
of gas.¥ The Parliamentary maximum is 20 grains in 100 cubie feet. In
badly purified gas there may be a great number of substances in small amount,
especially hydroearbons and alcohols, such as propylene, butylene, amylene,
benzole, xylol, some of the nitrogenous oily bases, such as pyrrol, picoline, =
K.t '

When the gas is partly bumt, the hydrogen and light and heavy
carburetted hydrogens are almost destroyed ; mitrogen (67 per cent.), water -
(16 per cent.), carbonic acid (7 per cent.), and carbonic oxide (5 to 6 per cent.),
with sulphurous acid and ammonia, being the principal resultants. And
these products escape usually into the air of rooms. With perfect combustion
there will be little carbonic oxide.

~ According to the quality of the gas, 1 cubic foot of gas will unite with
from ‘9 to 164 cubic feet of oxygen, and produces on an average 2 cubic fect
of carbonic acid, and from ‘2 to 5 grains of sulphurous acid. In other words,
1 cubic foot of gas will destroy the entire ogygen of about 8 cubic feet of air.-
One cubic foot-of gas will raise the temperature of 31,290 cubic feet of air 1‘;
Fahr.

0il.—A lamp with a moderately good wick, burns about 154 grains of oil
per hour, consumes the oxygen of about 32 cubic feet of air, and produces &5
Jittle more than } a cubic foot of earbonic acid ; 1 Ib of oil demands from 140
to 160 cubic feet of air for complete combustion. d

A candle of 6 to the I burns per hour about 170 grains. 1

The produects of the combustion of coal and wood pass into the atmospheré
at large, and usually are ab once largely diluted. Diffusion and the ever
moving air rapidly purify the atmosphere from carbonie acid. 2
It is not so, however, with the suspended carbon and tarry matters, which

E— |

» Chemical News, March 1865, p. 164 )
For & fuller list of these substances, which do not appear very important, see Pappenheim's

Handbuch der San. Pol. band iii. Supp. p. 261
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too heavy to drift far, or to ascend high. Asa rule, the particles of car-
?]?n are nuﬁumﬂ higher than G600 feet; and theh way it n::munulatgs in ﬂrle
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
is no fog, particles can be collected on Pouchet’s aeroscope when only a very
small quantity of air is drawn through. ; :

It is apparently chiefly from combustion, and in some cases from chemical
works, that the air of towns contains so much acid as to make rain water acid.
In Manchester, in 1868, Angus Smith found the rains to contain from 56
grains to 1+4 grain of sulphuric acid (free and combined), and from 1-277 to
‘0278 grains of hydrochloric acid per gallon. In Liverpool and Newcastle air
the same thing occurs ; the sulphuric acid is always larger in amount than the
hydrochlorie, ]

Sulphurous and sulphuric acid also appear to be less rapidly removed, as
Angus Smith found a perceptible quantity in the air of Manchester ; and the
rain water is often made acid from this cause. !

The products of gas combustion are for the most part allowed to escape into
rooms, but certainly this should not be allowed, when gas is burnt in the large
quantities commonly used. The immense quantity of gas often used causes
great heat, humidity of the air, and there is also some sulphurous acid, an ex-
cess of carbonic acid, and, probably, a little carbonie oxide, to which some of
the effects may be due. Weaver* found as much as 5-32 volumes of carbonic
acid per 1000 in the room of a frame-work knitter in Leicester, with 14 gas
lights burning. In other workrooms the amounts were 528, 46, down to
211 volumes per 1000. This amount has a very injurious effect on health,
as shown long ago by Dr Guy. Ina workshop in Paris, with 400 men and
400 gas-burners, the health of the men was very bad. General Morin intro-
duced good ventilation, and the number of cases of illness was reduced one-
third. The appetite of the men, formerly very bad, greatly improved.
According to Dr Zock, T coal gas gives off rather more carbonic acid for an
equal illuminating power than oil, but less than petrolenm.  Dr Odling found
dor equal illuminating power, that candles gave more impurity to the air than
gas.] Gas gives out, however, more water,
~ In tobacco smoke are contained particles of nicotine or its salts (Heubel),
and probably of picoline bases. There is also much carbonic acid, ammonia,
and butyric acid.

- Dr Ripley Nichols has investigated the air in smoking ears on American
IE:mlmya, and found the CO, to range from 098 to 3-35 per 1000, with a
mean of 2-278: in ordinary non-smoking cars the CO, varied from 1-74 to
367, with a mean of 2:32, so that there was not much difference as far as
(Zf()E went.  Asregards ammonia, however, the difference was great, for (taking
ﬂ:le external air ratio as 100) he found in the smoking car from 310 to 575,
Whilst in the ordinary cars it was only 135 to 175, None of the peculiar
Products of the combustion of tobaceo were found. (Reprint from the 6th

amual Report of the Massachusetts Board of Health).

Air Vitiated by Eftuvia Srom Sewage Matter and Air of Sewers.

Air of CEEFPWEF-‘—TIJQ air of cesspools, and especially of the cemented pits
ch are still common I many continental towns, and which receive little
beyond the solid and liquid excreta and some of the house water, is generally
hly impure. Lévy § refers to an extreme case, in which the oxygen was
cfened to 2 per cent., the nitrogen being 94 and the carbonic acil 4 In

* Lancet, July 1872, Zeitsch, fiir Biol. band ii
¥ Medical Times and Gazette, Jan. 0, 1560, ; Trnitﬁ I:i'}l;g]?é?u;, H{?Eﬂﬂ;.li;. lﬂiﬂfiﬂgﬁmi




108 AIR.

this case apparently no other gases were present ; but in most instances there
is a variable amount of sulphuretted hydrogen™, ammonium sulphide, nitrogen,
earbonic acid, and carburetbed hydrogen, in addition to foetid organic matters.
These organic matters are in large amount. 62 feet of the air of a cesspool
destroyed, in Angus Smith’s experiments, as much potassium permanganate as
176,000 cubic feet of pure air, though perhaps some sulphuretted hydrogen
may have been also present. Oesterlent states that these gases will pass
easily through walls; and M. Hennezelt has lately noticed fthat in the
¢ fosses d'aisances " in Paris, even in those covered with stone slabs and earth,
the wind blowing down the ventilating tube will force the gas through the
neighbouring walls, and then perhaps into the house.

The Air of Sewers.—In sewers the products of decomposition are variable,
as not only solid and liquid excreta and house water, but the washings and
débris of the streets, the refuse of trades, &c., pass into the sewers. As a
yule, the products of decomposition of the sewer-water appear to be much the
game as noted above—viz., fetid organic matters, carbo-ammoniacal substances
condensing with the water of the air on the cold walls, carbonic acid, nitrogen,
light carburetted hydrogen, and sulphuretted hydrogen.3 The proportions of
these gases are variable ; || the most common are carbonie acid and nitrogen ;
marsh gas is found when oxidation is impeded, and sulphuretted hydrogen
and ammonium _sulphide, which form in the sewer-water in most cases, are
liberated from time to time. The gases, however, are, as a rule, of far less
importance than the feetid organic matters, the exact nature of which it would
be most desirable to examine more thoroughly.

The organic vapour is carho-ammoniacal ; the putrid substance in the sewer
water appears, from Odling's observations, t0 be allied to the compound
ammonias ; it contains more carbon than methylamine (NH,(CHy) ), and less
than ethylamine (NH,(C,Hy) )-

The eomposition of sewer air will, of course, vary infinitely with the amount
of gases disengaged and the degree of ventilation in the sewer, The quantity

b
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* Barker, On Malaria and Miasmata, p. 245. 1+ Oesterlen, Hygian;& 1857, p- 445.
+ Ann. d'Hygiene, Oct. 1868, p. 178. Oesterlen, Handb. der Hyg., 2d edition, p. 445,
|| Dr Letheby's exgeriment.a, as given in his official Report, in_his article in the Ency-—
clopmdia Britannica (Sanitary Gcience), &e., and in a letter to Dr Adams (given by Dr Adams
in his pamphlet, The Sanitary M]I:’zmt of the Sewage Question, 1868, p. 84), are ‘the mosk
complete on this subject. Taking the last statement of his views as representing his o‘fm i
I gzather that sewer-water containing 1288 grains of organic matter per gallon), excluded fromt
air, gave out dur'mg g weeks 1-2 cubic inches of gas per hour :mmixhuﬁ Eﬂr cent. of T3¢
N e eah s, 16899 of carbonic acid, 10°187 of IFTORER, and 0-081 of sulphuretted hydrogeit
When atmospherie air is admitted, 1 infer that Dr Letheby thinks the chief gases are carbonié
acid and nitrog;n, with but mere traces of sulphnretted ydrogen. That marsh gas in large =
uantities can be, however, formed, is shown by Letheby's observations on the gases evoived
i1 the London sewers in 1366 where carbolic acid was used ; the gas was frequently fired Ly
the candles of the sewer-men, and was found to contain 8§-45 per cent. of marsh gas, the for-
mation of which was favoured, Lethubry thinks, by the action of the carbolic acid ; and HISE
i probable, since Angus Smith (Disin sctants and Disinfection, P- 25) found the gas given o
by the putrid sewa at the bottom of the Medlock, the water over which was free from oXyge o
to contain almost the sanie quantity of marshjgas—viz., 88:81 per cent. ; the other gases WA
ing carbonic acid, 5.84 ; and nitrogen, 5:85 per cent. fhe evolution of marsh gas will there-
fore, in part at any rate, depend on the amount of exposure, and on the absorption of air by &

sawer-water, Letheby’s ex iments shows less sulphuretted hydrogen than might have beeit:
in sewer-water, and the

anticipated, both from the large amount of sulphides usually present d
amount of aulphuruttad hydrogen lpr:wud to exist in the air of many gowers. With

the quantity of gases disengaged, 1 gave, in a former edition of this work, the amount of 1 10
cubic inch of gas disen rom London sewage per gallon per hour the sewers, 83

is my interpretation o theby's account of his experiments, a3 given in the Lﬂu}'ﬂupﬂig

Britannica (art. Sanitary Goience) ; but Dr Adams, of Glasgow, Ima_ﬁ?:l’:;:;dnu‘t:;‘: t?:t :

Letheby's experiments r€ cosent the gases disengaged in the laborato 1
lmmt.m?a. The nmuuntl::f Fm evolution in the sewers t'lmmneira:sT{na not been, 1 believe

actunlly determined, and will no doubt vary according to the quantity of water, the tem
ture, rapidity of flow in the sewer, &c.
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of oxygen is sometimes in normal amount; it may, however, be diminished
in very badly constructed sewers. Parent-Duchitelet gave an analysis of the
air of a choked sewer in Paris, which contained only 13-79 per cent. of
oxygen,* and no less than 299 per cent. of Hulphll.mt.t-a[_l _I’t:,'drogen. Execlud-
ing this analysis, the greatest impurity in the old Parisian sewers, as deter-
mined by Gaultier de Claubry, in 19 analysest in 1829, was 3-4 per cent. of
earbonic acid, and 1'25 per cent. of sulphuretted hydrogen (in different
samples of air). The lowest amount of oxygen was 174 per cent. Sul-
phuretted hydrogen was present in 18 out of 19 cases; the mean of the
whole 19 cases being 81 per cent. The mean amount of carhonic acid in 19
cases was 2-3 per cent. In the present London sewers of good construction
the air is much less impure. Dr Tetheby found only '532 per cent. of
earbonic acid, a good deal of ammonia, and only traces of sulphuretted and
carburetted hydrogen. Dr Miller's experiments in 1867 gave a mean of only
0-106 per cent. of carbonic acid in 18 analyses, and ‘307 per cent. in 6 other
instances, the oxygen being 20-71 per cent. No sulphuretted hydrogen was
present. Dr Russell examined the air in the sewers of Paddington in
August ; the most impure air contained 20-7 oxygen, 7879 nitrogen, and 51
volumes of carbonie acid per cent. ; there was very little ammonia, and no
sulphuretted hydrogen.

It is evident that, if we take the carbonic acid and sulphuretted hydrogen
as indices, sewer air has no constant composition. Tt is sometimes almost as
pure as the outside air, while at other times it may be highly impure. But
these gases are probably the least important ingredients of sewer air; that
organic matters are present is evident from the peculiar foetid smell, and in
Some cases they are in large amount; 8000 cubic feet of the air of a houss
mto which sewer air had penetrated destroyed more than 20 times as much
potassium permanganate as the same quantity of pure air (Angus Smith).
Fungi grow rapidly in such air, and meat and milk soon taint when exposed
to it. When the sewer air passes through charcoal these substances are
absorbed ; they may be partly oxidised, as Dr Miller found some nitric acid
in the charcoal, but they also collect in the charcoal, and can he recovered (in
part at any rate) from it by distillation.§

We must also suppose, for facts leave us no other explanation, that the
unknown agencies which produce typhoid fever may also bhe present and
there can be little doubt that cholera | may occasionally spread in the same
way. The poison of yellow fever (as appears likely from the epidemic
in Madrid) may also existin sewerair. Whether small-pox, scarlet fever, &e.,
can own a similar channel of distribution is uncertain ; that dysentery and
diarrhcea may also be caused by exhalations proceeding from a foul sewer we
cannot doubt, but the precise agency is here also unknown,

The experiments of Professor Frankland ¥ show that solid or liquid
matter is not likely fo be scattered into the air from the sewage itself by any
agitation it is ]jke}:,r to u:::jergu, until gas begins to be generated in it. He
found that no ordinary agitation (even greater than sewer water is likely to
meel, with) would scatter particles of lithia solution into the air, bub
that the bursting of bubbles of carbonic acid gas was sufficient to effect it,

" Hygitne publ., &. . p. 20, footnote, and . 300,
+ Parent-Duchitelet's I;:[}rg. puhliq'-m,’t. i pl.}ﬂaﬂ.

Abstract in Chemical News, March 1868,
I] BA{illcr, _Chc{_ln!el::l News, M!E'nll; 1868,
case in which sewers probably played a part in the dissemination of cholera is
my Report on the Cholera in Southamption iy 186 edi
W Proceedings of the Royal Society, - 1877, SO Bedionl Offtcer o

iven in
fthe Privy Couneil,
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Henee he argues (with apparent truth) that sewage becomes dangerous in this
way only after the setting in of decomposition, so that if we take proper steps
to carry away sewage at once the danger becomes reduced to a minimum.

Dr D. D. Cunningham found large quantities of Bacteria in the air of the

Caleutta sewers.
Ay of Churchyards and Vaults.

The decomposition of bodies gives rise to a very large amount of carbonic
acid. Tt has been calculated that when intramural burial was carried on in
Tondon, 23 millions of eubic feet of CO, were disengaged annually from the
52,000 hodies then buried. Ammoniaand an offensive putrid vapour are also
given off. The air of most cemeteries is richer in carbonie acid (7 to -9 per

1000, Ramon da Luna), and the organic matter is perceptibly large when
tested by potassium permanganate. In vaults, the air contains much carbonic
acid, carbonate or sulphide of ammoninm, nitrogen, hydrosulphuric acid, and
organic matter. Waller Lewis found little SH, or CH ; or cyanogen, Or phos-
phoretted hydrogen. In his experiments the gas always extinguished flame.

Fungi and germs of infusoria abound.
Air vitiated by cevtain Trades,

Hydrochloric acid gas, from alkali works.

Sulphurous and sulphuric acids, from copper works—bleaching.

Sulphuretted hydrogen, from several chemical works, especially of ammonia.

Carbonic acid, carbonic oxide, and sulphuretted hydrogen, from brick-fields
and cement-works.

Carbonie oxide (in addition to above cases), from iron furnaces, gives Tise
to from 22 to 25 per cent. (Letheby) ; from copper furnaces, 15 to 19 per

cent. (Letheby).
Organic vapours, from glue refiners, bone-burners, slaughter-houses,

hackeries.
Zine fumes (oxide of zinc), from brassfounders.

Arsenical fumes, from copper-smelting.
Bisulphide of carbon, from some india-rubber works.

Air of Towns.

The air of towns may be vitiated by respiration, combustion, effluvia from:
the soil, sewers, and trades. The movement of the air tends, however, to cor
tinually dilute and remove these impurities, and the heavier particles deposity
so that the air even of manufacturing towns is purer than might have been
anticipated. The amount of oxygen in atmospheric air in the purest air near
the surface of the earth, being taken as from 20°9 to 2099 volumes per centey
and the carbonic acid being from ‘03 to 045 per cent., with a mean of 04, it
would appear, from Angus Smith’s observations,® that in a crowded part o
Manchester, exposed to emoke, the amount of oxygen was from 20-868 to
20-179 per cent. ; the average of the street air taken from the laboratory fronks
door was, in Manchester, 90:943 ; of the air taken from a closet, a midden =
behind the laboratory, 90-70. In the London air, in the open spaces, the' s
oxygen amounted to 20:95 ; in the crowded eastern districts t-nltE(}'Sﬁ'i'.i'
a foggy frost, in Manchester, when the smoke was not moving much, the:
amount was 2091 Tn Glasgow the average Wwas 909092, The variations:

are, therefore, within narrow limits. :

# Air ond Rain, T 24. + A. Smith, op. ait., p. 0.
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The percentage lessening of oxygen in atmospheric airis partly made up by
an im:rgzme mtafglfa carbonie acid ;? but if a town is well built, the increase in
the carbonic acid is trifling ; the mean amount of CO, for London, in Roscoe’s
experiments, was only 037 volumes per cent.; in Munqheater, in usual
weather, A. Smith found the amount 0403 per cent. ; during fogs, 0679 ;
in the air above the middens, ‘0774 per cent. It is stated that there is a
difference between close and open spaces in towns; thus, in the open spaces
(parks) in London, the mean amount in A. Smith’s experiments was ‘0301
per cent. ; in Newgate Street (in the City), it was 0413 ; in Lower Thames
Street (City), ‘0428 per cent. It is not, however, stated whether the observa-
tions were made simultaneously.* In Glasgow, the average (lel:ﬂ]‘ﬂlﬁrﬂﬂld Was
0502, and in Perth ‘04136 percent.+ In foreign cities the amount is greater,
and surpasses the normal limit in air. In Madrid, Ramon da Luna found
‘0517 as a mean average, and in some cases ‘08 per cent. ; in Munich, the
amount is "05 per cent. These numbers seem, after all, insignificant, but they
are not really so, as the aggregate difference, if only ‘01 per cent., is consider-
able. In the air of towns which burn coal there are also, as noted, an excess
of acidity (sulphuric and hydrochloric acids), and various suspended matters
(see ante), which no doubt have injurious effects. T

The air of most towns, in addition to ammonia, also contains a nitrogenons
substance which, when condensed in pure water, can be made to yield
albuminoid ammonia, by Wanklyn’s method. Tn various places in London,
A. Smith§ found the amount to average *1509 milligrammes of albuminoeid
ammonia in 1 cubic metre. The greatest amount was in a field two miles past
Clapham Junetion (viz, 27108 milligrammes per cubic metre), and the least
was in Westminster Abbey Yard (08555 milligrammes). At the shore at
TInnellan (Firth of Clyde), the amount was -1378 milligrammes, and the mean
n the streets of Glasgow was 3049 milligrammes per cubic metre. In the
air of the Underground Railway, in London, the amount was -37 34
milligrammes.|| The mean of Mr Moss’s experiments in the open air of Ports-
mouth was rather less, viz, 0886 milligrammes of albuminoid ammonia per
cubic metre. This ammonia may be derived from the living beings in the air,
or from dead organic matter; and to bring out the full meaning of such re.
searches, the chemical must be supplemented by a microscopical examination,

These observations prove how important it is to build towns in such a way
as to ensure good perflation and movement of ajr everywhere, and to provide
open spaces in all the (l_enaal_j,ncmwded parts. The great powers of nature,
winds, and the fall of rain, will then, for the most part, keep the atmospheric
Impurities within limits not injurious to health,

Air of Marshes,

The air of typical marshes containg usually an excess of carbonic acid,
which amounts, perhaps, to 6 or ‘8 or more per 1000 volumes. Watery
Vapour 1s usually in large quantity. Sulphuretted hydrogen is present, if the

* In the neighbourhood of 8t Marys Hospita] Paddington, T found s
w r ) thﬂ
E-gj‘gl Ipadniant. in damp still weather, July 1 75; the samp locality in dry h':ff::afﬁ:;, t?'-*itlt
£ r

of movement of air, 00416 per cent, Aug 1878) » : ; L
College Hospital, dam w&utl;m', D'l‘..l'i 6 per uerft-. iﬁ Fuhrjl;n;;?g]??? IE:II!'J.EEII:{HEE} it Y

+T]- Sinith, 11Irm:: Rain [fl o0, e m&
1ere are also nitrous and nitrie acids, due ba .
Air and Rain, p 437. 1 have stated the I‘ﬂflll-]ﬂtu }Jli}’;;uihfﬁ the oxidation of organie matters,
Ii

"{ngmmm“ per million cubic metres, | grammes per cubic metre, instead
M

o She garden of St Mary's Howpital, Paddington, T found 0:6250 and -
(F. 5‘5 C{?EE page 105). In the back yard of UniE:“mi'ty-Eﬂllegu Hnspiut:l Gﬂflﬂﬁﬂﬂﬁn;n? EHS 75,
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water of the marsh contains sulphates, which in presence of organic matter,
are converted into sulphurets, from which SH, is derived by the action of |
vegetable acids,  Carburetted hydrogen is also often present, and occasionally
free hydrogen and ammonia, and, it is said, phosphoretted hydrogen.*

Organic matter also exists in considerable quantity. Discovered by
Vauquelin (1810 and 1811, in the air collected over the Languedoc marshes)
by De Lisle, and again by Moscati (1818, in the airof a Lombardy rice-field),
and examined more recently by Boussingault (1829, 1839), Gigot (1859), and
Beechi (1861), the organic matter seems to have much the same character
always. It blackens sulphuric acid when the air is drawn through it; gives
a reddish colour to nitrate of silver; has a flocculent appearance, and some-
times a peculiar marshy smell, and, heated with soda-lime, affords evidence of
ammonia. 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. It is said to destroy
quinine. Besides this organic matter, various vegetable matters and animals,
floating in the air, ave arrested when the air of marshes is drawn through water,
or sulphuric acid, and débris of plants, infusoria, insects, and even, it is said,
small erustacea are found ; the ascensional force given by the evaporation of
water, seems, indeed, to be sufficient to lift comparatively large animals into
the air. Dr M. P. Balestrat has described spores and sporangia of a little
algoid plant in the air of Rome and its vicinity, and the same plant is found
abundantly in the water of the marshes near Rome. Balestra is inclined to
attribute marsh fever to this widely diffused “microphyte granule.” It has
been stated that ozone is deficient in the air over marshes, but the observations
of Burdel (* Recherches sur les fidvres 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 aquatic plants, especially the Chara, there is
a large proportion of oxygen, and this air gives, near the surface, the reaction
of ozone (Clemens), while at some feet above ‘the reaction is lost. This is
usually ascribed to the oxidation of organic matter, which rises simultaneously -
from the water. '

Air in the Holds of Ships.

The air in the holds of ships is compounded of exhalations from the wood,
bilge-water, and cargo. Owing to the comparative immobility of the air, it -
often hecomes extremely foul. The composition is not known, but the smell
of sulphuretted hydrogen is very perceptible, and white paint is blackened. =
In some cases, when the water-tanks are filled by condensed water from the -
engines, which is not well cooled, the hold may become extremely hot (100
to 120° Fahr.), and decomposition be much increased. r

Air of Mines. ;'}

Tn the metalliferous mines the air, acccording to Angus Smith,t s poor in §.
oxygen (205 per cent. sometimes), and very rich in carbonie acid (78D per §
1000 volumes on a mean of many experiments). It also contains orgamic
matter, giving, when burnt, the smell of burnt fE-El!r]lﬂI‘E, in un_certnin amount,
These impurities arise from respiration, combustion from lights, and from

* ff (of St Petersburg), considers malarin poison gaseous ; after removing water,
nn.grz::‘nﬁ.?i :::E?hon{n acid, be Iﬁlﬁd marsh nir still yielded 84 to 80 per cent of gaseous matter§
whilst hill air gave only 51,

+ Comptes Rendus, 1870, No. 8, July, p. 235.

+ Report on Mines, Blue Book, 1864,
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Average Annual Deaths per 1000 from Pulmonary Disease during the
Years 1860-62 inclusive.

(i} T8 1 Males, :m:luahref
Ages. Mot Miners. | Matal HEle | MSabe | qoinem
in Yorkshire,
Between 15 ond 25 years, 30T Ho40 302 507
ST Y 415 840 419 5:15
e 8D ;4D s 7'89 1176 10°62 3-52
SERNEERSUE. . 19°75 2318 1471 5°21
= 55 ,, 65 4329 4147 a5-51 722
L 45°04 5369 48°81 1744

The enormous increase of lung diseases among the miners after the age of
35, is seen at a glance.
~ In the pottery trade all classes of workmen are exposed to dust, especially,
however, the flat-pressers. So common is emphysema that it is called “ the
potters’ asthma.”

Qo also among the china scourers; the light flint dust disengaged in great
quantities 1s a f teyrible irritant.” Dr Greenhow states that all sooner or
later become * asthmatical.”

The grinders of steel, especially of the finer tools, are perhaps the most
fatally attacked of all, though of late years the evil has been somewhat
lessened by the introduction of wet-grinding in some Cases, by the use of
ventilated wheel-boxes, and by covering the work with linen covers when
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.®

DButton-makers, especially the makers of pearl buttons, also suffer from
chronic bronchitis, which is often attended with hamoptysis. So also pin-
pointers, some electro-plate workmen, and many other trades of the like kind,
are more or less similarly affected.

Tn some of the textile manufactures much harm is done in the same way.
n the carding rooms of cotton, and wool, and silk spinners, there is a great
amount of dust and flue, and the daily grinding of the engines disengages also
fine particles of steel. Since the cotton famine, a size composed in part of
china clay (35°35 grains of clay, in 100 of sizing on an average), has been:
much used in cotton mills, and il dust arising seems certainly to be produe-
ing injurious eftects on the lungs of the weaver.{

In flax factories a very irritafing dust is produced in the process of hack-
ling, carding, line-preparing, and tow-spinning. Of 107 operatives, whose
cases were taken indiseriminately by Dr Greenhow, no less than 79 were
suffering from bronchial iritation, and in 19 of these there had been
hemoptysis. Among 97 hacklers, 23 were diseased.i In shoddy factories,
also, the same thing occtus. These evils appear to be entirely and easily
praventahle. In some kinds of glass-making, also, the workmen suffer from
floating particles of sand and felspar, and sometimes potash or soda-salts. _

The makers of grinding-stones <uffer in the same way ; and children work=
ing in the making of sand-paper are seriously affected, sometimes in a very
ghort time, by the inhalation of fine particles of sand into the lungs. f

S

* Qaa for further partienlars and much interesting information Dy Hall’s paper read at the ¢

] Seience Congress in 1865,
Eu?ﬁ.aﬁﬁghwmnn’a Heport on certain Sizing Processes nsed in the Cotton Manufacture ak &

‘Todmorden, Ordered to he printed by the House of Commons. May 1572
+ Mr Simon's Fourth Report, p. 1%
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anorexia, thirst, diarrheea, and sometimes even severe nervous symptoms.
Arsenic has been detected in the urine of such persons. :

A. Manouvriez* gives an account of the diseases among workmen in France
employed in making patent fuel, a mixture of coal-dust and pitch. He says
that they suffer from melanodermy, cutaneous eruptions, and epithelial cancers,
affections of the eyes, ears, and nose; bronchitis with pulmonary pseudo-
melanosis ; and gastro-entero-hepatic disorders.  Hirt also mentions some of
the diseases produced among workmen by the various tar-products.

9. Living Substances, as Infusoria, Fungi, Alge, or their germs, or Pollen
or Efftuvia of Flowers.—That summer catarrh or hay-fever is produced in many
persons by the pollen from grasses (especially Anfhozanthum odoratum), frees
or flowers, is now generally admitted. The researches of Dr Blackley,t of
Manchester (himself a sufferer), have placed the matter beyond a doubt. In
his case, at least, it was pollen that produced the disease, and not the effluvia
merely. Coumarin had no effect. Grass-pollen (which constitutes 95 per
cent. of the pollen floating in the atmosphere) and the pollen from pine-trees
were the most powerful in effect. Curiously enough the pollen of poisonous
plants, such as the Solaneacez, was often comparatively innocuous. It is also
known that the spores of certain fungi in falling on a proper soil may cause
disease of the skin in men, and that tinea and favus are thus sometimes spread
seems certain. The attempt, however, to connect the spread of the specific
diseases with fungi or alge has not yet been successful, in spite of the careful
researches of several authors.t Dr Salisbury of Ohio has attemped to trace
ague to a Palmella ; others have ascribed it to the Oscillarinese generally ; and
Dr Balestra helieves that a special alga is the efficient cause,

Dr Salisbury has also affirmed that the prevalence of measles in the Federal
army arose from fungi from mouldy straw. He inoculated himself, his wife,
and forty other persons with the fungi, and produced a disease like measles
in from 24 to 96 hours. It is stated also that this disease was protective §
against measles. Dr Woodward (United States Army) has repeated Dr
Salisbury’s experiments, and does not confirm them.§

Professor Hallier of Jena has to some extent adopted the view that fungi §

ive rise to some of the specific diseases, and that the spores float in the air, §
and are thus communicated, but the proofs are not satisfactory.||

Dr D. D. Canningham says that he was unable to connect any disease, in
Caleutta, with the occurrence of bacteria or other bodies in the air, either as
regards variation in kind or in quantity. 4

Blackley found that Chaefonium elafum (bristle mould) produced nausea,
fainting, and giddiness, and the spores of penicillium (inhaled) brought on
hoarseness, going on to complete aphonia ; the condition lasted two days, and
ended in a sharpish attack of catarrh. 1

3 The Contagic.—Under this head it will be convenient to include the
unknown causes of the specific diseases. That these in some cases (scarlel
fever, small-pox, measles, typhus, enteric fever, plague, pertussis, yellow fev eh
influenza, &e.,) reach the person through the medium of air (as well as 1
gome cases through water or food) cannot be doubted, Some of these contagia

» Annales d'Hygitne, March, 1876,

+ Op.cit.
} T refor especially to Adnm Neale, Cowdell, Mitchell, Holland, and others. . o308

§ Camp Diseases in the U.8. Army, p. 278. The fungus is a Penicillinm, :
fosaor of Botany in the University of Philadelphia) has advanced (Amer. Jour. of Med. Sek
1868) some extremely strong botanieal arguments against the view that malarial diseases can
be owing to Palmella. - :
|| Many papers on th Zeitschrift
filr Parnsitenkunde,

T

is subject by Hallier and others ave contained in Hallier's
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another mode of transference is by the passage into the atmosphere of disin-
tegrating pus cells and putrifying organic particles, and hence the great
eftect 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 wash-
ing 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 sub-
stance, floating in the air, may, if it find a proper place or nidus in or on
which it can be received, communicate to its own action, and thus act as a true
contagium.

Sup-SecTioN IL—GaAsgEous MATTERS.

(@) Carbonie Acid.—The normal quantity of carbonie acid being 4 volumes
per 1000, it produces fatal results when the amount reaches from 50 to 100
per 1000 volumes ; and at an amount much below this, 15 to 20 per 1000, it
produces, in some persons at any rate, severe headache. Other persons can
inhale, for a brief period, considerable quantities of carbonic acid without
injury ;+ and animals can be kept for a long time in an atmosphere highly
charged with it, provided the amount of oxygen be also increased. In the
air of respiration, headache and vertigo are produced when the amount of car-
bonie acid is not more than 15 to 3 volumes per 1000 ; but then organie
matters, and possibly other gases, are present in the air, and the amount of
oxygen is also lessened. 'Well-sinkers, when not actually disabled from con-
tinuing their work by carbonic acid, are often affected by headache, sickness,
and loss of appetite; but the amount of carbonic acid has never been
determined,

The effect of constantly breathing an atmosphere containing an excess of
earbonic acid (up to 1 or 1'5 per 1000 volumes) is not yet perfectly known.
Dr Angus Smith} has attempted to determine the effect of carbonic acid per se,
the influence of the organic matter of respiration being eliminated. He found
that 30 volumes per 1000 caused great feebleness of the circulation, with usual
slowness of the heart’s action ; the respirations were, on the contrary, quickened,
hut were sometimes gasping. These effects lessened when the amount of car-
bonic acid was smaller, but were perceptible when the amount was as low as |
1 volume per 1000—an amount often exceeded in dwelling-houses. At the |

]

same time, this is not the case always, for in the air of a soda-water manu-

to be produced. The effects noticed by Smith have not been observed in ex-—
periments on animals (by Demarquay, W. Miiller, and Eulenberg),§ nor in |
other cases in men, as in the bath at Oeynhausen, where no effect is produced
by the air of the room in which the bathers remain for 30 to 60 minutes, although |
it contains a large percentage of carbonic acid. It has been supposed that lung
diseases, especially phthisis, are produced by carbonie acid ; but as this opinion:
has been drawn merely from the effects of the air of respiration, which 8§
otherwise vitiated, it cannot be considered to stand on any sure basis. Hi
finds no symptoms of chronic poisoning by CO,, even in trades where acu

poisoning occasionally oceurs. ||

1 .i. |

* See my Reports on 8t Mary's Hospital, loe, cit. (F. de C.) -

. ATt s Et&tg:{pﬂm‘t 8ir R. Christizon has employed air containing 20 per cent. of carbonic scid &

as an anmsthetie, (Taylor's Jurisprudence, 1865, p. 713.) y '
% Alr and Rain, p. 208, ef, seq. § Quoted by Reth and Lex., op. eif. p. 176.

| Die Krankheiten der Arbeiter, Erste Abtheilung, 2% Theil, 1878,
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even conjectured (on very disputable grounds, however,) that the 8H, may
neutralise the marsh miasma.

On the other hand, some of the worst marshes in Italy are these in which
SH, exists in large quantity in the air, and, in direct opposition to Little, it
has been supposed that the highly poisonous action of the marsh gas is partly
owing to the sulphuretted hydrogen. Again, in the making of the Thames
Tunnel, the men were exposed to SH,, which was formed from the decom-
position of iron pyrites ; after a time timy became feeble, lost their appetates,
and finally passed into a state of great prostration and angemia. Nor, as far
as is known, was there anything to account for this except the presence of
sulphuretted hydrogen.®

Dr Josephson and Rawitzt have also investigated in mines effects produced
apparently by sulphuretted hydrogen ; two forms of disease are produced—
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 symptoms were
acute, and not, as in the Thames Tummnel case chronic. When these attacks
oceurred, the temperature was high and the air stagnant. '

The obversations of Clemens, also, on the development of boils from the
passage of SH, into the drinking water from the air, if not convineing, cannot
be overlooked. (See page 55.1)

The symptoms produced by ammonium sulphide in dogs are said, by
Herbert Barker$§ to differ from those of SH, There is vomiting without
purging, quickened pulse, and heat of skin, followed by coldness and rapid
sinking. When sulphuretted hydrogen and ammonium sulphide, dissolved in
water, are injected into the blood,|| they, and especially SH,, produce the
same symptoms as the injection of non-corpuseular putrid fluids, viz., profuse
diarrheeal evacuations, with sometimes marked choleraic symptoms and
decided lowering of the temperature of the hody, congestions of the lungs,
liver, spleen, and kidneys, irritation of the spine, and opisthotonos. But, in
this case, a much larger quantity will be introduced than by inhalation
through the lungs.

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 there, as in so many other cases,
it is to be wished that a more careful examination of the point were made.

Without producing any marked disease, it may yet act injuriously on the

health. Hirt says that cases of chronic poisoning are not uncomimon.
(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 offect on the health. (See Schloes-
ing, Comptes Rendus, 1870, vols. I and IL.)

(f) Sulphurous Acid Glas.—The Dleachers in cotton and worsted manu-
factories, and storers of-woollen articles, are exposed to this gas, the amount

# Taylors's Med. Jurisp. 1865, p. T27. A

+ Schmidt’s Jahr. band ¢x. p. 334, and band cxvii. F Bb. :

$ 1 notice, in the account o the new Laboratory at Leipzig, that Kolbe has made a § al
arrangement for the supply of SH from gasometers, as the custom of each man mnklrig the gas
himself evolves so mun}h that the Tealth of all who are working in the room suffers. (Das Neue

Chem. Lab. von Univ. Leipzig, . 200.) A %
$ On Malaria and Minsmata, p. 212, || Weber, Syd. Soc. Year-Book for 1874, p. 2.
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‘of which in the atmosphere is, however, unknown. The men suffer from
bronchitis, and are frequently sallow and anemic.®

When sulphurous 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 from being washed down with rain, it affects herbage,
and, through the herbage, cattle, causing affections of the bones, falling off of
the hair, and emaciation. " R ring

(9) Hydrockloric Acid Vapours in large quantities are very irritating to
the lungs ; when poured out into the air, as was formerly the case n the
alkali manufactures, they are so diluted as apparently to produce no effect on
men, but they completely destroy vegetation. In some processes for making
steel, hydrochlorie, sulphurous and nitrous acids, and chlorine are all given
out, and cause bronchitis, pneumonia, and destruction of lung tissue, as well
as eye diseases. + y

(k) Carbon Bisulphide—In certain processes in the manufacture of
vuleanised india-rubber a noxious gas is given off, supposed to be the vapour of
carbon bisulphide. It produces headache, giddiness, pains in the limbs,
formication, sleeplessness, nervous depression, and complete loss of appetite.
Sometimes there is deafness, dyspneea, cough, febrile attacks, and sometimes
even amaurosis and paraplegia (Delpech), The effects seem due to a direct
anasthetic effect on the nervous tissue, : '

SuB-SEcTioN IIL—EFFECT 0F AR TMPURE FROM SEVERAL SUBSTANCES
ALways Co-Exmsting,

The examination of the effects of individual gases, however important, can
never feach us the results which may be produced by breathing air rendered
foul by a mixture of impurities. The composite effect may possibly be very
different from what would have been anticipated from a knowledge of the
action of the isolated substances.

(#) Air rendered Impure by Respiration (see page 102). The effect of the
feetid air containing organic matter, excess of water and carbonic acid, pro-
duced by respiration, is very marked upon many people ; heaviness, headache,
inertness, and in some cases nausea, are produced. From experiments on
animals in which the carbonic acid and watery vapour were removed, and
organic matter alone left, Gavarret and Hammond have found that the organic
matter is highly poisonous. Hammond found that a mouse died in forty-
five minutes, and I have known cases in which the inhalation of such an
atmosphere for three or four hours produced in men decided febrile symptoms
| (increased temperature, quickened pulse, furred tongue, loss of appetite, and
thirst), for even twenty-four or forty-eight hours subsequently.

, When the air is rendered still more impure than this, it is rapidly fatal, as
in the cases of the Black Hole at Caleutta ; of the prison in which
300 Austrian prisoners were put after the battle of Austerlitz (when 260 died
very rapidly) ; and of the steamer Lnndnndanjr. The poisonous agencies ara
probably the organic matter and the deficient oxygen, as the symptoms are
not those of pure asphyxia.  If the persons survive, a febrile condition is left
‘behind, which lasts three or four days, or there are other evidences of affected
nutrition, such as boils, &c.

en air more moderately vitinted by respiration is breathed for a longer

* On the other hand, persons living in volcanic countries have sometimes a notion that the

of sulphurous acid are good for the health « ha i izlis
bourhood of Vesuvius, (F. do C.) L HaTe hskm told w0 by people:fuithia s

't Jordan—Canstatt’s Jahresh, for 1863, band vii, p. 76,
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period, and more continuously, its effects become complicated with those of
other conditions. Usually a person who is compelled to breathe such
an atmosphere is at the same time sedentary, and, perhaps, remains in a con-
strained position for several hours, or possibly is also under-fed or intemperate,
But allowing the fullest effect to all other agencies, there is no doubt that the
breathing the vitiated atmosphere of respiration has a most injurious effect on
the health.* Persons soon become pale, and partially lose their appetite, and
after a time decline in muscular strength and spirits.+ The aération and
nutrition of the blood seem to be interfered with; and the general tone of the
system falls below par. Of special diseases it appears pretty clear that
pulmonary affections are more common.

Such persons do certainly appear to furnish a most undue percentage of
phthisical cases ; that is, of destructive lung-tissue disease of some kind. The
production of phthisis from impure air (aided most potently, as it often is, by
coincident conditions of want of exercise, want of good food, and excessive
work) is no new doctrine.}  Baudeloeque long ago asserted that impure air is
the great cause of scrofula (phthisis), and that hereditary predisposition,
syphilis, uncleanness, want of clothing, bad food, cold 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 exer-
cise 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. Professor Alison, of
Fdinburgh, and Sir James Clark, in his invaluable work, lay great stress on
it. Neil Arnot, 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, &c.). Dr Henry MacCormac 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, ass
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 8%
believed, essentially the same, offer the following contrast :—

* See, among a number of other instances, Guy's evidence hefore the Health of Towns
mission, vol. i p. 89, ef seq., and S, Smith, ibid. p..37, et seq.
~ + See Wilson's Observations on Prisoners, already cited ‘mgnhlﬂs. . .

4 The following statistics (Ransom, Sanitary Record, vol. vi.) are instructive : Death-rates
from diseases of the respiratory organs for all England, 3-64 (1865-76), for Bn"l_fgrd 512 ; ford
registration district of Manchester, 6:10; for township of Manchester in 1874, 77 ; for West=
moreland {one of the healthiest counties) 227 ; for North Wales, 2:51. For diagrams showing
the effects of aggregation of pusulatinn on the ratio of respiratory diseases, see my Lecturessg
on State Medicine, table v. p. 48 (F. de C.) i ik

§ The observations of the development of what are a ]mmnt'!y tubercular lesions from the
cirenlation in the blood of pus or septic matter deri from inoculation in guinea pigs, By
Burdon-Sanderson and Wilson Fox, seem to give support to the conjecture, that in these cases:
of tuberele from foul air, some corpuscular substances may be drawn into, and set up dise

of, the lungs. -
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" has long been considered, and apparently quite correctly, that such an atmo-
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and pneumonia, appear also to be more common in such cireumstances. Both
among seamen and civilians working in confined close rooms, who are other-
wise so differently circumstanced, we find an excess of the acute lung affec-
tions. The only cireumstance which is common to the two classes is the
impure atmosphere. (Compare especially Gavin Milroy and Greenhow.)
The favourite belief that these diseases are caused by transitions of tempera-
ture and exposure to weather, has been carried too far,

In addition to a general impaired state of health, arising, probably, from
faulty aération of the blood, and to phthisis and other lung affections which
may 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

sphere causes a more rapid spread of several specific diseases, especially typhus
exanthematicus, plague, small-pox, scarlet fever, and measles. This may arise
in several ways; the specific poison may simply accumulate in the air so
imperfectly changed, or it may grow in it (for though there may be an
analogical argument against such a process, it has never been disproved, and
is evidently not impossible) ; or the vitiated atmosphere may simply render
the body less resisting or more predisposed.

(b) Air rendered Impure by Exhalations from the Sick.—The air of a sick
ward, containing as it does an immense quantity of organic matter, is well
known to be most 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 gangrene 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 gangrene is a precursor of exanthematic typhus,® but probably the
introduction at a particular 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. ’

When hospital gangrene has appeared, it is sometimes extremely difficult
to get rid of it. Hammondft 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, ¢.e., by treating men in
tents or in the open air, hospital gangrene can be entirely avoided.f The
occurrence of hospital gangrene in a tent is a matter of the rarest occurrence.

¢) Air rendered Impure by Combustion.—Of the products of combustion
which pass into the general atmosphere (see page 105), the carbonic acid and
carhonic 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 conclude
that to a certain extent they must so act, but certainly there is no evidence
that the smoky air of our cities, or of our colliery districts, is freer from the

—
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* See Guillemin, Recueil de Mémoires de Med. Ch. and Pharm. Militaires, No. 159. 1874.

+ On Hygiene, p. 172 fn -

% See CHEptﬁr D-FI']. Hospitals, and Professor Jiingken's Address on Pyamia in the Sydenham
Society Year-Book for 1862 F. 213, and Report on Hygiene, by the Author, in the
Medical Report for 1862 (vol. iv.)
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poisons of the specific diseases than the air of other places. Tt has been sup-
posed, indeed, that the air of large cities is particularly antagonistic to
malaria, but there are probably other causes acting here. The solid particles
of carbon, and the sulphurous acid gas, may, on the other hand, have injurious
effects. It is not right to ignore the mechanical effect of the fine powder of
coal so constantly drawn into 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, lead to the opinion that such an
atmosphere has some effect in originating atfacks of bronchitis, and in delay-
ing recovery. But statistical evidence of the effect of smoky town atmo-
spheres 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, of gas especially, is
more easily determined. In proportion to the amount of contamination of
the air, many persons at once suffer from headache, heaviness, and oppres-
B10T1.

Bronchitic affections are frequently produced, which are often attributed to
the change from the hot room to the cold air, but are really probably owing
to the influence of the impure air of the room on the lungs.

The effects of constantly inhaling the produets of gas combustion may he
seen in the case of workmen whose shops are dark, and who are compelled to
burn gas during a large part of the day; the pallor, or even anmmia and
general want of tone which such men show, is owing to the constant inhala-
tion of an atmosphere so impure, ;

(2) Air rendered Impure by the Gas and Eftuvia from Sewers and House
Drains.—Cases of asphyxia from sulphuretted hydrogen, sulphide of
ammonium, carbonic acid, and nitrogen (or possibly rapid poisoning from
organic vapours), occasionally oceur both in sewers and from the opening of
old cesspools. In a case at Clapham, the clearing out of a privy produced in
twenty-three children violent vomiting and purging, headache, and great
prostration, and convulsive twitchings of the musecles. Two died in twenty-
four hours.  (* Health of Towns Report,” vol i. p. 139.)

These are instances of mephitic poisoning in an intense degree ; but when
men have breathed the air of a newly opened drain in much smaller amounts
1narked effects are sometimes produced ; languor and loss of appetite are
followed by vomiting, diarrheea, colic, and prostration. The effluvia which
have produced these symptoms are usually those arising from a drain which
has been blocked for some time. When the air of sewers penetrates into
houses, and especially into the bed-rooms, it certainly causes a greatly
Impaired state of health, especially in children, They lose appetite, become
E@.la and languid, and suffer from diarrhea; older persons suffer from

eadaches, malaise, and feverishnesss ; there is often some degree of anmmia
.nnd*m is clear that the process of aération of the blood is not perfectly carried
on.

In some cases I have known decided febyile attacks lasting three or four
days, and attended with great headache and anorexia, - ngﬁﬂes into wli?ch
there has been a continued escape of sewer air have been so notoriously
unhealthy that no persons would live in them, and this has not been only
from the prevalence of fever, but from other diseqses, Dr Marston (late R.A.)
in his excellent paper on the Fever of Malta, t tells us that when typhoid fever

" Health of Towns Report. See especially the evidence of Righy, vol. i. p. 151, and of

Aldis, val. i. p. 115.
t Army Med. Report for 1861, p. 486,
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broke out at the Fort of Lascaris, from the opening of a drain, other affections
were simultaneously developed, viz, “diarrheea, dysentery, slight pyrexial .
disorders, and diseases of the primary assimilative organs.” = A close examina-
tion and analysis of the affections produced by the inhalation of sewer air,
would probably much enlarge this list; and the class of affeetions resulting
from this cause, to which it may be difficult to assign a nosological name, will
be found, I believe, to be essentially connected with derangement of the
digestive rather than with the pulmonary system.

Dr Herbert Barker* has attempted to submit this question to experiment
by conducting the air of a cesspool into a box where animals were confined.
The analysis of the air showed the presence of earbonic acid, sulphuretted
hydrogen, and ammonium sulphide. The reaction of the gas was usually
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,” But the effects required some time, and much
gas for their production. Dr Barker attributes the results, not to the organic
matter, but to the mixture of the three gases, carbonie acid, sulphuretted
hydrogen, and sulphide of ammonium, and specially to the latter two.

The effect on the men who work in sewers which are not blocked, or
temporarily impure from exceptional disengagement of sulphuretted hydrogen
from any cause,t has been subject to much debate. The air in ALY SEWers
in London is not very impure; the analyses of Letheby and Miller have
shown that generally the amount of carbonic acid is very little in excess of
that in the external air, and that there is hardly a trace of sulphuretted
hydrogen, or of feetid organic effluvia, The air in the house drains is often,
in fact, more impure than that of the main sewers. This is the case also in
other places, and is to be accounted for by the numerous openings in the
sewers, from the porosity of the walls, from the continual ventilation produced
by the air being drawn into houses, and from the amount of water in the
sewers heing often so great, and its flow so rapid, as to materially lessen the
chances of generation of gas. The evidence is, on the whole, opposed to the
view that sewer-men suffer in health in consequence of their occupation.
Thackrah states] that sewer-men are mot subject to any disease (apart from
asphyxia), and are not short-lived. He cites no evidence. Parent-Duchitelet§
came, on the whole, to the same conclusion as regards the sewer-men of Pavis
in 1836. He says that there are some men so affected by the air of sewers
that they can never work in them; but those who can remain suffer only
from a little ophthalmia, lumbago, and perhaps sciatica. They consider
otherwise their occupation not only innocent, but as favourable to health.
The only fact adverse to this seemed to be that the air of the sewer greatl v
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* On Malaria and Miasmata, 1863, p. 176, et mg _
+ Fatal eases have occurred both in London and Liverpool sewers from the rapid evolution
of SH,, either from gas liquid, or, in Liverpool, from the action of acids passing into the
sewers, and meeting with sulphide of caleium in the refuse derived from alkall manufactories.
The Effects of Arts, Trades, and Professions on Health, 1832, p. 118. i
Hygitne Publique, vol. i. p. 247 (1836). The conclusion of Parent-Duchitelet are not
Entimfyjuatiﬂaﬂ by his evidence. The number of men he examined was swall, and many of
them had been employed for a short time only in the sewers; it also appeared that a consider-
able number had actually suffered from bilious and cerebral affections. (See the former
editions of this work,)
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given rise to decided typhoid fever,* as well as to a very fatal disease (pro- +
bably severe typhoid), in which coma is a marked symptom, So also in some
instances. (Windsor and Worthing)t the spread of enteric fever has evidently
been owing to the conveyance of effluvia into houses by the agency
of unventilated sewers. In a case mentioned to me by a friend, an outbreak
of enteric feverin a training-school was localised in certain parts of the school
['_l.vhareas the drinking water was common to all), and was traced to imperfec-
tion of traps in those parts of the house which were affected. In this case
the drains led down to a large tank at some distance, and at a much lower
level, and the smell of the effluvia was so slight that at first it was not
believed that the drains could be out of order. A very good case is given by
Surgeon Page,} of the 6th Dragoons, in his deseription of an outbreak of
typhoid fever at Newbridge, following discontinuance of the use (on account
of repairs) of a ventilating shaft for the sewers. Sewergas got into
the barracks, and several cases (some fatal) of typhoid fever oceurred. Other
possible causes were carefully inguired into and eliminated.§ These two
classes of fact seem decidedly to show a causal connection between the effluvia
from sewers and excreta and enteric fever, and they are supported by the
statistical evidence which proves that the prevalence of typhoid fever stands
in a close relation to the imperfection with which sewage matters are removed.||
The army statistics give excellent instances of this, and the evidence produced
by Dr Buchanan of the prevalence of typhoid fever before and after sewerage
of a town is to the same effect.¥

It seems difficult not to admit that the effluvia from the sewers will produce
typhoid, and yet there are some remarkable facts which can be cited on the
other side.

It has been denied by Parent-Duchételet and by Guy** that typhoid fever
is more common among sewer-men than others, and late inquiries among the

#* The cases of Croydon, Peckham, Westminster, Fleet Lane, Hammersmith, and Malta are
here referred to. See Murchison on Fevers, p. 436, ef seg. The Hammersmith case is one men-
tioned by Babington (British Medical Journal, May 3, 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 the drain. Riecke (Der Kriegs und Fri en-Tyﬁ_hus, 1850, p.
51) has collected many cases ; so also Gietl (e Ursachen des Ent. Typh. in Munich, 1862).
In a case recorded by Dr Buzzard (Lancet, Nov. 1868), a rain water pipe communicating with
the discharge pipe of a closet led the effluvia into the house ; seven persons out of forty wera
attacked. v Orton of Newcastle-under-Lyne has recorded an outbreak in that city {Mqi.:‘
Times and Gazette, April 1872), arising from sewer gas ; no case of typhoid had occurred im
the town for some time, and the water was above suspicion. Dr Fergus of Glasgow, who has
paid great attention to the conditions of water-closet and sink pipes, and has pointed out how
rapidly they decay and get out of order, has noted several cases. Inma case at ton, recorded
in the Medical Times and Gazette, Feb, 10, 1872, the gas forced back in a drain by the rise of &
river, into which the drain opened, caused typhoid fever in several persons. In Croydom;
in 1866, Bochanan mentions that the sewer gases were forced noisily back the traps of water=
closets in several houses, in which outbreaks of typhoid occurred a few days afterwards.

+ Ninth Report of Medieal Officer to Privy Council, p. 44.

+ Army Med. Report. vol. xv. p. 301, , N

& An outbreak at Kinsale, apparently due to sewer effluvia, is narrated by EIII'EWI'I*MHJIDI_I:
Wallace, Army Med. Reports, vol. xvii. p. 55. The inquiry seems to have been very carefu I{ 3
madde, X
|| The Medical Inspectors of the Privy Council are fully alive to the occasional propagation
of typhoid fever by water, and yet the doctrine that the disease can he conveyed in the air i§
firmly held by them, and fow men have more experience, (See Mr Netten Radeliffe’s Report on
Fever at Bradford in 1872} Greisinger also has no doubt, from & large experience, of
origin of typhoid fever in this way. " Y 1

4 Ninth Report of Medical Officer to the 