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PREFACE.

Ercureen YEARS have elapsed since the Author’s work entitled
¢ Adulterations Detected in Food and Medicine’ was pub-
lished.

Since that date the knowledge of the subject of the Adulte-
ration of Food has greatly extended,and the methods for its
detection have become much more definite and precise.

During the whole of the intervening period the author has
himself been unceasingly occupied with the subject, having
made numberless analyses, and having been constantly en-
gaged in special investigations relative to the adulteration of
certain articles of food.

Although in the present work the Author has followed
somewhat the method adopted in his previous books on the
same subject, yet the volume now published contains a large
amount of additional matter, several of the subjects being
treated of for the first time, as the articles on Food, its Func-
tions and Quantity; The Preservation of Food; Unwholesome
and Diseased Meat; Water; Aérated Waters; Lime and Lemon
Juices; Cider and Perry ; Tinned Vegetables; and the Utensils
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employed in the Preparation: and Storage of Food ; while
nearly the whole of the articles which are not entirely
new have been much extended or entirely re-written. The
Author has therefore deemed it best to bring the book out
ander anew title, and not as a fresh edition of his former
work, ‘Adulterations Detected.’

He now desires to record the obligations he is under to
his assistant, Mr. Otto Hehner, who has ably and cheerfully
rendered him much valuable aid, more particularly in the
purely chemical portions of the work.

Sr. Carpering's Housg, VENTNOR :
November 1878,
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ITS ADULTERATIONS
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THE METHODS OF THEIR DETECTION.
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CHAPTER L
ON FOOD, ITS FUNCTIONS AND QUANTITY.

Ir will facilitate the comprehension of much that is to follow, and
enable us to answer questions which will be often put to us as to the
quality, genuineness, wholesomeness, and quantity of the various kinds
of food consumed, if we first bestow a few observations upon the
funetions performed by the several classes and kinds of food, and the
amounts necessary to the growth, sustenance, and maintenance of
the body in a state of health,

The bodies of men and animals are built up of several substances ;
some of these, from the fact of their containing nitrogen, are called
nitrogenous ; others, being destitute of that principle, are termed non-
nitrogenous, or carbonaceous, mineral constituents, and water.

The prineipal nitrogenous substances of the animal body are fibrin,
found in the blood and museles ; albumen and globulin, abounding in
the blood ; gelatine, in the bones, tendons, and ligaments ; and casein, in
milk; while the chief non-nitrogenous constituent is fat; they are
identical in their ultimate composition, and contain carbon, hydrogen,
‘nitrogen, oxygen, and sulphur, in the following proportions:—

Carbon . < . : . B
Hyvdrogen . 7-0
Hitrq}gen 4 : ! 5 - 158
Oxygen . ; - . = 2 22:1
Sulphur . - - . . 16

100-0

Now, the vegetable has a composition resembling, in the main, that
of the anmimal, it containing analogous nitrogenous substances, though
usually in smaller amounts; while the fat is represented chiefly by

B -




2 ON FOOD, ITS FUNCTIONS AND QUANTITY.

sugar and starch, thongh in some exceptional cases fat or oil is met
with, as in the seeds of various plants. All the nitrogenous substances
entering into the composition of the human and other animal bodies are
derived, either directly or indirectly, from the vegetable kingdom, the
vegetable being constructive and the animal destructive.

The nitrocenous elements ave capable, under some cireumstances,
of furnishingqbﬂth fat and sugar ; thus, there is evidence to show that
the fatty matter of milk and the sugar of diabetes are thence derived,
at least to some extent. Again, starch and sugar are sometimes trans-
formed into fat, but the greater part of the fat of the body is derived
from that contained in the food.

Notwithstanding this partial and occasional formation of fat from
the nitrogenous, starchy, and saccharine elements of the food, each
separate class is needed to sustain the body in a state of health. Thus,

rfect health cannot be maintained for any length of time on nitro-
enous food alone, even with water and the mineral constituents; and
although it may be supported for a longer period on such food com-
bined with fat, yet, for perfect health, the albuminates, fat, and the
carbo-hydrates, as sugar and starch, are all necessary, though how the
latter act in nutrition is not yet fully understood, since they do not
enter into the composition of the tissues like the others. Further, it
should be clearly understood that excess of lean meat increases the
oxidation of the fat, thus tending to the reduction of obesity ; excess
of the carbo-hydrates acts in the same way.

Now, these several nitrogenous and non-nitrogenous constituents of
the food are eonstantly undergoing change and destruetion in minister-
ing to the several necessities of the living animal organization, as the
growth, sustenance, and waste of the body, its heat, electricity, and
museular foree; and hence the necessity for a frequent supply of food.
The varions constituents of the food, having served the several pur-

oses in the animal economy which have been already noticed, are
eliminated from the system, the nitrogenous chiefly as wrea, wric and
hippuric acids, creatine and creafinine, and the non-nitrogenous in the
forms of carbonic actd and water.

While starch and sugar only want as much oxygen for complete
combustion as is required to combine with their carbon, fat needs a
larger proportion, for it contains an excess of hydrogen, which con-
sumes a proportionate amount of oxygen to form water. DBy the com-
bustion of fat, therefore, more heat—2-4 times as much—is developed,
than by an equal quantity of starch or sugar.

Now, the process of respiration is merely an act of combustion; the
air carried to the lungs by inspiration is there deprived of much of its
oxygen, while, in place of this gas, the expired air contains a propor-
tionate quantity of carbonie acid, which is derived from the food
introduced into the blood, and especially from its non-nitrogenous
constituents, which may be termed ‘heat producers,’ for by their
oxidation the heat of the hody is chiefly obtained.




ON F0OD, ITS FUNCTIONS AND QUANTITY. 3

With respect to the fatty substances which enter into the composi-
tion of our food, we would remark that they are not merely heat pro-
ducers, but that they play a very important part in the process of
digestion, not only inereasing and accelerating greatly the digestibility
of nitrogenous articles of food, hut also aiding in the formation of bile.

Again, the starch is converted in the system into glucose, which is
carried by the blood to the lungs, where it is split up into carbonic
acid and water, as already described. Another produet of the oxida-
tion of starch and sugar 1s lactic acid, an important constituent of the
rastric juice. :

Starch, sugar, and fat have the following formulee and percentage
composition :—

I
Cane-sugar, Glooose, Starch, Fat (stearine).
C an.‘.tOII GnHuDa an m[}: 051H: 1D-DI
Carbon . : ; 42-10 40:00 4444 7685
Hydrogen. . . 644 667 G118 12:836
Oxygen . . . 51-46 5333 4938 10:79
100-00 100-00 F 100-00 10000

The mineral constituents of the body are not less necessary than
the albuminates, fat, and the carbo-hydrates, and equally require to be
renewed in the food consumed. Thus, sulphur and phosphorus are
constantly present, combined chiefly with the albuminates. Phosphate
of lime is found principally in the bones, teeth, and growing cells and
tissues; phosphate of potash in the tissues, cells, and blood—the
latter fluid is particularly rich in basic phosphate of potash, which
forms by far the largest portion of its mineral constituents ; chloride of
sodium in the liquids, 1ron in the blood, and, lastly, earbonie, lactie,
tartarie, acetic, and some other aecids, which are converted in the
system into carbonic acid, are requisite to maintain the alkalinity of

e body, the absence of which gives rise to seurvy,

The function of chloride of sodium, or common salt, is but ill
understood. It has been asserted that it is necessary for the assimila-
tion of the food, but this seems not to be the case. Salt, in fact, is
considered by some to be quite a superfluous addition to most of our
articles of food, and nothing more than a condiment. It does not
enter Into the composition of any of the tissues, but is thrown out of
the system in the excretions ; and it has been repeatedly shown that
some tribes of natives of Africa do not know the use of salt at all, and
consider it a luxury and delicacy., _

Iron is a most Important constituent of the blood ; the colouring
matter of the red corpuscles contains it in chemieal combination. It
i8 said to assist in the oxygenation of the blood.

Again, the imbibition of a large quantity of water daily is likewise

] H 2 w




4 ON FOOD, ITS FUNCTIONS AND QUANTITY.

a necessity, in order to endow many of the constituents of the fi0d—
especially the albuminates—with certain physical properties, to render
them plastic, soluble, or the more readily reducible to'a state of solu-
tion; thus aiding absorption, nutrition, and elimination.

To sum up thern, there is between the eomposition of the body and
the food consumed, whether animal or w:g'etel:nlw.ﬁ.j the closest possible
resemblance,

Having thus enumerated the various kinds of food required to sus-
tain the hedy in health, we have to consider the guantities needed. ' It
will be obvious from what has already been advanced, that the quan-
tities will vary, being dependent upon age, weight, muscular exer tion,
climate, &c.; but it has been determined by numerous independent
inquiries, that the food daily consumed by an adult man of average
weight—140 lb.—and in moderate worlk, eheuld contain about the
fellewmg quantities of the several classes of food, the figures given
being those of M oleeehett uoted by Parkes in his admirable work on
¢ Practical Hygiene,” and :111{:}.1 figures should be generally adopted, in
order to save the multiplication of sums and caleulations : —

Dry food, Chances. Nitrogen grains. J Carbon grains.
Albuminous substances : 4587 S17:0 10756
Fatty substances . . 2:964 None 1024-4
Carbo-hydrates . - - 14-257 None 27694
Salts . : - ok 1:058

22:866

One ounce ef dry albuminate contains G9 grains of nitrogen and
234 of carbon; 1 ounce of dry fat, 336:0 grains of earbon, and the
same weight of elther of the ee.rbe-hvdmtea starch or sugar, 194-2
grains ; or 100 grains of albuminates contain 158 of nitr ogen and 535
of carbon ; fat, 76'8 grains of carbon, and starch and sugar 444 grains.

But water to the extent of between 50 and 60 per cent. is contained
in the food consumed, raising the amount to about 40 ounces.

Now, nearly the whole of the nit: ‘ogen and carbon contained in
the chief articles of our food may be thus divided and distributed :—

Lean raw meat } 15:2'&;’5{5:'1?];@:?1;:&#’ 14-4

Fat of meat - - . . % ounce,
Egg .

Cheese

Butter

Bread.

Potatoes

Other vegeta Yles
Milk - hn ”
Sugar . i »

n
»
L1
b
”

=i
BOOO o 00 = = D

e

—
.
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J

Having. thus arrived approximately at the qu&litgr and quantity of

the several kinds of food required by an adult man o )
weight, and in moderate work, it next becomes important to explain
how each person may
nutritive quality of his own,

object may be a‘cmmpliahed by the hel

average size and

caleulate for himself, and so ascertain the

with one exception, from the werk of Dr. Parkes,

Table for calculating Diets.

before quoted :—

or any other, dietary, This important
of the following table, taken,

|
Albnmin- " | Carbo-
Water, iy Fats. hydrates. Salt,
LE:‘::TEIE raw meat, bone- 75 15 g4 16
Fattened meat (Gilbert
and Lawes) 63 14 19 3.7
Roast meats (no drip-2
ing being lost), |
anke. (Boiled as- b 276 15+45 245
sumed to be the
same) e
Bread: =y Vil IR 8 1°b 49-2 1:3
517 S SN AL ) (Jh 1 1l 2 T0:5 1=7
Biscuit . sl iy 8 156 1-3 T84 17
Rice . . S AP 10 h -8 832 b
Oatmeal (Von Bibra) .| 12 16 68 63-2 2
Oatmenl (Letheby) 15 126 56 63 3
Maize (Poggiale) . 1585 10 67 645 1-4
Peas, dry : . 15 22 2 53 2-4
Eﬂtameﬂ : : 3 74 1°5 =l 234 1
arrots (all cellulose " » o 2 ¢
excluded) . 10 6 25 84 7
Cabbage . 3 91 2 5 58 7
Eutterl ; % - - 88 27 85 a-b
Con he e “"“f'“t'} 735 185 116 1
Cheese
Tl favianifia snarte | S6:8 335 243 54
Ml}gﬁ%:ipeclﬁc_gtnﬁity 867 4 37 B 6
'h T : v ®
Sugar B 96-H 5
(558 |

_ The use of the above table is exceedingly simple. Thus, the quan-
tity by weight of any of the articles enumerated being known, the
amounts of the albuminates, fats, and carbo-hydrates are easily caleu-
lated by a simple rule-of-three sum., Thus, supposing the allowanee is
12 oz. of meat,one-fifth must be deducted for bone; the water in remain-

ing 96 oz. will be ascertained as follows:

the other constituents,

B O
7 {E}—g—-ﬂ= 7°2; and so on for




6 ON FOOD, ITS FUNCTIONS AND QUANTITY.

A few words in conclusion may be bestowed on the relative digesti-
hility of different articles of food.

It appears from Dr. Beaumont's experiments on Alexis St. Martin
that ‘animal food is digested sooner than farinaceous, and, possibly,
meat might therefore replace more quickly the wasted nitrogenous
tissue than bread or peas; and it may be true, as asserted, that the
change of tissue is more quick in meat-eaters, who require, therefore,
more frequent supplies of food.”

¢ Rice, tripe, whipped eggs, sago, tapioca, barley, boiled milk, raw
egos, lamb, parsnips, mashed and baked potatoes, and fricasseed chicken,
are the most easily digested substances in the order here given, the rice
disappearing from the stomach in one hour, and the fricasseed chicken
in 24 hours. Beef, pork, mutton, oysters, butter, bread, veal, boiled
and roast fowls are rather less digestible, roast beef disappearing from
the stomach in three hours, and roast fowl in four hours, Salt beef and
pork disappeared in 4} hours.’—Parkes.

The admixture of the different classes of food aids digestibility, and
fat taken with meat helps the digestion of the meat.

¢ According to the best writers on diet, it is not enough to give the
proximate dietetic substances in proper amount. Variety must be
introduced into the food, and different substances of the same class
must be alternately employed. It may appear singular that this
should be necessary ; and certainly many men and most animals have
perfect health on a very uniform diet. ~Yet there appears no doubt of
the good effect of variety, and its action is probably on primary diges-
tion. Sameness cloys; and with variety more food is taken, and a
larger amount of nutriment is introduced. It is impossible, with
rations, to introduce any great variety of food; but the same object
appears to be secured by having a variety of cooking.’—Parkes.

i




ON THE PRESERVATION OF ¥OOD. 7

OHAPTER II.
ON THE PRESERVATION OF FOOD.

It will be desivable before entering on the question of the adulteration
of food to devotea short chapter to the subject of the various methods
employed for its preservation. The methods resorted to are exceed-
ingly numerous, and many of them have been patented on account of
their supposed commercial importance, but they may beall referred to the
following heads :—to preservation by temperature, including an eleva-
tion of temperature, resulting in more or less complete cooking, and a
reduction of temperature, as by freezing; by the ewclusion of au,as
when animal and vegetable substances are enclosed in hermetically-
sealed tins; by coating the surface, as by paraffin, or when an
artificial coating is formed by the coagulation of the albumen by
plunging it into hot water; by dmmersing or miving the sub-
stances to be preserved with a material which aets in the pre-
servation mainly by the exelusion of air, as syrup or sugar; by
compression, which serves to exclude the air partially, as also to
remove superfluous moisture ; by the extraction of certain principles of
meat by means of water, and the subsequent inspissation of the extract ;
by the use of various antiseptic substances, as alcohol, acetic acid, salt,
saltpetre, alum, creosote, and charcoal ; by the employment of certain
acids and gases, as sulphurous aeid and the sulphites, especially
sulphite of soda, which retard decomposition by combining with the
oxygen of the.air, which, in spite of all precautions, cannot be alto-
gether excluded from the preserved material ; by carbonic actd, which
acts by exclusion of the air, and the substitution of an atmosphere
unfavourable to decomposition.

In many cases more than one of the above agencies are at work in
the preservation of the food, as for example in tinned meats, in
which not only is theair excluded, but the albumen of the meat is
coagulated by cooking; in preserved milk, in which the greater part
of the water is removed by evaporation, the albumen coagulated by
the heat employed, and the air partially excluded by the addition of
powdered sugar.

We will now give some brief examples illustrative of each of the
methods of preservation above referred to.

Llevation of temperature.—Ieat s employed for the double purpose
of partially cooking the materials to be preserved, whereby the
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albuminous matters are coagulated, and of assisting in driving out
the air: as in the case of all jams and preserves, bottled fruits and
vegetables, all tinned meats and vegetables; and, lastly, as in the
coagulation of the albumen near the surface of a joint of meat.

By reduction of temperature.—This principle acts by retarding
decomposition, and the development and growth of minute organisms,
and, when the substance itself is actually frozen, also by the exclusion
of air. Its effect is very great, as is known to every householder, and
is shown by the remarkable cases which have been recorded of the
preservation of human and animal bodies, and of meat, through a long
series of years in regions of perpetual frost. Every one is acquainted
with the fact that perfectly well-preserved bodies of the Mammoth, a
huge species of elephant, which died out ages ago, have been found
imﬁedﬁad in the ice of Siberia.

In 1861 three human bodies were discovered under the Glaciére des
Bossons, near Chamounix, in a perfect state of preservation. Forty-
one years ago, in 1820, these men had lost their lives by an avalanche.

In 1824, the Arctic exploring ship ‘ Fury’ was wrecked in the
Prince Regent’s Inlet, and its stores were landed and placed upon the
beach. After eight years' exposure, Sir John Ross found them in a

rfect state of preservation, and after a further lapse of sixteen years,

I.M.S. ¢ Investigator’ found them in the same condition.

Our ordinary ice-safes are constructed on this principle, and one of
the latest proposals is to import meat on a large scale in specially-con-
structed ice compartments or safes.

By exclusion of the air.—The most complete example of the employ-
ment of this principle is furnished by the tinning of vegetable and
animal substances, an operativn which is thus conducted :—The meat
or vegetable is put, with the addition of some water, into a suitable
tin ; the lid, having a small hole at the top, iz now fastened down. Itis
heated to boiling, and as soon as the steam has driven out all the air,
the hole is closed by solder. In this case, the tin contains an atmo-
sphere of steam. In other methods, the tin is filled with an inert
oras, such as carbonic acid, or nitrogen. Other examples of more or
less complete exelusion of the air have already been given.

By the employment of sugar.—This substance is used extensively in
the preservation of fruits, as Normandy pippins, pears, jams, preserves,
vegetable jellies, fruit syrups, essences and acids, bottled and crystal-
lised fruits, and condensed milk.

By compression.—This principle has been in operation for a great
many years, combined in some instances with partial drying, with great
success in the preservation of vegetable substances. An illustration
of this method is afforded by the various vegetables preserved by the
patent of Masson. .

By removal of water,— This principle has also been resorted to
with considerable effect either by itself or in conjunction with the
employment of a certain temperature. It was applied especially by
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the author for the preservation of an article which he prepared termed
¢ Flour of meat,’ in which the lean portions of the meat were dried at
a temperature below that at which albumen coagulates, and afterwards
reduced, by grinding and Passing through sieves, to a powder as fine
as that of wheat flour. This method has also been used very suc-
cessfully under Edwards' Patent for the preservation of the Potato.
This vegetable contains 75 per cent. of water, the greater part of
which being removed by drying at a low heat, the potato is found
to keep well, it reacquiring the water it had lost in the process of
cooking.

Da;gdemad milk also owes its preservation in part to the removal
of the water.

By extraction with water and subsequent inspissation—In this
manner Liebig’s Extract of Meat is prepared ; this extract contains
neither gelatine nor albumen, and its mode of preparation is as
follows :—the flesh iz extracted with cold water, the solution is
boiled, and thus freed from albumen; when clear it is evaporated to
the consistency of a syrup.

The concentrated beef-teas are also prepared by extraction with
water; one of the best of these is that made by Brand ; the beef is in
this case extracted with boiling water.

By alcohol.—The preservative powers of aleohol in a very great
measure also depend upon the desiceation of the materials to be pre-
served, aleohol having a very great affinity for water. It moreover
destroys any organic germs and organisms which may be present or
prevents their developement and growth. In consequence of the
cost of this substance, it is but little employed in the preservation
of artieles of food ; but cherries, and some other fruits, are sometimes
preserved, as is well known, in whisky and brandy.

By acetic acid—This is generally used in the form of vinegar,
and it is supposed to act by its antiseptic properties. It is the prin-
cipal vehicle in which the various forms of pickles are preserved, and
it forms an important constituent in most sauces,

Closely allied in their action to vinegar ave certain salts, such as
common salt (chloride of sodium), salfpetre (nitrate of potash), and
alum (sulphate of alumina and potash), all being powerful antiseptics.
The salting of meat, fish, and butter, and the preservation of meat by
the addition of a little saltpetre, offer well-known illustrations of the
use of these substances,

By creosote.—The smoking of meat over wood fires, and its keeping
quahtlﬁﬂ: when thus prepared, depend to a great extent upon desiceation,
_but an important part is played by an interesting constituent of the
smoke—namely, creosote. This substance prevents the growth of
Organisms a’"fl consequent putrefaction even when present in very
minute quantity. It is closely allied and perhaps identical, chemically

and in 1ts mode of action, with earbolic acid, the most powerful of
all known disinfectants,
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By charcoal—This substance operates by its powerful absorbent
and oxidising properties ; these are so great that -ﬁ}i‘mn meat 1s placed
near to, or in contact with, vegetable charcoal, although it may be in
an offensive state, it is quickly deodorised and all offensiveness
removed.

By sulphurous acid, free and combined.—This acid acts by
taking up the oxygen of the air, with which articles of food are more
or less impregnated, and which, when in the free state, aids in the de-
composition of the organic substance, the sulphurous acid being con-
verted into sulphurie acid, This acid is usually applied in solution
to meat in the raw state, and, either alone or combined with other
substances, it has been made the foundation upon which several patents
have been obtained, '

LIST OF THE PRINCIPAL PATENTS FOR THE PRESERVATION
OF FOOD.
T'his table has been chiefly compiled in @ much abbreviated form from the chapter

on the Preservation of Food contained in the work by Dr. Letheby, entitled
* Lectures on Food.’

I
Date, | Method and Name, ‘

1885 | n By drying.

1847-55 E:iﬁ:l:'?vlde : Pl‘gfiﬁfrt’ntiﬂll of milk by evaporation and the ad-

1848 Louis ., . _ ition of sugar,

1847 | Davison and | Preservation of eggs, by mixing the volks and
Symington, whites with flour, rice, or other starchy sub-

stances, and drying,
1793 | Donaldson . | Preservation of extract of meat after the separa- |
1851 | Robertson . tion of the fat, by mixing with farinaceous sub-
1851 | Borden stances, and prepared in the form of biscuits,
Liebig. . . . | Extractum Carnis, obtained by the action of water
at a low temperature, gelatine and albumen
being both excluded, and the liquid extract
thickened by evaporation.

1859 | Blumenthal Combining meat and wvegetables in the form of |
and Chollet. tablets, by drying, then pressing, and finally
successive immersions in rich soup.
1864 | Hassall . . .| Drying meat at a temperature below that of the

| coagulation of albumen, and reducing it to a
| _ powder as fine as that of wheat flour.

1780 | John Graefer . | Dipping vegetables into boiling solution of salt

and drying them,

1820 | Vallance . ., . | Drying of hops, and compressing them into a

small space,

1840 | Edwards , , . Boiling, granulating and drying potatoes,

1840 | Grillet . . . | Preservution of cvoked and uncooked potatoes by |
drying,
1850 | Masson . . . | Preservation of vegetables by drying and com-

| pressing them to one-seventh oftheir original bulk.
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List of the principal Patents for the Preservation of Food—cont.

Iate.

Method and Name.

1874

1807

1817
1855

1807

1810

1847

1847

1810

1823

1836

1842
1846

By drying.
Goundry . .

Ezclusion of air.
1

Franeis Plowden

Granholm . .
Wortley . . .

Saddington .

2

Appert . .
Bekaert . . .

De Lignac

i

Augustoz de
Heine.

Carria. . .

Leignette

W "

Bevam -, ',

R}'an re

Compression of tea into tablets by means of
hydraulic power, In this state it somewhat re-
sembles the “brick-tea’ of the Tartars, but in
this case the leaves are held together by meaus
of sheep’s or bullock’s blood.

Preserving butcher's meat, animal and other
comestible substances, by encrusting them with
essence or extract of meat, and filling the inter-
stices with the same.

By covering meat with hot fat or ot animal jelly.

Preservation in oil, chiefly of anchovies and other
fish.

Preservation of fruits without sagar. The fruit
is put into bottles, heated in a water-bath to
160° to 170° E. and then the bottles are filled up
with boiling water and immediately corked and
cemented. Thus' the air is expelled and the
albumen coagulated. A little alum is fre-
guently added.

The food is cooked to some extent, put into strong
olass vesselsy corked, wired, and exposed for
some time to the action of boiling water.

Preservation of milk by evaporating it to half its
c;j]ginm bulk, and adding some carbonate of
soda,

Preservation of milk by evaporation to one-sixth
of its bulk before beiling it.

Exhaustion of the air from the vessel containing
the food. The vessel was furnished with a
valve which allowed the air to be drawn out by
means of a gpecial apparatus.

* After exhaustion carbonic acid is admitted into
the vessel, An improvement on the preceding
process.

Surrounds the food with a solution of salt in water,
lets it out through an aperture in an atmo-
sphere of carbonic acid, which at the same
time floats in to take its place.

Exhaunstion of the air and substitation of a solu-
tion of gelatine.

Employment of acetic aeid vapour and carbonic
acid gas,
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List of the principal Patents for the Preservation of Food—cont.

15846

1841

1855

1846

Tate.

Method and Name,

—

thick.

4
Angilbert .

Wertheimer.

Nasmyth. .

MecCall .

b

Warrington .

Exclusion of air.
Jones and Treve-

(Goldner and

Hogarth and Co.

Exhaustion of the vessel containing the raw food

in an air-tight trough of water, and admitting
pure nitrogen and exhausting again, Lastly,
admitting nitrogen with a little sulphurous
acid, and thus any remaining trace of oxygen is
removed by its combination with the acid.
Articles preserved in this manner will keep for
geveral years.

The food is put with a little water into a tin case

with & hole at the top. The water is made to
boil actively, and the steam thus formed es-
caping freely by the hole, removes the air with
it, the aperture being suddenly closed.

Employment of a bath of muriate of lime to ob-

tain a quicker and more recular generation of
steam. [his processis now commonly employed.
The substance to be preserved is soldered down
in canisters, a pinhole aperture being left in the
lid. Itis then subjected to the action of the
bath at a temperature a little above 212° F.
antil the contents are about two-thirds cooked,
and then, while the steam is escaping freely,
the aperture is closed with solder. Lastly, the
eanister is subjected to a temperature high
enough to favour decomposition, and if it shows
no sign of bulging out from the generation of
putrefactive gases, it is considered that the
process has been effectually carried out.

Use of steam, in place of the muriate of lime

bath.

Propesed to mix a little aleohol with the water

to lower the boiling point.

Recommended less boiling and the use of a little

sulphate of soda to remove any remaining
oxygen.

Obtained a patent ¢ for the use of common glue,

gelatine, 0T concentrated meat gravies or thin
oream of plaster of Paris, which, when set hard,
was to Dbe saturated with melted suet, wax,
stearin, &c. ¢ The things were then tobe wrapped
in waterproof cloth or covered with caoutchouc
or gutta percha, or coated with a warnish of
these substances, or kept submerged in glyce-
rine, treacle, elaines, oilg, or other such matter
not liable to oxidation.’
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List of the Principal Patents for the Preservation of Food—cont,

Date.

Method and Name.

1855

1855

1846

1845

1800

1835
1847
1851
1854

1854

Diglabarre and
Bonnet.

Hartnell . . .

Brooman .

Bounett and

Douein.
Redwood . .
Falmer .

By eold.
Lings . « + -

By heat.

By chemical
agents,

Batley . . .

Long . . .
Horsley . .
Murdoch . .

Loury .

Bellfort

* -

Exclusion of air.

Preservation of meat, bread, eggs, vegetables, and
pastry by coating them with a varnish of rich
syrup made from the bones and flesh of animals,
the substance to be preserved being parboiled.

Immersion of the animal or vegetable substances
in baths of gelatine and treacle, drying, re-
dipping, and covering with charcoal.

Coating the meat with albumen and molasses,
after the meat has been partially dried, and then
suspended in an atmosphere charged with sul-
phurous acid.

Obtained provisional protection for the use of collo-
dion, either alone or admixed with other suit-
able substances.

Employment of a coating first of paraffin and
then of gelatine, mixed with glycerine or treacle.

Preservation of melted fats by placing them in
bladders or skins.

Employment of ice in closed chambers.

It has also been proposed to preserve food by the
cold produced by the rapid evaporation of ether
and ammonia, and various patents have been
taken out for the formation of ice on this latter
principle.

This principle, as we have alrewdy seen, is also
employved in the preservation of food, the tem-
perature usually resorted to varying from 200°
to 212° F.

Curing and preserving fish, by salting them;
vegetables, as olives, may be preserved in the
SAMEe mManner.

Injection of meat with asolution of sulphite of soda.

Employment of sulphurous acid; obtained by
burning sulphur. i
Provisional protection for the use of sulphurous
acid with a minute quantity of hydrochloric
acid, to prevent the sulphurous u.::id'cumbiniug
with the alkaline salts of the meat, and so
giving rise to a disagreeable flavour. The

acids were used in solution, and the meat
immersed in it.
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List of the principal Patents for the Preservation of Food—cont.

Date.

Method and Name.

1855

By chemical
agents.
Brooman, De-

mait, and
Hands.
Gamgee .

—

Employment of sulphurous acid in a gaseous

state, the substance being suspended in a
closed chamber.

Would cause the animal to inhale carbonic oxide

gas, and- when nearly insensible it should be
Lilled, The carcase is to be suspended in an
air-tight chamber, from which the air is re-
moved, and is replaced by an atmosphere of
carbonic oxide gas, to which a little sulphurous
acid has been added. After being thus exposed
for 24 to 48 hours, it is to be hung up in dry air.
It is said that meat thus preserved will keep
several months.
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CHAPTER TIII.
WATER AND ITS IMPURITIES.

S1¥cE water enters more or less into the composition of all articles
of food as well as drink, and is employed in many cases as an adul-
terant, as, for example, in milk—to which sometimes it communicates
the germs of disease—and in spirits ; and, further, since Food Analysts
are constantly called upon to make analyses of water, it becomes not
merely necessary that the subject should be fully considered in any
comprehensive work dealing with adulteration, but that the first place
should be assigned it in such a treatise.

Chemiecally pure water consists of a definite combination of
hydrogen and oxygen, and anything additional therein contained may
be looked upon as foreign matter, and be regarded in the light of an
impurity.

Thus viewed, there is really no absolutely pure water to he found
in nature ; ice, snow, rain, and distilled waters are the nearest ap-
proaches to purity, and yet they contain no inconsiderable amount
of a variety of admixtures and impurities.

1. Ice water.—This water, though not absolutely free from econ-
taminations, is yet one of the purest waters in nature, owing to the
very remarkable and beautiful fact, that in freezing, which is an act of
erystallisation, all, or nearly all substances, or impurities, gaseous,
organic and mineral, are cast out, and are to be found in the unfrozen
portion of the water ; the absence of the usual gases renders, however,
1ce water somewhat flat and insipid. A well-known illustration of this
fact is afforded by icebergs, which, although formed from the sea, yet
when melted consist of water in a state of great purity. Another illus-
tration is afforded by the method adopted in northern countries to obtain
salt from the sen. The water being frozen, the salt is found in the briny
mother-liquor whieh remains, and from which it is obtained by erystal-
lisation. We have recently come across a third illustration of the
same principle in the artifieial production of ice on a commercial
scale, by the low temperature produced by the evaporation of ether,
In this case we submitted both the ice and the water from which it
was produced to analysis with the striking results given on the next
page, it being understnod that only a small portion of the water

actually employed was transformed into ice.
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Analyses of ice and the water from which w was obtained :

Original Water. Ice, Water left.
Total solids . . 2l it ) 14-2
Chlorine . 3 L 090 ... e
Lime . < x J0EEE L trECe. .oess 14-11

9. Snow water.—Tt follows from what has already been said, that
the water derived from the melting of snow is also soft and pure, but
much less so than that obtained by the melting of ice, since many of
the impurities are retained on the surface of the small and innumerable
erystals of which snow is formed.

3. Rain water.—Tt will be readily understood that rain water will in
most cases be found to contain various impurities, these being taken up
by it from the atmosphere in its descent to the earth. These impuri-
ties are for the most part of a gaseous and organic character, and,
of course, their exact nature and quantities will vary with the con-
dition of the air at the time when the rain falls, The principal of these
impregnations and impurities are oxygen, the proportion of which some-
times amounts to 32 per cent. of the whole of the dissolved gases, or
to considerably more than oceurs in the atmosphere itself—namely, 21
per cent. (this difference arises from the greater solubility of oxygen n
water) nitrogen, carbonic acid, ammonia, carbonate of ammonia, nitro-
genous organic matter, nitrite and nitrate of ammonia and hydrochlorie
acid ; and in towns, carbon, sulphurous and sulphuric acids, and some-
times sulphuretted hydrogen, derived from the coal fires. According to
Parkes, the total nitrogen from the nitrogenous salts amounts to 0-0985
per 100,000. Boussingault found 0-4 part of ammonia in 100,000 parts
of rain fallen in Paris, and 0-079 in that from the country. Barral
obtained from 02 to 03 in Paris rain water, Bineau found in Liyons
even as much as 3 parts in 100,000,

According to Boussingault, the average amount of nitric acid is
002 in 100,000. During a hailstorm he found the rain to contain 59,
and the melted hail 8:3 of that acid, owing to the highly electric state
of the atmosphere—a condition which is attended with increased oxida-
tion. On other occasions he met with from (0:04 to 0-21 in rain water.
In the country he found only from 0-004 to (0-028. DBarral met with
from 0-2 to 36 in Paris.. This latter observer obtained from 078 to
2:9 fotal solids from rain water. {

The following analyses of Dr. Angus Smith show the nature and
the varying quantities of the principal of the contaminations to which
rain water is so subject:—




—
-F

WATER ANXD ITS IMPURITIES.

Rain Water—Average Impurities per Million Parts.
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Treland, Valencia *. . 4867 2:73 6 | None.| -18| 08| -37| 05
Scotlund, five sea-coast |
country places, west . | 12-28 8-61f 20 14 | 48 -1 37 02
Scotland, eight sea-coast |
country places, east . (1291 7-66 59 | 244 | 09 -11| 47| -65
Scotland, twelve inland
country places- . .| 3388 206/ 61| <31 68 ‘04 -81] -26
England, twelve inland
country places A | 8:99| 5-50] 138 | None |1:07| *11] 75| +47

Scotland, six towns (Glns: '
gow excluded) . . | 5°86/16:50 282 | 8:16 |3-82) 21)1-16| 1'86
Darmstadt . . plmeriy 071 29-17| 2998 | 1-74 —

Lond6n . . . .| 1:25/2049] 1645 | 8:10 |84"| 21| ‘B4 —
England, six manufactur- ‘

ing towns . . .| 870/84-27 394 | 840 |4-99 21| -85 274
Manchester . . .| &'83{44:82| 768 |10-17 |5:96| +25/1-01] 3-22
Glasgow . . . .| 897/70-19 782 1513 |O-L0[ -30) 244 10:04

| . = 4 L

Barral found 0-78 to 2:2 total solids in 100,000 parts, and Moleschott
as the mean of five samples of water, per 100,000, 5-2 to 2-24 grains per
gallon. Dut it must be remembered that rain water, which passes over
the roofs of houses before being collected, or which is retained in
cisterns of any kind, acquires further and especially mineral and
metallie impurities, notably lead and zine.

4. Distilled water.—By distillation water is freed from a great many
of its impurities, and is obtained in a comparatively pure condition ;
this will vary, however, with the water from which it has been
distilled ; the purer the water used for distillation, the better will be
the distillate. Of course any volatile constituents present in the water
will pass over, and as most waters contain more or less ammonia—
either free or as carbonate or nitrite—these will be found in the first
portion of the distillate, as also in some cases other volatile impurities
of an organic character. Hence it is very necessary that the chemist
shoulgl 1n all cases satisfy himself of the purity of the distilled water he
uses in his laboratory, especially that required for water analysis and
the employment of the Nessler Reagent.

The distillation of water is carried out on a large scale on hoard
many ships, it being prepaved from sea water. The water thus obtained
sometimes contains a little free hydrochloric aeid derived from the
decomposition of the chloride of magnesium,

¢
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The water so purified being deprived of earbonic acid and oxygen,
requires, before it becomes palatable, to be re-aérated. This object is
effected by an apparatus specially devised by the late Dr. Normandy,
and which is much employed on board ship.

Now, water possesses to a considerable extent the power of absorb-
ing and holding dissolved a great variety of gaseous and solid matters ;
these are sometimes poured directly into the water, but usually they
come into contact with it in its passage over or through the various
strata or substances of which the earth is composed.

In this way all water becomes more or less contaminated or
impregnated with a variety of impurities, which may be divided into
three classes—the fnorganie or meneral, the gaseous, and the organic,
the nature of the principal of each of which we shall next consider.

THE MINERAL CONSTITUENTS.

The ordinary mineral constituents present in water are lime,
magnesia, soda, potash, and ammonia, with frequently #ron and alumina,
which are bases, and chlorine, sulphuric, carbonie, nitrous and nitric, and
cometimes silicie and phosphoric acids, which are for the most part in
union with these bases, though most waters contain considerable quan-
tities of uncombined carbonic acid as well as of air. Now, these
covernl bases and acids are variously combined, producing a variety of
vesulting salts; but most potable waters contain carbonate of lime,
held in solution by excess of carbonic acid, sulphate of lime, or of soda,
and chloride of sodiwm, or salf.

Now, none of these salts are injurious in themselves, unless when
present in considerable amounts ; still they afford valuable evidence in
many cases of the impurity of water, since a large excess of sulphate of
lime and chloride of sodium is usually indicative of contamination by
sewage. Not necessarily so; but when these salts not merely oceur in
Jarge amounts, but are also associated with certain organic matters to be
noticed hereafter, the evidence of impurity is complete. If is found, as
g matter of experience, that the two kinds of impurity often go
together ; thus c}:l.ﬂurine, sodium, and sulphuric acid, in their combined
state, are all derived largely from our food ; from this they pass into
the excreta, thence into the sewers and soil, and finally into rivers and
surface-wells, which are still too often the sources of our water supply.
W henever, then, chloride of sodium and sulphate of lime are presentin
a water in large amount, together with any considerable quantity of the
organic matters presently 1o be noticed, we may, as a rule, safely pro-
nounce the water to be impure, and to have been subject to sewage
contamination.

Lastly, a very common constituent of our food is phosphoric acid,
in the combined state. Should this, therefore, be discovered, even in
the minutest amount, in a drinking water, its presence may be safely
accepted as evidence of pollution by sewage.
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So mueh for the significance to be attached to the presence of inor-
sanie or mineral matter in water.

THE GASEOUS CONSTITUTENTS.

The gaseous impurities are chiefly oxzygen, carbonic acid, nitrogen,
with occasionally carburetted and sulphuretted hydrogen.

The soil is said to contain two hundred and fifty times as much car-
bonic acid as the air. This acid is, of course, readily ahs_m"bed by
the water, when in its turn it acts upon and dissolves various sub-
stances with which it is brought into contact by the descent of the
water through the earth,

THE ORGANIC CONSTITUENTS.

We will now turn to the consideration of the organic materials and
derivatives found in water—namely, albuminoid matier in solution, dead
and decaying organtc matter in suspension, and various living productions
belonging both to the vegefuble and animal kingdoms.  The prinei
and most important substance found is albumen, or some allied albumi-
noid matter, This has usually several sources. Thus (1) the decay of
vegetable and animal remains in the water itself; (2) vegetable and
animal matter received from ditches and dykes, and dissolved out of the
earth by the rain-water in its passage to a river; (3) the discharge of
sewers into the water ; (4) the entranee of human exereta independent of
sewers ; (5) the refuse of many manufactories on the banks ot rivers.

But this albuminocid matter, so long as it is undecomposed, and
retains its integrity, is innocuous. Nobody finds fault with it in his soup,
or suspects it of producing fever ; and yet in this it exists in quantities
of course far exceeding that present in even the very worst of waters.

Like, however, other allied organic substances, it speedily undergoes
decomposition, resolving itself in part into nitrous and nitrie acids,
and ammonia.  In the first place, therefore, the quantity of the albu-
minoid organic matter affords a most conclusive and important test of
the quality of the water, and in the second, the amounts of the nitrous
ornitricacid and ammonia which are derived from thealbuminoid matter,

' We stated that the undecomposed organic matter of water is non-
injurious, and the same must be said of the nitrites and nitrates when
not in very large amounts, and ammonia ; but the fact really is that the
nitrogenons matter in water is constantly undergoing change, not only
being converted into the acids and volatile alkali above named, but
into other compounds, the nature and properties of which are for the
most part unknown, Even if it does not give rise itself to injurious
compounds, it may possibly supply the food necessary for their forma-
tion or development, R

But waters also contain non-nitrogenous organic matters, the
nature of which is but little understood, and the amount of which is
l.;:~11t seldom estimated, except by JJ}! Frankland, and those who adopt
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his process of water analysis ; but we are of opinion that anything like
a complete and practical analysis should embrace such an estimation.

Some of these mon-nitrogenous matters have been described as
consisting of Aumin, ubnin, and of the acids derived therefrom, as
haumic, ulmic, crenic and apocrenic and geic acids, all of which are stated
to combine readily with ammonia.

Other organic acids which hayve been found in much contaminated
waters are the following fatty acids: formic, acetic, proprionic, butyric,
and caprotc acids. As much as 15 gramme per litre, or 105 grains
per gallon of butyrate of lime, haye been detected by Schweitzer in the
water of a much contaminated well. Lastly, waters frequently con-
tain organic colouring matters, extracted for the most part from decay-
ing vegetable matter, as from peat.

ON WIHAT DO THE INJURIOUS PROPERTIES OF SOME WATERS DEPEND ?

Now, since none of the compounds we haye named possess in-
jurious properties in themselves, on what do the well-ascertained
powers of a water to produce disease depend P—what confers on the
water its destructive and lethal power? The answer to this all-im-
portant question is unfortunately not so clear and definite as we could
wish. But it is a fact, well attested by the concurrent evidence of
many observers, that the waters which have been proved to give rise
to disease are those in which the organic or albuminoid matters and
their derivatives most abound. Again, it cannot be questioned but
that the power of water to disseminate disease arises, in most cases,
from the fact of that water containing the materies morbi, possibly
the germs, of the disease itself.

We are, then, entitled to demand, on the ground of experience,
that the water we consume for drinking purposes should be of the
highest standard of purity obtainable; au§ we will hereafter attempt
to fix what, in our judgment, should be that standard.

THE HARDNESS OF WATER.

The hardness of a water mainly depends upon the amounts of carbonate
and sulphate of lime present, the former giving rise to what is called
temporary hardness, because it is, for the most part, removed by pro-
longed boiling, by the precipitation of the carbonate of lime through
the expulsion of a portion of the carbonic acid; and the latter to
permanent hardness, Eemuse it is not thus removable, but the chlorides
of calcium and magnestum and the nitrites and nitrates of the same bases
also contribute, in many cases, to the hardness of a water.

Now a hard water is injurious for drinking, because its powersasa
solvent for the food are impaired, and because it is taken up by the
absorbents of the stomach with much greater difficulty than a soft
water; thus impeding digestion. Further, a hard water is bad for
cooking, because of the impairment of its solvent or extractive proper-
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ties. It is also bad for washing, ¢Each degree of hardness indicates
the destruction and waste of 12 lbs. of the best hard soap by 100,000 1bs.
of water. (E-nnkiand.% _ ]

The carbonate of lime in water decomposes about ten times its
weight of soap in washing—more exactly, 8:8 of white curd soap, and
10-7 of common yellow soap ; and other salts of lime act injuriously
upon soap in proportion to the lime they contain, the soluble soap,
stearate and oleate of soda, being converted into an insoluble and
useless compound, stearate and oleate of lime: the water, then, is
deprived of lime, or softened, at the expense of the soap. The lime in
100 gallons of Thames or New River water thus occasions the destruc-
tion of about 34 ounces of soap before any portion of it becomes
available as a detergent.

The Chemical Commission of 1851 treated fully of this subjeet,
especially as commected with the Metropolitan water supply, and
their evidence was to the following effect :—

“The softer the water the better it is adapted for washing with
soap, the earthy salts present causing a definite and calculable loss
of soap, which may be taken as amounting, in every gallon of water
used in washing, to 10 grains of soap to each degree of hardness of the
water, Thus, with one gallon of Thames water of 14 degrees of hard-
ness before boiling, the loss of soap would be 140 grains, and at 5
degrees of hardness, after boiling, the loss of soap would be 50 grains;
or with 100 gallons of water, the loss in the first ease would be 32
ounces, and in the second about 11} ounces.’

Taking the whole quantity of soap used in the washing of linen,
first to =often the water, and afterwards to cleanse the linen, the
Commissioners estimate the loss at 42 per cent. when the water is
employed cold, and 14 per cent. with woollens; or where the same
water is softened by boiling, at 20 per cent. for linen, and 5 per cent.
for woollens.

Now there is a great fallacy or source of error pervading the cal-
culations as to the loss of soap, arising from the use of the boiled
water, Much of the water thus used has not been softened to anythin
like five degrees of hardness; and hence the destruction of soap is mue
greater than that stated in the ealculations above given.

Now, the hardness of the London waters has led to the extensive
employment of soda. This precipitates all salts of lime, and so softens
the water, and therefore effects a great saving of soap; but the soda
costs something, and it exerts'a highly injurious effect on the fibre of
the linen or cotton, as also on the colours of certain prints,”

_Further, the Commissioners state, ‘It iz found proper to avoid
boiling any portion of the Thames water that is used 1 the wash-tub,
or even heating the water above a certain point; for the carbonate of
lime precipitates on the linen, carrying down the colouring matter
of the water with it, producing stains which there is the oreatest
difficulty in afterwards removing from the linen. The colour of the
water is thus, indeed, fixed upon the cloth by the precipitated lime
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with the tenacity of a mordant. The evil of the hardness of the water
is, therefore, aggravated by the jlood-tinge, or clay-colour, which the
London waters often exhibit for several months in the year.

¢ The number of gallons of water generally used with a certain
weight of soda is considerably greater in London washing than in the
Erautice of the Lancashire bleachers, so that the waste of soap from

ardness cannot fall below, but may exceed, the previous estimate,
¢ In the washing of the person the saving of soap by the use of soft
water is most obvious. For baths, soft water is most agreeable and
heneficial, and might contribute to their more oeneral use. Its superior
efficiency to hard water in washing floors and walls is caleulated also
to promote a greater cleanliness in the dwellings of all classes, both
within doors and externally.’

The witnesses examined on this point were Mr. Bateman, M.
Hawksley, Mr. Rawlinson, Mr. Way, Mr. Dunecan, Dr. Letheby,
Dr. Playfair, Dr, Parkes, Mr. Samson, Dr. Frankland, Dr. Odling. Dr.
Miller, Dr, Angus Smith, and M. Heron. They all concur in the
great advantages of the use of soft water for the washing of linen and
of the person, for dyeing, with some exceptions, and for many manu=
facturing purposes. Dr. Letheby, in estimating the loss of soap,
proceeds on the basis that all the heated river water used is reduced
to a uniform standard of & degrees of hardness. In reference to this
point, Dr. Frankland states that he considers * the advantages of tem-
porary over permanent hardness have been considerably overrated, as
water used hot for domestic purposes s either not boiled or boiled for
too shorl, a time to produce the full softening effect.’

With respect to the effects of hard water upon health, Dr. Parkes
gave the following evidence before the Royal Commission on Water
Supply of 1869 :—

¢ With regard to the effects upon health of the use of hard waters,
distinguishing between the carbonate of lime water and the sulphate
of lime and sulphate of magnesian waters, the carbonate of lime waters
appear, in some cases, certainly to produce some effect upon health—
for instance, dyspepsia; and they do not agree with some class of

ersons, whereas to others they appear quite harmless. There is a
arge population 1ivin1g1 upon chalk water, and we cannot trace any very
decided effect upon their health in the produetion of any class of dis-
ease—calculus, or anything of that kind ; but at the same time
persons do sometimes suffer from indigestion.” When asked © W ould
16 or 20 decrees of hardness be prejudicial ?” he replied, ‘I think
that degred of hardness would be certainly prejudicial. T think that
very probably it might disagree with @ great many persons; but
supposing it reached to 8 or 10 or 12 degrees of hardness from car-
bonate of lime, it might be considered probably good water so far as
that was concerned ; but I should draw a marked distinetion between
that and the hardness arising from sulphate of lime, or sulphate of
magnesia or chloride of calcium, which would certainly disagree in
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much smaller quantities: so that the goodness of water for drinking
purposes I would estimate according to its permanent hardness rather
than its temporary hardness.’

Pressed with other questions, the witness replied: ‘for troops, in
all cases we should prefer a soft water, if it were possible to obtain it

‘ Speaking generally, you are of o inion that the mere presence of
carbonate of lime of 15 degrees of hardness would not be injurious

4o health ? '—¢ With 15 or 16 degrees of carbonate of lime hardness, 1
should say that it would be a hard water, and with some persons it
would disagree and produce dyspepsia. I think it should not exceed
10 or 12 degrees, if possible, At the same time, I should wish to
state that I would prefer water free from that even.’

For many years past we have never lost an oceasion to advocate
the use of soft water in preference to hard; and we have more than
onee treated of this important subject in the pages of ¢ Food, Water,
and Air.

The introduction of soft water for the use of towns and cities met
with, at first, great opposition, and this from quarters whenece it might
have been the least expected ; namely, on the part of some medical
men and chemists, It was affirmed that the lime of the water was
necessary to the growth of the hones, that without it they would
become soft ; and, indeed, that the whole frame without a powerful
osseous skeleton would become weak and stunted. Those who made
use of this argument forgot that phosphorie acid is as necessary to the
bones as lime, and that water does not furnish a particle of this acid
to the bones, it being obtained from the various articles of food con-
sumed ; and if a sufficient supply of phosphorie acid be obtainable
from this source, why not the requisite quantity of lime ?

For a long time this objection to the use of soft water prevailed,
and prevented, in many cases, its introduction for the supply of towns.
In some quarters the notion still lingers, and this eroundless objec-

.tion continues to be urged with pertinacity, especially where
interest points to the use of hard water. That it is without any real
foundation has now been proved by the experience of those towns
which have for some years been supplied with soft water.

A further objeetion persistently urged against the employment of
soft water for a town supply is the lability of such water to act on
lead piping, But experience has also shown that this fear has heen
greatly exagoerated.

L'_wel'pml, Manchester, Newcastle, and many other ecities are now
iﬂp%ﬁtl;ﬁtl with very soft water and this without any detriment to

ealth, ;

Here then we have a large body of evidence of a very clear and
convineing character all in favour of the use of a soft water.

It 1s t}mrefm»e abundantly established that hard water is wasteful
of soap in the washing of linen; that it renders the aperation
more laborious and less effective ; that it 18 injurious to the linen it-
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self ; that it is wasteful of soap in. persomal ablutions, besides being
far less agrecable and efficient ; and, in fact, that it is objectionable
for cleansing purposes generally, and that it is a serious hindrance to
the sanitary use and effects of such water.

THE SOFTENING OF WATER.

Many years since the late Professor Clarke, of Aberdeen, took out
his well-inown patent for softening water,

The principle of this process consists in adding a solution of canstic
lime to the water to be softened. The effect of this is, to abstract a
Emtian of the carbonic acid from the carbonate of lime in solution,

oth portions of lime being thus brought into the condition of a
neutral carbonate, so little soluble is water, and which hence
becomes gradually precipitated.

The water to be softened is divided into two portions, a larger one
consisting of about three-fourths and a small one of one-fourth. The
larger quantity is rendered decidedly alkaline by the addition of lime
water, and then the second portion 1s added to it.

The quantity of lime water required is thus determined for each
water for which the process is employed. The alkali may then be
added with frequent stiring to the great bulk of the water to be
softened, as contained in one or more reservoirs, lined with concrete.
Care must be taken to render the water as nearly neutral as possible,
as any excess of free lime would be very objectionable, and t-Eia may
be guarded against by the employment, as indicator, of a solution of
nitrate of mercury, added to a small quantity of the water, the black
sub-oxide of mercury being thrown down on the addition of the alkali.

This process does not of course remove the lime from those com-
binations which give to water its permanent hardness ; but since usually
the greater portion of the harduess of a water is of the temporary
character, it i in most instances highly effectual in the softening of a .
water, often removing nearly the whole of the hardness.

The Chemical Commission of 1851 recommended the adoption of
this process to the Thames water with which London is supplied, and
thev estimated the cost at about 20s. per million gallons of water.

"The process has, in fact, been applied in several instances to the
softening of the water supply of towns with very great sueccess and
ﬂd‘-’ﬂ“tﬂ{."ﬁ. And it may he Sﬁid, in further recommendation of lt;, that it
not merely softens the water, but that it also purifies it to a consider-
able extent, the carbonate of lime Carrying d_n::wu with it all the sus-
pended organic matter, with but a small portion only of the dissolved
organic matter,

The carbonate of lime obtained by this process should be collected,
made into cakes and sold. It is often of a superior quality, and
its sale svould repay part of the cost of the process itself.
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ON THE QUALITY OF WATER.

The quality of a water and its suitability or otherwise for domestic
use depend first upon the nature and quantity of the several mineral
constituents which enter into its composition, and secondly, on the
organic ingredients, in solution, n suspenston, or in the form of living
OTYENISInS,

Tt has been shown that all the salts of lime and magnesia found in
water render it hard, and therefore if they are present in considerable
amount, the water is thereby rendered unsuitable for drinking, cooking,
and washing,

Other mineral constituents of water, which, if present in auything
like considerable amount, are to be viewed with suspicion, are the
chlorides, especially chloride of sodium, and the sulphates, particu-
larly sulphate of lme. The reason of this is, that while there are
but few natural sources of sulphates and of chloride of sodium,
they are abundantly contained in the excreta, and make their way
into our drinking water either by percolation through the soil, or by
being east as sewage into our rivers and streams, which are too often
the source of our water supplies. Dr. Angus Smith, in his evidence
before the Royal Commission on Water Supply in 1869, thus refers .
to the occmrence of nitrates and chloride of sodium in waters. The
nitrates, he says, ‘are what I bave called Old Organic Matter. Where
nitrates ave caused by matter from amimals, there is always a corre-
sponding amount of common salt. Men take from 200 to 300 orains
at least of common salt every day, and it is given out every day.
This is the most unchangeable accompaniment of sewage. Whenever
chlorine is largely in water, it is necessary to look for nitrates derived
from sewage ; and, as a rule, it is so constant that there is scarcely
any exception. When we find much more than the average quantity ina
well-water, nitrates are found also, and if the water in a district is
pretty well known—that is to say, if the amount of chlorine in water
from any distriet is pretty well known, and a specimen of that water
should indicate rather more chlorides than usual—you may conclude
with almost certainty that it is from sewage.’ ;

With regard to its organic constituents any considerable amount
of albwminoid organie matter renders the water unfit for use, and the
same may be said to a certain extent of the organic matter sus-
pended in water, and especially of the living productions which impure
waters so frequently contain in such abundance. But it must be
remembered that in this latter case this dead and living organie
matter is capable of being removed to a large extent by an efficient
process of filtration.

Another circumstance to be taken into conSideration in expressing
an opinion as to the quality of a water supply are the fluctuations in
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the amounts of the nitrogenous organic matter found in certain waters,
especially river waters in summer and winter. These are shown in
the analyses of Drs, Frankland and Odling, made for the Royal Com-
mission on Water Supply, 1869, to be very great and remarkable.

Thames below weir, Filtered Thames water
at Staines, at Hampton.
May 2nd. | Oct.28th. | May dth, Oct. 28th.
In 100,000 parts or-
ganic nitrogen . 027 087 024 057
Ditto carbon . ol 304 304 , 260 263
I

The following causes appear to us to afford some explanation of
this striking difference, and to account for the much larger quantity
of albuminoid organic matter in winter. First, the streams and tloods
of winter which wash out the dykes and ditches in communication
with the Thames; second, the death and decay of many forms of
vegetable and animal life; third, the diminution in the amount of
minute and infusorial life in the water ; and, fourth, the slower decom-
position and destruetion of the organic matter in winter,

The presence likewise in considerable amounts of ammonia, nitrous,
and nitric acids, derivatives of urea and albuminoid matter, would also
serve, especially when taken in conjunction with other unfavourable
results of analysis, to condemn a water. "With respect to nitrous and
nitric acids in water much has been said and written, and much dis-
cussion has taken place as to their significance and importance in
potable waters.

PURIFICATION OF WATER.

Tmpure water, when left for a time, undergoes two different
processes of purification. The one results from the decomposition of
the organic matters contained in the water, and their breaking-up into
ammonia, carbonic acid, sulphuretted hydrogen, &e.; the other 1s due
to the ovidation of that matter, the oxygen being derived from the
air continually absorbed by the water. This process of oxidation is,
of course, greatly promoted by the morion and agitation of the water,
as this brings the oxygen into more intimate contact with the organic
matters in solution. " ]

Both these methods, judged by their practical results, and especially
the latter, are highly important; and were 1t 1ot for them, disease
resulting from the drinking of impure water would be of much more
frequent occurrence than it now is, and it is only of late years that the
importance of the purification of water by oxidation has been at all
adequately recognised. DBut even now the extent and limits of its
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eperation are but ill defined, and exact experiments are still required
to test its full value.

Tn reference to this question of the purification of water by oxida-
tion, Dr. Letheby made the following statements in evidence given
before the Royal Commission on Water Supply in 1869, when asked
the question, ¢ Have you at all ascertained in what length of time or
distance polluted matter will be decomposed and transformed in its
chemical qualities; for example, supposing we had the sewage {rom
Richmond poured into the Thames, how far down the river would it
belost as sewage and broken up into other chemical elements ? ' he thus
replied: ‘I have made a very great number of chemical experiments
to determine that. 1 have examined most of the rivers in Tngland,
and this is the conclusion that has been come to, not only in my mind,
but in the minds of all the engineers who have devoted their attention to
this subject,—that if ordinary sewage, containing, we will say, nearly
100 grains of solid matter per gallon, such as our Lomdon sewage,
out of which probably something like 14 or 15 grains are organic,
be mixed with twenty times its bull of the ordinary river water and
flows a dozen miles or so, there is not a particle of that sewage to be
discovered by any chemical processes.’

Mr. Wanklyn gave the following evidence before the Royal Com-
mission in reference to the same matter. In reply to the observation:
¢Q. 5482, Tt has been stated in evidence before us that if you pour into
water a volume of sewage equal to 5 per cent, of the voluwe of water
into which it is cast, the water will so operate upon it in deodorizing
and destroying, and breaking up its elements—into its primitive
elements, in fact—that it would no longer be sewage, or possess any
of its noxious qualities. You apparently hold a contrary opinion f—
This T am sure of : the urea in the sewage in such a water would be
very readily broken up into ammonia and carbonic acids, and a little
exposure would dispose of the urea; but the albuminoid matter in
sewage is extremely persistent, and one of the results of the whole
investigation is this, that albuminoid matter is very persistent indeed,
and you could not depend upon any treatment such as you haye men-
tioned getting rid of the albuminoid matter.

s ;E_"'135+ But will not certain changes take place even in the albu-
minoid matter ?P—Yes, certainly; but the change is very slow, and it
is very irregular,’

Of the evidence of Dr. Frankland, the following questions and
answers embrace the more important parts :—

‘.Q' (222, What does your experience tell you is the effect of the
q}mht}r of the present supply in London on the health of the popula-~
tion generally?—I ecannot, of course, trace any direct connection
between the present supply and the health of the population, but I
consider that water contaminated with sewage contains that which is
noxious to human health., There is no process practicable on a large
scale by which the noxious material can be removed from water onee
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so contaminated ; and therefore T am of opinion that water which has
onee been contaminated by sewage or manure matter is thenceforth
unsuitable for domestic use.

£6226. You state that you have come to the conclusion that sewage
has been the cause of the contaminations of this water, because you
find a skeleton there in the form of nitrates and nitrites?—Yes; and
also of ammonia, which I think I omitted to mention ; but that is a
very insignificant part of the skelefon.

6227, Is it possible that those nitrates and nitrites could be pre-
sent in the water without its having been contaminated with sewage ?
Could they be produced by some other cause than that of sewage *—
They could be caused by manure thrown into the water, or by manure
applied to the land.

¢$228. But are they attributable to nothing else 7—No; nothing
else, I believe,

6223, With regard to the Kent water, we had some evidence
yesterday to the effect that you must have been mistaken in finding
traces of sewage in these chalk wells, the water being taken ata depth
of 250 feet in the chalk, and the upper part of the wells themselyes
being lined ; therefore the water must have filtered through the challk;
and there could be no trace of the skeleton of sewage. Is it your
opinion that the skeleton of sewage, as you deseribe it, will find its
way down to a depth of 250 feet, and that after filtration through
gravel, and ultimately through the chalk, its presence will still be
_ detected P—There cannot be a doubt about it, that this skeleton of
which I speak, but which is a very different thing from the sewage
itwelf, is present. I have neverstated that the water which has filtered
through the chalk in this way contains unaltered sewage ; it is this
imaginary skeleton of sewage that I find in water so filtered.

6240, The presence of what other elements would lead you to a
conelusion upon the quality of water as injurious to health ?—In the
first place, when water is once contaminated with sewage, there is no
process to which it is afterwards subjected which will eflectually
remove all that sewage contamination from the water; filtration will
not do it, in certain cases, at all events. I have found the excrements
of cholera patients cannot be filtered out of water; that after a degree
of filtration which I believe is never attained by the water companies,
and ravely attained, perhaps, by the passage over soils in W'url'i;;:js_ltinulJ t.!lis
water still remains opalescent from the riece-water evacuations with
which it has been mixed. The degree of danger which still remains
in waters from different sources varies, obviously, according to the
amount of filtration that the water undergoes. I would much rather
drink the challt water of the Kent Company, even if it had been con-
taminated to four times the extent of the Thames water, than I would
drink the Thames water; hecause, if I could have the assurance that
none of that sewage or manure water had found its way into the well
through fissures in the challk, the chalk water having passed through
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say 100 feet of chalk, would be very much better filtered than any water
which finds its way to the Thames.

¢6292. You conclude that it is a very difficult thing to get rid
of sewage matter by running water ?—I do. That portion of it 1§r1;ich
remains undecomposed after its passage through the sewers oxidizes
with extreme slowness.

¢ 6207. Did I rightly understand you to say that you camnot dis-
tinguish in those cases whether it (the organic nitrogen) ia' derived frmp
vegetable matter or from animal matterf—I have said that until
recently it had been impossible to distinguish between the two; but
that now I considered that the proportion between the carbon and the
nitrogen in the two cases afforded a basis from which we could in many
instances decide.

¢6398, It would seem that you eannot very well refer the presence
of nitrates and nitrites in the water exclusively to previous sewage con-
tamination,.—[ After alluding to the presence of materials in rain-water
which may furnish a small quantity of nitrates and nitrites, Dr.
Frankland observed]: But it is a remarkable circumstance that waters
which it is well known cannot be contaminated by manure or by
sewage, never do contain those nitrates in a proportion bringing them
near to the point of contamination.

¢ G372, 'Phen you do not accept the theory that sewage discharged
at point A, and travelling down the river, is so oxidized as it passes a
distance of six or seven miles, and is so entirely destroyed, that its
original elements are not to be found; but it 18 converted into some
other substance or substances which are not detrimental to human
health —1I believe that it iz by no means a generally true proposition.’

Dr. Odling’s evidence was to the following effect :—

¢ (). 6448, Have you found in those examinations of the Thames
water the presence of sewage not decomposed P—I have not.

“6451. Has your attention been directed to the important principle
of the self-purifying process which is going on in rivers running at a
given velocity?— Yes, it has. There may be great difference of opinion
as to the degree to which that self-purification takes place, but that it
does take place to a very considerable extent I think is undeniable.

¢6462. Is it your opinion that those (nitrates) which have been
found in chalk water are due to sewage ?—It is a point upon which
there is no positive evidence, but I am inelined to think that it is not
80, for we find them distributed so irregularly. For instance, the deep-
well water at Trafalgar Square and the deep-well water from the green
gand and the lower chalk, all over London, is nearly free from nitrates
and nitrites, whereas the water of equally deep wells elsewhere in the
chalk is found to contain very considerable quantities of nitrates and
nitrites. The deep-well water from nearly all formations has heen found
to contain nitrates, Then, moreover, a proportion of the nitrates which
the sewage itself undoubtedly does furnish in one case is destroyed
and in another is not; and so far as the history of the water is con-
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cerned, in the one case where the nitrates are destroyed that water may
show but a very small amount of previous sewage contamination,
whereas it might have had a much larger amount than the other.’

The more important portion of the evidence of the next witness,
Sir Benjamin Brodie, was to the following effect :—

(go0l. Dr. Frankland states very distinctly that water once
contaminated with sewage is unfit for human use, and that you will
still find what he calls the skeleton of sewage present, although it may
have travelled 100 miles, and been exposed to filtration.—I think what
is asserted by Dr. Frankland is true, that there are no known causes
in existence on which we ean adequately rely to remove the sewage
from the water, Medical statistics will tell you more about the inju-
yious or non-injurious character of sewage water than any analysis
would do.

7009, Dr. Frankland considers that this organic nitrogen in the
London water is of a very different value from that in other waters,
because the proportion of organic carbon to the nitrogen in the waters
ts different — Yes ; this appears to me a very important fact.

¢7011. You think that the tests of the greatest delicacy are yet in-
ufficient to determine the points at which sewage ceases to be present ?
T will state a case, which is really an absolutely analogous case to
the case of water ; namely, the case of the atmosphere. You may look
at the atmosphere as really a great ocean. Giages from drains are being
discharged into this gaseous ocean, just as the water from the drainsis
ooing into the piver, These gases are so diluted when they get into
the atmosphere, that chemical analysis is absolutely impotent to reveal
their presence 1n any given portion of the atmosphere. But nobody
can doubt the injurious effects, under certain conditions, of the gases
and other organic matters present in the atmosphere. Another most
important thing 1s this, that really there is no reason whatever to be-
lieve that the injurious character either of sewage or of gases from a
drain depends, fundamentally, upon the quantity of that sewage or of
that gas; in all probability it far more depends upon the quality of the
sewage—nmnely, what it consists of. Now, what is the nature of the

oisonous matter in the atmos here or in the sewage? We do not
mow that at all. Therefore, how can ‘we possibly say when that
poisonous matter is got rid of from the water or from the air? Itisa
guestion that, with the means at our dmpnaa,l, 1t 18 'nhsﬂlulel}' impos-
sible to answer; . . . but the question arises, as I said before, whether
a prudent person likes to drink wwater which contains a certain quantity
DIP nitrates and nitrites, or that when analysed is found to contain a
certain quantity of organie carbon and nitrogen—water into which you
have deliberately put cartloads of sewage at some time or other in its
course.
¢7041. Tf water is supplied to a town from a river which in a part
of its course has received previous sewage contamivation, and if that
water is used on a large scale by that town, and produces no ill results,
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and chemieal analysis fail to detect anything unusual in its character,
is it not a fair presumption that such water is wholesome, and good
water for the use of a town supply P—The question is whether it can be
always and permanently so used. That seems to me to be the real point
at issue. We should have found out long ago the injurious effects even
of small quantities of sewage if the sewage were always tjurious ;. bt
that is not asserted. It is only supposed that under certain exceptional
conditions, even sewage may-become very injurious. The injurious cha-
racter of a water impregnated with sewage matter might not be dis-
covered for years, You might go on using it for years, and it might not
be discovered ; and yet yow might have some outbreak of disease in the
place, which nevertheless might be connected with the use of that sewage
water,

Following the evidence of Sir Benjamin Brodie came that of the
late Dr. Miller and Dr, Angus Smith. TFrom this it is not necessary
to quote, but it will be sufficient to observe that these gentlemen sup-
ported to a considerable extent the views of Dr. Frankland relative to
the nitric acid in water,

The Commissioners themselves make the following observations in
reference to the self-purification of streams :—

‘But though for these reasons we believe that the organie con-
tamination of the Thames is much less than is commonly imagined,
still it would be sufficient to do great mischief, were it not for a most
beneficial provision of Nature for effecting spontaneously the purifica-
tion of the streams. Some of the noxious matter is removed by fish
and other animal life, and a further quantity is absorbed by the growth
of aquatie vegetation ; but in addition to these abstractions, important
changes are effected by chemical action, The organic compounds dis-
solved in the water appear to be of a very unstable constitution and
to he very easily decomposed, the great agent in this decomposition
being oxygen,and the process being considerably hastened by the motion
of the water. Now, as such water always contains naturally much air
dissolved in it, the decomposing agent is ready at hand to exert its
influence the moment the matter 18 received into the water ; in addition
to which the motion causes a further action by the exposure to the
atmosphere: and while (as in the Thames) the water falls frequently
over weirs, passes through locks, &c., causing further agitation and
aeration, the process must go on more speedily and more effectually,

‘ The effects of the action of oxygen on these organic matters when
complete is to break them up, to destroy all their peculiar organic
constitution, and to rearrange their elements into permanent inorganie
forms, innocuous, and free from any deleterious quality.’

On this pleasing picture we would now offer a few comments,

Tirst, with regard to the removal of some of the noxious matters
by fish and vegetables, we would remark, that during their life they
perform execretory functions, giving up to the water, products, the
nature and properties of some of which are not well ascertained, and
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the imbibition of which by human beings is not altogether a pleasant
subject to contemplate. Again, it must be remembered, that the time
arrives when these animals and vegetables die, and aid in the corrup-
tion of the water ; there is always in every river a vast quantity of de-
caying vegetable, and not a little animal, matter.

Secondly. Although the oxidising process above described does in
time effect the destruction of certain forms and kinds of organie matter,
10 evidence has yet been obtained showing that it really does destroy
the materies morbi of cholera, typhoid, and other epidemic and con-
tagious diseases, and of which it has been found that wateris a frequent
distributor. :

Thirdly. Neither has it been proved that the action of oxygen isto
convert, even in those cases in which changes are really efiected, all
the oreanic substances * into permanent inorganic forms, NNoTious and
free from any deleterious quality ;’ in fact, the usual effect of the
transformation is to convert one series of organic compounds into
another of a different nature.

Fourthly. The important fact is overlooked that the apparent
purification is in part due, not to chemical transformation at a,lll, nt to

recipitation. It is in this way that the fwecal and much other sus-
pended matter ‘< yemoved from running water ; it falls to the bottom
of the river, fouling the bed, and in its turn polluting the water.

We will now make a few further remarks as to the significance fo
be attached to the presence of the nitrogenous organic matter, ammonia,
and nitric acid found in water. These are in themselves in no respect
injurious except when contained in water in very considerable amount ;
waters are met with which contain but small quantities of such sub-
stances, and yethave been productiveof disease; on the otherhand, waters
are in use largely contaminated with such compounds, and which have
vet not been known to produce disease, The interest which attaches to
the nitrogenous organic matter, the nitric acid, &ec., of water, and the
reason for determining the quantities in which these are present, lies
in the fact taught by experience, that, as a rule, to which there are
many exceptions, waters which abound in those substances are those
which most frequently give vise to disease; but the purest distilled
water would do the same thing if tn any way it were to become contami-
nated with the infectious or contagious matter of typhoid fever ; and
hence the public ought nhstins}taly to refuse to :h:iul; water, and espe-
cially river water, pnlluted with sewage, and this although they are
assured it has been filtered after the manner usually practised by water
companies. :

The next point to which we would advert is the interpretation to be
put on the presence of nitrates and nitrites in water. Dr, Frankland
affirms that they are derived from the oxidation of various kinds of
nitrogenous matter proceeding from several different sources, and that
their @mount indicates the extent of the contamination to which the
waters containing them have been, at some time or other, subjected.
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Dr. Odling dissents from these views, and thinks there may be other
sources of the nitrates and nitrites, but does not indicate a single
additional source, while the facts adverted to inreply to question 6462
rather confirm than otherwise Dr. Frankland’s views as to the source
and origin of those oxidized nitrogenous compounds. It is only when
Dr. Frankland bases his estimate of the previous sewage contamination
on the quantity of nitrogen thus found that he seems to be at fault;
but even here the fault is rather in the opposite direction to that indi-
cated by the objectors to Dr. Frankland’s views. Thus in waters con-
taining much vegetation, part of the nitric and nitrous acids, as well
as of the undecomposed nitrogenous matter, are absorbed, and so dis-
appear, and are lost to analysis and subsequent caleulation.

The late Dr. Miller, like Dr, Odling and one or two other witnesses,
expressed the opinion that the nitrie acid found in water might be
derived from other sources than decaying organic matter, vegetable or
animal, in air or water ; but Dr. Miller, like other witnesses, failed to
indicate any other source than that mentioned, and we believe we may
take it as an established fact, so far as relates to the waters in domestic
use in this country, that the nitric acid contained in them is invariably
derived from organic matter of some kind or other, and it is for this
position that Dr. Frankland has so long and ably contended.

Nitrie acid in water is, then, really to be regarded as the represen-
tative of decayed organic matter; or, as Dr. Frankland somewhat
figuratively denominates it, as the skeleton of sewage, and as the evi-
dence, and to some extent the measure, of previous sewage contamina-
tion. But this being so, it does not follow that every water containing
it, even in large amounts, is to be condemned ; on the eontrary, sup-
]tguaiug the nitric acid to be unaccompanied by nitrogenous matter, and

urther, supposing the water not to be liable to ready contamination
by such matter—as, for example, the waters of the deep wells of Kent
—then we may safely presume such water to be safe for use, even for
drinking purposes; although this water is too hard to be the type of
really the best and most suitable water for domestic use. i{?hen,
however, a water contains any considerable amount of nitrie acid, and
at the same time any great amount of nitrogenous organic matter, or,
if even free from such matter, is placed under such circumstances as
to render it liable to such contamination, then the water should be
condemned and avoided.

_ To the above observations of our own may be added some of the
eriticisms of the Commissioners relative to the inferences based upon
chemical analyses made for them, and especially the conelusions of
Dr. Frankland, to which we have already referred at such length.

The Commissioners specially object to the term ‘original sewage
cgnta,mma,tmn,’ and to the statement that the quantity of nitrites and
nitrates found represent the measure of the ‘previous sewage con-
taminations.” They remark that Dr. Frankland refers the me-igin of
the nitrites and nitrates ® not almplllj,r to organic matter taken generally,




34 WATER AND 1T8 IMPURITIES.

but to sewage or manure matter speciall . and they state, ‘ this
seems to be an inference which can hardly %e accepted. It would be
perfectly correct if all the nitrogenised matter supplied to the Thames
or other waters was after conversion into nitrites and nitrates retained
in the water, and if also all those salts could be referred to sewage and
manure matter only. But such is not the case. ¢ All the analyses,’
they say, ¢ show how variable the quantity of those salts is in different

ts of the river's course, and that the quantity present at any place
is not so much dependent upon the sewage received as the removal
which- has been effected by vegetation and other causes, by the inter-
forence of the tributaries, and by the addition from springs; so that,
even supposing them to originate solely from animal matter, the residue
affords no comparative results as to the amount of the original con-
tamination. The interfering causes are t00 numerous to allow us to
assign any value to the remainder.’

These strictures of the Commissioners are to a certain extent
correct; there is mo doubt but that nitrous and nitrie acids in water
are formed from the decomposition of almost any kind of organic
matter, though in sewage-polluted rivers they are doubtless largely
derived from sewage, and animal nitrogenous matter; also that these
acids once formed diﬂﬂp}l&ﬂl‘ from water, from the causes mentioned
by the Commissioners. hat then we have to bear in mind is that
the acids in question take their origin in nitrogenous organic matter
of some kind or other, not exclusively sewage ; and next that ‘the
interfering causes’ are causes of decrease, so that the quantities of
nitrous and nitric acids actually found represent usually far less than
¢ the previous organic contamination,” To get at an approximation
of the organic pollution of water, at least three things must be deter-
mined: the free ammonia, the nitrous and nitric acids, and the
albuminoid or nitrogenous matter.

The Commissioners further ohserve that the sources, such as

rings and wells, most free from possible contamination, ghow the
larger skeletons, that is to say, the largest amount of nitric acid, and,
it may be remarked, the smallest amount of undecomposed nitrogenous
matter. This, of course, it is important to bear in mind ; but still the
fact remains, that the nitric acid of springs and wells, however deep,
of chalk itself, and of goils, owes 1ts existence to oxidised orgamc
matter, and that the quantity found does really represent & certain
quantity of that organic matter. The water of deep wells makes its
way into those wells from the surface, earrying down with it organie
matter, which, for the most part, ere it reaches these wells, has become
converted into nitrie acid,

Tt here occurs to us to remark that in most analyses the oxidized
organic matter is put down as nitric acid, and no attempt is made to
determine whether the acid really exists in that form or as nitrous
acid, Now this is really a distinction of great practical importance,
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and no chemist, we apprehend, would refuse to condemn a water in
which nitrous acid was present in any considerable amount.

Purification by Filtration,

Another highly important means of purification is by filtration.
The process of purification which finds its best exemplification in na-
ture—namely, percolation through soils—is more or less imitated in the
various methods and media adopted for artificial filtration. The prin-
cipal of these media consist, of animal and vegetable charcoal, including
that derived from peat, metallic iron, magnetic oxide of tron, peroxide
of manganese, a mixture of silica and charcoal or silicated carbon, and of
carben and magnetic oxide of tron or magnetic carbide, sand, gravel, clay,
and a great variety of porous substances, including sandstones, wool,
sponge, &e. Of the mode of action of several of these, special explana-
tions will be given, but many of them act in the two following ways—
first, by the removal of suspended matters, and, second, by dividing the
water and so bringing it into intimate contact with the air whieh per-
meates and fills the interstices of the several filtering media through
which the water passes,

Of course, the powers of all filters are limited, and they speedily
become spoiled when too much work is thrown upon them at one
particular time—that is to say, when water containing a large quantity
of organic matter, ﬂng six or elght grains per gallon, is rapidly passed
through them. In this case the requisite time is not afforded for the
due action of the filters, which become simply clogged; but when water
containing only a moderate amount of impurity, as one grain per gallon,
especially of organic matter in solution, is passed through, then the
action of the better filters, particularly those containing charcoal, is not
only satisfactory, but continuous, Still, all filters require to be cleansed
from time to time, including even those into the composition of which
charcoal enters,

Dr. Parkes gives the following directions for the cleansing of
domestic filters: ¢ Every two or three months (according to the kind
of water) 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 sulphuric acid, should
be poured through, and subsequently a quarter to half an ounce of pure

hydrochloric acid in 2 to 4 gallons of distilled water; this both aids
the action of the permanganate and assists in dissolving manganic
oxide and calcium carbonate. Three gallons of distilled or good rain
water should then be poured through, and the filter is fit again for use.’

In order to insure the freedom of the animal charcoal used from
Ehasphate and carbonate of lime, it should be well washed with

ydrochlorie acid, and should it be desired to ascertain to what extent
any charcoal has become deteriorated by use, the nitrogen is to be
D2
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estimated by distillation with permanganate of soda or potash, or by
combustion with oxide of copper.

It is well known that the best of all filtering materials is animal
charcoal, as also that its efficiency depends mainly upon its extra-
ordinary absorbing and oxidising pmqerties, and hence this substance
enters into the composition of nearly al the t{pr;:«ri;a‘a.ble and domestic filters
in use. For details resi}mctiﬂg the actionof animal charcoal in the puri-
fication of water see ‘ Parkes’ Hygiene,' Metallic tron in the form of
wire and spongy tron and magnetic oxide of tron are all employed in the
fltration and purification of water. Their action is mainly limited to
the albuminous matters and the nitrites and nitrates in water, which
they deoxidise into ammonia. The water is decomposed by the metallic
iron, oxide of iron, and hydrogen being formed. This hydrogen com-
bines with the nitrogen of the organic matter to form ammonia. Lhe
action of the magnetic oxide is simply that of a reducing agent with-
out decomposition af‘rﬂla water.

Purification by Precipitation.

Another method of purification, which is for the most part mecha-
nieal, consists in the precipitation of the mineral and organic matter
held both in suspension and in solution in the water. The lime pre-
cipitated in (llarke’s softening process, as already mentioned, carries
down with it no inconsiderable ortion of albuminoid matter in
solution in the water, and it is a}?ﬁrmed. that organic matter is pre-
cipitated when caleareous waters such as that of the Colne are mixed
with peaty waters, like that of the Way.

W have further to notice another most important means of the
purification of water by the development and growth in it of innu-
merable forms of lving organic productions, both vegetable and
animal, and this we shall do at some length and in the following sepa-
rate section.

By boiling also, water may be purified to a considerable extent, 1t
cansing the recipitation, if properly carried out, of the whole of the
earhonate ntP lime which carries down with it a portion of the organic
matter, it killing the infusoria and the other living organic produc-
tions, and 1t is also possibly rendering innocuous the .ﬂ,ﬂiﬂlﬂl poisons
productive of 8 sinl diseases; and therefore, should it be necessary
to make use o}m a suspected water for drinking purposes, it should
first be botled, and this precﬂ—utinn should never be neglected. Or a
few drops of Pej‘mﬂﬁyaﬂﬂtﬂ may be added, as 1t assists greatly in ren-
dering a water pure; and this compound, used in so small a %gﬁ.ntitj,
would mnot exert any injurious offect. The solution should added
until the water becomes slightly pink, and further small quantities
at intervals of three or four howrs, untilit ceases to become decolorised.

The permanganate readily removes in most cases the offensive smell
of impure water, and if this be due to sulphuretted hydrogen, it will
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be converted into sulphuric acid, sulphates of manganese and potash
being formed. With most waters treated in this manner, a precipitate
of peroxide of manganese oceurs, and this likewise assists in the puri-
fication of the water, by carrying down suspended matters.

" The action of this test is promoted by warming the water previous
to its employment, Waters thus treated sometimes exhibit a faint
vellow tint, arising from the suspended oxide of manganese. This is
most easily removed by filtration through animal charcoal, but by the
use of alum the same object may also be usuall accomplished, the
combination of the two methods produeing more effectual purification.
Or, lastly, alum only may be added to water, in the proportion of
about 6 grains to the gallon. This substance acts best in those waters
which contain appreciable quantities of carbonate of lime, sulphate of
lime heing formed, and these, together with hydrate of alumina,
become precipitated, carrying down with them in their descent most
of the organic matter in suspension, with a little of that also in solu-
tion. No reliance, however, should be placed upon this test for the
purification of a really bad and disease-contaminated water. Should
a water be deficient in carbonate of lime, a little chloride of calcium
and carbonate of soda may be added, and the water allowed to stand
for some time.

Carbonate of soda boiled with the water contributes in a greater
degree to the purification of water than does simply boiling, since not
only is the carbonate of lime precipitated by the boiling, but those
galfs which contribute to the permanent hardmess of water are also
decomposed, the following reactions taking place. The lime and mag-
nesia of the sulphates combine with the carbonate of soda, forming
insoluble carbonate of lime or magnesia, while the sulphuric acid re-
mains in solution as sulphate of soda. The chlorides of the same bases
are converted into carbonates, chloride of sodium resulting. Lastly,
the nitrites and nitrates of lime of magnesia are likewise converted
into carbonates, nitrite and nitrate of soda being formed. It will thus
be seen that the chemical aetion of carbonate of soda in softening
water is very complete, and this explains the popularity of the use of
soda for washing, cleansing, and even cooking purposes.

ON ‘LIVING ORGANISMS IN POTABLE WATER.

As we were the first to employ the microscope to determine the
exact nature of the organic matter held in suspension in many
waters, we have some right to express an authoritative opinion of the
gignificance to be attached to the presence of ‘living organisms’ in
potable water. ;

The suspended organic matter contained in many waters is proved
on examination with the microscope to consist of vegetable and
animal matter, both dead and living, the dead consisting, for the most
part, of particles of decaying vegetable and animal tissues, chiefly the
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former, and the living of either the sporules or ova, or the fully deve-
loped organisms of a great variety of Fungi and Alge, including Diato-
macee, Desmidee, and Confervee ; of Infusoria or animalcules; of
Entomostracee or water-fleas, of Annelide or Wworms, and of countless

other productions.

THAMES WATER AT RICHMOND, 18561,

This engraving exhibits the principp.l animal and vegelable productions then
contained in the water of the Thames at Richmond. Drawn with the Camera
Lucida, and magnified 220 diameters.

] Tn some waters these several living organisms greatly abound, and,
indeed, to such an extent, that from & Winchester quart filled with
any such water it would be possible to obtain illustrations sufficient
to fill a whole volume. Now, it should be remembered that these
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oreanisms, mirnute as are many of them, are all, or nearly all, to he

found elaborately described and figured in a varety of works on
natural history, each having its place in a system of classification, and

each being distinguished by a scientific name.

THAMES AT WATERLOO BRIDGE, 1851.

This Eﬂg‘:mingl shows the more remarkable animal and regelable productions,
dead and living, found in the water of the Thames at Waterloo Bridge, in-
cluding fragments of muscular fibre, magnified 220 diameters.,

Now it is especially in the water of rivers, and particularly those
contaminated by sewage, that these living productions most a{nuud -
these waters may in general be said to swarm with them. They also
occur abundantly in the water of ponds and lakes, and occasionally
to a much less extent in that of shallow wells; but usually they
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are absent from such waters, as they are invariably from those of the
deeper and purer springs and wells.

The purer waters being free from them, they are hence in 1o resipect
essential to water; they all contain nitrogen, which they derive irom

the nitrogenous matter contained in the water,

and they are therefore,

GraxD JuRcTION COMPANY, 1851,

'I:his engraving represents the animal and vegefable prod nctions then contained
in the water as supplied by the GRAND JURCTION COMPANY, 220 diameters.

bejﬂnd_ all question, an evidence of the existence of impurity in the
waters in which they arve found. .

: That they also help to purify such water by ﬁPP“‘JPﬁﬂti“g a por-
tion of the dead organic matter in solution, and fixing it in their own
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living tissues, and so arresting decomposition, is also true ; but these
who drink such waters are still under the necessity of swallowing
them in the living state.

Now these well-known and scientifically-named living organisms
abound in the unfiltered waters of the Thames, Lea, and New River ;

Figs 4.

WesT MmnLEsEx CoMPANT, 1851.

Exhibits the principal animal and vegefable productions then contained in the
water of the WesT Mropresex CoMPARY, 220 dlameters,

but by the process of filtration to which the waters of the London
water companies are now subjected, a very large proportion of them
is removed ; but usually by no means the whole. So that the number, -
variety, and size of fhe living organisms still contained in the
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Tondon waters after filtration, as delivered by the companies to the
consumenrs, afford an excellent test of the efficiency or otherwise of the
means of filtration adopted.

Any person, therefore, who fails to test by the mieroscope the
efficiency of the filtration of any water known to contain such

Fig. 5.

OnpLsEs COMPANY, 1851.

Exhibits the chief animal and vegetable productions, including husk of wheat,
present in the water of the OHELSEA COMPANY. 220 diameters.

organisms, neglects to employ & very valuable means of ascertaining so
important a fact. . s,
So great is the effect of fltration in reducing the number of living

pmduc:{ious in water, that we are even led to entertain the hope that
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a process of filtration may be devised and practised which will mﬁrelf',
or almost free, our metropolitan drinking-waters from these highly
objectionable inhabitants. j

This result, it shonld be borne in mind, however, is as yet far
from being realized.

BOUTHWARE AND VAUXHALL CoMPANY, 1851.

Exhibits the principal animal and vegetable productions then contained in the

water as supplied by the SOUTHWARK AND VAUXHALL CoMPaxy. 220
diameters,

We now beg to eall the special attention of the rea&er to the fol-
lowing remarks,

[t 1= the belief of many medical men of high position and attain-
ments that cholera and some other diseases owe their origin and diffu-
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sion to minute germs contained in water, and especially in the water
of rivers, Well now, if the process of filtration is not efficient enough
to remove all those more considerable and well-known creatures,
which are named, described, and figured in scientific books, it cer-
tainly must fail to remove the minute cholera germs, &e.
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LAMBETHE COMPANY, 1851,

ead, especially the Thames Paramecium

Txhibita the organic matter, living andd
; the water as supplied by the LAMBETH

and husk of wheat, then contained in
CoMPANY. 220 diameters.

¢ Ah, but, exclaims somebody, * T don't believe in cholera germs.’
Well, at all events, the fact is established to the satisfaction of most
<cientific men, that cholera is communicable through the medium of
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jmpure water, and that it has thus, more than once, been diffused by
Thames water ; and if the poison of that disease be not in the solid, it
must be in the liquid form; and if the process of filtration now
adopted is not sufficient to remove solid impurities — ¢ living

Fig. 8.

EasT LoNDoN COMPANY, 1851,

Sample of the water of the EasT LoXpon CoMPANY, showing the chief animal

and vegetable prod ;
Maicstarg: productions then contained in it as supplied to the public. 220

organisms'—it is certainly inadequate to the abstraction of the liquid
poison.

So, view the matter how we will, it is impossi ;
: possible to arrive at an
other fair or safe conclusion than that the presence of these G:gauiﬁ-m{lr
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in potable water is of very considerable importance. Bearing all these
articulars in mind, we shall now be in a position to judge whether
r. Frankland has exceeded his duty in instituting microsopical
examinations of the metropolitan waters, and how far he is open to any

NEw RIvER COMPANY, 1861,

sample of the water of the NEW RIVER COMPAXT, showing the more remark-
\ble animal and vegetable productions then contained in 1t as supplied to the

consumers. 220 diameters.

*ust animadversion for publicly commenting on the presence of
iving organisms in such water. In our judgment, had he not
done 80, he would have fallen short of that plain duty which he
has discharged, in the interests of the public, so ably and so coura-
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peously. That a charge of exaggeration should have been made
under this head is the more to be regretted, since it emanates from
those who from their position and duties should have been better
informed than to have made it, and since their authority is calculated
to mislead, and so do much injury to the publie.

Fig. 10.

% .'I-;E ‘h“'@ [ *r
i R . \
QS 2% ¢

23 |

A

<7

HaumpaTeaDd CoMPANY, 1851,
Sample of the water of the HampsTEAD COMPANY, exhibiting the principal

living productions then detected in it as supplied by this Com g
dinreters, o i 3 e 310

With a quotation from one of the reports of Major Bolt
1] on, th
recently-appointed Water Examiner to the Board of 'i‘mde-} and }whg
1s, we believe, an engineer, and not a chemist or microscopist, and with
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_one or two brief comments thereon, we will bring these remarks to a

conclusion:— -
¢ think it is to be regretted,’ reports the Water Examiner, ¢ that

such terms as “living organisms » and “ moving organisms ™ have been

Fig. 11.

KesT CoMPANY, 1851.

gample of the water of the KENT ConmpAxY, exhibiting the animalenlse in ik
then as supplied. 220 diameters.

used so frequently and indefinitely. It is well known that it is impos-
cible altogether to get rid of the simplest forms of vegetable and animal
life, which should be understood ]‘;jr such terms, even by the most
perfect filtration,’ &e.

There appears to us to be far more reason to regret that the Water

L
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Examiner, to whom the public, from his official position, naturally look
for sound advice and protection, should have penned such a paragraph.

WATER OF GRAND JuwcTioN CoMPANY (from Cistern), 1854,
o Fig, 12,

a, Paramzecia, 2 species ; b, Vorticella convallaria; ¢, Coleps hirty
- : f 18 3 &, Pan-
%ﬂnnﬂuﬁfﬂm ; e, Scenedesmus quadricanda ; 7, Navienla amphisbrena : g
avicula sphzrophors ; f, Asterionella formosa ; 4, Fragilaria mpu{ﬁnn: *
r 3

Brown active sporules ; I, Stationary green spornles ; m, Threads of slender

fungus; »n, Organi : ;
29() -:lim;:et’ers.g ¢ and earthy matter ; o; Anguillula fluvialis, Magnified

So far from too much attention having be i

0 0 mu ng been paid to the pp

living productions in the Metropolitan waters, the reverse igt?:nié} f

and in most examinations of such waters b:,? chemists their existence lﬂ’
E




50 WATER AND ITS IMPURITIES.
usually altogether overlooked. We remind the Water Examiner that

in the purer waters, those freest from dangerous contamination, such
as those of springs and deep wells, these productions do mot oceur at

WATER OF EOUTHWARK AND VAUXHALL CoMPANY (from Cistern), 1864,

Fig. 13.

a, Blood-red Annelide ; b, Brackionus polyacanthus ¢, Euplotes charon; d,

Paramein ; e, Amphileptus; 7, Actinophrys Sol; g, Actinophrys viridis;

M, Pediastrnm Boryanum ; i, Closterinm TLunula ; k, Scenedesmus quadri-
canda ; [, Scenedesmus acutus; m, Scenedesmus obtusus; =, Cyclotella
aperculata ; o, Xitzechia Sigma ; 7, Synedra minutissima ; r, Melosira vari-
ans : 5, Threads of slender fongus ; {, Minute star-shaped bodies; v, Organic
and earthy matter. Magnified a 12, f 100, and the rest 220 diameters.

all; that their presence is an evidence of impurity; that filtration, as
even now practised by the water companies, does succeed in removing

T
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by far the greater number of these living organisms; and so far from
acknowledging that it is impossible altogether to getrid of them by the
most perfect filtration, we believe that it is possible; and we are

WATER OF BOUTHWARE AND VAUXHALL CoMPANY (from Service-pipe), 1854,
Fig. 14.

@, Brachionus; , Stentor Mulleri ; ¢, Bursaria; d, Parammeium aurelia; e,
Parammciom gp, ; 7, Oxytricha ; g, Vorticella convallaria ; &, Coleps hirtua:
f, Pediastrum Boryanum ; &, Scencdesmus acutus; ¢, Melosira varians ; m
Cyclotelln operculata ; n, Naviculs amphisbena ; o, Cymatoplenrs Sﬁleu..:.
P, Nitzschia Sigmoidea ; r, Fragments of muscular fibre; s Starch COTPLS-

cles of wheat ; ¢, Starch ; u, Husk of wheat ; w, Hairs of wheat : arth
and (rganic matter, Magnified 220 diameters, 2 Ry

very certain that the numbers at present contained in the Lon
waters might be still further very greatly reduced by a more aiﬁc‘iie'::;
E 2
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method of filtration than that now practised. We presume that even
the Water Examiner to the Board of Trade will not affirm that the
method of filtration now adopted by the water companies is the most
effective it is possible to devise.

Major Bolton seems Very ‘auch concerned lest the public mind
should become alarmed as to the state of the present water supply.
There is, unfortunately, really no fear of any such result. It is well
kmown that it is nearly impossible to rouse the public on such ques-
tions, and that they almost invarably display an apathy as marve ous
as it is culpable.

Tt is some satisfaction to Jknow that between the quality of the
water wherewith the metropolis was supplied prior to the passing of
the Act of 1852, and that which is now furnished to its millions of
inhabitants, the greatest possible, indeed we may almost say the greatest
conceivable, difference exists.

Before the date named, three of the companies drew their supplies
of water from between the metropolitan bridges—mmely , the Lambeth,
the Southwark and Vauxhall, and the Chelsea Companies ; while the
West Middlesex Company tookits water from the Thames at Hammer-
smith, and the Grand Junction Company from the river at Brentford.
Now, prior to 1852, 1t was an easy thing to demonstrate, especially in
the water of the Southwark and Vauxhall Company, and to B 1€s8
extent in that of the Lambeth Company, as taken from the mains, the
presence of the constituents of the wpeal matter derived from the
sowers, Thus, by means of the microscope could be readily discovered,
in a bottle of such water, the cells of potafo, the hairs and Ausk of
wheat, the broken muscular_fibre of the meat consumed, as well as the
filaments of the cotton plant, derived no doubt from paper. It has
been our lot, not unfrequently, to demonstrate these matters in
the water referred to, while in the pamphlet entitled ¢ A Microscopical
FExamination of the Water Supply of the Metropolis,’ published in
1850, as well as elsewhere, we made known the fact and represented
the constituents of faecal matter thus detected in well-executed wood
engravings : thus there is no room left for doubt or question. In addi-
tion to these matters present in the water of certain of the companies,
thev all swarmed with living productions, especially Annelidee, Infu-
aorige, Confervae, Desmides, Diatomaces, not omitting to mention
especially our old friends, Vibriones, which have been recently chris-
toned afresh Microzymes and Bacteria. !

Well, then, at that period it was a common thing for some of the
inhabitants of London to have returned to them, in the water of
which they daily pa,rtaok, a purtinn of their own excreta.

This horrible state of things hasno doubt been rectified by the Act
of 1852, whereby the Thames (Companies were compelled to take their
water from the river at Thames Ditton, subjecting 1t 10 comparatively
efficient filtration.

Although we have on many occasions demonstrated the impor-
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tance of the mieroscope in determining the nature of the organic con-
stituents contained in potable waters, yet up to this time the use of
that instrument in the examination of water continues to be greatly
neglected. We well recollect that when called upon to give evidence
hetore the Committee of the House of Commons on Water Supply, in
1851 (of which the late Sir James Graham was chairman), we pro-
duced abundant and overwhelming proofs that the waters with which
London was then supplied, literally swarmed at all seasons with livin
productions, and this even as delivered to the consumers. We showe
numerous drawings delineating some of the more prominent forms, we
gave their scientific names, and described the classes or orders to which
they severally belonged. We demonstrated also that some of these
waters abounded in museular fibre and other matters derived from the
faeces, and yet we believe that this evidence failed to produce the
slightest impression on the Committee, and the late Professor Brande,
who was the next witness examined after ourselves, stated in the most
confident manner that he did not believe that the waters of the Thames
contained any such living productions as had been described.

Evenin the inquiry relative to the Water Supply of the Metropolis,
which was conducted before a Royal Commission so late as 1569, no
evidence was taken as to the condifion of the waters as revealed by the
mieroscope, and hence the Commissioners were left without a very
important means of judging the quality and condition of the then
sugply upon which they were deputed to form an authoritative opinion ;
and here it will be well to point out that rivers as sources for supply
for drinking purposes are objectionable from the fact that they teem
with thousands of different kinds of living productions; that they
contain the ova of various parasites; that if there be any truth in the
fungoid or animaleular theories of diseases, it is in rivers that the
germs would be sure to be present,and through them that the diseases
would be disseminated ; and, Jastly, that if epidemic diseases arise
from special animal poisons, rivers afford the most effective channels
for their diffusion.

In faet, a river may be likened to an open sewer, and it is indeed
the readiest channel for the discharge of all the impurities of the dis-
triets through which the river flows.

The preceding observations have reference mainly to the smaller
organic productions present in water, and which require the microscopa
for their satisfactory examination and identification, and which for the
most part are free and unattached, But it must not be forgotten, that
the larger productions contained in water, as fish and aquatic vegetation,
exert likewise a very considerable effect in the purification of 1:.'ater} by
removing from it a large quantity of the dissolved organie matter.

: The illustrations given in this article of the many productions found
in water used for drinking, and chiefly those of the Thames and Metro-
politan Water Companies, were made some years since, and it must be
clearly understood that they do not represent the condition of the
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waters now supplied by those companies, which has of late undergone
very great improvement. Still the drawings in question possess much
interest and value, for living organie productions, animal and vegetable,
are still to be found in great abundance in many waters employed for
all domestic purposes, including drinlking.

MICROZYMES IN WATER.

Microzymes or Bacteria, the varieties of which are included under
the general term ‘Schizomycetes,’ are other names for our familiarfriends
Vibriones, concerning the presence of which in potable water, in the
renal excretion, and in the rice-water discharges of cholera, we many
years ago treated in several publications relating to those subjects.
Dr. Burdon Sanderson, by his recent experiments and observations,
has invested these minute organisms with a new interest and impor-
tance, as we now propose to make apparent.

Microzymes, in their fully-formed state, consist of infinitely minute
bodies, of an elongated or stafi-lilke form, and with rounded and slightly
enlarged ends. They appear to proceed from minute particles of matter
imbedded in a transparent base or substance, often of a spheroidal form
they are coloured brown by iodine ; they contain nitrogen in their com-

osition, and are now believed by most observers to be of a vegetable
nature allied to fungi, both morphologically and ph siologically. They

occur in liquids or moist air, but not dry air: in the first instance in a
jelly-like basis, which also is presumed to be of an albuminoid cha-
racter, but subsequently either diffused thronghout the liquid or f orming
a seum on the surface; inwhich latter case Dr. Sanderson has observed
that the rods stand vertically side by side. They, in some cases, 83 in
Pastenr's solution, accompany and promote, if they are not the cause of,
putrefactive decomposition, feeding on the nitrogen of the albuminoid
material which the liquid contains, and when that is ahsent, even on
the nitrogen of an ammoniacal salt, such as tartrate of ammonia.
From a great variety of experiments, Dr. Sanderson ascertained
that microzymes are not developed in liquids which have been heated
to a temperature of 356° F., or which have even been boiled, and this
whether the liquids are exposed to the air or not, and provided also
that anv distilled water ased has been boiled, and even the surfaces of
the glass tubes and vessels employed have been heated, either by im-
mersion in boiling water, or by subjection to the temperature named.’
Now it is remarkable that, under the same circumstances which pre-
vent the growth of microzymes, fungt appear, especially on the ex-
posure of the liquids to air, and very abundantly in Pasteur’s solution,
which consists of a zolution of sugar, tarfrate of ammonia, and yeast-ash
only. The reason of the necessity for boiling the distilled water and

1 The death point seems now to be very definitely fixed at about 110° C.=
93(° F. for common septic bacteria. (Dx. Sanderson, in lit.)
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thoroughly drying, by heat, the surface of the glasses used, arises from
the faet that the germs of the microzymes are to be found in many
samples of such water, since they are not absolutely pure, and even in
the moisture resting on the surface of glass. That ordinary air
does not contain microzymes was proved by drawing, by means of an
aspirator, a quantity of air through a boiled test solution, no miero-
zymes appearing in the liquid after it had been kept for a considerable
time ; and it was further established that really pure distilled water
does not develope microzymes. i

Now, the fact of the great impurity of many samples of distilled
water, and also that microzymes or vibriones, fungi, and other animal
and vegetable productions, are frequently developed in if, has long been
known., The existence of microzymes in many impure waters was

some years since pointed out by the writer in his brochure entitled * A
Microscopical Examination of the Waters supplied to the Metropolis,’
and elsewhere, as also that they occurred in two states—free, and in
gelatinous spheroidal masses.

Dr. Sanderson, therefore, from all hisexperiments, arrives at the
conclusion that ¢ water is the primary source from which the germinal
particles of bacteria are derived, whenever they seem fo originate
spontaneously in organic solutions;’ and since their development
depends on the presence, in impure water, of nitrogenous matter, it of
course follows that, the greater the amount of this, the more abundantly
are the microzymes developed when the water is added to Pasteur's test
solution ; and Dr. Sanderson proposes to judge of the extent of this
kind of impurity of water by the degree of the opalescence produced by
different waters operated upon in the same manner, as follows:—A
small cylindrical glass, capable of holding ten cubic centimétres, is first
heated to 395° I. This is then half-filled with boiling Pasteur's
solutien, and to this are added five drops of the water to be tested, the
mouth of the glass being plugged with cotton wool. After each testing,
the pipette used must be immersed for some minutes in boiling distilled
water. If impure, after the lapse of from six to ten days, the upper
part of the liquid will be observed to be opalescent, and, on examina-
tion with the mieroscope, microzymes will be detected. The tube in
which the water is m{'ﬁaciﬂd for examination must be prepared or
superheated beforehand, both ends being hermetically closed before it
leaves the flame of the blowpipe : thus prepared,itis filled by breaking
off one end while it is under the water.

Dr. Sanderson terms the power of water to develope microzymes
¢ the zymotic property,’ and measures it by their abundance, and the
consequent degree of opacity to which their presence gives rise,

By the method above deseribed, the waters of some of the London
companies were tested, and all ¢ acted zymotically " in different degrees,
iﬂ;:‘-a:l:m exercising ‘ no perceptible influence on the zymotic power of

ol

Further, Dr. Sanderson found that water obtained by the fusion of
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ice, which was so pure that it showed only a blue tint under the
electric beam, was ¢ as zymotie as many other varieties of water which
in the beam are seen to be full of light scattering particles.

Lastly, it was ascertained that the microzymes, when thoroughly
dried at a temperature of 104°F., and added to the test solution in the
usual way, did not recover their vitality and give rise to any development
of hicrozymes; the germinal power of which, when similarly tested,
was also destroyed by ozone, permanganate of potash, carbolic acid,
quinine, peroxide of hydrogen, and chlorine.

Experiments with blood, tissues, albumen, and urine showed that
these are non-zymotie, while the results with milk, pus, and blister
seram seem somewhat doubtful.

Queh is a brief and, we trust, an intelligible exposition of Dr.
Qanderson’s researches and many experiments ‘ On the Origin and Dis-
tribution of Microzymes in Water.! 'We will now proceed to make a
few remarks on the results obtained.

As already stated, the fact of the presence of microzymes in impure
water has long been known, but the ohservations in question show
that either the microzymes themselves, or the germinal matter from
which they proceed, are all but universally present in water, awalting
only the occurrence of circumstances favourable for their further de-
velopment. That they most abound in waters of great impurity was
also ascertained, and that from such water they ghould be freely pro-
duced when supplied with nitrogenous food, as is the case when
Pasteur’s solution is used, is but natural. The facts as to the non-
conveyance of microzymes by dry air, and their destruetion by thorough
desiccation and by various re-agents, are interesting and important.
Of the practical value of the microzyme test for determining the quality
of a water we do not think very highly, and believe the method cannot
e made safely to supersede, or be a substitute for, the usual qualitative
and quantitative chemical examinations of water. No proof has been
given that the microzymes are really ca}mhle of giving rise to con-
tagious disease; they are contagious only in the sense that they
infect the materials, if these are of a suitable nature to support them,
with which they, through impure water, ave brought into contaect.
The very fact of the universality of their presence in water is a reason
for recarding these particular microzymes as harmless, so far as relates
to the propagation of disease. Further, the propriety of the phrases
¢ zymotic power,’ or * zymotic property,’ may be questioned, as applied
to waters which either contain, or are capable of giving rise to miero-
zymes, since the inference will be drawn by many that such waters

1 Dr. Sanderson now uses, in place of Pasteur’s solution, a suitable solution of
goluble salts only, dispensing with the sugar and yeast ash, which contains
phosphate of lime. The advantage of thisis that sporules and tufts of fung are
not apt to appear in the liquid, and a clear in the place of a turbid solution is
obtained, so that the commencement of the bacterium opalescence can be at once
observed.
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possess the property of giving rise to ¢ zymotic diseases,” which has
not been established.

Dr. Sanderson, it should be noticed, however, does not regard any
microzymes as contagious, excepting these which actually inhabit
contagious liquids, and as regards these last he has pointed out the
absence of any evidence that they are causes of disease.

STANDARD OF PURITY OF DRINKING WATER.

It would be a good and useful thing, for the public, and even the
chemist and sanitarian, if a Standard of Purity could be fixed, whereby
~ the quality—the wholesomeness, or otherwise—of waters used for
drinking should be judged and determined. At present, the purity or
impurity of a water is expressed by some such terms as the following
—moderately good, good, very good ; or, rather bad, bad, very bad;
no two persons in using these expressions meaning exactly the same
thing, having no rule or standard to guide them: thus a water which
according to one chemist would be good, to another would be bad.

Now it is by no means an easy task to fix upon a standard of
purity which all would be willing to accept, still it will be well to
consider and discuss the question, in order to ascertain wherein the
difficulties lie, and how near an approach can be made to such a
standard as is now suggested.

Judged by its physical characters, a good drinking water should be
entirely free from colour, taste, or smell; cool, well aérated and soft,
bright, and entirely free from all deposit. It should be ever re-
membered, however, that the great majority of well waters in towns
and cities, notwithstanding their coolness and brightness,are more or
less polluted owing to the proximity of drains, cesspools, and sewers.
Dr. Frankland defines the essential qualities of a good drinking water
to be, ¢first, coolness and aération; secondly, freedom from organic
matter of all kinds; thirdly, that it should never have been con-
taminated by sewage or manure in any form ; and, finally, that it
ghould be soft water, not over 5° of harduess.

_ It is evident, from what has already been advanced, that a much
wider range may be allowed to the mineral matter present in a water
than to the organic. It 1s desirable, however, as a rule, that this
should not exceed some 10 or 12 grains per gallon, on account of the
hardness which excess of mineral matter usually entails. The water
of the Thames companies contains about 16:50 grains of mineral
matter to the gallon, and has an average hardness of 13:5% reducible
by boiling 19’3'5", and vet the comparative hardness of this water is
often complained of, and it is certainly objectionable for cooking and
Wﬂ&h}‘ ng purposes, although it is mostly of the temporary character,

Returning again to the published analyses of the waters of the
i.:{p:l:{ﬁzhn;:;nr:tmt}andfsrwi'ng their supply from the Timmc:d.}_ the quality
s generally acknowledged to be below the requisite standard
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of Eurity, we find that they still contain on the average about
15-hundredths of a grain of albuminoid organic matter to the?ﬁl&n, and
consequently the amount of that constituent allowed should be less
than that above-named ; formerly the amount of albuminoid matter
contained in these waters was very much greater.

Again, since ammonia, nitrous and nitric acids oceur in very many
waters, and since these afford indications of the extent of contamina-
tion to which a water is subject, the limits of these allowable should
also be defined.

Now, in order to,avoid fixing upon any impracticable standard, it
will, in the next place, be desirable to quote the analyses given by
the Rivers Pollution Commission in 1871 of some of the purest
waters hitherto supplied for the use of towns and cities.

In 100,000 Parts.

' I B 1 & 4
= 3 = w
e =8 [ 84| & g% g 8
7 | &g 28 | 8% g | 82
! =] T E 2 | = :EE ﬁ 5 =
[RNE oR | <8 EE e H=
Liverpool . . 9-66 | +029 | -185 | 000 | -002 | 397
Rivington Pike.
Manchester . ; : . 620 | 009 | 057 ‘025 006 | 375
Gathering grounds.
Oldham SR (DS . 1280 | +014 | -089 | -011 004 | 696
Gathering ground, -
Preston : . . 12:44 | 031 | 138 000 006 804
Gathering ground.
Aldershot Camp . : .| G114 | 048 | -B07 000 001 | 418
Gathering ground.
Lancaster ; 3 4-58 | -022 | -140 | -000 | -001 87
(zathering ground.
Edinburgh . - : . (1198 | +081 | <198 | 000 001 | 608
From Crawley Burn.
Whitehaven - : .| 216 | -017 | ‘108 000 001 1-45
Ennisdale Lake. f
Keswick . . ; .| 484 | 024 | ‘198 <000 001 887
From Skiddaw. i
Dublin . : R 024 | 163 000 001 2-97
|

| River Varty.

e

These vesults are remarkable and for the most part very satisfactory,
for they show that not only are waters of a high degree of edmrit
attainable, but that large towns and cities are already supphi wi
them—the purity extending even to the mineral matter, rendering
these waters not merely fitted for drinking, but also for all domestic

urposes, as cooking and washing. The albuminoid organic matter is,

however, in most of these waters still 100 high ; but we must remember
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Wanklyn's method.

Taking into consideration the several data above given, we would

fix the following as ‘ The Standard of Purity’ at which, in the
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supply of water for drinking purposes, it is desirable to aim:—

Per 100,000 Grains.

Mineral Free Albumineld | Nitric and Hardness, Hardness, |
matter, ATIMOnis. mAtLer. nitrous acid. | temporary. | permanent, ‘
14-17 parts 0005 0-10 0-35 10 - i

=] L

The following analyses of a few samples of bad water are in
striking eontrast with the standard above given:— :

Samples of Impure Water recently Analysed in the Laboratory of the Author.

——

| Total solids | 8ds 104-8 1299 | 680

; Totsal hardness 2l 41+6 o2 G 8b-2
Chlorine . 4 . G694 15618 2814 12-340
Free ammonia 1288 0-023 0-014 0-0091
Albuminoid ditto 0028 0-01 00081 0-0131
Nitrie acid S — = 9072

. - l |

|

Total solids, « | 1260 | 1084 1706 055 144-8
Total hardness 26°7 534 292 84-06 306
Chlorine - : 120 776 2570 1523 11-862
Free ammonia =005 0046 0-006 00069 0875
A!huminni{l ditto 0-013 000a 0012 00219 00098
Nitrie acid 10-991 8288 0186 | 5:965 5092

=

The number of illustrations of bad waters might have been further
extended, but their multiplication would serve no useful purpose, In
nearly all cases in which there is much nitric acid, the chlorine is also
greatly increased.

It must he clearly understood, however, that it is impossible in
many cases to judge of the quality of a water by simply regarding
only one result of an analysis, but the whole must be taken into con-
sideration, and the one balanced against the other. Thus a water ma
contain a large quantity of nitric acid, but only a minute quantity of
free ammonia and albuminoid matter, and such a water would have
to be regarded as pure and fit for drinking purposes, Apain, another
water may contain a considerable excess of mineral matter as well ag
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nitric acid, and yet be a very pure water as respects the organic con-
stituents, and hence it mmght be used for drinking purposes with
safety, although its hardness would render it less fit for domestic
use than a softer water. But we now call the reader’s special atten-
tion to what follows. Some few instances are on record in which
waters with but little organic or mineral impurity have produced
epidemic disease; and had a chemical standard been followed, the
water would have been pronounced pure and wholesome, It is in
such cases as these that so far chemistry fails us; but these are for
the most part quite exceptional, and such cases are to be explained by
the contamination of the water with the special poisons of cholera and
typhoid, which are capable of producing these diseases, even when the
minutest quantities of the poisons find an entrance into the system.
Now thisqlast fact is one which shows how mecessary it is to avoid as
far as possible the use of all waters, like those of rivers, specially liable
to ccntaminations of so many kinds, and particularly excremental
impurity and the discharges of persons attacked with epidemic
diseases.

The celebrated surgeon, Sir W. Fergusson, in his address at a
meeting of the British Medical Association, recently held in Lon-
don, told the doctors, sanitarians, and chemists, that their opinions
about water were all wrong; that in the case of a water supply
quantity is of far more importance than quality ; that we ought not o
object to dead or even living organic matter in potable water ‘ in the
shape of a few fleas” Upon what grounds, think you, has the learned
and respected professor arrived at this startling conclusion ?  Firstly,
because a great deal of the water met with is, in its untreated con-
dition, more or less contaminated, and hence the difficulty of obtain-
ing pure water; but Sir William fails to point out why it is so much
of the water met with is thus contaminated, and to show that this
contamination is due to the polluting influences of man himself through
his manufactures and his sewage. ‘He ignores the wise old maxim :
¢ Cleanliness is next to godliness.’

Secondly, he bases his opinion on the fact that the soups we partake
of all contain large quantities of organic matter, the dread of the
water chemist; and that as soon as ever the purest wateris swallowed
and brought into econtact with the human body, it immediately
hecomes contaminated with this dreaded animal matter,

In making these remarks Sir William proves how dangerous and
difficult a thing it is for one not really conversant with the subject of
which he treats to handle it aright. By them he shows that he has
totally misunderstood the whole point and meaning of the question.
It has never been contended by chemists that the organic matters
determined by them in water constitute the injurious constituents, the
nateries morbi in water; they simply regard the quantities in which
they are present, combined with the eircumstances under which they
oceur, as the measures of the impurity to which they are exposed,
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and as indicating the degree of liability of any water to become eon-
taminated with the special poisons of cholera, typhoid fever, or other
disease. Viewed in this light, the exact determination by chemists
of the impurities of water, of the albuminocid organic matter, &e.,
becomes a guestion of the highest importance, since it is the means
of showing not only where danger of infeetion exists, but also where
means of prevention should be specially adopted. Thus viewed
it is, and will continue to be, the bhounden duty of the physician, the
sanitarian, and the chemist, to use their utmost endeavours to secure

for the public an ample supply of the purest water which ean by every
reasonable means be obtained.

Supply of Water per head.

The supply of water for a town should be, according to the best
authorities, about 25 gallons per head per day for all purposes, but great
variations exist in the ﬂﬂtuﬂf quantity supplied in different towns and
cities. Thus, according to Mr. Bragg, the quantity per head is in
Norwich 12, and in Derby 14 gallons, while in Edinburgh, according
to Parkes, it is 35, in Southampton 35, and in Glasgow 50 gallons per
head. Parkes estimates the quantity necessary for personal and domestic
use, without baths, at 12 gallons per head per day as a minimum supply,
and with baths 16 gallons; but this IJII?R{EE no allowance for water-
closets or for waste.

It has not yet been determined what quantity should be allowed
for closets, but Parkes states that six gallons per day per head should

obably be allowed, he pointing out that in this particular instance
false economy in the use of water is most undesirable. We thus
account for 22 of the 25 gallons above alluded to ; but since allowance
must be made for waste and for an extra supply for closets, the esti-
mate of 25 gallons seems a fair and reasonable one. It must be remem-
bered, also, that a less amount than the above would searcely suffice to

effect the necessary cleansing of the sewers, an object of such essential
importance.

IMPURE WATER A BOTURCE OF DISEASE.

It has been fully established that impure water is a fruitful cause
of disease, and a great body of evidence to this effect has already been
obtained, and it is, moreover, daily increasing ; disease being occasioned,
g0 far as is kmown, by the organic matters which the water contains,

Of the nature and condition of these matters but little that is
precise is krgnwu; the most hurtful, there is reason to believe
are those which are in suspension, and especially when derived fmn;
recent sewage and feecal matter. At all events, this would appear to
ke the case, from the fact that many of the waters which have heen
proved to be productive of disease have been found to be more or less
turbid, and to contain sedimentary matters. At the same time, how-

- ever, those which are held in solution are probably also hurtﬁ?l; for
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disease is frequently traced to the use of waters which are perfectly
bright and clear, and which contain no appreciable sediment. Again,
some of the fatty acids, mostly in the mmﬂmed state, derived from the
decomposition of organic matter, are also believed to exert injurious
effects, as formie, acetie, propiome, butyric, and caproic acids, and
ticularly butyric, and in a less degree nitrous and nitric acids. These
last acids, even in the combined state, exert, as will be shown, apowerful
action on lead and other metals with which they are brought into con-
tact, and they are also strongly diuretic. As to the much-debated
question of the production of disease by specific germs, nothing positive
has as yet been established. There is no reason, as far as we are aware,
to helieve that the ordinary living productions contained in some
drinking waters, especially those derived from rivers, are themselves
productive of disease, excepting only the ova of various intestinal
worms and other entozoa which are thus introduced into the stomach
and intestines, where they become developed. ~Such productions are
rather to be regarded as evidences of the contamination of the water
in which they are present, and to the urification of which they
contribute by their development and gmwtph.

According to some authorities, the presence of a certain amount of

lime, chiefly in the form of carbonate, in drinking water, is necessary to
health, it furnishing the lime which enters into the composition of the
osseous system. This view we have already stated we believe to be
entirely erroneous; partly since almost all the articles of food con-
sumed, especially vegetables, meat, milk, &c., contain that base in
quantities far exceeding the amount met with in most potable waters.
While, therefore, there is no reason to believe that lime is an essential
constituent of water, on the other hand there does mot appear to be
any evidence to show that when the quantity present is but small it
exerts any injurious effects; and the same may be said of the chloride
of sodium usually met with in water. The chlorides of caleinm and
magnesium, and the sulphates of the same bases, it in large amount,
would doubtless tend to render a water unwholesome in many cases, in
consequence of the aperient and other properties possessed by these
salts. Again, iron in water, in any but the smallest amount, would be
caleulated to produce avil results with many, as headache,constipation, &c.

It has been very frequently affirmed that the use of hard calcareous
waters is productive of stone ; but there is still a great want of any con-
clusive evidence establishing this point. It is, indeed, well known that
ealenlous affections are especially prevalent in many districts, byt it has
not heen proved that the prevalence is due to the character of the
water supply.

The ith)luwing disorders and diseases have all of them been produced
by impure water—namely, dyspepsia, diarrheea, dysentery, cholera,
typhoid fever, scarlet fever, malarious fevers, and ague. In fact, one or
other of the above diseases is always more Or less prevalent throughout
the country, due to the consumption of impure and contaminated
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water. - Indeed, a whole volume might be written on this subject, but
to enlarge upon it would extend this article beyond the limits at our
disposal,

Pﬂﬁeﬂiﬁm of the stomach, dyspepsia.—Itwill be seen that the effects
of impure water are mainly exerted, as might have been expected, upon
the mucous membrane of the stomaeh and intestines, with which the
water is brought into contact. Parkes states that ‘symptoms, which
may be referred to the convenient term dyspepsia, and which consist in
some loss of appetite, vague uneasiness or actga,l pain at the epigas-
trium, and a sTight nausea and constipation, with occasional diarrhcea,
are caused by water containing a large quantity of caleium chloride
and sulphate, and the magnesian salts. Dr. Sutherland found the
hard water of the red sandstone rocks, which was formerly much used
in Liverpool, to have a decided effect in producing constipation, lessen-
ing the secretions, and causing visceral obstructions; and in Glasgow
the substitution of soft for hard water lessened, according to Dr. Leech,
the prevalence of dyspeptic complaints,” . . . ‘The exact amount which
will produce these aym]]itmns has not been determined, but water con-
taining more than eight grains of these substances, individually or
collectively, appears to be injurious to many persons.’

Diarrhea. —Diarrhcea may be produced by the irritation of mineral
substances mechanically suspended in the water, as clay and mari, as
well as by suspended and dissolved organic matters, especially those of
an animal nature, as sewage and fecal matter. “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).” The drinking of water
impregnated with sulphuretted hydrgen and sewer gases will likewise
give rise to diarrhcea. :

It has already been noticed that the dissolved mineral matters
sometimes, even when contained in water in small amount, give rise
to various symptoms of dyspepsia, but they are also sometimes the
cause of diarrheea, especially those waters which contain any con-
siderable amounts of the sulphates of lime, magnesia, and soda.” Tt is
stated also that diarrheea is caused by waters containing either the ni-
trate or the bufyrate of lime. There seems to be a dearth of information
as to the special effects of waters which, otherwise pure, contain a con-
siderable amount of carbonate of lime. It is further well known that
brackish water, the chief constituent of which is chloride of sodium,
will also frequently give rise to diarrheea.

Dysentery.—Another disease unquestionably produced by impure
water is dysentery, and there are many uuthreﬂ,]lj{s of that complaint
which have been traced to the nse of highly contaminated waters, It
has been proved that when the evacuations of those lahourine under
dysentery make their way into drinking water, it is rendered Savabls

OIE ropagating the disease, as is also the case with typhoid fever and
Cholera.
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Cholera.— The evidence which has now been accumulated appears
to thoroughly establish the fact of the propagation of cholera by
means of drinking water containing cholera-evacuations, but many are
of opinion that the consumption of impure water of any kind pre-
disposes to the disease, either by causing diarrheea or by introducing
into the alimentary cana ¢ organic matter which may be thrown 1nto
special chemical changes by a small quantity of cholera poison which
has been introduced with air or food and swallowed.’ (Parkes.) The
latter supposition seems toO us scarcely probable, since if the cholera

oison had already found its way :nto the intestines, where -of course
it would increase and multiply, nothing more would appear to be
required for the full effects of the disease to be produced.

Typhoid fever.—Another of the dispases noOw ascertained to be
communicable by impure water, as well as air, is typhoid fever. Dr.
Parkes draws attention to the fact that the incubative period of the
disease is much shorter in cases of typhoid resulting from the drinking
of specially contaminated water than when the disease is propaga
{hrough the medium of the air. In the latter case from 8 to 14
days may elapse before the early malatse comes om, while in the
former the symptoms sometimes become marked in two or three days.
It has not yet been determined as to whether typhoid fever may be

ropagated therwise than through the medium of typhoid evacuations

introduced into the system either through water or air. ¢ Whether
or not a special putrefactive change going on in these gvacuations
can be communicated to other organic matter out of the body is not
certain.’ (Parkes.)

Scarlet fever.—Some evidence has been obtained by Dr. Wallace at
Wood Sutfon, which goes to show that scarlet fever may also be pro-

agated by water, but we are left in doubt as to whether the materies
morbi was derived from the fmcal evacuations or from the skin of those
suffering from the disease.

Malarious fevers, including ague.— Of the production of these
fevers by impure water there would appear to be no room for doubt,
but the evidence seems to point strongly to the vegetable rather than
to the animal nature of the immediate cause, the waters giving rise
to the disease coming from marshes. Several very striking instances
have been recorded of the prevalence of ague in localities in which the
drinking water Was obtained from marshy districts, and in which
the disease immediately disa peared on this source of supply being

abandoned and water beng 0 tained from wells.
¢ One very important circumstance is the rapidity of development

of the malarious disease and its fatality when introduced in water.

iq the same thing as in the case of diarrheea and dysentery. Either
the fever-making cause must be in larger quantity in the water, oT, what
is equally probable, must be more readily taken up into the circulation
and carried to the spleen, than when the cause enters by the lungs.’

(Parkes.)
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Although no conclusive evidence has as yet been given of the mode
of plﬂpnga:f.inn of yellow fever, yet it is not unlikely that this disease,
as also some others, and possibly amongst the number erysipelas, may
frequently owe their diffusion to impure and specially contaminated
water.

Goitre.—Another disease of a totally different character, un-
doubtedly produced by impure water, is gﬂitre._ 'I:he evidenn_e of its
being so occasioned is unusually strong and convincing, and this cause,
in some instances, it is stated, will give rise to the production and
development of goitre in as short a time as from 8 to 10 days, while
in some districts in France and Italy goitre may be produced at will
by the drinking of certain waters.

Considerable difference of opinion exists as to the nature of the con-
stituents of water which give rise to goitre, but there is much reason to
believe that the lime and magnesian salts play an important part,
although, in some instances, the latter salts are absent. Dr, M‘Clellan
has shown that no less than 33 per cent. of the population in the
Kumaon distriet, who use water from the limestone rocks, suffer from
goitre and 3°1 from cretinism, while those affected in distriets in which
the water supply is derived from the granite and gneiss and the clay
slate amount to less than 1 per cent., there being no cases in the dis-
tricts supplied with water from the mica slate, hornblende, and green
sandstone. M. Saint-Lager, however, denies that there is any con-
nection between the hardness of water and goitre, and attributes it
either to iron pyrites (sulphide of iron) or to some other metallic
sulphide, and he accounts for Dr, M‘Clellan’s results by the statement
that the water in Kumaon had passed through certain metalliferous
strata.

While, therefore, there is considerable difference of opinion as
to the nature of the constituents of water which give rise to goitre,
it would appear that the question is one which might be definitely
determined by a properly conducted chemical investigation.

FEnfozoa.—Lastly, it has been abundantly established that several
kinds of entozoa, either as ova or embryos, find an entrance into
the body through the drinking-water consumed. This is certainly
the case with Bothiio cephalus latus, Ascaris lumbricoides, and most
probably also the Dochmius duodenalis and Filaria dracuncudus.

. Lead.—Another contamination or impurity of witer is with that
highly poisonous metal, lead, which, in some cases, becomes dissolved
to such an extent as to produce symptoms of lead poisoning.

It appears from evidence on record that as little as son Zrain of lead
in a gallon of water has given rise to lead poisoning an paralysis, In
the well-known case of poisoning which oceurred in the family of
igilaﬂl’hﬂlpm, at Claremont, the amount of lead found was 15 grain in

. n,

The water wilﬂl which Edrinhurgh is supplied contains, according

to Parkes, the ;j;th of a grain pe; gallon, a quantity which has not
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been found to be hurtful; illness has also resulted from the con-
sumption of waters containing other metals, as ron, zine, copper and
arsente.

ACTION OF WATER ON LEAD AND ZINC.

A oreat deal has been said and written on the important subject of
the action of water on the leaden pipes through which it is conducted to
the consumer, and on the cisterns in which it is stored. Althongh the
statements made are somewhat contradictory, yet the actual facts may
0w be said to be well ascertained and established.

For many years it was universally believed that soft waters acted
most on lead and hard least, but, as will be presently shown, this
statement 1is not corroborated by further and more exact observa-
tions and experiments, the action of soft waters on lead being due not to
the water itself, but to the oxygen and other substances with which it
15 more or less impregnated.

Tirst. The gases and salls which most attack lead are oxygen, :
nitrous and nitric acids, whether free or combined ; all the chlorides;
caustic lime,as contained in mortar, &e.,solublecompounds being formed
svith all these.

Carbonic acid likewise attacks lead, but the resulting compound is in-
‘goluble unless in the presence of a considerable excess of carbonic acid.
‘Thus a film or coating is frequently found on the surface of lead cisterns
and pipes, consisting usually of a basic carbonate of lead, with two
molecules of carbonate of lead and one molecule of hydrated oxide.
But according to Mr. Lauder Lindsay, this coating has frequently a
more complex cum]?usit-ion, and consists of the carbonates, phosphates,
and sulphates of lime and magmesia, with some chloride of lead.
This film or crust is liable to become diffused through the water when
it is agitated, and in this way it may be introduced into the system ;
but it is said that the coating thus formed on the surface of lead exerts
a protective effect by retarding or preventing the action of the other
substances on the metal.

According to Medlock, nitrite of ammonia exerts the greatest

influence on lead, the nitrite of that metal being formed. The nitrite
of ammonium being a volatile salt, is found in most distilled waters
obtained from an impure source.

The salts which exert the least action on lead are earbonate,
sulphate, and, aceording to Frankland, especially phosphate of lime;
also in a less degree the corresponding salts of magnesia and the
alkaline phosphates.

Second. Organic substances affect lead powerfully, and the organic
acids generally, as those derived from fruit, beer, milk, cider, &¢.

Third, Another way in which lead becomes dissolved is by gal-
panic action, a3 when lead comes into contact with iron, zine, or tin.
Zine pipes often contain considerable quantities of lead, and hence,



WATER AND ITS IMPURITIES. 67

without it being suspected, water has frequently been found to eontain
that metal, - .

In the same way, water sometimes hecomes contaminated with a
variety of other metals, but particularly with the following—namely,
aron, zine, copper, and arsenic. Tt issaid that rain-water collected from
a zine roof is not unfrequently found ‘to be sufficiently contaminated
with zine to prove injurious.

EFFECT OF GEOLOGICAL FORMATION ON THE COMPOSITION OF
WATER.

As we have seen, all water dissolves during its descent through
the soil different mineral constituents. It is evident that, according
to the geological formation through which the water asses, its dis-
solved constituents will vary, and frequently it is possible to say what
substances and salts are most likely to be found in a water derived
from a certain formation, The following are the characters of the
waters obtained from different formations, epitomised from Dr.
Parkes’ ¢ Practical Hygiene.’

L. Waters from granitic, metamorphie, trap rock and clay
slate.—The total solids are usually very low, seldom exceeding 6 grains
per gallon. They consist of carbonate and chloride of sodium,
with little lime and magnesia. The quantity of organic matter is
very small.

2. Mulistone grit and hard oolite waters,—These waters resemhblo
the preceding ; they are very pure, and contain sulphate and carbonate
of lime, and magnesia with traces of iron, the solids seldom exceeding
8 grains per gallon,

8. Soft sand rock waters—The waters derived from these sources
are, as a rule, impure, and usually contain much chloride, sulphate, and
carbonate of sodium, with little lime and magnesia. The total solids
range from 30 to 80 grains per gallon, the organie matter being some-
times as much as 8 grains per gallon and even more. Occasionally
these waters are pure and soft,

4. Loose sand and gravel waters,—The composition is extremely
variable, the total solids varying as much as from 4 to 70 grains per
gallon. The reaction is frequently alkaline, and the organic matter
somewhat high, The Farnham waters, and some of those from the
green sand, are very pure, the total solids not exceeding 8 graing,

9. Lias clay waters contain mostly very large quantities of mineral
matter, from 100 to over 200 grains per gallon.

6. Chalk waters are usually Ipure, containing in solution from 7 o 20
grains of carbonate oflime. The permanent hardness i8 very small, as
18 also the amount of organic matters present, i

7. The limestone and magnesian limestone waters resemble the

latter in many respects, but contain more magnesia and sulphate of
F2
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lime. The permanent hardness is greater than in the preceding.
Organic matter usually in small amount,

8. The selenitic waters are rich in sulphate of lime, and conse-
quently in permanent hardness, which renders them unwholesome
waters, liable to produce dyspepsia and constipation, alternating withs
diarrheea. :

9. Clay waters are chiefly surface waters containing but few dis-
solved constituents, but much suspended matter.

10. Alluvial waters.—The amount of total solids is variable, from
20 to 120 grains. The organic matter is high and often derived from
admixture and contamination with sewage ; hence these waters are for
the most part impure.

11. Surface and subsoil waters of course vary greatly in composi-
tion, but are mostly very impure, and should not be used for dri fing
purposes. Butyrie acid, in union with lime, is in some cases found in
these waters.

12. Marsh water is mostly very rich in vegetable organic matter,
containing from 12 to even 50 grains per gallon, and is often of a
strongly yellow colour. Suspended organic matter is also eommon.
Itis highly impure, and frequently gives rise to malarious fevers.

13. Water from graveyards.—These waters abound in nitrite and
nitrate of ammonia and lime, with sometimes the fatty acids and much
organic matter.

THE ANALYSIS OF WATER.

Collection of Samples.

In collecting samples of water for analysis, attention is most par-
ticularly requested to the following points,

The bottles must be stoppered. Those known as Winchester
quarts are most convenient, and can be obtained of any chemist and
druggist.

They must be most thoroughly and effectually cleaned. Shot must
not be used for this purpose. ,They should be rinsed with the water
that is being collected at least three times before being filled, and
ghould then be filled nearly, but not quite, up to the stopper.

The following quantities are required :—For a full analysis of a
water supply—well-water or a river-water, two Winchester quarts ; for
a pa,rtiu,{] analysis, one will be sufficient ; for sewage, one Winchester

uart.,
; In collecting from a water supply, the sample should bhe obtained,
if possible, directly from the main. If taken from the house-service
;;)ap, it should be allowed to run freely for one or two minutes before
ottling.

In obtaining samples from a river, the bottles should be plunged

into the water as far as possible from the bank (great care being used
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not to disturb the mud), their mouths being kept well below the sur-
face until they are filled. . ‘ :

In colleeting samples of the water of rivers, e-.specmlh: those into
which sewage tlows, it must be remembered that the quality and con-
dition will be found to vary according to the state of the tide, and
also to the seasons of the year. These differences are well exemplified
in the case of Thames water, the amount of suspended and organic
impurities being by far the greatest in this at low water, and also in
winter, because at that season of the year the organic matter is washed
out by the rains and floods from the lands hordering on the river, as
well as for the further reason, that during the winter the purification
effected by oxidation and by the growth of aquatic plants is far less
active than in the warm weather of summer,

Sewage should, if possible, be collected thus:—A eommon pint
potful should be taken as often as possible during the day, and poured
nto a large clean jar ; at the end of the day this should be thoroughly
well shalen, and the sample bottle filled from it, A fair daily average
of the sewage is thus obtained.

In cases requiring extreme accuracy the daily flow of the sewage
should be gauged, and arrangements made for securing continuous
daily samples,

Mieroscopical examination of water,— The same quantities of
water will serve for the microscopical examination as well as the
ehemical analysis ; both the clear water and any sediment which ma
be found in 1t after it has stood at rest for some hours, should bhe
examined with the microscope in the usual manner on slips of glass,
with thin glass covers over the reparation. For the clear water,
cells may be used in order to agtaln a greater depth. The sedi-
ment may be best obtained from the bottom of the hottle by means
Ef a pipette, one or two drops only being then removed for examina-

on

. Frequently, the physical characters of a water and simple qualita-
five tests are sufficient to enable one to Judge of its quality.

L. Physical characters and appearance.—The colour and clearness
of a water are first ascertained by observing it in a layer 2 or 3 feet
m thickness, by filling a wide glass tube, closed at one end, with
the water to be examined, and by looking in the direction of the
axis through the stratum of water.  In this way even the minutest
tinge or colorisation will he readily seen, and the slightest turbidity will

perceptible. Pure waters are nearly always perfectly clear and
eolourless, while contaminated waters, especially if the contamination
be recent, show frequently a strongly yellowish colour, For eom-
E—Tmm] a second tube may be filled with distilled water, or a water of

Own purity. A water containing much suspended matter is usually
unfit for drinking purposes, i
The smell of the water may either be observed aftez violently
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shaking a pint or more of the water in a flask to liberate the dissolved
gases, or after gently heating the sample. Good waters never emit
any smell, whilst samples exhibiting any foul odour are to be rejected
as unfit for use,

Next, taste some of the water, if possible freshly drawn from the
well. Large quantities of dissulvedp mineral constituents, especially
chloride of sodium or common salt and iron,are readily detected. Butit
must be borne inmind that not unfrequently highlyimpure waters appear
to possess a most agreeable and refreshing taste, whilst, as well kmown,
pure distilled water is unpalatable for drinking on account of its flat-
ness. It is chiefly the carbonic acid and oxygen which render a water -
refreshing, as is shown by the fact that distilled water exposed for
some time to the air loses most of its flatness and insipidity.

Lastly, if the residue left on the evaporation of a water turns brown
or black on bheing heated, evidence is afforded of the presence of an
excess of organic matter.

I1. Qualitative chemical tests.—The reaction of the water may first be
ascertained by means of litmus or turmeric paper. But, owing to the
presence of free carbonic acid, drinking waters are mostly either neutral
or slightly acid. After the removal of the carbonic acid, however, b
heating the water, the true reaction will manifest itself. If, on the addi-
tion of a few drops of an ammoniacal solution of oxalate of ammonia,
a white turbidity make its appearance, the presence of Zime is proved,
Although lime is rarely absent from any drinking water, the quantity

resent should be very small ; and if therefore a strong white precipitate
thrown down by the above re-agent, the water must be pronounced to
contain more lime in solution than is desirable, especially for washing
urposes, for soap is decomposed by salts of lime and magnesia,
insoluble stearate and oleate of lime and magnesia being the results,
and thus large quantities of soap are actually lost, as has been more
fully shown elsewhere.

Another small quantity of the water is to be hoiled for half an
hour in a glass flask. If it become turbid, the presence of carbonate of
lime or magnesia is shown, which was held in solution by the carbonie
acid removed by boiling. This is in so far in favour of the water as
regards washing purposes, as by simply beiling it a part of the
hardness may be removed, which purpose may also be effected by
Clarke’s softening process. i " 1 :

If, on the addition of a drop of a solution containing f'e}-mnyamde
and ferricyanide of potassium and pure hydrochloric acid, a blue
coloration or precipitate ensues, the presence of dron is proved. *
Traces of iron are found in most waters, but larger quantities are
objectionable.

Nessler's reagent is added to another portion of the sam?]e con-
tained in a glass cylinder or test-tube. A rownigh-yellow coloration
or precipitation indicates the presence in the water of ammonia ; if
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the water become decidedly coloured, it is to be regarded as unfit for
drinking, or at least in a very suspicious condition.

Another test frequently employed with a view to determine the
quality of a water is the permanganate test ; but this, as we shall now
see, is very unreliable. _

On the danger of reliance on the permanganate test.—This test, as
is well known, acts by oxidation; that is, the permanganic acid, rich
in oxygen, gives up its oxygen to many substances, such as the
albuminoid organic matter present, in very variable quantities, in
nearly all waters; to nitrous aeid, also commonly contained in water,
and even to protoxide of iron, not unfrequently present in drinking

“water in small amount and in the combined state. Nitrie acid, like-
wise constantly found in impure waters in laige amount, being an acid
in the highest degree of oxidation of which it is susceptible, is unaffected
by the permanganate, so that this test gives no indication of the pre-
sence of that acid; besides which, there i1s no possibility, by means
of this test, of distinguishing between the hurtful and dangerous
organic matter and the comparatively harmless nitrous acid or iron; in
fact, the rule in using this test is to calculate all the oxygen abstracted
from the permanganate into albuminoid matter.

_ Now let us see more precisely in what way this test fatally misleads
in many cases,

A water analysed in the author’s laboratory furnished the subjoined
results per 70,000 grains :—

T Organic | Equalto Oxygen
Total solids hi:'ﬁlg,:&qﬂﬁ Equal nitrogen from| albuminoid required by
3 andtibeies to nitricacid. | albominoid | organic organic matter,
; ammonia. | matter, nitrites, &e.
12008 2-30 | H87 0011 014 052

—

Now, it will be observed that the albuminoid organie matter—the
really important element in potable waters—is, in this case, very small,
and yet a very large quantity of the permanganate was destroyed by
the nitrous acid, which was present in large quantity ; therefore had
only this test been relied pon, and had the oxygen been multiplied by
8, as the rule is, it would have given 4'16 grains of albuminoid organic
matter in place of only 014 per gallon, and thus the water Wﬂlﬁn‘l be
made out to be much worse, and 1n a more dangerous state, than was
really the case,

The following instance is still more instructive. The water was
sent, accompanied by the intimation that the party sending it believed
it was a good water, as it had no action on the permanganate test : but
that, since a medical gentleman in the town had deelared it to 'l:ua? bad,
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it was deemed advisable to have a second opinion. On analysis, the
results obtained were as follow :—

] Organic Equal to Oxygen
Total solids. | "hllfgfﬁ,_ﬂtﬂ;“‘q‘ Fqual  |nitrogen from| albuminoid | required by
o aniinitetes tonitricacid.| albuminocid organic organic
1 ammonia. matter. matter.
5810 18 11-55 0-006 0-07 None.

The parties, therefore, who sent the water were quite correct in
stating that it had no, or only a very trifling, action on the per-
manganate ; but the inference that it was a good and safe water to
use was fallacions and dangerous, for this water contained over 113
grains of nitric acid; thus showing that it was subject to extensive
pollution, though at the time of the examination nearly all the nitrogen
was converted into nitric acid. But this process might not, from
various circumstances, be always thus perfectly performed, and then
the water might become deleterious and productive of disease. Here,
then, we have a striking illustration of probable danger in the use of
this test; and, since any mistake of this kind might involve health,
and even life, it is manifestly wrong to place any reliance on this single
test, uncontrolled by other results.

A third case, in which reliance on this test wounld have seriously
misled, is the following. This water, on analysis, gave the subjoined
results :—

[ Organic Oxygen
Total solids N':’;ﬁfﬂ:&m Equal nitrogen from aﬁ%ﬁ%ﬂtﬁ a required by
S R niirites to nitric acid. | albuminoid | = a4ar organic
G ammonia. ' matter.
121-10 27 20-32 0024 0-30 0061

In this sample the mineral constituents amounted to no less than
121 grains, and the nitric acid to over 20 grains per gallon; and yet
only a very minute quantity of the permanganate solution was de-
colorised.

Lastly, a fourth water on analysis was found to furnish the follow-
ing results :—

| y Oxygen
o Organic YES
Nitrogen, a8 | .. Equal to required by
Total solids. | nitrates '“t':;ge:;lrﬁf’f’ albuminoid ngfmda of | organicmatter
and nitrites, | ® “E z:ial matter. X and oxide of
| ammonia. feon.
23:00 None. | 0-01 012 0+39 0-095
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In this case the quantity of albuminoid matter was small, yet
a relatively very large quantity of the solution was decolorised,
owing to the presence of the protosalt of iron. This water, really
very pure, would, therefore, have been condemned by any person not
experienced in such matters, using this test. :

II1. Quantitative analysis—The quality of a water for either
drinking, cooking, or washing purposes, depends chiefly upon two
classes of constituents—organic matter of vegetable and animal
origin, non-nitrogenous, nitrogenous and mineral matter. But even
hig?hljf impure water contains only a few hundredths per cent. of solid
matter in solution, so that the quantities the chemist has to deal with
are usually extremely minute, especially as regards organic matier.
Many methods have been proposed for the estimation of this latter,
but even at the present time the problem cannot be considered to be
perfectly solved, although much has been achieved in that direction
and many valuable results have been obtained.

The organic nitrogenous matter changes under the influence of the
oxygen of the airinto nitric acid. We have, therefore, not only to direct
our attention to the estimation of the orgamic matter present in the water,
but also to that part, which has been oxidised, to the nitric acid, which
gives therefore tﬂe indication of what has been called * previous sewage
contamination.’ But nitrie acid in water may be derived from another
and totally different source—from the atmosphere. Wherever evapo-
ration is going on, on a large or small scale, nitrite and nitrate of
ammonia is formed, which salts are, therefore, always contained in the
atmosphere, from which they are washed out by rain in its descent to
the earth. Rain-water, therefore, contains nitric acid and ammonia, as
has heen before shown; these substances, however, not amounting,
according to Frankland, to more than 0-024 nitrogen for the nitric acid
and 0-008 for the ammonia, equal to 0°032 in 100,000 parts of water.
This quantity of nitrogen, when found in a drinking water, might
therefore be derived from the atmosphere, but any larger amount
must be due to contamination with animal matter,

Lstimation of the organic matter.—~Two processes are at present
employed in this country for estimating the organic matter in water:
the one, devised by Mr. Wanklyn, founded upon the fact that these
substances give up their nitrogen in the form of ammonia by the action
of a boiling alkaline solution of permanganate of potash; the other
attempts a direct estimation of the nitrogen and carbon by heating
the residue obtained by evaporation of the water with oxide of copper,
and collecting and measwing the gases produced—chiefly nitrogen
and carbonic acid—this latter method was devised by Professor
Frankland. Besides these two methods several others exist, but as
they are very imperfect and superseded by the two just pointed out
we think it unnecessary to describe them, J
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AMMONIA METHOD OF WATER ANALYSIS,

Requirements of the method. 1. Nessler's Reagent.— Dissolve
35 grammes of iodide of potassium in a small quantity of distilled
water, and add to it a strong aqueous solution of bichloride of mercury
(corrosive sublimate), which will cause a red precipitate that disappears
on shaking up the mixture. Add the solution of Eichlnr'lde of mercury
carefully, shaking up as that liquid is added, so as to dissolve the pre-
cipitate as fast as it is formed. After continuing the addition of -
chloride of mercury for some time, a point will ultimately be reached
at which the preeipitate will cease to dissolve. When the precipitate
begins to be insoluble in the liquid, stop the addition of bichloride of
mercury. Filter. Add to the filtrate 120 grammes of caustic soda in
strong aqueous solution (or about 160 grammes of potash).

¢ After adding the solution of allali as just described, dilute the
liquid so as to male its volume equal to one litre. Add to it b ce. of
o saturated aqueous solution of bichloride of mercury. Allow to guh-
side, and decant the clear liquid, which is the Nessler Reagent.’

We have given the preparation of this liquid in Wanklyn's own
wordsg, since it is the basis of the whole method. The reagent Improves
by age, so that it is advisable to make a large quantity, say one litre,
at once. On exposure to the air :t becomes turbid ; it should be kept,
therefore, in a well-stoppered bottle. With ammonia, or salts of
ammonia, this liquid forms a brown precipitate, or, if only very little
ammonia be present, a yellowish-brown colovation. The delicacy of
this reaction is extreme, sinee it is nof difficult to recognise 55 of a
milligramme of ammonia in 100 ee. of water, or equal to 2:5 parts in
10,000,000. The depth of colour varies with the quantity of ammonia

resent.

P 9. A standard solution of ammonia.—This is made by dissolving
(0-3882 grammes of sulphate, or 0'315 grammes of pure chloride of
ammonium, in one litre of perfectly pure distilled water; 1 ce. of this
solution contains - milligramme of NH,. A second fen times weaker
solution is prepared by diluting 100 ec. of this liquid with 900 cc. of
pure distilled water, 1 ce. of this solution containing, therefore, ;5 milli-
gramme of NH. b

9. Pure distilled water, or Water free from ammonia, 18 Tepared by
distilling water as rapidly as possible. The first quantity which passes
over contains ammonia, the amount of which, however, decreases as
the distillation progresses, and after a short time the water, tested
with Nessler's Reagent in o test-tube or glass cylinder, will be found
to be perfectly free from ammonia,

4, A saturated solution of carbonate of sodais prepared in the follow-
ing way :—Anhydrous carhonate of soda, or bicarbonate of soda (which
is easier to obtain in a dry state), is heated in a platinum basin to &
red heat for about twenty minutes, and then dissolved while still hot
in pure distilled water.
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5. An alkaline solution of permanganate of potash.—Dissolve 200
grammes of canstic potash and 8 grammes of erystallized permanganate
of potash in one litre of water, and boil the solution for at least one
hour, to expel any ammonia.

Tt is not possible to bestow too much care upon the preparation of
these liquids, and upon the cleaning of the vessels used. As we have
said, the Nessler's Reagent is extremely delicate; each trace of
ammonia gives a yellow coloration with it—in faet, it is the most
sensitive of all reagents known. The utmost cleanliness is to be
observed ; bottles containing ammonia should not be opened before
or during the operation, and the apparatus used should be protected
from dust during distillation,

A retort capable of holding 1,500 ee. when in position for distilla-
tion, with well-fitting glass stopper, is connected with a Liebig’s con-
denser by a piece of indiarubber tubing ; about 500 ce. of pure distilled
water are then introduced, and heated to boiling by a gas or spirit
lamp. The steam which iz produced cleans the apparatus much more
effectually than could be done by any other means, The condenser is
kept empty at first, till the steam has heated it thoronghly, and
then filled with cold water. The condensed water is tested for
ammonia, and the distillation continued till no further trace of that
substance can be discovered. 15 ce. of the saturated solution of
carbonate of soda are then introduced and hoiled with the water.
The distillate is to be tested again. It should be free from ammonia,
thus proving that the solution of carbonate of soda is pure. If not, this
solution is to be hoiled for an hour. If then found pure, 50 cc. of the
solution of permanganate of potash are measured into the retort, and
tested for ammonia in the same way. All reagents must be free from
even a trace of that substance.

If all be in right condition, the estimation of ammonia in the water
to be analysed may be proceeded with.
 Estimation of free ammonia.—500 ce. of the water are measured
mnto the carefully-cleaned retort; 15 ce. of the carbonate of soda solu-
tion are then added, and the mixture, which commonly turns turbid,
caused by the precipitation of the salts of lime and magnesia contained
in the water, distilled till the last 50 cc. of the distillate contain no
more ammonia—.e., till Nessler's Reagent fails to produce the slightest
yellowish tinge with the distillate. It is commonly sufficient to distil
from 150 to 200 ce.—in most eases less will be enough ; and it is only

I very bad water that the distillate contains, even after that, more
ammnmaonia,

The distillate is to be transferred to eylinders holding about
110 ce., graduated at 100 ce.; 100 cc. of the distillate, which
now contamns all free ammonia, are used, and 1} or 2 ce.
of Nessler's Reagent added to it. The colour is to be observed, and
from a bgrette so much of the standard solution of ammonia which
containg in 1 ce. ;57 milligramme, is to be filled into another similar
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cylinder as may be thought necessary to produce the same depth of

coloration with Nessler's Reagent if diluted with distilled water to
© 100 ce. Both liquids are allowed to stand for at least ten minutes,
nd then the colour is observed. .If the coloration of both liquids be
equal, both contain the same amount of ammonia. The quantity of
the volatile alkali contained in the one cylinder is known, since a
measured quantity of standard ammonia solution has been introduced.
The amount of ammonia contained in 100 ce. of the distillaté must be
equal to this added amount. If, on the other hand, the coloration of
the two liquids be different, a third cylinder is to be filled with the
pure distilled water, a smaller or larger amount of standard solution
than at the first experiment being added, and 13 cc. of Nessler test,
and after another ten minutes the colour is again observed. With a
little practice it is easy to judﬁ with considerable accuracy how much
of the standard solution is to be used. An example will illustrate this
deseription.

500 ce. of water have been subjected to distillation. 200 ce. of dis-
Hllate contained all the free ammonia, 100 ee. of this distillate were
£lled into the eylinder, and 13 ce. Nessler test added. 3-5 ce. of standard
ammonia solution dropped into a second cylinder, diluted with 100 ce.
of pure water, gave with Nessler test too light a coloration. It is not
advisable to add more of the standard solution to the liquid, since it
always turns turbid if the Nessler test be added before the ammonia.
Into a third cylinder 3:8 ce. were filled and tested as before; colora-
tions equal. 100 ce. of the distillate contain, therefore, so much of free
ammonia as are contained in 3'8 ce. of standard solution—namely,
0:000038 crammes. The total distillate (200 ec.) contains, therefore,
0:000076 NH,, or, what is the same, 500 cc. of the original water con-
tained 0-000076 of ammonia. 100,000 parts of water contain, there-
fore, 0:0152 parts of free ammonia.

Estimation of albuminotd matter.—The residue in the retort, from
which all free ammonia has heen expelled, contains unaltered the albu-
minous organic matter. 50 ce. of the allzaline solution of permanganate
are added to it, and the mixture distilled as before. The nitrogen of
the vrganic matter is liberated during the distillation as ammonia,
passes through the condenser, and is collected and estimated exactly as
the ¢ free ammonia.’ Much has been said for and against this pro-
cess. Wanklyn himself admits that the whole of the mitrogen is not
obtained by this method. We shall consider below the merits and the
defects of the process,

In the case of bad waters the inner surface of the retort is covered
with a thin film of dioxide of manganese, which causes the liquid to
hoil very irregularly, to bump with great force, and rise even so high
as to colour the distillate red, which is then to be poured back into
the retort. A few pieces of tobacco-pipe, heated previously to destroy

any organic mat