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“ The handbook on ¢ Water and Wulcr Supplies,” by Dr. Attfield, which
includes a description of the chief unfermented beverages, is an exceedingly
valuable condensation of the facts with which it deals, and explains the whole
question of the sources of water, and of its chief purposes in nature, in a very
clear and accurate manner,”



INTRODUCTION

To quench thirst and to satisfy hunger are the first-born
instincts of animal nature. They begin with life, they are co-
extensive with life. At first these desires are mere desires,
and with the mere animal they so remain. With man, how-
ever, instinct and insight go hand in hand. He looks into the
inherent qualities of what he eats and drinks, seeks to know
something of the action of the foods and fluids, and is
anxious to be assured of their purity and efficiency. To
the more earnest of such inquirers into the natural and
cgeneral qualities—not of solid food but—of beverages, this
Handbook is especially addressed. Questions respecting
solid food will be answered elsewhere, Indeed, the class
of aleoholic drinks will be treated in a separate manual.
Water, aérated beverages, those called tea and coffee, with
some similar unfermented fluids, and even cocoa, chocolate
and milk, will be fully considered in the following pages.

Section I. treats of Water and Water-Supplies ; Section
I1. includes Mineral Waters and Aérated Beverages ; Section
I11. is devoted to the Purification and the Analysis of
Water; in Section IV. are grouped Tea, Coffee, other
“ Teas,” Cocoa, Chocolate and Milk.

The Handbook is written at the request of the Executive
Council of the International Health Exhibition, held in
London in 1884.

A

17, Bloomsbury Square, London,
May 1, 1584,
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V\L‘&TER AND WATER-SUPPLIES.

CHAPTER I.

WATER—ITS RELATION TO HEALTH—COMPOSITION—NATURAL
HISTOREY.

WATER is the basis of all beverages. Even when used as
a vehicle for carrying alcohol into the system, or for con-
veying the stimulating principles of tea and coffee into the
body, or as a medium for nourishing matter, the water of
the resulting beverages, in so far as they are beverages, is
what satisfies thirst ; it is the water that supplies the wants
which assert themselves in the desire termed thirst. In
dwelling on this fact for a moment, let us take an illustration
from the class of stimulating beverages. A tea-cupful of
tea, as poured from the tea-pot, is almost wholly water. It
does not contain more solid matter dissolved from the leaves
of the tea than would add a wafer-like covering to a shilling.
No doubt that wafer is extremely potent, and has important
stimulating functions to perform, as will be pointed out
presently ; but so far as the cheering cup is a beverage, so
far water makes it a beverage and gives it properties not
imparted by any other fluid. Another illustration, this time
from nourishing beverages. In half a pint of senuine milk
all but about a table-spoonful is water. That table-
.. 12.] B



2 WATER AND WATERSUPPLIES.

spoonful is invaluable as nourishment, but so far as milk
satisfies thirst it does so by virtue of the water which forms
seven-eighths of its bulk. In short, not only is water itself
the prime beverage of life, but the one foundation of all thirst-
allaying beverages. Aqueous fluids alone quench thirst,
water alone satisfies this craving—a craving common to man
and all animals ; nay, looking no further than the drooping of
leaves during drought and their comparative firmness and
flexibility after rain, a craving as irresistible, apparently, in
the vegetable as in the animal kingdom.

Whence comes our periodical desire to drink water or
water-containing fluids? It may be said to arise from an
inbred necessity for the maintenance of the composition
and function of every tissue in the living frame. The
brain, the heart, the lungs, the muscles of the arms and
legs, every organ has its normal and natural proportion of
water. Even bone contains much water. In a man of
average weight, say 140 pounds, quite 100 pounds is water.
Water contributes to the flexibility, extensibility, and con-
tractility of the limbs and the more vital organs. TFurther,
it is the medium which conveys food and its products to
and from every part of our system. Not more certainly
is the merchandise of the world carried to and fro by its
water highways, or the waste of the world carried down
its rivers to the sea, than is the food and waste of the
microcosm called man carried to and fro his frame by the
watery fluid in his veins and arteries. Similar remarks may
be applied to animals generally ; and to the vegetable
kingdom. A block of cut wood, straw, hay, wheat grains,
rice, etc., contain only 12 to 15 per cent. of water ; but the
living structures of potatoes, green peas, apples, parsnips,
and the whole plant of clover or growing rye, contain 75
to 85 per cent. ; cabbage, carrot, French bean, mangold,
onion, turnip, 85 to go per cent. ; lettuce and water-cress 95 ;
and grapes, peaches, and strawberries a still greater amount
of water. The presence of a due proportion of water in every
animal and every vegetable is obviously an indispensable
condition of health and of life.
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To obtain a thorough knowledge respecting beverages, a
thorough study of water is indispensable.

Just one reflection before proceeding to that study.
When all in man that is dear to man has left man’s mortal
frame, his body is placed in the ground. There, only too
commonly, its hundred pounds of water slowly convey its
forty pounds of other matter, mostly as loathsome and
poisonous products of decay, to those wells and water-
courses, which afford us one of the prime necessaries of life,
namely pure water, and which, therefore, should be jealously
guarded from any such dreadful contamination. Sooner or
later, no doubt, but possibly after much mischief is done,
the harmful products of decay are converted into harmless
gases. Contrast this picture with another. In the course
of a couple of hours, by a more ancient and more simple
process than that of burial, the body might be converted
into the selfsame gases, with ashes preserved instead of
distributed, and without the intermediate risk of the dead
doing such terrible harm to the living. How much longer
will a misguided sentiment, an ill-guided superstition, or
simple ignorance, sanction the poison-breeding process of
interment, when the highest religion and the best interests
of humanity point to the harmless practice of cremation ?

HHistory of the Composition of Water.—The history of
water up to a date so recent as 1782 is the history of its
obvious physical properties and uses. Those properties
and uses will presently be described ; but to write their
history, even regarding water oniy as a beverage, would
be to write a part of the history of civilization and of
human instincts. Such treatment would be out of place
in this Handbook, as it would be beyond the powers of the
author, A few sentences may, however, be given respect-
ing the history of the question of the composition of
water.

France and England have contended for the honour of
having first discovered the composition of water. But
while all allow that Lavoisier first showed how water could

be decomposed into its elements, to Cavendish and to Watt
B 2



4 WATER AND WATER-SUPPLIES.

must be awarded the merit of having previously shown how
it could be composed from those elements. As between
Cavendish and Watt there can now be little doubt, thanks
to the testimony of De Luc, a countryman of Lavoisier,
that while Watt—James Watt, the great engineer—in 1783
cgave the first satisfactory account of the composition of
water, Cavendish—the Honourable Henry Cavendish, the
younger son of Lord Charles Cavendish—in 1782, if not
earlier, first demonstrated by experiment that hydrogen and
oxygen, being mixed in due proportion and properly
united, were entirely converted into water. Dr. George
Wilson, in his Life of Cavendisk, writes as follows : “ For
Cavendish I claim that he was the first who observed and
inferred that water consists of hydrogen and oxygen ; and
to Lavoisier I assign the merit of having simplified and
perfected Cavendish’s conclusion, and of having been the
first to prove the composition of water by analysis. I
acknowledge Watt to have been an independent and
original theorist on the composition of water, and to have
largely contributed to the dissemination of the true theory
of its nature.” Cavendish first discovered the composition
of water, by synthesis. Lavoisier afterwards proved the
composition, by analysis. Watt confirmed the discovery.
LEqual honour to these three great men, each of whom,
with equal zeal and singleness of purpose, was seeking
after truth, if haply he might feel and find and with
reverent courage draw aside the veil that hitherto had hidden
that truth from all eyes; and it is certain that either would
sooner or later have made the great discovery. For that
was the time when the art of obtaining elements from com-
pounds, and of making compounds from elements, was just
bursting into activity ; the period when those three men, with
Scheele and Priestley, and others in various parts of Europe,
were applying methods of research that must necessarily, as
we now see, result in such discoveries. A true system of
chemistry, that is to say, chemistry as a definite art and as
a science, resulted from these labours, and, not long after-
wards, from those of men like Dalton and Davy. No doubt
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very many of the facts and operations we now term
chemical have been known as isolated items of knowledge
for centuries. Thus, the ancient Egyptians made glass,
soap, and vinegar ; and the Greeks started the idea that
matter was composed of a few elements, imagining earth,
air, fire, and water, to be elements. DBut the true relation
of elements to compounds and compounds to elements, and
the great general principles which interlace and bind
together separate facts, the principles which from their
extensive application and importance are denominated
laws, have been brought to light since the year 1770.
Chemistry as an art and a science is little more than a
hundred years old.

Composition.—Water, then, is composed of the elements
oxygen and hydrogen—called elements because by no
known means can we further divide, break up, or decompose
these and the sixty to seventy other similar bodies of
which all terrestrial and, as far as we know, celestial matter
is formed. Both oxygen and hydrogen are now perfectly
familiar to chemists and other specialists, though not to
the general public to whom this Handbook is addressed.
For although one-fifth of the air we breathe is free
uncombined oxygen, and although this element forms the
life-sustaining part of the air, nearly four-fifths of the air
being mere diluting matter, it is invisible, inodorous, and
tasteless ; and an element having these negative properties,
and being so regularly inhaled that we scarcely ever take
note of its entrance or exit, is too intangible and unobtrusive
to enable all to realise its true characters. The majority of
people are still less intimate with hydrogen. For it also is
an invisible gas and, unlike oxygen, does not ordinarily
exist in the free state in nature. In the combined state,
however, besides being a constituent of water, it forms part
of coal, wood, fats, oils, etc,, and hence, is extremely useful
to us when we require artificial heat or light. Oxygen is
casily obtained in the free condition, by heating one of the
many substances in which it is contained. Hydrogen also
is readily produced in the free state when water, zinc or
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iron, and a strong acid are brought together. Each may
be collected in indiarubber bags or other receptacles by
aid of tubes communicating with the generating vessels.
The diluted oxygen in the air being the element which
supports the combustion in our fires and flames, lamp or
candle, pure undiluted oxygen is used, as might be expected,
when intense fires or flames are wanted for manufacturing
or other purposes. Free hydrogen is sometimes used for
inflating balloons, for, although more expensive than coal-
gas, it is much lighter ; indeed, it is the lightest material
known to us.

The foregoing few words will perhaps enable the reader to
understand the general nature of the two elements of which
water is composed. Should more thorough familiarity be
desired, the preparation of a gallon of each of the elements,
with the aid of an expert, is recommended, as well as the sub-
sequent performance of a few experiments with each of these
gases. Prominent among the experiments let two volumes
of hydrogen and one of oxygen be mixed in a small strong
dry bottle—a soda-water bottle—and a flame be applied to
the mouth of the vessel. Some noise follows, and the sides
of the bottle are bedewed with moisture—water. This
was Cavendish’s famous experiment, a special bottle quite
closed being employed, and the mixture being ignited by
an electric flame passed between the ends of two wires
fixed into the sides of the bottle. Conversely, pass a
current of electricity from an ordinary battery through
water, by properly immersing the ends or poles of the
battery in the fluid. From one pole oxygen is obtained,
from the other hydrogen. To every volume of oxygen
there will be obtained two volumes of hydrogen. Thus is
the composition of water proved both synthetically and
analytically, It yields two volumes of hydrogen and one
of oxygen, it is produced from two volumes of hydrogen
and one of oxygen. If the volumes happen to be wine-
bottlefuls, each such quantity of hydrogen will weigh
about one grain, and the wine-bottleful of oxygen will
weich sixteen grains for oxygen is sixteen times heavier
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than hydrogen. There will be two wine-bottlefuls or two
orains of hydrogen and one wine-bottleful or sixteen grains
of oxygen; by weight, two of hydrogen to sixteen of
oxygen or one to eight. In other terms, nine tons of water
are composed of one ton hydrogen and eight tons oxygen.

It was necessary to state thus much respecting the
elementary composition of water for two reasons. First,
because of the extreme interest of the facts themselves ;
portions of the sum total of truth which need not the
support of mere belief, but are demonstrable at any time
by any man. Secondly, because the inquirer into the true
nature of beverages must be prepared to learn that a part
of the water taken into the systems of animals or vegetables
ceases to be water, its elements uniting with other elements
to form the growing individual, and only reuniting to form
water when the animal or vegetable tissues are burned :
burned rapidly in our fires and flames, as oil or wood, etc,,
less rapidly in our own frames in the form of that portion
of food which maintains our warmth, and very slowly in
the process of slow decay.

In connection with the composition of water, attention
may be directed to one more truth of far greater importance
for its own sake than for the slender connection it has with
water regarded as a beverage. It has been stated that
water is composed of eight parts by weight of oxygen with
one of hydrogen ; say eight ounces, that is, half a pound of
oxygen with one ounce of hydrogen, forming nine ounces
of water. These are round numbers. It would perhaps
be more correct to say that one hundred thousand pounds
of water (ten thousand gallons, or a cistern nearly eight yards
long, eight wide, and one yard deep) are composed of 88,864
pounds of oxygen to 11,136 pounds of hydrogen* Not
88,865 pounds of oxygen nor 88,863 pounds, but exactly
and afways 88,864. Here absolutely no wvariation is
permitted. When we mechanically mix things, which we
do every day of our lives, the proportions are quite subject
to our will or judgment. We may mix a few leaves more

=H =15 0=15"96,


































































































































































































































































































































































