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" PREFACE

The continued favor which has been shown to my book en-
titled ‘“Foods; and Their Adulterations’’ inspires the hope that
this volume which is a companion to the food volume will receive
equal support.

In view of the fact that the sentiment for prohibition has
gained so rapidly in the country as to result in the submission
of a constitutional amendment, for national prohibition, to the
legislatures of the several states for ratification, many have sug-
gested that a description of alcoholic beverages may be out of
place. Just the contrary is the case. The American citizen
who desires all the information possible in making up his mind
on this question will certainly be helped by a knowledge of the
origin, manufacture, chemical composition and geographical dis-
tribution of the various forms of alcoholic beverages, both fer-
mented and distilled.

The rapidly increasing use of fruit juices demands a promi-
nent place in this volume, for their description and composition.
The many types of so-called soft drinks, which willundoubtedly
have a greater vogue as the area in which alcoholic beverages
are manufactured and sold decreases, warrant a rather full de-
scription of them here. The so-called medicines which consist
chiefly of alcohol, and which are held by the Bureau of Internal
Revenue as non-medicinal but alcoholic, are fully described.

Proper space is also given to a discussion of our most popular
beverage, coffee, and its related products, tea, cocoa and chocolate.

Water is the typical beverage and in the hope of its coming into
more general use it occupies the place of honor in this volume.
With potable water, naturally, mineral waters both artificial
and natural are included. Milk, another national beverage,
has already been described in the volume on “Foods; and Their
Adulterations.”

With each subject treated are described the common adultera-

tions and misbrandings which may be practised therewith.
v
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vi PREFACE

Every endeavor has been made to secure accuracy of state-
ments and data. The latter are taken chiefly from official sources.
It should be understood that this book was not written for the
scientific investigator but for the average, sober-minded, reason-
ably well-educated American citizen, who is daily taking a greater
and deeper interest in what he eats and drinks.

HArvey W. WILEY.
WasmHiNGTON, D. C.
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INTRODUCTORY
BEVERAGES

Definitions.—Beverages, as distinguished from foods, are those
substances which are consumed in a liquid state and which may or
may not have food value. There is no legal distinction between a
food and a beverage. Beverages in the food law are defined as
part of food. In general it may be said that all products which
require mastication are foods in the common acceptation of that
word. All liquid products which are consumed as or with foods,
or for quenching thirst, requiring no mastication, may be classed
under the common appellation of beverages. Water is a beverage
and so classed by the food and drug act and by regulations and
court decisions thereunder.

Beverages of a Two-fold Character.—It follows from the
above that beverages are conveniently divided into two great
classes, the bases of which depend upon the point of view of
the utility of the article consumed. Such products as milk,
sweet cider, fruit juices, extracts containing food properties, and
similar condimentals, serve as foods; while at the same time they
may be condimental, in other words, appealing to the taste.
On the contrary, things which are consumed in a liquid state
which have little or no food value, belong to the purely condi-
mental class of beverages. As types of these bodies there may
be mentioned tea, coffee, ginger ale, mineral waters, potable
waters, and others of similar character.

A sub-division may also be made of those beverages which
contain toxic properties, either natural or added. Among these
in the first rank are all alcoholic beverages, especially distilled.
In addition to these, coffee and tea as well as wine and beer may
be classed in this sub-division because of the toxic alcohol or
caffein which they contain. Among soft drinks, those to which
caffein or cocaine or other deleterious substances have been

added would be included in the sub-classification.
xiii



xiv INTRODUCTORY

Beverages for Quenching Thirst.—The primal use of the
beverage is to secure a sufficient liquid content in the fluids of
the body. Whenever for any reason there is need of more water
in the body, a sensation of thirst is developed. The common
expression of thirst is ‘“dry.” This term, however, has been
almost completely appropriated by the fictitious idea of what
thirst signifies. In other words, the desire for an alcoholic bev-
erage is now very commonly referred to as expressing the idea .
contained in the word “dry.” The phrase “I am so dry’’ which
occurs in the drinking song does not refer to any lack of moisture
in the body. The use of alcohol in excess develops thirst instead
of satisfying it. In like manner the use of excessive quantities
of common salt or other mineral substance of that nature requires
a larger quantity of water in the system to properly dilute the
saline contents of the liquids of the body.

There is only one beverage for real thirst, and that is water.
The character of water to be used in the satisfaction of thirst
will be the subject of special consideratiqn.

Difficulties of Description.—It is very difficult to undertake a
description of the beverages in common use without digressing
into the realm of hygiene and physiology, and it is still more diffi-
cult to do so without considering the ethical aspects of the ques-
tion. I wish it to be understood, first of all, that the object of this
book is not to discuss chiefly questions of health or hygiene, nor
of ethics, although this may be done occasionally by way of inci-
dental remarks. The object of this volume is to describe the
common beverages which we consume. It is important to know
their origin, their methods of manufacture, their composition,
and the proper conditions attending their transportation and use.
It is important that the informed citizen should know something
of the nature of these beverages other than that presented by their
commercial aspect. Especially should he know the difficulties
which attend the securing of a water supply suitable for potable
purposes. The various methods which have been practised of
securing this water supply, as well as the causes of contamination,
will be developed to a considerable extent because of their vital
importance to human welfare.

In so far as possible the personal experience of the author has
been called upon to furnish the principal data of this volume.
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It is not difficult, however, to imagine that no one person could,
even if he made a life-long specialty of the study, become person-
ally acquainted with all phases of the great industries connected
with the beverages of mankind. I have therefore endeavored, in
so far as I could, to draw my information other than that obtained
from personal experience and investigation from reliable sources.






PART |
WATERS

Pure Water.—Pure water, that is water which is not mixed
with any other substance, is practically unknown. To obtain
pure water artificially requires the highest skill of the chemist’s
art combined with the most delicate technique. Water has
been described as the universal solvent. Not only does it dissolve
many other liquids, but acts upon most solid bodies producing a
greater or less degree of solution, and particularly does it dissolve
the gases with which it may come into contact. For this reason
water also dissolves the materials of its containers, especially
if they be glass, the degree of solution being very marked insome
kinds of glass and less marked in others. By reason of its tend-
ency to dissolve matters of this kind water can only be secured in a
pure state with the greatest precautions and by preparing it in
vessels to which it is inert. Pure water, in the strictest sense
of that term, is therefore a chemical curiosity and does not con-
cern us in any other way. The art of preparing pure water is
strictly chemical and does not form any part of the present dis-
cussion. The distilled water of commerce, when properly pre-
pared is free of living organisms and contains only minute quan-
tities of foreign bodies.

Water as a Beverage.—In this manual water will be considered
soleily as a beverage. The term ‘“beverage’’ has a wide application
and is often construed to apply only to artificial preparations.
Th s, however, is not a correct interpretation of the term. Under
theFood and Drugs Act of June 30, 1906, all beverages are regarded
as foods. Water is the most important of all beverages. It
is also an indispensable food. It forms a large part of all living
organisms—in fact the principal part of many of them, such as
the very succulent vegetables. The human body contains
approximately 70 percent of water. The importance of water

b 4



2 BEVERAGES

as a food, or in other words as a beverage, is therefore evident.
- Itis practically the one beverage which is universal in its consump-
tion. The abundant presence of water is necessary to life, both
animal and vegetable. The great deserts of the surface of the
earth are made so principally by the lack of water.
Classification of Water as a Beverage—Water is used as a
beverage in various forms. The principal source of drinking
water is found in the springs and wells. Spring water or well
water consists of the water which falls upon the surface of the
earth and either enters the surface of the earth directly or sub-
sequent to its forming streaims of greater or less size. Passing
through the earth the water absorbs the soluble principles with
which it may come into contact. When the quantity of these dis-
solved matters is not large there is formed ordinary spring or
well water. In water of this kind the amount of dissolved matter
is not sufficient to give any characteristic taste. Spring or
‘well water of this kind forms by far the greatest part of the water
used as a beverage in all except crowded centers such as the
towns and cities. When the water comes to the surface through
natural causes it produces the spring. When water is secured by
digging or boring into the earth there is produced what is known
as the well. Unless the material through which water percolates
is exposed to some infection spring and well water is universally
regarded as the most wholesome form of water as a beverage.
~ Rain Water.—Rainfall is often collected and stored in cisterns
and used for beverage purposes. As will be explained further
on, rain water is subject to many sources of pollution, particularly
by entangling matters floating through the air or collecting
débris off the roofs or other surfaces upon which it first falls.
This is particularly apt to be the case with the first portions of
the rain. In heavy and long-continued rains the portions which
fall toward the end of the precipitation are almost pure. They
‘contain very little solid matter in solution but usually are saturated
with the nitrogen and oxygen of the atmosphere and contain
more or less carbon dioxid; as rain water must also be regarded
melted snow either collected upon the roofs of houses or otherwise.
The water which comes from the melting of the snow has all the
characteristics of the water precipitated directly as rain. When
these waters have come in contact with the soil they begin at
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once to dissolve mineral and organic matters and lose their dis-

tinctive character as rain water. The melted snows of high - -

mountain peaks are believed to be the purest forms of rain water
that exist.

Stream and River Water.—Wlen the water flowing from the
surface of the earth or from springs collects into streams or rivers
it is often used as a source of the water as a beverage. Such water
is often taken directly for consumption or pumped into reservoirs
and distributed to crowded centers of population. Waters of
this kind form the principal supply of the large cities.

Distilled Water.—Distilled water, as recognized in the Pharma-
copceia, ninth decennial revision 1916, is described as “A colorless
limpid liquid, without odor or taste and neutral to the official
indicators . . . . . It should give no reaction for ammonia,
nitrates, nitrites, sulphates, chlorids, carbon dioxid. When 100
mils are evaporated on a water bath to dryness not more than
o.0o1 gram of residue should remain.”

Further, the Pharmacopceia requires that distilled water should
contain no organic matter. Distilled water is often used for
beverage purposes, but only in limited quantities. It is rarely
distributed for public consumption, but is usually prepared on the
premises where it is consumed, except in the case of bottled waters
or those which are regarded as imitations or artificial waters.
Distilled water has toxic properties for plants probably due to,
lack of plant food, and except for the reason that jt is likely to be
sterile and free from all soluble impurities is not highly regarded’
as a beverage. It is usually quite free of dissolved gases, has a
flat and insipid taste, and does not equal in potable properties
water from springs and wells.

Mineral Waters.—Mineral waters are those which have ex-
tracted from the soil and rocks through which they have passed
sufficient quantities of mineral matters to give them a distinct.
character. These dissolved matters are of the most varied.
character. They consist largely of the salts of the ordinary
bases, namely, soda, potash, lime, magnesia, and iron and more:
rarely lithia and radio-activity. The rarer elements are some-
times found in these waters, but only in minute quantities. Oc--
casionally poisonous principles, such as arsenic, alum and copper,.
are found dissolved in waters of this character. In general, it
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may be said that the use of mineral waters as a regular beverage
is not to be commended. These waters are useful for special
purposes, which will be described further on.

Chalybeate Waters.—Chalybeate waters are those which con-
tain a sufficient quantity of iron to give them a distinctive fer-
ruginous character. They are highly prized in many forms of
disease, the iron being supposed to be of a tonic nature. In
chalybeate water the iron which is in solution usually becomes pre-
cipitated on standing, either by oxidation or by the escape of
carbon dioxid from the solution.

Sulphur Waters.—Sulphur waters are those mineral waters
which contain sufficient quantities of compounds of sulphur,
chiefly hydrogen sulphid, to give them a distinct character.
These waters are usually recognized very easily by the
unpleasant—to most persons at least—and characteristic odor
of hydrogen sulphid pervading them. Elemental sulphur is
found separated from waters of this kind forming excretions of
greater or less extent around the orifices of the springs. Mineral
waters may at times contain sulphur dioxid in solution, but in
general the term sulphur water indicates a water saturated to a
greater or less extent with hydrogen sulphid.

Alum Waters.—These are mineral waters in which the sul-
phates of aluminum, either as such or in combination with other
bases, exist. These waters are extremely styptic in character and
have the characteristic taste and effect of weak solutions of alum.
. This whole class of mineral waters can only be regarded in the
light of remedial agents rather than that of beverages.

Alkaline Waters.—Alkaline waters are mineral waters in
which there is dissolved sufficient quantities of carbonate or
bicarbonate of soda or similar salts to give the water a distinct
alkaline taste and reaction. Alkaline waters are found particu-
larly in regions where the rainfall is deficient. The natural
rain not being sufficient to dissolve all the soluble matters in
the soil, these alkaline bodies, products of decomposition of rocks,
accumulate. During periods of heavy rainfalls which frequently
occur in such regions large quantities of these alkaline salts go into
solution and are carried into the earth. From this source are fed
springs and streams which furnish the alkaline waters at intervals
between the rains. These alkaline waters are esteemed in some
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localities for their medicinal properties, but are not suitable
for consumption as a beverage. Laxative waters usually contain
large quantities of sodium sulphate (Glauber’s salts).

Gypsum Water.—This is a form of mineral water in which
there is dissolved a large quantity of sulphate of lime, which
when it exists in a certain form of crystallization, is known as
gypsum. Thesewatershave a peculiar, bitter unpleasant taste,
and while used largely in some localities as a beverage they can-
not be regarded as wholesome when intended for constant use.

Hard Water.—The term hard is applied to those waters which
form a heavy curd with soap. The hardness is due to the solution
of excessive quantities of the salts of magnesia and other similar
mineral substances. Since these salts are found held in solution
by the carbon dioxid which the water carries, the boiling of hard
water will precipitate part of the mineral matters thus held. The
original hardness of such water is called the total hardness, and
the hardness which remains after the precipitation of the bodies
above mentioned the permanent hardness. The hardness of
water is more important from its technical use perhaps than from
its use as a beverage. Hard waters, however, on account of the
large quantities of mineral contained therein, are not suitable
for permanent consumption. Technically they are objectionable,
especially for use in boilers because of the coating of the boilers
produced by the precipitation of the mineral matters; often in
very firm layers, upon the surfaces of the boiler. This pre-
cipitation is often seen in vessels used in the kitchen where hard
water is employed. Various precipitants have been used in
order to diminish the hardness of water and make it suitable
for beverages and for technical purposes.

Treatrhent of Hard Water.—Inasmuch as the carbon dioxid
which a water naturally holds adds very greatly to the solvent
power of the water for mineral substances, it is evident that all
those substances which are held in solution in water containing
carbon dioxid may be precipitated by simply boiling the water.
~ This form of hardness is caused chiefly by the sulphates of lime
and magnesium, bodies which are more or less soluble in water
not containing carbon dioxid. The permanent hardness is cured
usually by treating the water with carbonate of soda, which con-
verts the calcium sulphate into calcium carbonate and precipitates
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it. The carbonate of soda also acts upon the Epsom salts, that is,
magnesium sulphate, converting it into carbonate and thus pre-
cipitating it. The quantity of carbonate of soda employed should
be adjusted to the amount of lime and magnesia sulphates which
are present.

If waters are excessively alkaline the treatment with bicar-
bonate of soda may not leave the water in a fit condition either
for drinking or for washing purposes. If there is a large quantity
of magnesium sulphate in the water the amount of sodium sulphate
formed is so large as to interfere with the emulsification of the
soap, thus interfering with the washing process. In such condi-
tions the use of freshly slaked lime is to be preferred to that of
carbonate of soda. The slaked lime converts the magnesium
sulphate into magnesium hydrate, which is precipitated, leaving
an equivalent amount of calcium sulphate in solution. If the
amount of calcium sulphate is considerable, however, a par# of it
will be precipitated. Thus, it is generally advisable to treat
hard water both with carbonate of soda and slaked lime. When
lime and carbonate of soda are both used in softening water, it is
advisable that the lime should be used first.

According to some authors the permanent hardness is caused
chiefly by magnesium chlorid and calcium sulphate. .

Method of Removing Hardness.—One of the common methods
of removing hardness is by means of soap. When a soap, which
is made with potash and soda as a base, is added to the water
containing calcium and magnesium salts the soap is decomposed,
and the fatty acid is set free in an insoluble state. It is upon this
reaction that the old method of determining hardness, known as
Clark’s method, was based. This process has been varied in
many ways by chemists in different countries, but the original
principle has not been departed from.

The hardness is usually estimated in the number of milli-
grams of calcium carbonate in a standard volume of water—
usually 100,000 parts. In England and America it is usually
determined by the number of grains of calcium carbonate in
an imperial gallon in England and a United States gallon
in America, which means, in England, the number of grains of
calcium carbonate in 70,000 parts, and.in America, in 58,381
parts.
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The methods of determining hardness of water will be found
in all works on water analysis.

Importance of Determining Hardness—In so far as drinking
water is concerned it is not important to know the hardness apart
from the quantity and kind of mineral matters contained. In
other words, for potable purposes, the hardness of water per se
is of no consequence. The effect of the mineral matters in solu-
tion upon the health and digestion are the principal things, in fact,
the only things to be considered in so far as drinking purposes are
concerned. For technical purposes, however, the matter is
quite different. Here it is of the utmost importance to know the
character of the dissolved mineral matter. If, for instance, water
is to be used in a steam boiler, the rapidity with which it coats
the tubes and sides of the boiler is a matter of grave consequence.
Often the tubes of the boiler become so coated with the deposited
mineral matters as to make it, almost impossible to generate
steam therein. The boilers are rapidly burned out, great damage
is caused, and danger of explosion engendered.

Wherever water is to be used for technical purposes, it should
be carefully examined, especially for its temporary hardness.

Salts which are very soluble, such as the chlorids of soda,
lime and magnesia, are of little consequence, but those which
are easily precipitated, like the carbonates, sulphates, etc., are of
great consequence. In such cases complete chemical analysis
would be required to determine whether or not a water is suitable
for purposes of this kind.

Water used for Irrigation Purposes.—It is well known that
certain mineral compounds, when they accumulate in the soil, are
extremely harmful to vegetation. Common salt is one of those
substances; carbonate of and sulphate of soda are also of this kind.
On the other hand carbonates of lime and magnesia and the sul-
phate of lime are not, as a rule, harmful, but often beneficial.
When a water supply is to be used for irrigation purposes, it is of
the utmost consequence that a chemist be called in to determine
whether or not the water has enough of objectionable mineral
constituents to render it unsuitable for the proposed purposes. In
this connection it must be borne in mind that the salts may accu-
mulate, and do accumulate, in soils which are subjected to irriga-
tion. Thus, if the water at first does not have a sufficien
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quantity of these objectionable salts to render it injurious, the
accumulation of these salts in the soil in a few years may render it
unfruitful. In such cases artificial drainage coupled with excess of
water applied between crops will preserve the soil from injury.

Soap may also be used for softening hard water. To determine
how much of the soap is necessary a solution of soap is made of
a definite strength, usually in the proportion of 20 grains to a
tablespoonful of rain or distilled water. This solution may be
made in a larger quantity and a tablespoonful of it added to a
pint of the water whose hardness is to be tested. After thorough
shaking the water is set aside, and the foamy lather which has
resulted should be permanent for at least five minutes. When the
correct quantity of soap solution is determined by experiments of
this kind, then the required quantity of soap can be added to large
quantities of water.

For ordinary hard waters, where facilities for making the fore-
going tests are not at hand, or the skill to make them is lacking,
very good results may be obtained usually by assuming a certain
average degree of hardness and proceeding as follows: Five
hundred gallons of water are treated with a solution of five pounds
of carbonate of soda in two or three gallons of water. Numerous
so-called boiler compounds are offered for sale, but they consist
essentially of some one of the ingredients just described.

In many cases water is sufficiently softened for bathing pur-
poses by the addition of a proper quantity of borax.

Mineral Matters Left in Softening Water.—Waters may often
be of such a character that the process of softening necessarily
leaves in the water a number of precipitated materials. Water
of this kind should always be allowed to settle; in other words,
be carried to sedimentary basins before it is used. In this way
gravity will speedily clear the water, since the precipitated matters
are always considerably heavier than the water itself. This proc-
ess, however, does not care for the soluble materials which are
left in the water, chiefly compounds of sodium. Thus the actual
state of the water in some cases after softening may be worse for
potable purposes than it was before.

Objections to Softened Waters.—Where waters are to be
used in steam boilers this is not so important, but where it is to
be used in the house for all kinds of domestic purposes, including
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drinking, it is an important matter. No process of chemical
treating can be regarded as restoring water to an ideal condition
« potability. No amount of sedimentation, for instance, will
remove soluble sodium salts and completely remove sulphate of
lime from solution. These bodies often give a distinct alkalinity
to the water itself, which may amount to from thirty to forty
parts per million. In such cases it is better not to attempt to se-
cure 2 complete softening of the water, but only a partial one,
since the original materials which make the water hard may be
less injurious than the residual materials which come from a com-
plete scftening.

Method of Correcting Alkalinity.—It may sometimes be desira-
ble to eliminate, to some extent, the alkalinity in the process of
softening water. According to Johnson! this alkalinity should
be limited to the smallest possible amount and rigid precaution
should be taken to overcome it. This is done by various methods.
The most common is that of saturating the water with carbon
dioxid. The carbonic acid unites with the excess of alkali and
forms a bicarbonate, which is quite effective in restoring the water
to neutrality or even in making it slightly acid. Any process by
means of which large quantities of carbon dioxid may be blown
through the water is effective. This process is necessarily expen-
sive and unless the source of carbonic acid is abundant and cheap
cannot be used in a commercial way.

If these devices for an excess of caustic lime or caustic soda
are not applicable, sometimes a good result may be reached by
mixing the treated with an equal amount of the untreated water,
which usually carries a considerable quantity of carbon dioxid
in solution.

Artesian Water.—This is a term applied to water which is
secured by deep borings into the earth. An ordinary well is usu-
ally under 1oo0—and at most 150 feet—in depth. If it is required
to go 200 to 500 feet in depth or more the water is usually termed
artesian. The term artesian is said to be derived from the town
of Artois in France where a deep well of this kind was first known.
Often in artesian wells the water rises above the earth’s surface
of its own force; in other words, it forms a flowing well. Any very
deep well, whether flowing of its own accord or not, is now regarded

1Water Supply Paper 315, U. S. Geological Survey, page 81.



I0 BEVERAGES

as an artesian well. The waters of artesian wells usually have
different properties from those which are derived nearer the
surface, because of their contact with different characters of solu-
ble matters. Many artesian wells yield sulphur, chalybeate,
or alum waters; in others the water is so impregnated with com-
mon salt as to be unsuitable for consumption; while in many
others the water is of excellent quality.

Driven Wells.—There are certain localities in which the under
layers of the soil consist largely of sand, through which water
percolates with more or less facility. The water which may be
secured in such localities by digging into the sand may be regarded
as a supply from Nature’s sand filtration plant. The most
economical method of securing a water supply from such sourges
is by means of a driven well. A ‘““driven well” is an ordinary
iron pipe driven into the surface by means of being attached
to a steel point, and as each section of pipe is added to that
which has gone below the whole tube is forced deeper into the soil
until it finally penetrates the water-bearing sand layers. The
first section of pipe which is driven into the soil is furnished
with finely perforated sides through which‘the water can enter
and all the particles of sand be excluded. The water usually
rises to near the surface of the earth and is removed by ordinary
pumping. Hundreds of wells of this kind can be put down under
favorable circumstances and be kept supplied to their full capacity
by the natural seepage of the water through the sand layers.
The quantity of water which can be secured in this way is of course
limited to the area and character of the water-bearing sand.
This method of supply is usually resorted to only for very small
cities. A very good quality of water is usually secured by this
method, due to the complete filtration to which it is subjected
in the ground.

Pure Water.—It has been stated that pure water can only
be regarded as a chemical curiosity. It is important in the
consideration of water as a beverage, to understand what the
term ‘“pure water” as ordinarily used implies. It is evident
that it does not relate to chemical purity, nor can it be applied
in any sense to limit in any particular way the various kinds
of substances which water used as a beverage may contain.
The term must be applied therefore in its common signification,
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namely, to mean water which is free from any infectious or harm-

‘ful germ or other living substance, free from contamination with
sewage or excreta of any character, and containing no greater
quantities of mineral substances than give it character as a potable
water. A pure water therefore may contain large numbers of
other substances without losing its right to that name. If the
use oia water does not tend to produce infection of any kind nor
to loac the system up with undesirable mineral substances, nor to
derangein any way the metabolic processes, it may be regarded as
pure.

The Vsual Constituents of Drinking Water.—Pure drinking
water incudes water drawn from the ordinary uncontaminated
sources of ‘he spring, the well or the running stream. Such water

" contains alvays the essential gases of the atmosphere in solution
with greater or less quantities of carbon dioxid, traces of other
gases, traces of common salt, of lime, of magnesia, of soda, of
iron, and maty other mineral substances. It is free from any
excess of organc matter, of ammonia or nitric acid, nitrous acid,
and chlorin derived from any other source than common salt. It
will hardly be ontested by physiologists and hygienists that
water of this desciption properly handled is better for constant
use as a beverage tan any of the other forms of water described.
In general, therefor\ the term ‘“pure water’’ may be applied to
water which does no\carry any diseases, is free from contamina-
tion with sewage or exreta, and carries only a moderate amount
of harmless and even hipful natural mineral constituents.

Peaty Water.—Waty which has collected over or passed
through deposits of decaing vegetable matter such as the peat
deposits which exist veryabundantly in all parts of the world
becomes saturated with orgmic matter and usually has a brownish
tint. Such waters are calld peaty. In many localities they
are regarded as of special vale, but it cannot be claimed on any
scientific grounds that they ariin any way superior or equal to
the pure waters described above. Peaty waters are highly valued
for some technical purposes and \re supposed to add a certain
flavor to certain products made thenwith, as for example, whisky,
especially Scotch whisky. There is\o real ground, however, for
the belief that the peaty flavor as suc js of any very great value
in Su.Ch cases. P eaty water is usually sgmarkably free of mineral
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constituents, and for this reason it probably extracts a larger
quantity of the mineral constituents of barley or other grains
with which it is brought into contact. To this extent it is perhaps
better suited than the ordinary spring or well water for use in
the preliminary brewing and fermentation precedent to distillation.

Location of Springs and Wells.—In selecting water as a
beverage the location of the spring or well is important. The
purest waters are those which, other things being equal, are least
exposed to the contamination incident to human life. Th: spring
which bursts from the mountain side far from any humana habita-
tion is as a rule less likely to be infected with sewage ¢r excreta
than if it is found in thickly populated districts. Wels existing
in the open country where there is only one farm louse very
near their location afford a better supply of water than wells -
existing in the city. Although cities at the presnt time are
usually supplied with perfect systems of sewage, which would
seem to prevent any contamination, yet the water from such
wells is looked upon by the highest medical authorities with a
certain degree of suspicion. To such an extentis this suspicion
carried that during the year 19o7 all the wels in the City of
Washington were ordered closed by the Health Officer. This was
done in spite of the protests of thousands sf inhabitants who
were using these wells and who preferred e water thereof to
the City supply derived from the Potomac. The Health Officer,
however, felt justified in closing these welk on general principles
and also by reason of the examination tlereof which disclosed a
degree of purity far less than that which saould be demanded from
waters from these sources. In the esablishment of a country
home where the natural supply of waer is to be depended upon
special care should be exercised in so bcating the house, the barns,
the stables and the out buildings as ‘0 render it practically impos-
sible to contaminate the water sipply of the family thereby.
The same precautions should alsc be observed in the digging of a
well. It should be so situated a not to be subject to contamina-
tion from the sources indicated

The Divining Rod.—In tle early history of the country where
settlements were made so fir from springs as to make it desira-
ble to locate a well, thers was a very wide-spread popular su-
perstition relating to the.ocation of the proper site for the well.
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The “water witch,” so called, or ‘wizard,” and his divining rod,
were important adjuncts to the location of the farm house. By
means of the divining rod the so-called water wizard was supposed
to locate a subterranean stream of water so that in digging the
well there would be no possibility of not striking a vein of flowing
water. It is not surprising that the water ‘‘ witch’’ achieved great
credit as being accurate in his prognostications, since it is well
known that it is almost impossible to dig a well anywhere in
ordinary geological formations without striking water at a reason-
able depth. The fresh branches of various trees were supposed
to possess the magic property of indicating water. Witch hazel
was the tree whose branches were usually preferred, though the
apple was very much in vogue. The divining rod was a twig with
two equal forks which were cut at convenient lengths. The
forks were held in the hands of the ‘“wizard” and the branches
extended in a horizontal direction. It was the popular super-
stition that in passing over a stream of subterranean water the
branch or twig would be pulled toward the earth, thus indicating
to the ‘“wizard”’ the proper locality for the well. An interesting
description of the use of the divining rod is furnished by Professor
F. H. King (Rural New Yorker, September 14, 19o7). This is an
account of an experiment conducted by Professor King together
with Professor T. C. Chamberlain of Chicago. The ‘‘wizard”
with whom the experiment was made was regarded as an intel- .
ligent, conscientious and honest man. He was interested in
nature and particularly in geology, and he thoroughly believed
that he possessed the power of locating veins of subterranean water
with the aid of the divining rod. Before starting upon his search
it was his custom to look carefully over the field and he would
fix his eyes upon a certain spot in the field. As he neared this
objective point the stick and his eyes changed their angle together,
so that as he crossed what in his judgment was a vein of water
both his eyes and the twig were looking downward. After locating
a vein of water by crossing and recrossing at various points he
believed himself able to locate where the flow of water would be
more or less vigorous. To the scientists who accompanied him it
appeared that he was disposed to locate the veins of water in
localities where his trained eye had learned that they were most
apt to exist, and his predictions of the veins of water and espe-
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cially of where they would give the strongest flow usually coincided
with the conditions of topography which would tend to concen-
trate the underground flow. Although the twig was repeatedly
observed to bend it was attributed to the unconscious muscular
effect of the operator, since both observers were of the opinion
that this motion was entirely unconscious on the part of the
“wizard”’ himself. The “ wizard” in question was very confident
of his ability to predict the places where water was to be found.
He had much less faith in his ability to predict the distance below
the surface. Mr. J. C. Hodges of Tennessee takes issue with
Chamberlain and King in regard to the divining rod being al-
together deceptive, and makes a strong argument in its favor.
{Rural New Yorker, October 12, 190o7). Mr. Hodges is quite of the
opinion that the explanation given that the man by his experience
would naturally locate a stream in a given position is erroneous.
He believes that the various streams, especially those which are
found in the Appalachian regions, can be found by the man with
the divining rod with almost absolute certainty. This is common
every-day experience. Not only are there places where wells
may be bored, but the depth and size of the streams are told
with certainty. Mr. Hodges himself claims that the divining
rod in his hands is practically reliable. He relates an instance
where he was blindfolded and led in this condition until he located
. a small stream. In succession a large number of streams was
located, each being marked with a peg when the divining rod in-
dicated the presence of the water. In this way he was led three
times to the same place and a peg was driven each time. After
the bandage was removed it was found that the three pegs which
were put down in this way were less than three feet apart. Mr.
Hodges claims that the force with which the divining rod is
drawn toward the earth is a measure to the magnitude of the
stream. The witch hazel, in his opinion, is the only divining rod
which can be relied upon. The term ‘“water witch” therefore
should be applied rather to the divining rod itself than to the
man who carries it. It would be if applied to him, a water wizard.
He records other instances to justify his belief in the efficacy of
the water witch. He confesses that he is not able to explain the
phenomenon but he is sure that it is of an electric character, some
men being charged with electricity as others are not. Mr.
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Hodges further asserts that the belief in the divining rod has not
been confined to the ignorant alone and many instances of its
power have been recorded by scholarly men. In spite of the elo-
quent argument of Mr. Hodges it must be admitted that modern
science can have little or no faith at all in the divining rod. It is
one of the superstitions which has had a long vogue but which is
rapidly dying out.

Common Names Used in Describing the Characteristics of
Natural Waters.—Unfortunately the use of adjectives in the
English language is attended with so much latitude that the
same term has often different meanings to different individuals.
The character of adjectives describing natural or polluted waters
has never been fixed by any national or international congress.
Investigators and authors usually follow their own inclinations
in descriptive terms, so that much confusion exists therefrom. :

The term “pure” is generally applied in common languag'e
to all clear waters that show no sign of color nor turbidity. ThJS
common distinction of course is very apt to be mlsleadmg
Waters may be pure in the above sense and yet carry disease-
producing germs which threaten health and even life.

The term “muddy” is applied to waters in which v151ble
silt is suspended in quantities that make the water opaque. This
condition is illustrated in the small streams after heavy rains
in localities where the soil washes readily.

The term “bog” is applied to waters which are in contact
with organic matter to such a degree and for such a length of
time as to acquire a brown tint.

The term “putrid”’ is applied to all waters, usually stagnant,
which acquire for any cause a bad smell.

From the sanitarian’s point of view water is ‘“polluted”’
when it contains any extraneous substance, derived especially from
the surface, which tends to give it any property threatening to
health. These pollutions may come from natural causes, that is,
the decay of organic matter naturally in the soil or on its surface,
or they may arise from excrementitious matter derived from
dwellings, barns, poultry houses or pigpens.

The water is said to be “infected’ particularly if it carries
any pathogenic germ of a character suitable to reproduce the
disease in the person consuming the water.
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Finally, from the sanitary point of view a water is “pure”
if it contains only the ordinary mineral substances which are
extracted from the soil by the water and which are not of a harmful
character, and when it is suitable for drinking and other domestic
uses. In this sense the word “pure’’ has quite a distinct significa-
tion from the same word used from the chemical point of view.

Composition of Water.—Chemically pure water is composed of
only two substances, hydrogen and oxygen. These materials in
the free state exist only in a gaseous condition. Oxygen forms
practically one-fifth of the volume of the atmosphere.
Hydrogen does not exist very largely in a free state,
though its occurrence in nature as hydrogen is some-
times observed. In nine pounds of pure water in
round numbers eight pounds are oxygen and one pound
hydrogen. If the composition of water is referred back
to the gaseous state of its two components, it is
found that two volumes of hydrogen combine with one
volume of oxygen to form water. The union takes
i% place on the application of a flame, with tremendous

violence. The strongest containers of mixtures of
hydrogen and oxygen in proportions to form water are
" ruptured with the greatest violence if the combination
Fic. 1.—Eu- takes place. The composition of water may be shown

diometer. very beautifully and very easily by an experiment
which produces its decomposition. If water containing an
electrolyte such as diluted sulphuric acid is subjected to
the action of the electric current hydrogen will be given off
at the negative pole and oxygen at the positive pole of the
electrical apparatus. If the negative pole be placed in one
arm of a bent tube and the positive pole in the |other, the
gases may be collected separately. This is illustrated in the
simple apparatus shown in the figure. The positive pole is
marked + and is found to be giving off oxygen; the negative
pole is marked — and is found to be giving off hydrogen. The
gases rise in the tube and are collected. It will be seen that the
volume of the hydrogen collected is just double that of the oxygen.
This form of simple apparatus is called by chemists an eudiometer.
If pure water with an electrolyte which cannot be decomposed is
used the resulting gases will be pure. Pure water is so poor a con-
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ductor of electricity that no decomposition will take place in the
apparatus described because of the inability of the current to pass
through the connecting arm filled with pure water between the
positive and negative poles. The addition of a few drops of
sulphuric acid enables the current to pass, while at the same time
the acid is not in danger of being acted upon appreciably by
the electric current itself. The result is that nothing is de-
composed except pure water, so that pure hydrogen will be found
in one arm of the apparatus and pure oxygen in the other. If
the operation be conducted over an inverted tube in which both
poles are in the same tube, the oxygen and hydrogen will escape
together gradually forcing the liquid out at the bottom of the
~ tube. :

Rare Elements Present in Water.—Attention has been called
already to the fact that water is a great solvent. It acts with
vigor upon many mineral substances in the soil and dissolves gases
and other materials in the atmosphere. Water thus charged °
with other re-agents becomes more active on certain mineral
substances. Thus the solvent power of water may be increased
for some substances by dissolving other substances therein. This
is notably illustrated in the case of limestone which is only slightly
soluble in pure water but very soluble in water carrying carbon

" dioxid in solution. Such water passing through layers of lime-
stone becomes heavily impregnated with dissolved carbonate of
lime. On the water emerging from the spring or the well the
carbon dioxid escapes and the excess of lime is precipitated.
When such water is boiled in the tea kettle all of the carbon dioxid
escapes and a part of the carbonate of lime is precipitated. In
families where such water is used the tea kettle may often become
incrusted with a layer of carbonate of lime. In addition to the
ordinary substances found in water, those which are of more
rare occurrence are frequently found. This is illustrated in the
fact that some waters contain small quantities of lithium, in fact
lithium seems to be a_very widely distributed element and is
found in many waters. As it will be seen further on, many
waters claimed to be lithia waters are not so in fact, but have
their lithium added after being taken from the source. There
are genuine lithium waters. These waters are usually highly
valued for medicinal purposes, though the value of the lithium

2
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therein as a remedial agent has been very much exaggerated.
Some still rarer elements, or at least those less known, are often
found in water. Among these may be mentioned argon and other
rare constituents of the air. Certain waters also exhibit phases
of radio-activity and have thus obtained a vogue as healing agents
far beyond their merits.

Interpretation of Water Analyses.—It is not expected that
the general reader of this work will have expert knowledge of the
method of interpreting analytical data. There are some funda-
mental principles of interpretation which can be applied even by
the layman, and a knowledge of which will help in the interpreta-
tion of the data which are given.

Purpose of Analysis.—The purpose of an analysis of water
varies with the use to which the water is to be put. From a
scientific point of view the purpose of an analysis is to give ac-
curate information concerning the composition of the sample.
From a potable point of view it is to determine whether or not
the water is suitable for consumption. From a technical point
of view the desired knowledge lies in the direction of the utility
of the water for the technical purposes to which it is to be applied.
Analyses are made of water, also, with a view of ascertaining what
action, if any, the water may have on the containing vessels carry- .
ing it or in which it is to be held. For beverage purposes, and
that is the principal purpose of this book, the analysis of water
would be particularly interesting from a sanitary point of view.
The presence of certain substances in water is connected more ot
less intimately with the potability of the sample, and the following
principles of interpretation may be applied with that point in
view.

Chlorin.—The presence of chlorin in a sample of water in-
dicates the existence therein of certain soluble chlorids. Among
these common salt is the most frequent. The presence of chlorin
in drinking water, due to a small content of common salt, is
normal and unobjectionable. Experience has shown that the
water derived from the springs and wells in places remote from
the ocean and from centers of salt deposits contains only a
very small quantity of common salt. If a larger quantity of
‘chlorin than would be due to this source is found in the water,
the first inquiry to be made is whether or not the source of it is
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near the ocean or a salt mine. If this is the case, the excess. of
chlorin is not open to suspicion. If, on the other hand, the source
of the water is not contaminated by natural salt deposits, then the
presence of the excess of chlorin is indicative of contamination
with sewage or waste. The urine secreted from human and other
animals is extremely rich in common salt, and hence the justi-
fication of the suspicion, where a high content of chlorin suddenly
appears, of contamination with sewage. In the interpretation,
therefore, of analyses, where a large amount of chlorin is indicated,
the point of most importance is whether or not this is a normal
condition or one which is produced by the abnormal conditions
above described. '

Ammonia.—The presence of ammonia in water in small quanti-
ties is normal. This nitrogenous substance exists either in a free
state or what is known as albuminoid ammonia, that is, soluble
protein matter. Whenever a water is found to contain an ex-
ceptionally high content of ammonia in either one of these forms,
a suspicion of contamination is justifiable. The contamination
is of an organic character, that is of sewage or animal wastes or
decaying vegetable or animal matter.

The presence of free ammonia in small quantities of course
is not objectionable to health. That is not the point which is
important. The significant feature of the presence of excessive
amounts of these bodies is in the probability of contamination
just mentioned.

Nitrites and Nitrates.—Nitrites and nitrates, the salts of
nitrous acid and of nitric acid, are normally found in water, espe-
cially .the nitrates.. The presence of these bodies in minute
quantities is therefore not objectionable. When, however, there
is any considerable increase in the quantity of nitrites especially,
pollution of an organic nature may be suspected. Either in the
decay of this organic matter nitrous acid may be produced, or
the organic matter present may work upon thé nitrates normally
present and reduce them to a lower state of oxidation, namely,
nitrites. The nitrites are extremely transient in character.
They are likely to oxidize rapidly to nitrates when the water is
brought in contact with free oxygen.

If a water contains more than o.003 part of nitrites per million,
it is sufficient indication of contamination to warrant an investiga-
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tion. The normal quantity of nitrites and nitrates occurring in
the water should be taken as a basis of comparison in each locality.
Any sudden increase in the amounts of these bodies is almost a
certain indication of contamination.

Total Solid Matter in Waters.—When a potable water is
evaporated to dryness, it leaves a residue. All of the materials
forming this residue are grouped together under the term ‘“total
solids.” It is an important question to know just how much of
this material may be present in a water without impairing its
value for potable purposes. The quantities of total solids in
drinking waters vary greatly. Some waters are almost as pure
as distilled water, containing only mere traces of total solids.
Others contain considerable quantities of mineral salts in solution.
Sanitarians differ in regard to the total quantity of these bodies
which a water may contain without being condemned for potable
purposes. As little as 6o parts per million in some localities
would be regarded as excessive; while in many other localities,
where waters are highly impregnated with mineral salts, as, for
instance, gypsum waters, as much as 1,200 parts of solids per
million may be tolerated.

Kind of Matter—The kind of mineral matter-is perhaps of
more importance in this relation than its total quantity. If the
mineral substances present have medicinal qualities, as, for in-
stance, sulphate of soda or sulphate of magnesia, less quantities
of total solids are tolerated. If, on the other hand, they are of
very little physiological effect, as, for instance, carbonate of
lime and the sulphate of lime, a larger quantity may be tolerated.
When a water has a total mineral content, of all kinds, exceeding
1,200 parts per million, it may be regarded as ceasing to belong
to the potable class and to pass over into the realm of mineral
waters.

Sanitary Analyses.—When a water is examined solely to deter-
mine whether it is contaminated attenton is paid, aside from a
bacteriological analysis, especially to the determination of free
and albuminoid ammonia and nitrites and nitrates. There are
certain points that should be borne in mind when considering a
sanitary analysis of a water, viz., when all the figures are high,
or certain ones are extremely high, the chemist can usually say
with a reasonable degree of certainty that the water is contami-
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nated; but in some cases all of the figures may be low, thus in-
dicating to the chemist that the water is perfectly healthful and
yet bacteria may be present which would have a very injurious
effect upon the health of the consumer. In such cases a sanitary
analysis serves only as an indication and not as a proof, and should
be accompanied by a bacteriological examination to give results
of a positive nature.

The following is an analysis made in the Bureau of Chemistry
of a sample of water, which one can say with a reasonable degree
of certainty is contaminated.

Parts per million
Free ammonia.............................. 2.04 (high)
Albuminoid ammonia....................... o.17 (high)
Nitrogen as nitrates......................... Trace
Nitrogen as nitrites. ......................... Faint trace
Oxygen consuming capacity ................. 4.75 (high)
Chlorin......................... e 12.00
Totalsolids.........................ovunnn. §5.00

Following is an analysis of a water which one can say with a
reasonable degree of certainty is pure.

Parts per million
Freeammonia........................cceiiin... Trace
Albuminoid ammonia............................ 0.02
Nitrogen asnitrates............................... Trace
Nitrogen as nitrites............................... Trace
Oxygen consuming capacity....................... o.10
Chlorin.........coviiiii i 4.00
Total solids..................................... 128.00

Following is an analysis of another water which one can say
with a reasonable degree of certainty is pure.

Parts per million
Free ammonia.......................... ... ..... 0.03
Albuminoid ammeonia............................. 0.06
Nitrogen as nitrate................................ 0.106
Nitrogen as nitrite................................ Trace
Oxygen consuming capacity........................ 0.175%
Chlorin.............cii i 4.800
Total solids.................. .. ... ... ..., .. 355.00

A bacteriological examination of this water, also indicated
it was pure. It showed only 38 organisms per mil® (c.c.) and no
gas producers in either o.1 or 1.0 mil.

1 Cubic centimeter.
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Following is an analysis made in the Bureau of Chemistry
of a water, which is extremely doubtful. One cannot judge of
its purity without a careful bacteriological examination and also

a further chemical investigation.
Parts per million

Free ammonia................cooviiiiiiiinnn... 0.80
Albuminoid ammonia............................ 0.108
Nitrogen as nitrates....................coouunn.. 5.00
Nitrogen as nitrites...................covuuuen, 0.0005
Oxygen consuming capacity....................... 0.8
Chlorin. ...cove e 14.50
Total solids............ccveiiiiiiiiiiinnnann, 399.00

Value of Bacteriological Examination.—Until within a few
years it was customary to judge of the purity of a water by a
chemical examination. The quantity of organic matter which a
water contained, the amount of free ammonia therein, the amount
of so-called albuminoid ammonia which could be developed, the
presence of chlorin not coming from the natural element of com-
mon salt, the amount of oxygen, which organic matter therein
contained, consumed, were all regarded—and justly so—as marks
of purity or impurity. There is no desire in this case to throw
any doubt upon the value of these sanitary analyses. Such ex-
aminations are of the utmost importance. Since, however, the
evil effects produced by water are rarely due to any inorganic
substance, except in the case of mineral waters, nor to mere or-
ganic matter it is evident that a chemical examination is not
sufficient to judge of the purity of the supply. In the present
state of our knowledge we may say safely that a bacteriological
examination is more important from a sanitary point of view than
a chemical. The only doubt which attends a bacteriological
examination is that as a rule the pathogenic germs which are in
water are so few in number that they may escape detection. In
all cases a very small quantity of the water is used for examination.
This quantity is usually diluted necessarily in order that in seeding
a sterilized medium therewith the number of bacteria which grow
therein are not too crowded to be counted; hence, a very small
portion even of the small portion originally used actually finds its
way to the media used for growth. Hence in a water, say, contain-
10,000 bacteria to the cubic centimeter and only 10 typhoid germs
it is quite possible that in seeding the growth media not one of
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the 1o germs will find a lodgment. In order to avoid this in
all cases of suspicion large numbers of bacterial counts and cul-
tures must be made. In this way it is quite likely that the deadly
germ for which the search is made will not long escape detection.
Determination of the Pollution of Water.—Reference has
already been made to the sanitary analysis of water by chemical
means and to the sanitary analysis by means of bacteriological
investigations. The question therefore arises as to how the pollu-
tion of a water may be accurately determined, and also can any
conclusion be drawn as to the character of the pollution, In the
cases of greatest pollution, that is where the water carries visible
fragments of detritus of different kinds, a microscopic examination
will usually reveal the character of the contamination. The
various kinds of débris may be identified by structural or other
features and thus easily traced to their source. One of the most
common contaminations of running water is particles of silt.
These are of greater or less size, according to the force of the cur-
rent and the time which has elapsed since the fragments of soil
have been detached. The examination of the water will reveal
the character of the silt, especially where the particles are still
large enough to have definite physical characteristics. The silt,
however, may exist in a state of such fine sub-division as to remain
in suspension for many days or even indefinitely. Such silt has
no physical properties by means of which it can be identified.
Fragments of food or excreta or particles of paper or other matters
will indicate at once gross pollution with sewage or refuse from the
dwellings. Fragments of wood pulp will indicate contamination
from a paper factory. Discoloration due to tannin and particles
of tan bark or fragments of hair or leather will indicate contamina-
tion from a tannery, and so on through the list of possible con-
taminations. When the character of the gross contamination
is not sufficient to determine the source of pollution recourse
must be had to sanitary, chemical and bacteriological analyses.

" Often the ordinary chemical analysis will reveal the source of
pollution. This is the case wherever soluble matters are poured
into the water supply from any source whatever and which are of a
nature to enable the chemist to determine their character. Thus,
colorless solutions, such as salts of sulphite or sulphate of soda or
other soluble salts can be easily identified by analytical means.
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If the matters producing the contamination are colored a particu-
lar tint or at least some shade thereof borne by the original
matters will reveal the character of the pollution. Peaty and
swamp waters are often revealed also by the color, which is usually
caused by humus substances in solution or suspension. The
character of the bacterial flora will also be an indication of the
possible sources of pollution. Not only the nature of the sub-
stance found, but also the amount in which it occurs, has to be
taken into consideration. This is not true of pathogenic bacteria,
which if present even in very small numbers indicate a water unfit
for consumption. Bacteriologists regard particularly as an indica-
tion of dangerous pollution the presence of bacillus coli and
streptococci and many others which can be found described in
standard works on the bacteriology of water.

Kinds of Bacteria in Water.—The number of bacteria of all
kinds in water varies enormously. After a long rain the last
part of the precipitation may be almost free from impurities,
including bacteria. The same is also true of water from snow
collected on high mountain peaks, yet even in these cases absolute
freedom from bacteria is not secured. The water that comes
from great depths after filtration through rocks and beds of sands
often has its bacterial content reduced to almost zero. The same
is true of the waters of certain springs. When, however, water
comes from any source near the surface of the soil its bacterial
content is always likely to be high. The number of bacteria in
the same water may vary from day to day. Warm and sultry
days cause a great increase in the rapidity of bacterial growth,
so that in changing from cold to warm weather suddenly the
number of bacteria in any given water may rapidly change.

Rapidity of Multiplication.—The rapidity with which bacteria
increase in number is sometimes phenomenal. Even in water
where the bacterial food is not present in great abundance the
increase is very rapid. In milk, which is a most favorable me-
dium for rapidity of growth, the rate of increase is sometimes quite
incredibly large. At ordinary room temperature the number
of bacteria in any given amount of water increases at different
rates. Franklin found, as quoted by George Newman (Bacteri-
ology and the Public Health) that a water which contained in
round numbers 1,000 organisms at the time of the collection of
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the sample had 6,000 at the end of 6 hours, 7,000 at the end of
24 hours, and 48,000 at the end of 48 hours. In another case
where water was collected from a deep spring the number of organ-
isms per cubic centimeter was found to be 7. In 24 hours the
number had increased to 21. After three days the enormous
number of 495,000 were found. This was at the usual tempera-
ture of the month of April. The kind of bacteria has also to be
considered in this connection. Some varieties multiply much
more rapidly than others.

Causes which produce Rapid Growth—There are two principal
causes which produce very rapid growth of bacteria. The first
of these is the presence in the medium of quantities of material
upon which the organisms can feed; the second important factor
is the temperature. All organisms, however, do not behave the
same when at the same temperature. It has been found that
organisms which grow in cold storage plants do not develop rapidly
if at all at blood heat. On the other hand, organisms which
develop normally at blood heat do not develop rapidly at a freez-
ing temperature. It is believed that all these organisms, rapidly
adapt themselves to their environments, so that after a few genera-
tions the organism which is normally grown at blood heat may
develop at a low temperature, and vice versa.

Periodic Increase or Decrease.—All observers have noticed that
the rate of increase or decrease in the bacterial count in water,
as well as in other media, is irregular. There may be a rapid
increase up to a very large number, then a sudden change showing
no increase, or even a great falling off in the number of bacteria.
This change may be due to various causes; for instance the amount
of food which is at the disposal of the bacteria may become
exhausted. In the second place, the bacteria by their decay and
by the excretions of poisonous matters may render the medium
germicidal and thus destroy their own life. Of course changes
in temperature are likely also-to increase or decrease the rate of
multiplication.

Presence of Streptococcus in Water.—Authorities differ re-
specting the significance of that variety of organism known as strep-
tococcus in food products and water. That it does occur in water
is obvious from the findings of numerous observers. On the other
hand, most waters of ordinary purity—in fact nearly all which
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can be so considered—are practically free from these organisms.’
They are often entirely absent in water and even in soils. Their
presence in water is regarded by most authorities as an indication
of pollution of a very dangerous kind. Fortunately the strepto-
cocci themselves do not have any very great vitality. They are
easily killed and usually do not persist for any very long period.
Many authorities regard some forms of streptococci as wholly
innocuous. When a bacteriological examination reveals the
presence of this organism in water it is always advisable to make a
search to see if there is not some source of pollution that can be
discovered and eliminated.

Pathogenic Bacteria—As has already been stated in the general
discussion, there are many forms of diseases which are believed
to be largely propagated through water. Among these the two
which have been mentioned as most important are typhoid fever
and cholera. The character of the organism which produces
cholera is not so well understood as that which produces typhoid.
The skilled bacteriologist will have no difficulty in recognizing
the presence of typhoid germs and by isolating and cultivating
them can reproduce them at will. Of course any water containing
the typhoid germ is totally unfit for consumption. While, as
has been intimated, such water may be used with impunity by
some persons in vigorous health, it may at any moment seize
upon one who consumes it, producing dangerous and even fatal
results. The typhoid bacteria, when they do exist in water, are
usually in very small numbers. It is therefore difficult to discover
them. It is considered sufficient to discover other organisms
which constantly accompany the typhoid germ, such as the colon
bacillus and when these are found to assume that the typhoid
germ may also be present and treat the water accordingly. There
are many methods by which the typhoid germs enter the water.
They may enter before consumption even when they are not
present in the original source. When typhoid is epidemic all
parts of the house and the vessels which may be in the house or
near it may become infected. The water which may be brought
into the house entirely free of typhoid germs, by being placed in
vessels which are contaminated or polluted or otherwise exposed
to infection, may become the vehicle to carry the germ in a danger-
ous way. The cholera bacillus is even more dangerous than that
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of typhoid. Fortunately it is rarely present in waters and there-
fore need not be feared except in cases of an epidemic. In all
such cases no water should be regarded as above suspicion.

Effect of Boiling—1If the consumption of water-bearing patho-
genic germs is a necessity, that is, if no other source of water can
be had, such water should always be boiled a sufficient length
of time to kill every germ which it contains before being used.
The boiling of water is a precaution which should be practised
whenever there is any danger of infection, whether the pathogenic
germ has really been discovered in water or not. It is related
of the Japanese medical corps that during the war with Russia
every advance of the Japanese army was preceded by a corps
of physiologists and bacteriologists. Every source of water which
the Japanese soldiers might be called upon to drink in their ad-
vance was carefully examined and placards posted so that the
soldiers might know whether it was safe to drink this water raw
or only after boiling. As a result of these precautions it is well
known that typhoid fever was infrequent among the Japanese
soldiers during the whole two years of the war. For domestic
use the water used for drinking purposes should always be boiled
in case of doubt or during the prevalence of typhoid fever in the
neighborhood. The boiled ‘water is conveniently kept in a steril-

"ized glass-stoppered bottle placed in the refrigerator. ’

What is Bad Water?—This is a question which comes naturally
after a study of pure water and may be answered in many ways,
and from many points of view. The most recent contribution
on this subject, by Gehrmann' gives a review of the general
methods of judging of water as to its character, and especially
as to what constitutes water unfit for human consumption, or
bad water.

Bacteriological Data—From the bacteriological point of view,
the count of the number of colonies produced in the usual method
of investigation is an index of the number of bacteria which may
be found. The number, however, is not any more important
than the kinds, and if the bacterial examination reveals the
presence of a number of species allied with those of the pathogenic
character, the water would be pronounced bad, even if no germs of
any given specific disease were discovered. If the investigations

1 First Report of the Lake Michigan Water Commission, 19og, page 68.
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of the analysis show the presence of the colon bacillus or colon
group of organisms, it is considered as satisfactory evidence of
sewage contamination. It is possible that there may be instances
where the colon bacillus exists which has not been due directly
to a growth from the excreta of an animal, but even if these
bacteria be transmitted through several stages of growth outside
of the animal and afterward enter the water, it is evident that the
contamination is one of degree only, and is to be avoided.

Bacteria due to Spores—The English bacteriologists have also
regarded the group of intestinal bacteria, which is propagated by
spores, as of equal significance with the colon bacillus. Whether
or not every sample of water should be condemned where organ-
isms of this kind are found, as is usually the case, is thought of
differently by experts. On the side of safety, it seems to me the
only course to pursue is to determine at once by careful investiga-
tion the character of the water in which any of these organisms
is found. Their mere presence excites a grave suspicion which
should be resolved in all cases in favor of the consumer.

Effect of Number—In regard to the actual number of bacteria
in water, experts also differ as to the point at which the water
should be condemned. Some authorities fix the limit at 300
organisms per cubic centimeter, while others think this is too
high, and fix a much smaller number, namely, from 50 to 100.
Others of perhaps equal authority extend the limits and say that the
water may contain as much as 1,000 bacteria per cubic centimeter.
It would be advisable if the lawmakers, after consulting with
competent and unprejudiced experts in this matter, should fix
upon a maximum limit and regulate it by law. Otherwise, there
must of necessity be continual discussions respecting the number of
bacteria the water may have before it should be condemned.
There is abundant evidence to show that when water is properly
filtered through sand, the number of bacteria which it contains
will fall even below the lowest limit mentioned above. Water
that contains not to exceed 25 organisms per cubic centimeter may
be regarded as typical of what water should be, though it may
contain much larger numbers without being open to condemnation.

Color Tests—Many tests have been proposed, of a chemical
and organoleptic character, as well as the color tests, for judging
of the purity of water and as a means of classifying the water as
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bad. All of these tests have more or less value, without doubt,
but none of them, alone, can be considered as authoritative. If
water is colored, it is evidently due to contamination, which ought
to be avoided. Many persons consider bog water, which has a
distinctly brown tint, as not being thereby disqualified for drinking
or other purposes. Water which is colored by the refuse of indus-
trial operations can hardly be regarded as suitable for human
consumption, even if the coloring agents themselves be not
distinctly of a poisonous or deleterious character. In other words,
the inorganic coloring matters, to which the color of water may
be due, while less open to suspicion and more readily identified,
are not for that reason to be classed other than the organic coloring
matters, which the water may extract from the soil through which
or over which it passes.

Chemical Tests—Among the chemical tests, the determination
of the quantity of nitrates and nitrites has been uniformly held
to be the most significant, respecting the judgment of the water
in regard to contamination. The presence of common salt also,
in localities where removed from the ocean and from salt springs,
in any than the ordinary small quantity, is regarded as a source
of suspicion; but of not so important a character as the nitrites
and nitrates. ‘

Free Ammonia—The presence of free ammonia in water is
an index that it has been in contact with decaying organic matter
containing nitrogenous elements, and thus it is laid open to sus-
picion. Ammonia itself, in the small quantity and in the very
dilute condition in which it is found in water, would not be con-
sidered injurious, but only as an index of contamination.

Basis of Judgment.—The real value of the judgment of the .
water cannot be secured until a careful examination of the sources
of supply has been made. This examination ought to include
the whole watershed from which the supply comes. Otherwise,
there will be a defect in the data which cannot be easily supplied.
In addition to this, also the geological structure of the rocks and
the character of the soil are of importance, since often, especially
in limestone regions, due to the subterranean passages, water
supplies may be contaminated from a great distance, without
the contour of the soil leading anyone to suspect that such a
contamination would take place.



30 BEVERAGES

. Quantity of Water in the Body.—The tissues of the animal
body as well as those of the vegetable are made up chiefly of water.
The quantities of water found in the principal tissues of the human
body are as follows:?

Percent
Intheblood}corpuscles.................'55.00} whole blood
SETUM. ...covvuerennnnannnnn go.00 ) 76.00
Inthemuscles........................... 76.00
Inthefat............................... 8.00
Inthebomes............................. 1444
In the brain and nerves.................. 70-77
Inthehair.............................. 5.00
Inthenails.............................. 5.00

The average percentage of water in the body may be given as
approximately 73 percent. In a man of average weight—i1s50
pounds—there is an average of 110 pounds of water. The im-
portance of water as a food is at once evident.

Functions of Water—The principal functions of water in the
physiological activity of the human body are based chiefly upon
its use as a vehicle. It is a carrier or solvent of the nutrients,
as well as of the products of catabolism, that is the breaking down
of the tissues, and of the excreta. The average content of water
for instance in the urine is 94 percent, and in the feces 76 percent.
No physiological action could take place in the absence of water.
Desiccation always means death, both to the animal and to the
vegetable. There is an old Latin adage: Corpora non agunt nisi
soluta, which signifies that bodies do not perform any of their
peculiar functions unless they are in solution. This is particu-
larly true of the nutrients which are active in the process of build-
ing up, that is what is known by physiologists as anabolism, and
in the processes of decomposition which produce the phenomena
of catabolism. Water in some form is the universal necessity of
the human organism. Not only is water taken as such into the
system in the ordinary process of eating, but in all beverages,
none of which are entirely devoid of water. Tea, coffee, and milk
are composed very largely of water; even distilled alcoholic
beverages are usually more than half water, while the fermented
beverages are from 85 percent to g5 percent water. Experience

1 Data furnished by Surgeon General's Office, Public Health Service.
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has shown that of the five pounds of food eaten by a man of average
weight in a day, fully three-fourths or four-fifths are water, the
total quantity of dry food in a day being only about one pound
and a half, while the total quantity of moist food is 5 or 6 pounds.
Water therefore forms approximately four-fifths of the diet of the
human race. Hence it is-the most important beverage, both in
quantity and in function, of all those to which man is addicted.

When Water Should be Used.—There are many differences of
opinion among physiological writers respecting the proper time for
the use of water. There is one rule, however, which when properly
followed leads to the best result, namely, that water should
be drunk when one is thirsty. The quantities of water, for
instance, which are required in winter when evaporation from
the surface of the body is restricted, is very much less than that
which would be used by a man in summer, especially if engaged
in hard labor. A good rule is to drink frequently, rather than
to drink much at a time.

There is much difference of opinion respecting the use of water
during meals. Formerly physiologists were almost unanimous in
their belief that the quantity of water used with meals should be
restricted, if used at all. The later investigations by Professor
P. B. Hawk and his assistants favor the use of a reasonable quan-
tity of water with meals. The secretion of saliva containing the
enzyme ptyalin, which converts starch into sugar, does not appear
to be restricted by the use of water while eating, but rather
promoted. There should, of course, be a sufficient quantity of
liquid in the masticated food to favor the action of the digestive
enzymes in the stomach. When the food is too dry the action of
these enzymes must be to that extent restricted. Theoretically
too great concentration of the food in the stomach would interfere
more seriously with digestive action than too great dilution.
The present status of the problem, therefore, favors a somewhat
generous use of liquids, such as milk and water, at meals. This
liquid should be taken when no food remains in the mouth, in
other words “between bites.”

Temperature at which Water Should be Drunk.—The proper
temperature for drinking water is a matter of some interest. In
many cases physicians advise the use of hot water or warm water,
especially in the morning before breakfast. This is doubtless
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at times advantageous. There is no hygienic objection to drinking
warm or even hot water, if not hot enough to produce any pain or
injury. There is a natural tendency in man to prefer cool water,
especially when thirsty and in hot weather. Before the invention
of the methods of preserving ice this natural taste of man was
gratified by the natural refreshing coolness of the water at its
source. Many springs and wells, even in the hottest summer,
give water of rather low temperature. With the advent of the
modern “ice age,” which furnishes even to those in most moderate
circumstances plenty of ice during the hot months, the habit of
drinking water ice-cold has come into general use. This habit
should be avoided or restricted and the people should learn to
drink water at its natural temperature as furnished by the spring
or well. I should strongly advise against the drinking of water,
especially in hot weather, at a temperature lower than 50°F.
Temperatures of 55° 60° and 65° are agreeable and even refresh-
ing, and these can be obtained either at the natural source or
by judicious cooling. The addition of ice directly to water
should never be practised. It makes the water too cold and in-
vites infection. Ice is often cut from rivers and ponds and is
found to carry very often more germs and more dangerous germs
than the water from which it is taken. The reason of this is
that the ice may collect débris from those who pass over it before
and during cutting and thus contain more germs than the natural
water from which it was formed. "The chief objection to drinking
ice-cold water is in the sudden chill which it gives to the coats
of the stomach, which cannot be otherwise than injurious. The
matter is well put in these verses:
“Full many a man both young and old
Has gone to his sarcophagus,
By pouring water icy cold
Adown his hot esophagus.”

Artificially Cooled Water—It is possible easily to obtain water
of a reasonable degree of refrigeration, say, 50°F., without the
addition of ice directly. This can be done by the very simple
device, which is in common use, of placing a moderate amount of
ice external to the exit tube through which the water supply
is drawn. The Fig. 2 shows a simple construction which permits
the cooling of water in a moderate manner without bringingthe
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ice into contact therewith. As is shown in the figure, the water
is contained in a glass bottle, which is inverted into the funnel-
shaped receptacle, filling it so as to seal the mouth of the bottle.
As the water passes from the mouth of the bottle through the
conduit, it is cooled by the ice exterior thereto. The quantity
of ice may be so adjusted as to prevent the water from reaching
a temperature lower than 50°. As the water is drawn off air
enters and takes the place of the
water in the bottle. This principle
is well known to chemists, and the
apparatus is known as Mariotte’s
bottle. The common habit in this
country of placing cracked ice in the
glass is greatly to be deplored.
Any one will enjoy drinking water
far more by having it at a medium
temperature, and the risk of injury

is far less.
Purification of Drinking Water.—

Since even with great care thesources
of drinking water may from time to
time become contaminated, it is of
supreme importance to know what
treatment is necessary in order that
the waters may be made fit for con-
sumption. To this subject chemists,
bacteriologists and engineers have directed much attention. An
interesting summary of the history of water purification has
been published by the Geological Survey,! to which I owe the
data following. ’
Historical Sketch.—The ruins of antiquity show that large
storage reservoirs were common in ancient times, and it is well
known that the Chinese for thousands of years have used alum as a
coagulant in muddy water in order to accelerate clarification.
Perhaps the earliest literary reference to filtration appears in the
“Qusruta Sanghita,” a collection of medical lore written in San-
skrit probably 4,000 years ago. In a letter to the British Journal
of Preventive Medicine, Mr. Francis E. Place, of Jaipur, Rajpu-

1Geological Survey, Water-Supply Paper 315.
s .

F16. 2.—Water-cooler.
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tana, India, calls attention to this reference, in which the following
statement appears: ‘“It is good to keep water in copper vessels,
to expose it to sunlight, and to filter it through charcoal.”

Modern history does not record any attempt at filtration until
1829, when the 1-acre slow sand filter was built by James Simpson
for the East Chelsea Water Co., at London, England. The germ
theory of disease was then unknown, and the filter was built to
perform the offices of a mechanical strainer for the purpose of
removing the turbidity from the water. This filter is still in
service, however, and is doing work of a nature far exceeding
the purpose for which it was designed and built.

Typhoid fever as a specific disease was discovered in 1829, but
it was not until 1849 that the germ theory of disease was seriously
advanced. An act of the British Parliament of 1852 made com-
pulsory the filtration of the entire water supply of the metropolitan
district. This action was the result of the severe cholera epidemic
of 1849 and was the first of a series of attempts to purify water fo
hygienic reasons. ‘

The first noteworthy movement in this country for the purifica-
tion of a public water supply was made in 1866, when the city of
St. Louis sent James P. Kirkwood to Europe with instructions to
investigate the art of the purification of water as there practised.
On his return Mr. Kirkwood made an elaborate report, which will
always remain one of the classics on the subject. His recom-
mendations for St. Louis were not adopted, however, apparently
for sound reasons, as none of the purification works in Europe
which came under Mr. Kirkwood’s observation had a water to
treat that was similar to the water at St. Louis. The waters of
western Europe are almost uniformly clear, whereas that of the
Mississippi is extremely turbid.

In 1872, about five years before Mr. Kirkwood’s death, a plant
was built at Poughkeepsie, N. Y., in accordance with his plans.
This was the first practical attempt at purification of a municipal
water supply in America. Plants of a type similar to that built
at Poughkeepsie were built somewhat later at Lowell, Mass.,
Columbus and Toledo, Ohio, and elsewhere, but most of them
failed of the purpose for which they were intended.

Quite extensive experiments on slow sand filtration were also
made at Boston, Mass., Louisville, Ky., and elsewhere.
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The classic investigations of the Massachusetts State Board of
Health at Lawrence, Mass., were begun in 1887 and are still in
progress. Up to a few years ago the work at the Lawrence Experi-
ment Station, so far as water purification is concerned, was limited
to studies on slow sand filtration. The construction of the Law-
rence city filter, first placed in operation in 1893, was one of the
results of these investigations.

In 1893 the first carefully conducted experiments with the
newer process of mechanical water purification were made by
Edmund B. Weston on the water supply of Providence, R. I.,and
in 1895 the much more elaborate studies in the same line were
begun at Louisville, Ky., and continued through 1897. These
Louisville experiments, conducted under the direction of George
W. Fuller, formed the beginning of practical demonstrative
investigations into the various methods of water purification.
Similar studies followed successively at Pittsburgh, Pa.; Cin-
cinnati, Ohio; Washington, D. C.; New Orleans, La.; Philadelphia,
Pa.; and elsewhere.

All of this experimental work gave a great impetus to water
purification in this country, and not only has the number of cities
installing water-purification works increased rapidly during the
last 10 years but the design and construction of such works has
now reached a high plane of excellence. The more advanced ideas
in this regard were first manifested in the works at Albany, N. Y.,
designed by Allen Hazen, and in the works of the East Jersey
Water Co., designed by George W. Fuller and built at Little Falls,
N. J. The former plant was first used in 1899 and the latter in
1902. At Albany the filters are of the slow sand type, and at
Little Falls of the mechanical or rapid sand type.

In 1900, according to Hazen, 1,860,000 people, or 6.3 percent
of the urban population of the United States were being supplied
with filtered water. In 19o4 the number of people so supplied had
increased to 3,160,000, or 9.7 percent of the urban population of
the country. Since that time many large cities have installed
filter plants until now (1918) about 15,000,000 people in the:
United States are being served with filtered water.

Principal Methods of Modern Purification.—The methods:
employed for purifying water for potable purposes are classified.
as follows: First, boiling; second, treatment with chemicals;
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third, filtration; fourth, treatment with chemicals and subsequent
filtration. By means of one or a combination of the above
methods, it is possible to convert the water supply which has be-
come contaminated into a safe and palatable beverage.

In describing these methods of purification, it is not the in-
tention to approve of them as a substitute for the securing of
pure, uncontaminated water. That should be the object of every
householder and municipality. Methods of purification should
not be permitted to interfere with, or delay in any way, attempts
to secure pure water at the source. In order that the sources be
uncontaminated, the general practice of pouring waste and sewage
into running streams must be regarded as entirely reprehensible.
Many years will elapse before the running waters of the country
can be protected from such contamination. Meanwhile we must
be content with doing the best possible to purify the contaminated
waters.

The day will doubtless come when all pollution of the streams
of the country will be forbidden by national, state or municipal
laws. Already the state of Ohio has made a start in this direction,
and the state of Indiana, as well as some other states, has insti-
tuted a careful sanitary survey of running streams for the purpose
of determining the extent and character of the pollution. Among
the great cities Baltimore has already established a sewage disposal
plant, which will be described further on. International questions
also arise in connection with this subject. The Great Lakes are
becoming contaminated, thus presenting a problem which can only
be dealt with by international means. Attention will be called
in coming pages to some of the systems of sewage disposal,
notably that of Chicago, which places upon individuals, towns,
corporations and states, below the city of Chicago, a serious prob-
lem in connection with the diluted Chicago sewage. These
problems will be discussed only in so far as is necessary to convey
to the public the knowledge of how pollutions occur and the
necessity of remedying or preventing them.

Sanitary Control of Water.—The pollution of the water
supplies threatens injury to the people of the United States in two
principal ways. In the first place the pollution of the streams is
destroying the fish supply, thus removing a very important source
of food. Further than this, the pollution of the streams entering
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the sea, especially near large cities, is so great that the oyster and
clam supplies are polluted, thus threatening the health and life
of the citizens of the country.

The second threat to the prosperity of the country is in the
pollution of the water supply for human consumption. The United
States Government, through the Department of Agriculture, and
the public health service and the state governments in many
states is endeavoring to minimize the pollution of the running
streams. As the population grows denser and manufacturing
industries are more widely scattered, the threat of pollution be-
comes greater. In looking to the future control of the running
streams it is evident that the states and the government must
continue-to codperate, by reason of the fact that the state can
control the stream only within its borders, while the United States
can control the streams only as they flow from one state to the
other. Thus, for complete control both sets of authorities must
act.

Flow Through the Chicago Canal.'—The authorized flow
through the canal was fixed by the War Department at 4,167
cubic feet per second, but at the present time and for a number
of years past, the flow has averaged approximately 8,000 cubic
feet per second. This diversion has of course, lowered the lake
level to a certain extent, probably not over a few inches, but
owing to the natural fluctuations of the level of Lake Michigan
the amount of such lowering cannot be determined without
elaborate calculation. A very complete discussion by the U. S.
Lake Survey of the probable effect on lake levels of the diversion
of their waters is given on page 5401, Annual Report, Chief of
Engineers, 19oo and pages 41204131, Annual Report 19o4.

The level of Lake Michigan is constantly fluctuating. Local
and temporary oscillations of irregular amount and duration occur
frequently. These oscillations which are due to the influence of
wind and changes in barometric pressure, sometimes amount to as
much as five feet, but average considerably less than one foot
per day. In addition to these temporary oscillations, there is a
consistent seasonal change in level during each year, the highest
stage occurring during the summer months. Since 1860, the
greatest annual change in elevation between the highest and

1Letter from War Department District Engineer, Chicago, April 26, 1918.
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lowest monthly mean of any year is given by the U. S. Lake Survey
as 2.23 feet and the least annual fluctuation as o.57 foot. The
mean annual level varies from year to year but without any regu-
larity. Since 1860 the maximum variation between the highest
and lowest monthly mean during the whole period was 4.59 feet.

St. Louis vs. Chicago.—One of the most important illustrations
of the necessity of control has been found in the celebrated contest
between St. Louis and Chicago respecting the diversion of the
drainage waters of Chicago from the lake through the drainage
canal to the Mississippi River. The sending of such a huge body -
of sewage into the Illinois River and thence into the Mississippi
River is evidently a menace to the inhabitants who live along the
banks of these two streams. While it is true that the pollution
of a stream is cared for in course of time from natural causes, it is
also true that in flowing water very great injury may be done
before these natural causes have had an opportunity to completely
purify the water. The term ‘““completely purify” may be too
strong, for in natural purification the end results of the oxidation
processes still remain in the water. While the nitric acid and the
nitrates formed therefrom and the ammonia and the common
nitrates which remain in the water are in themselves no very great
threat to health, the esthetic point of view is offended, by offering
for human consumption the purified sewage of large cities in which
all the end results of purification remain.

The principle of the natural purification of the water rests upon
the oxidation of the organic matter, which is the principal carrier
of dangerous infection, by means of organisms which produce a
solution of the solid bodies and a change in the chemical nature
practically of all the bodies contained in the sewage. These
organisms act more rapidly in warm than in cold weather. Other
things being equal, the sewage would be more rapidly purified
naturally during the summer than during the winter. During
the summer, also, the volume of the carrying waters is less, and
hence the necessity for purification is greater. These organisms
not only attack the carbohydrate bodies and destroy them, but they
also convert the nitrogenous bodies into nitric acid and ammonia.

It is not safe to depend upon these natural causes for puri-
fication, as they act irregularly and at varying speeds of activity
and in varying completeness of final results. The sewage of
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cities and of towns, should be impounded and purified before being
allowed to enter the running streams.

Baltimore Methods.—The sewage of Baltimore, formerly,
was poured into the Chesapeake Bay, polluting the waters almost
beyond the state of toleration in the vicinity of the city, destroying
the fishing interests and polluting the oyster beds throughout the
~ whole length of the Chesapeake Bay. The sewage of Baltimore

is now carried to large areas of filter beds, distributed over them
in a fine spray in the most convenient form to be acted upon by
the organisms which grow in the purifying receptacles. Only
the clear, purified, effluent water is allowed to enter the Bay.

The city of New York has already taken steps toward con-
ducting the immense sewage of that great metropolis under the
East River and onto the sandy plains of Long Island, where it
may undergo a similar purification. The State of Ohio hasenacted
legislation looking to the speedy prohibition of pouring the sewage
of Cleveland and Cincinnati into Lake Erie and the Ohio River
respectively. The States of Indiana and Illinois particularly
have undertaken local surveys of their own waters and have
prosecuted them with fine results. The citizens of those two
states will soon be able to learn from official sources what streams
carry water suitable for potable purposes and what do not. This
problem is of supreme importance to the people from the aspect
of sanitation and health.

Filtration.—The most obvious method of removing gross
materials from water is by filtration. All solid particles—silts,
sand, clay, and other mechanical impurities—may be removed
in this way. In water taken from running streams the most
abundant mechanical impurity, especially after heavy rains, is
silt or clay. In many sources of water supply these impurities
are never absent. As an example, it may be said that the waters
of the Missouri River are never clear, and the Ohio River is
probably muddy three-fourths of the year. Many large cities on
the banks of these streams take their water supply from the
Rivers. This is true also—or was true—of the Potomac, the
waters of which are muddy for a large portion of the year. Until
the installation of the filtration plant at Washington it was a
rare thing to have clear water unless the river waters were first
collected in reservoirs and allowed to settle for a long time. Two
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principal methods of filtration are practised: the first may be
described as the chemical method. In this process the suspended
matter is coagulated by the addition of alum, ferrous sulphate
or lime, or all three combined. These bodies usually produce
the coagulation of the suspended silt, by the process technically
known as flocculation. By some the suspension of the silt in
water is supposed in one sense to be an electrical phenomenon,
and the addition of an electrolyte like some of the soluble salts
mentioned above is sufficient to produce coagulation and pre-
cipitation. Whatever be the cause, however, the fact remains that
to remove suspended silt from water by any kind of filtration
coagulation can be effected as described. It is extremely difficult
to remove suspended silf from water by any kind of filtration
except that of the sand bed, to be described hereafter, without
previous coagulation. After the coagulation the particles of
coagulated material can be separated by passing through filters
usually made of sand or sand and charcoal, which retain the pre-
cipitated matters. These filters, as in fact all others, require
frequent washing in order to remove the occluded silt. The
filtration may be accomplished by gravity, that is by throwing the
water on the filtering bodies and allowing it to percolate, or by
mechanical force, that is by forcing the water through the filters
by pumps. For small supplies, such as for factory use or for
small cities, the filtration by means of pumps and small filters
can be practised. For large supplies, however, more economical
methods are required.

Disadvantages of Chemical Fillration—The objection to filtra-
tion such as just described is found in the introduction of chemicals
into the water supply, which in themselves are objectionable.
Neither alum nor ferrous sulphate is desirable in water for domestic
consumption. Both are injurious and in any considerable
quantity are often poisonous. When used in conjunction with
lime and judiciously manipulated none of these substances remain
in solution; they are all removed with the material-which is sepa-
rated by filtration. Where applied, without care, as is often
the case, in larger quantities than are necessary, some of these
materials remain in the water supply; hence this form of filtration
should only be used under the constant control of a skilful chemist
who by his careful oversight and frequent examinations may assure
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the consumer that the water is free from the objectionable added’
materials. For these reasons the chemical process of filtration will
probably never command universal confidence.

Simple Mechanical Filtration—By far the more desirable
method of separating gross particles from water is the sand
method of filtration in use in many cities. In this country exten-
sive sand filtration plants have been installed for the use of the
City of Philadelphia, Washington, and many other cities. It is
not the purpose in this manual to go into any description of the
methods of building sand filters. The principle of the sand
filtration rests upon the fact that where muddy water or water
polluted with gross materials is brought upon a bed of sand so
arranged as to allow free percolation from the lower surface the
water may be secured in the efluent perfectly bright when the
filter is properly working. Such sand filters do not give a clear
filtrate when first put in use because the sand particles are too
coarse and allow some of the silt to pass. There is gradually
formed upon the upper surface a layer of silt or mud which fills
up the grosser pores of the sand and finally becomes thick enough
to retain all of the suspended particles, even without previous
coagulation. When the filter is thus covered with its mud covering
the water in the effluent is perfectly clear. The sand bed remains
in operation until the mud layer becomes so thick that the water
ceases to percolate. The mud with the adhering sand is then
removed mechanically, washed if necessary to recover the sand,
which is replaced upon the bed, when it is again ready for use.
It is evident that a sand filter of this kind must cover a large area
where the water supply is for a populous community. Many
acres of filter surface are necessary for a city of 100,000 inhabitants.
The original construction of such a sand filter is extremely costly,
but when once finished its operation is comparatively economical.

Slow Sand Filtration.—One of the best examples of slow sand
filtration of a water supply is that of Philadelphia, which has four
plants, namely, at Lower Roxboro, with a daily capacity of 12,000,-
ooo gallons; Upper Roxboro, with a daily capacity of 16,000.000
gallons; the Belmont plant, with a daily capacity of 67,000,000
gallons; and the latest and newest one of Torresdale, with a daily
capacity of 240,000,000 gallons. The total cost of the Torresdale
slow sand filtration plant in Philadelphia was $9,208,000.
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In general it may be said that the cost per acre for building a
slow sand filter is about $60,000. The gross daily capacity of a
1-acre filter is approximately 3,000,000 gallons, although its aver-
age capacity is only about 2,500,000 gallons. If the daily consump-
tion be 125 gallons per capita, an acre of filter would supply 20,000
people. The first cost would therefore be about $3 per person,
and the interest on the investment amounts to 18 cents per annum
for each person. It is estimated by the experts of the Geological
Survey that if the water be boiled as a substitute for sand filtration,
the cost in fuel for 6 weeks will be about the same as the annual
cost for supplying water from the slow sand filtration, from which
the bacteria are so thoroughly removed that it is almost as safe
as boiled water. On the basis of the consumption of 125 gallons
per person per day, the actual cost of slow sand filtration would
be about 36 cents per person per annum.

Rapid Sand Filtration.—Diminishing the area of the filter and
rendering it more rapid in its operation has attracted a good deal
of attention in the last few years. I have visited a plant of this
kind at Columbus, Ohio, which has a capacity of 30,000,000
gallons daily. The rapid filtration is preceded always by a chem-
ical treatment, which flocculates and precipitates the undesirable
matters in the water and also attacks and destroys a large part
of the living bacterial organisms and renders the subsequent
filtration more easy and more rapid. Naturally the sand grains
forming the filter bed of the rapid filtration are much coarser
than in the slow filtration, and this renders the previous precipita-
tion necessary in order that the effluent water may be bright,
clear, and free of undesirable matters.

One great advantage of the rapid sand filtration is in the
arrangement of the machinery in such a way as to force water
back through the filter when it is desired to be cleaned, which
loosens the coagulant from the sand and carries it off with the
wash water to any desirable exit. The cost of cleaning the filter is
reduced to a minimum both of expense and of time. The largest
rapid sand filtration plant in the country is that at New Orleans,
which has a daily capacity of 40,000,000 gallons.

Chemicals Used in Coagulation.—The most common chem-
icals which are employed in coagulating waters previous to rapid
sand filtration are compounds of aluminum, lime, and iron. The
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alums, namely, ordinary potash or ammonia alum, or sulphate
of alumina, are perhaps the most efficient coagulants known. If
the alum is omitted and sulphate of iron (copperas) is used only,
certain modifications are necessary, and especially the introduc-
tion of the lime compound, which is a necessary ingredient when
the coagulation is produced by ferrous sulphate (copperas) alone.

Attention is called by the report of the Geological Survey to
the fact that to obtain satisfactory results from the use of lime
when used with iron sulphate as a coagulant it is necessary to
make use of sufficient lime to neutralize and precipitate the iron.
The use of too little lime results in poor coagulation, caused by
the incomplete precipitation of the iron, some of which is usually
left in solution and appears in the efluent of the filters. The
use of too much lime results in the formation of lime incrustants,
which deposit in the air and strainer systems and cause much
trouble through clogging.

Further, water which is treated with lime and iron will show an
increase in permanent hardness, as compared with the effect
of the use of compounds of aluminum. Aside from sanitary
reasons the aluminum salts are considered more satisfactory as
coagulants; they remove color from water more rapidly and com-
pletely and make it possible to obtain by filtration a more brilliant
water than do iron salts.

Removal of Bacteria by Sand Filtration.—One of the most
important points in connection with filtration as above described
is the fact that bacteria which themselves possess definite size
are too large to pass through the fine pores of the mud cover of
the sand filter. The result therefore is that when the sand filter
is perfectly used and the effluent water perfectly clear the bacteria
which the water first contained are left almost entirely upon the
mud film. Examinations of the effluent water from the sand
filters in Washington have shown as low as 8 or g organisms
only per cubic centimeter, and rarely do they go above zo.
The experience in other cities is doubtless comparable to that in
Washington. Thus the sand filtration serves a double purpose;
it not only removes the suspended matter and makes the water
clear, but it also retains the principal part of the bacteria which
the water originally contained. It is evident that a water which
is never muddy would not be greatly benefited by passing through
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a sand filter unless the sand was fine and compact because it
would be impossible for it to form the mud cover necessary to
its perfect function. If the sand is fine enough the bacteria
may be largely removed. There is always an element of danger
in the use of sand filters. Imperfections or breaks may appear
and through these the filtered water may be reinfected; also in
cleaning the filters, and immediately after cleaning pollution
may take place. In spite of all of these faults, the sand filters
have generally resulted in lowering the death rate from typhoid.
The sand filters have also been used with previous sedimentation
or precipitation. In these cases rapid and effective work has been
done. In Cincinnati, notably, the death rate from typhoid has
been greatly lessened. It does not exceed 4 to 6 for each 100,000
of population. In Washington, on the contrary, the deaths from
typhoid have not been materially decreased by the installation
of the same filtration plant. Possibly the presence of the disease
in Washington may be attributed to some other cause. Since
writing the above the death rate at this time (June, 1918) has
materially diminished and the number of cases of typhoid fever
in the city has fallen below 3o.

The Septic Tank.—Another method of purifying highly
polluted water—which is not employed however for furnishing
water for domestic consumption—is the use of the septic tank.
The septic tank is a device employed for purifying sewage so as to
prevent the contamination of the streams below a city by the
sewage of the city. The theory of the septic tank is to bring the
sewage into contact with highly active bacterial organisms.
These organisms have the property of attacking the organic
matter in the sewage and oxidizing it and thus purifying the water.
There is of course left in the efluent water the products of oxida-
tion, for instance the effluent contains considerable quantities
of nitric acid, or nitrates, due to the action of nitrifying organisms.
The cellulose and starchy matters in the polluted water are also
attacked by organisms which have the power of destroying them
by fermentation or oxidation and converting them into harmless
forms. The septic tank is composed usually of alternating layers
of charcoal and coarse sand or gravel. The materials must be
coarse enough to permit the purifying organism to find a nidus in
the interstices, otherwise the septic tank would serve merely as a
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mechanical filter. This would operate to defeat its purpose,
namely, to destroy the organic matter of all kinds which the
sewage contains. This does not contemplate the destruction
of particles of any noticeable size. For this reason the sewage
which is to be purified must first be strained so that only the finer
particles of its suspended matter remain therein. The sewage of
Baltimore is now purified ina manner substantially as just described.

Rapidity of Oxidation.—The rapidity of oxidation which takes
place in the septic tank is quite remarkable. In very favorable
circumstances in the course of an hour or two the most objec-
tionable sewage may be transformed into an effluent which is
apparently not disagreeable either to the sense of smell or taste.
For sentimental reasons it is not desirable to drink this effluent
water, though a person drinking it might not be reminded of the
fact that an hour before it had been nothing but most objectionable
forms of sewage. The principle of the septic tank is found applied
on a large scale by distributing the sewage over naturally sandy
plains and thus depending upon the natural arrangement of the
soil particles for the oxidizing purposes. A large part of the sewage
of Paris is treated in this way, and the sandy plains thus irrigated
not only produce an oxidation of the sewage, but utilize the fertiliz-
ing materials therein for the growth of crops. The principal
objection to this method of purification of sewage is that in winter
it acts slowly, so that it is difficult to purify the sewage in an open
field at temperatures at or below freezing point. Naturally the
efficiency of the septic tank depends upon the development therein
of those organisms capable of rapidly destroying organic matter.
These organisms exist in the sewage, and the arrangement of the
layers of charcoal and sand in the septic tank afford them an
opportunity of exerting their maximum activity. The surfaces of
the charcoal especially become covered with these nitrifying or-
ganisms and they even penetrate into the interior of the porous
substances, thus affording a maximum surface and a maximum
intensity of action.

Activated Sludge.—The belief that the dlsposal of sewage by
turning it into running streams is only a temporary expedient
which will in the near future be abandoned, is growing rapidly.
Our cities are constantly increasing in population. The quantity
of sewage is growing larger, and the degree of contamination of
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running streams is becoming so great as to be practically beyond
. control. In addition to the septic tank, which is a rather expen-
sive method of disposing of sewage, it has lately been discovered
that the deposits of sewage known as sludge may be utilized
largely for promoting purification. By innoculating the sludge
with the organisms which destroy protein and cellulose, under
certain conditions which are controllable, the purification of the
sewage resting upon the sludge is greatly promoted. The prindi-
ples upon which this destruction depends are the activating of
the sludge by the introduction of the proper bacteria and the
securing of proper aeration and movement to bring the sewage
into contact with this activating material. This method has been
exhaustively studied by the Water Commission of Illinois.

One of the chief objections to the purification of sewage in
Northern cities is due to the fact that the low temperatures of
winter interfere seriously with bacterial activity. If the pools
in which the sewage is stored can be protected from the freezing
weather either by cover or by sinking them deeper into the earth,
the temperature suitable to the destruction of organic matter is
more easily maintained. In addition to this the bacterial activity
itself is always attended with the evolution of heat, which may be
so conserved as to continue to promote the activity of the sludge
even in cold weather.

Professor Bartow of the University of Illinois has experiment-
ally determined the high value of an activated sludge in hasten-
ing the purification of sewage. I have had the opportunity of
seeing this process near Urbana. His reports are found in the
publications of the State Water Commission. His work is now
temporarily suspended while he is engaged in field duty with our
Army in France. Pearse has studied the results of utilizing
activated sludge on the sewage of the Chicago packing houses
and concludes that:!

The activated sludge process offers the best promise of a solution of the
problem of treating packing-house waste of any suggested up to the present
time. For the study of conditions in Chicago the construction of a unit
plant has been recommended to handle 1.5 million gallons per 24 hours, to
obtain working results on a large enough scale to determine the design of the
final plant.”

1 American Journal of Public Health, Vol. VIII, No. I, Jan., 1918, page ss.
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Effects of Different Methods of Filtration.—Not only is it
desirable to have water purified to remove-colors and suspended
matters which offend the eye, though perhaps not strictly inimical
to health, but also, and this is most important, it is desirable to
have a water supply which does not threaten health. In nearly
all cases of purification of water for municipalities the death rate
of water-carried diseases, typical of which is typhoid fever, has
decreased. Insome instances this decrease has been most marked,
while in others it has been slow and not so striking. The report
of the Committee on Water Supplies of the American Public
Health Association, for 1913, shows the following effect upon
typhoid fever death rates for the following cities using mechanical
and sand filters:

Mechanical fters: e SR, 0 S
Binghamton, N. Y.............cooiiiiiiiiin.. 47 15
Cincinnati, Ohio................ ..o, 50 12
Columbus, Ohio............coviviiiiiiiiinn.. 78 11
Hoboken, N. J...oovivniiiiiiiiiii i 19 14
Patterson, N. J....o oo 32 10
Watertown, N. Y....................... e 100 38
York, Pennsylvania.................ooiieinnn.. 76 21
Sand filters:
Albany, N. Y. .o 74 22
Lawrence, Mass................c..ooiiiiii... 114 25
Washington, D. C................................ 57 33

From the above tabulation it is apparent that mechanical
filters are more effective than sand filters in diminishing the death
rate from typhoid. Whether this is a mere coincidence, or whether
it is based upon the essential and radical differences of the two
methods, I am unable to say. Very often the good effect of
filtration in the diminution of the typhoid death rate is not exhib-
ited at once, but only after a number of years. This, I think,
is probably due to the fact that the water pipes and distributing
pipes of the cities often contain deposits which tend to retain the
typhoid bacillus so that it may be constantly regenerated. Thus,
it requires several years to remove the infection from the dis-
tributing system. It would be advisable, I think, in cases of this
kind, to force through the distributing system water heavily
charged with hypochlorite of lime or some other germicidal body,
and allow it to flow freely from the spigots in every house. The
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residual water could then be driven out by the freshly filtered
water for two or three days, until the germicide is eliminated.

An instance of the slow effect of diminishing typhoid death
rate is seen in the case of the city of Washington, where the dimi-
nution of the death rate has been extremely slow. At this date
(Jan. 1918) the morbidity of typhoid has been so greatly reduced
that only 30 cases are under treatment. Another instance is
that of New Orleans, where filtration was first established in 19og.
The previous death rate per hundred thousand in New Orleans
had ranged from 55 in 19o7 to 29 in 1908. The first year after
filtration the death rate remained at 29; in the second and third
years it rose to 32 and 31 respectively; while in 1912 the effect of the
filtration began to be distinctly felt, when the death rate fell to 14.

In general it may be said that the improvement of drainage,
the establishment of efficient sewage systems, the installation of
sanitary privies. and the purification of the water, have added
very greatly to the average life of the inhabitants of our cities.
But the full measure of benefit has not yet been accomplished.
Many cities are expending vast sums of money in seeking unpol-
luted sources of water supply. Seattle, San Francisco and Los
Angeles, on the Pacific Coast, have spent, or are to spend, hundreds
of millions of dollars to secure a pure water supply from the moun-
tains. New York City has just expended a vast sum to get its
water supply from an uncontaminated source. In my opinion,
no kind of a debt which promises more benefit to future generations
can be contracted than that which looks to the sanitary betterment
of the water supply.

Causes of Stagnant Water.—When water is confined so as to
be practically motionless except as it may be moved by the wind or
by the application of other forces to the surface, there is apt to be
an accumulation of débris, which manifests itself in various ways.
When the depreciation of the water is so marked as to become visi-
ble it is called stagnant. The condition which arises is revealed
to the senses in various ways; the water may become foul smelling
and thus the stagnant condition be revealed through the sense of
smell. The growths of various flora, such as alge in various
forms, is also a mark of stagnancy. In such cases the water
becomes coated with a scum, usually green, which indicates the
abnormal growth of organisms of the kind mentioned. The débris
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of organic life, either of the bacterial flora or the flora represented
by the type of the alg® by decay also adds additional matters to
render the water less desirable. This condition of stagnancy often
occurs in reservoirs of water which are intended for potable
purposes, especially during the hot months. The mere growth
of simple forms of alge cannot in any sense be considered as a
contamination in the sense of being injurious to health. These
forms of life as a rule are perfectly harmless. They become objec-
tionable solely by their abundance and by their decay. The .
appearance of the water is not attractive and no one would be
willing to consume a water thus infected, even if convinced of its
harmless character. During the winter months the low tempera-
tures prevent the growth of the different kinds of organisms
mentioned; and thus conditions of stagnancy are not so often
revealed. Especially upon farms where the water for the animals
is contained in ponds the stagnant conditions are apt to obtain
during the summer months. In city supplies where the water is
held in reservoirs for the purpose of settling or otherwise, the condi-
tion may also obtain.

Treatment of Stagnant Water —When possible stagnant water
should not be used for human consumption, but there are occasions
when it is the only source of supply at hand. In such cases it is
important that the objectionable conditions ber emoved. Vari-
ous methods of removal are practised. Mechanical agitation
which would naturally prevent the growthof these organisms is not
applicable as a rule. Therefore recourse is usually had to chemical
treatment. Various kinds of chemicals as will be shown further
on added to stagnant water poison the cells of the organisms and
thus apparently purify the water. The purification consists in the
death and decomposition of the organisms growing upon the
surface and in the body of the water. It is seen that no real
purification takes place in one sense, since the remains of these
organisms are simply deposited and may continue to decay as
soon as the poisonous principle is sufficiently removed to permit
the renewal of bacterial activity.

DESTRUCTION OF GERMS
Chemical Stenhzahom—— The destructi ion of pathogemc germs

4
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various re-agents. Among those which have been used particu-
larly for this purpose are sulphate of copper and so-called hypo-
chlorite of lime. On account of the great expense of the sulphate
of copper and its extremely poisonous effect upon animal life,
especially fish, the greater use of the lime compound has of late
years come into vogue. It is now used in many parts of the
United States and Canada to such an extent that when one speaks
of the chemical treatment of water for the destruction of patho-
genic germs by chemical means, the chlorin-lime compound is
the one indicated unless otherwise specified. It is a cheap and
effective method for destroying certain of the threatening organ-
isms which are usually present in polluted water.

The destruction of germs in water must not be confounded with
-the process of eliminating silt. For this purpose certain elec-
trolytes, like alum or ferrous sulphate and lime, are more generally
employed and are much more effective than the hypochlorite of
lime. Also when vegetable organisms are to be destroyed, such as
alge, there is nothing so effective as copper sulphate. Hence,
hypochlorite of lime is not the ideal substance to use as a precipi-
tating agent when the waters are subsequently to be filtered
through sand or other filters. The treatment of water with hypo-
chlorite is also not a decolorizing process.

In order that the germicidal action of the hypochlorite may be
most effective, it is highly important that suspended and organic
matters be previously precipitated. There is one point of excel-
lence in the use of hypochlorite found in the fact that any excess
of it is extremely disagreeable both to the taste and to the nose,
and hence reveals itself directly in the water. When an excess of
the re-agent has been employed, the water becomes to that extent
unpotable. For this reason the use of hypochlorite of lime requires
a careful chemical supervision, in order that the quantities which
are necessary for purification may not be exceeded. In all these
cases the only excuse for the use of chemicals of any kind is the
choice between two evils. There is always a danger of using too
little or too much of the chemical. In the first case the water,
which is supposed to be free of danger, is not so; and in the second
place, the excess of the chemical may prove injurious. The ideal
solution of the: probieny in-all cases .would be to seek a source of
unpolluted-water, but as this-is -not always obtainable, we must
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expect that the use of purifying re-agents of the kind mentioned is
a necessity or at least a precaution which should not be omitted.

Liquid Chlorin and Ozone.—Another purifier of water is
ozone. Great claims have been made for ozone as a germicidal
agent for water in the last few years, and many forms of apparatus
for generating and using it have been applied. The schemes for
promoting the use of ozone are hard to dissociate from commercial
exploitation. Ozone undoubtedly has the power to destroy the
life of pathogenic organisms if it can be brought into contact with
them. The inefficiency of the ozone generators and the difficulty
of thoroughly bringing ozone into contact with the germs to be
destroyed are practical objections to the general use of this re-
agent. It also is evidently very much more expensive than the
simple treatment with hypochlorite, which remains today the most
efficient 'and most economical method of chemically treating
water for germicidal purposes. Violet rays, radiant emanations
and other forces of a mysterious or little understood character,
have also been recommended for the sterilization of water. These
recommendations have only an academic value, inasmuch as
their efficiency has not been demonstrated in a practical way.

Liquid Chlorin.—Since the introduction of the so-called hypo-
chlorite treatment of waters, in 1908, many complaints have been
made by reason of using an excess of the re-agent. Many diffi-
culties have been encountered in properly mixing this re-agent
with the water supply to be purified, leading to the complaints
above mentioned. To avoid this trouble and to have a more
controllable supply, efforts have been made to use liquid chlorin
instead of the hypochlorite. Chlorin gas is easily liquefied and
kept in strong cylinders in a liquid state in the same manner as is
practised with carbon dioxid. Liquid chlorin has been used with
good effect in combatting typhoid fever in the waters of Lockport,
Tonawanda and Buffalo, New York, Chicago and Milwaukee.
The use of it is easily controlled and it mixes with great facility
and evenly with the whole water supply. Liquid chlorin does
not remove turbidity nor color from water, and therefore it is not a
complete substitute for the ordinary forms of precipitation and
filtration.

Efficiency of Hypochlorite—The committee on water supplies
of the Sanitary Engineering Section of the American Public Health
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Association has recently submitted its report.! In.answer to
requests for information regarding the extent and efficacy of the
hypochlorite treatment 110 replies were received. About 75
. percent of the waters treated were from rivers, 20 percent
from lakes, and the rest from wells. The total daily output of
treated water was nearly 2,000 million gallons. The average cost
of treatment is 25 cents per million gallons. In very bad waters,
such as the Bubbly Creek in Chicago, 6o pounds of hypochlorite
per million gallons of water are used. The minimum quantity
reported was four pounds per million gallons. Only about 30 per-
cent of the plants reported tested the treated water for free
chlorin. Great variations are found in the strength of commercial
hypochlorites. The maximum percent of available chlorin was 44
and the minimum 15, and the average, 33 percent. The percent of
bacteria removed by the chlorination process is found to be about
98. .
*Cost of Hypochlorite—The cost of hypochlorite varies with
locality and quantity used. From the Atlantic Coast to Indiana
the average cost is $1.40 per hundred pounds. Thence to the
Mississippi, $1.78. Thence to Denver, $2.60. The small plants
pay greater sums than the large—varying from $1.46 to $2.84 per
hundred pounds. These costs at the present time (1918) are
much higher.

Application of Sulphate of Copper.—Mr. W. A. Taylor, Chief
of the Bureau of Plant Industry, has kindly furnished the photo-
graph of the simple method of applying sulphate of copper. He
says: ‘“This reservoir, shown in the figure, was seriously affected
with an abundant growth of a small green alga, which imparts a
very pronounced piquant odor to the water. The reservoir
was so badly infested that the disagreeable odor could be detected
during the summer at a distance of half a mile. An application of
copper sulphate at the rate of two-tenths of a part of sulphate to a
million parts of water by means of the bags shown in the figure
was sufficient to completely eradicate this trouble and during
the succeeding years one or two applications during the summer
have been sufficient to keep the reservoir in good condition.”

Restricted Use of Sulphate of Copper—In spite of the fact
that these experiments demonstrated in a most convincing way

! American Journal of Public Health, September, 1915, page 918.
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the practicability of purifying water reservoirs in this manner,
no great practical use has been made of the process. This has
been due, doubtless, to the fact that many experimenters were not
satisfied respecting the desirability of purifying a water supply -
by the addition of a substance known to be of such a poisonous
character as sulphate of copper. The present high cost of the
reagent and the danger of injury to fish have also had a limiting
influence.

Sterilization with Permanganate.—The polluted water accord-
ing to the French method is treated with a mixture of potassium

Fic. 3.—Distribution of copper sulphate. (Courtesy of W. A. Taylor, Bureau of
Plant Industry, U. S. Department of Agriculture.)

permanganate, sodium carbonate and slaked lime in equal pro-
portions. After five minutes eight parts of anhydrous ferrous
sulphate are added for each seven parts of the mixture used in the
preliminary treatment. The permanganate oxidizes the organic
matter and destroys microdrganisms, the sodium carbonate
precipitates any calcium sulphate which may occur naturally in
the water and the calcium hydrate precipitates any bicarbonate
of lime which may be present. On the addition of the ferrous
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sulphate the excess of permanganate is removed in the form of a
dense precipitate. The water drawn off from the precipitate is
very pure and limpid and contains only a very small amount of
the sulphates of potassium and sodium. This method, when
practised upon the waters of the Seine, which contained a great
number of bacteria, including the colon bacillus, produced a
perfectly sterile water. There is very little danger attending
the use of an excess of either of the re-agents. An excess of the
first precipitating mixture would impart to the finished product a
noticeable pink color, while an excess of iron, due to the addition
of the ferrous sulphate, would be precipitated partly by the sodium
carbonate and partly from the calcium carbonate resulting from
the first reaction.?

TypicaL City WATER SUPPLIES

Protecting Lake Michigan.—The chief problem in the Chicago
water supply is to protect the waters of Lake Michigan by chang-
ing the flow to the Mississippi and at the same time not to divert
enough water to seriously disturb the level of the Lakes and the
flow of the St. Lawrence. Whether this can be accomplished by
using the maximum quantity of 10,000 cubic feet per second, only
the future can determine. At the same time international relations
must not be strained and the friendship and collaboration of our
neighbors on the North are necessary to accomplish the best
results. In the end it will doubtless be found that the citizens of
all the towns and cities bordering the Great Lakes and their con-
necting rivers will have to purify their sewage before it is returned
to the lacustrine circulation.

Purification of the Chicago Water.—Even with the deflection
of the Chicago River, causing it to flow into the Mississippi instead
of Lake Michigan, the Chicago water is not entirely safe. Espe-
cially is it found that after heavy storms the deposits which have
settled for many years on the bottom of the lake are stirred and
the water becomes turbid and impure. The Board of Trustees
of the sanitary district of Chicago recently summarized the con-
dition of the water as follows:

““The general quality of the Chicago city water supply during

1 Lancet, 1908, Volume 174, page 1024
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the last few months of 1913 was good. Only storms of unusual
severity agitated the bottom of the lake sufficiently to cause the -
water to appear turbid. The slight increase of the Chicago death
rate of 1913 over that of 1912 was not due to the water supply.”

In a statement made to me by the Department of Health of the
city of Chicago, on January 8th, 1916, the following information
is given as to the methods of purifying the Chicago drinking water,
and also the quantity thereof consumed:

The water supply of Chicago is obtained from Lake Michigan by means
of six crib intakes located from two to four miles from shore, along the water
front. Two of these crib intakes, e.g., the extreme north and south cribs,
which have in the past shown a slight amount of contamination, are being
treated by means of chlorid of lime in a dosage of two-tenths part available
chlorin per million. The water from the harbor intake, two mile crib, is
now being treated by means of liquid chlorin in a dosage of two-tenths part
per million.

The total pumpage during the year 1915, as given by the Department of
Public Works, is 221,654,000,000 gallons. During the year 1916, to date,
the average pumpage has been 630,000,000 gallons daily.

Water Supply of New Orleans.—One of the most interesting
problems connected with the water service of large cities is that
presented by New Orleans. The City of New Orleans is built
upon a deep bed of silt which has been deposited in past ages from
the silt-charged waters of the Mississippi. The curious fact has
been discovered that at a considerable depth beneath the surface,
reached only by artesian wells, a water is supplied which is prac-
tically a bog water. It is extremely soft, as bog waters usually
are, and very deeply colored with the organic matter which is held
in colloidal suspension in water supplies. Large quantities of this
brown water are found in the hotels and other public buildings and
in use for technical purposes in different parts of the City. An-
other important supply for New Orleans has been cistern water. A
dwelling house in the residential portion of New Orleans is not
considered complete without a large wooden cistern. Owing to
the character of the soil and the nearness of the water line to the
surface it has been found impracticable to build cisterns in the
ground. They are therefore constructed as wooden tanks above
the surface. All of these supplies, however, were found to be
insufficient as the city increased in size. It therefore became
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necessary to study the possibilities of supplying the water from
the Mississippi River.

Character of the Mississippi River Water at New Orleans.—
The ability of water both to dissolve matters with which it comes
in contact and to carry them off mechanically, has already been
referred to. In this sense water is the universal scavenger: it
flushes the streets; it carries off the refuse of factories, of dwelling
houses, and of stables; it transports mecheanically large quantities
of mineral and organic matter, and dissolves in the earth through
which it passes all the soluble constituents of the soil. The water,
therefore, when it reaches the spring, the stream, and the river, is
in one sense Nature’s sewage, and carries either in solution or in
suspension all of the refuse of Nature’s activity to which it can
gain access. In this country the lower Mississippi River repre-
sents the greatest sewer of the world. It drains the entire area
between the crest of the Alleghanies and the crest of the Rocky
Mountains. This area is in round numbers 1,260,000 square
miles. The city population on the banks of the Mississippi and
the streams tributary thereto is about 10,000,000. The rural and
town population is probably double that number. It may be said
that fully 40,000,000 people, or nearly half of the population of the
United States, reside in the Mississippi Valley. The river is the
cloacum magnum of the United States. The character of the water
which.flows past the City is a matter of great interest. A study of
the Mississippi water was carefully made by a committee ap-
pointed for the purpose of proposing a system of water supply and
sewerage for the City. The results of a long series of studies
extending over three years show that the Mississippi River is a
very muddy stream containing about 6oo parts per million sus-
pended matter, consisting chiefly of silt and clay. If this sus-
pended matter were separated from the water it would amount to-
nearly three tons of solid matter in each million gallons of water.
During very dry seasons the quantity of suspended matter is very
much diminished, but during periods of flood there has been found
to be as much as 2,400 parts per million.

Pollution.—Although draining such an immense area on which
so many millions of human beings as well as domesticated animals
live, the Mississippi River water just above New Orleans has been
found to be remarkably free of pollution. This is due to the fact
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that the volume of the water is very great in proportion to the
number of inhabitants on the water shed. The purity of the Mis-
sissippi water is largely due to dilution as well as to the chemical
and mechanical processes of purification which are constantly
going on within the flow of the stream. In spite of the vast
amount of sewage which is poured into the river, only the merest
traces of it can be detected at New Orleans.

Fineness of the Suspended Matter.—It is evident from the
conditions which exist that the suspended matter in the river
water at New Orleans must be of extreme fineness, in other words,
approaching the colloidal state. The erosion which produces the
turbidity of the water, to be sure is constantly going on, but the
coarse sediments which are fed into the Mississippi River through
its principal affluents, namely, the Missouri and the Ohio, have
.about 1,000 miles of distance in which to settle before reaching
New Orleans. The relative amount of suspended matter which
will be deposited in a given time from Mississippi water at New
Orleans is not very great. Experiments have shown the following
data in regard to the amount of suspended matter deposited in 24
hours in different localities tributary to New Orleans: for instance
in the water of the Missouri River at Kansas City it is found that
82 percent of the suspended matter, and in the water of the Ohio
River at Cincinnati 62 percent will be deposited in 24 hours;
while in the water of the Mississippi River at New Orleans only 45
percent of the suspended matter will be deposited in the same
time. . .

Bacteria in the Mississippi River Water.—Bacteria examina-
tions of the river water extending over about three months in the
summer, when the bacteria are the most numerous, show the maxi-
mum number of bacteria per cubic centimeter of 16,000 and a
minimum of 2,300, and an average of 8,000 per cubic centimeter.
After filtration in the effluent water there was found a maximum
of 300, a minimum of 21 and an average of 110 per cubic centi-
meter. The maximum bacterial efficiency of the filter was found
to be 99.4 percent, its minimum g6 percent, and its average 98.2
percent.

Present Methods of Purification—The New Orleans water
purifying establishment is now completed and is delivering to the
city of New Orleans 17,000,000 gallons of pure water per day.
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The plant has a capacity of 6o,ooo,o$o gallons, and this could be
easily extended to supply 168,000,000 gallons per day. The
method of operation is as follows:!

Water is taken from the Mississippi River, three-quarters of a mile
away, through a 48-inch suction line, which is laid level and with its top two
feet below extreme low water in the river, and lifted by the low-lift pumps,
through the head or controlling, house, into one of the two grit reservoirs, in
passing through which it deposits about 10 percent of the heavier suspended
matter which it contains. From the grit reservoir the water passes through
the head house again, and, in proportion to the amount of water passing and
its condition, lime and sulphate of iron are added to it, after which it passes
through one of the two sets of chemical mixing passages, which afford a
runway back and forth and up and down of about a mile, during which any
deposit is prevented by the motion of the water. This keeps the chemical
solution thoroughly mixed with the water until the full chemical reaction
required has taken place. Then once more the water passes through the
head house, going this time to one of the two sets of settling reservoirs,
through which its passage is very slow, for the express purpose of causing
the deposit of the now coagulated masses of clay and precipitating lime and
magnesia which were originally contained in solution in the water,.as well
as of the iron and lime which were added to bring about this precipitation.
The result is that when the water has reached the outlet of the settling
reservoirs and is ready once more to pass through the head house to the
filters nearly all of the suspended matter and a large amount of the chemicals
which were in solution in the river water, together with those which were
added in the treatment, have been left behind in the settling reservoirs, and
the remainder, about fifty parts per million out of an average of 750 parts of
suspended matter contained in the raw river water, are in such changed
condition that they are easily removed by the filters, which yield an efluent
entirely free from suspended matter and containing less than half as much
lime and magnesia and only about 1 percent as many bacteria as the river
water originally contained. The resultant water is bright and sparkling
in appearance and safe and desirable for every use.

The filters are of the so-called rapid type. They are, however, merely
gravity sand filters, designed to handle large quantities of water and to be
very easily and cheaply cleaned. In filtering, the water enters above the
sand layer, passes through it and is collected by a system of drains into one
effluent pipe for each of the ten filter units, which efluent pipe is automatic-
ally throttled to prevent a too rapid flow through the filters. As thesuspended
matter in the water accumulates in the sand layer, the latter is gradually
choked up, until finally the filter will not pass as much water as is required
of it with the throttle on its efluent pipe wide open. This stage is reached

1The Journal of Industrial and Engineering Chemistry, Volume 7, No. 5, May,
1915, page 444.
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in from 100 to 300 hours of service under present operating conditions in
New Orleans, and then the filter has to be cleaned. The process of cleaning
consists in closing the inlet and outlet of the filter from its connection with the
operating portion of the system and in forcing filtered water into the efluent
pipe, through the drains, and up through the sand layer, at a high velocity,
which stirs up the sand layer, loosens the mud and causes it to overflow
through troughs placed at a higher elevation than that to which this velocity
will raise the sand of which the filtering material is composed. It takes less
than 10 minutes to go through the entire operation of washing a filter, and
only about 4 to 1 percent of the filtered water is required for filter washing.

The entire cost of treating and filtering the water and pumping it into the
distribution system is not over two cents per 1,000 gallons, and the cost of
water delivered to domestic consumers through meters by the city is now
usually less than one-fourth of what these same consumers had to pay for
raw river water pumped direct from the river before the city constructed and
operated its own waterworks plant.

The methods of purification used in Chicago and New Orleans are typical
of the two kinds of water supply for cities—viz., natural reservoirs, such as
lakes and running waters such as rivers.

Water as a Carrier of Disease.—While the medicinal value of
water has perhaps been exaggerated, the possibility of its carry-
ing disease, on the other hand, has been minimized. There are
many diseases which are transmitted by germs of some kind or
other or by direct infection. It is now established beyond doubt
that the diseases which were known so long as malarial were
misbranded. Of all the various forms of malarial diseases, none
of them is caused by bad air. In earlier times when so many
people were suffering from ague (chills and fever), it was noticed
that in building houses in such regions the higher lands were
selected—not only on account of beauty of view but for salubrity.
Those who dwelt in the lowlands and near the waters were more
subject to the ‘“‘malarial”’ disease than those living at higher
altitudes. This was popularly supposed to be due to the fact
that the air in the lowlands was polluted. Since the epoch-
making discovery of the activity of the mosquito in carrying dis-
eases of this kind, it is now easily seen that those who lived in
the lowlands and near the water supplies were very much more
likely to be bitten by mosquitoes than those living on the high-
lands. Water therefore is only a side issue in the transmission
of diseases by means of the mosquito in that it supplies the
breeding places for the larva of these insects. What is true of
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ague and chills and fever is also true of yellow fever, which is
the result of a direct infection transmitted by a mosquito of
another kind. The mosquito which produces the malarial fever is
the variety known as anopheles, while that which produces the
yellow fever is the stygomia. Another disease of a very dreadful
character which is transmitted largely by water, in the opinion
of most experts, is typhoid fever. Here, there is a direct infection
through the water itself. The germs of typhoid fever live indefi-
nitely in water, and even in ice. When these germs are taken
into the alimentary canal they as a rule produce no effect. The
perfectly healthy organism is either able to kill these germs or
to prevent them from securing a hold. When, however, these
germs come in contact with the organism in a certain state of
fatigue or inability to resist, then they enter the intestine, propa-
gate, and produce the well-known eruption on the small intestine
which is characteristic of typhoid fever. Another disease which is |
supposed to be largely carried by water is cholera. Justin what
way the germ is transmitted does not seem to be clear, but that
water is the principal vehicle is believed by many. The many
forms of diarrhcea, both infantile and adult, are doubtless produced
often by water. In fact very often the diarrhcea which attacks
travelers is ascribed to a change of water, though perhaps this
is not always the case. But at least the possibility of transmis-
sion of diseases in this way through water must be considered.
There are perhaps many other forms of diseases which depend more
or less for their distribution upon the water supply, but those
mentioned above are the most deadly and the most common. If
therefore we accord to certain waters therapeutic or remedial
effects, we must accord to certain others pathologic or disease
effects. The object which must be kept in view in such cases
would be to increase the consumption of waters that have thera-
peutic effects, and to decrease or eliminate completely the
consumption of waters which are dangerous to health. Both of
these events are capable of accomplishment by the application of
industry, knowledge and skill. It seems only reasonable to
believe that the advance of hygienic, therapeutic and engineering
knowledge and skill will in the course of a few years eliminate
most of the dangers incident to the drinking of water.
Epidemics Due to the Water Supply.—There are many incon-
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testable evidences that epidemics of the most fatal sort have often
been traced to the water supply. An alarming epidemic of
typhoid fever occurred at Cornell University a few years ago.
A very large number of the students of this University were ill
with typhoid fever and unfortunately quite a large number lost
their lives. The epidemic was of such a serious nature that it
came near closing the doors of the institution.

The Troy Epidemic.—A more recent outbreak of typhmd
fever, due to a polluted water supply, occurred in Troy, Pennsyl-

P1G. 4.—Studying contamination of water at Troy, Pa. (Pennsylvania State Dept.
of Health.)

vania, in October, 1912. In a town of 700 persons there
were 232 cases, practically 33 percent of the population.
Fortunately the outbreak was not very virulent. The mortality
for this reason was low, amounting to only 8.19 percent.
This infection was due to a connection between the West Branch
of Sugar Creek and one of the reservoirs supplying the town
with water. According to the official report by the Health
Commissioner of the state, a direct communication had been
made between the Creek and collecting system, both through a
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perforated barrel and also along the upper side of the divert-
ing wall beneath the bed of the Creek. A coloring matter,
fluorescein, was placed in the perforated barrel sso feet above
the collecting reservoir, and the color occurred in the reservoir
within 20 minutes. When placed in the Creek just above the
diverting wall, it appeared in the reservoir 55 feet distant in
33 seconds. The illustration shows the placing of the coloring
matter in the West Branch of Sugar Creek, by means of which
the connection with the reservoir was demonstrated.

The Cost of the Troy Epidemic—The Health Commissioner
of Pennsylvania, the late Dr. Dixon, made an interesting study of
the cost to the town of Troy of the epidemic of typhoid fever
which attacked so large a proportion of the citizens of the town
in the autumn of 1912. He finds that the total cost of the
epidemic to the town was $28,000. Compared to this it is
estimated that the cost of installing a complete system to
supply pure water for the town would not have exceeded
$22,000. The above represents the direct cost in money.
The incidental cost, however, is much greater. The cost of
the services of the health officers of the state, the estimated
loss due to the decrease in trade, and the estimated minimum
value of lives lost based upon the usual figures for determining
such value, shows a total additional cost of about $105,000.

When it is considered that this loss practically fell upon
700 people, the magnitude of it is more readily comprehended.
From all this it follows that one of the most economical
expenditures which a town could make would be devoted to
placing pure water, entirely free from any threat of disease, at
the disposal of every citizen.

The Fly and the Mosquito.—It is not just to place the whole
blame for typhoid on the water supply. In the city of Washington
the typhoid rate remained quite high several years after the
completion of the sand filters. Bad milk, the fly and the mosquito
are enthusiastic allies of bad water in increasing the typhoid
death rate. A higher death rate from typhoid during the summer
and autumn months is probably due largely to the above causes.
Fuller has shown! that the typhoid rates in Richmond and in
Washington have followed practically the same curves. and that

' Journal of the Franklin Institute, July, 1015, page ss.
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therefore the conditions in the two cities are similar. Better
sanitary inspection of milk, a more eager campaign against the
fly, the filling up of swamps and low places and thus combating
the mosquito, have done a great deal in both Washington and
Richmond, according to Fuller, in curbing the death rate from
typhoid.

Reduction of Typhoid Fever in Rural Communities.—Typhoid
fever is one disease which, taken the country over, is more
prevalent according to population in rural than in urban locali-
ties. The data collected by the United States census show a remark-
able preponderance of this disease in rural districts. In a circular
issued by the Public Health Service January, 1916, attention is
called to the fact that during the past year 16,369 rural homes in
8 different states were inspected by the officials of the Service.
A previous survey, made in 1914, had shown that in rural com-
munities less than 1 percent of the homes had sanitary toilets
and more than so percent of the people were using water from
contaminated sources. The typhoid fever rate, which is an ex- .
cellent index of sanitary conditions, was therefore remarkably
high in these regions.

The officials of the Public Health Service feel encouraged in
the belief that as a result of the campaign of education which they
have undertaken among rural communities the morbidity rate
of typhoid fever, as well as the mortality rate, has already been
considerably reduced. A similar service has been rendered to
the State of Indiana by the Board of Health of that state, under
the direction of Dr. John N. Hurty. Over 5,000 farmers’ homes
have been inspected in that state, and a campaign has been
vigorously prosecuted in that state to remedy the startling in-
sanitary conditions which have been found. It is evident that
by cleaning up the water supplies of country homes and installing
modern sanitary toilet systems the typhoid death rate of rural
districts will be reduced even to a lower figure than that which
prevails in the cities. ‘

State Control of Waters.—A number of the states have lately
been much interested in water control, to which reference has
already been made, especially the states of Indiana and Illinois.
The state alone cannot control its water supply, only in so far
as it is produced within the state. Any efficient state control
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must therefore be in collaboration with adjoining states and with
the Government. Pennsylvania is another one of the states that
is taking a great interest in the purity of its water supply. Dr.
Dixon, the former Commissioner of Health, has emphasized the
impoitance of a pure water supply in the following words:

We can live longer without food than we can without water. It makes
up 66 percent of our bodies. In its purity as Nature causes it to fall
from the atmosphere it is the most healthful of all liquids and the only one
which will satisfy the thirst. Without it our blood could not circulate
through the vessels of our anatomy. The infant in embryo is fed by blood
of which water is such an important part. It must be fed by blood which is
clean and pure in all its parts in order to build up a healthy youngster.

He further calls attention to the fact that the Schuylkill
River has become a gigantic sewer and that the Delaware is fast
reaching the same condition. As a result of this pollution of the
water supply typhoid fever has become in many cases epidemic.
In addition to the outbreak at Troy which has already been men-
tioned, a late outbreak at Nanticoke caused 445 cases of illness
with 10 percent of deaths. This epidemic, as was the case in
Troy, was traced directly to the water supply. Anthrax is also
a disease which is carried by water. Many other diseases may
also be water-carried, as, for instance, cholera and smallpox.

State Control in Illinois.—The State of Illinois has created
a water commission which is established at the University at
Urbana, and is doing perhaps more than any other state in the
rigid and scientific investigation and control of the state waters.
The President of the University is the head of the organization,
and the Director is Dr. Edward Bartow. A report is made an-
nually of the activities of this Survey. The last report shows a
praiseworthy activity along all the lines of investigation looking
to improving the water supplies of the state. It is the purpose
of this Survey to examine all the principal waters, and in this
particular report there is an extended study of the water of the
Sangamon River and its tributaries. Another interesting part
of the report is that relating to the disposal of sewage along the
northern branch of the Chicago River and its tributaries.

Canning Factory Wastes.—Important to the technical in-
dustries is the chapter on the disposal of canning factory wastes.
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As a result of this investigation of cannery waste it has been pos-
sible to illustrate that by the use of broad irrigation beds, that is,
distributing the waste over superficial areas, the waste of the
canning factory can be effectually disposed of. It is of course
evident that for such disposition the soil must be suitable, that
is, sandy and pervious to water, and of a contour suitable to the
creation of large beds in which the level of the sewage will not
greatly vary from place to place, in connection to settling basins
by which the greater part of the solid matter may be removed.
This method of disposal of the waste may be safely considered as
insuring the purity of the running streams, which up to this time
have been practically the sole recipients of sewage waste.

Summary.—By way of summary, it may be pointed out
that the dweller on the farm now has at his command all of the
household conveniences of the city dweller, and morever he can
be fortified in the same degree, or even to a greater degree,
against a contaminated water supply or offensive and insanitary
final disposal of sewage, and this without excessive cost. It is
impossible in speaking of sanitation on the farm, especially as it
relates to water supply and disposal of sewage, to lay down hard
and fast rules which may be followed blindly. On the contrary,
it will be necessary in arranging for any of the conveniences out-
lined in the foregoing to take full cognizance of the influence of
local factors. The problems presented are not, however, diffi-
cult or at all complex, and with a moderate amount of study the
up-to-date and intelligent farmer can with but moderate assist-
ance from the agricultural engineer design and install water
supplies, sewerage systems, plumbing systems, heating and
ventilating systems, and all that is necessary of a material
nature to render the comfort of life on the farm complete and
its appointments even luxurious.
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MINERAL WATERS

Definition.—Mineral waters, as has already been explained,
are natural waters which by reason of the acquirement of large
quantities of some element, by solution or otherwise, are removed
from the sphere of common potable waters. This denaturing,
so to speak, of a potable water may be accomplished either by
the acquirement of an excess of the ordinary soluble salts which
spring and well waters contain in minute quantities, or by the
solution of an odorous gas, such as hydrogen sulphid, or by the
acquirement of some poisonous or medicinal body, such as arsenic
or iron.

There is no definite limit of separation which can be established
between a potable and a mineral water. In point of fact, the
division of waters into these two classes is not attended with a
great deal of difficulty. Medicinal waters are oftén potable,
and mineral waters of a low degree of mineralization are constantly
used for potable purposes. In fact, the use of mineral waters
is not by any means confined to the persons who make pilgrimages
to the places where they are produced, but the principal consump-
tion is in the way of bottled waters, which are sent sometimes to
far distant countries.

Number of Mineral Waters.—The number of mineral waters
is legion. There are many hundreds of them known in the United
States, and in foreign countries they are almost, if not quite, as
numerous. Only a few waters have acquired world-wide reputa-
tion, but many waters that have not acquired this reputation are
of equal excellence. "The classification of mineral waters has been
arranged by Haywood!. In some respects it is the best classifica-
tion which has been published, especially by reason of its com-
pactness. It is as follows:

1United States Department of Agriculture, Bureau of Chemistry, Bulletin

No. g1.
66
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Group Class
[ Carbonated ) Sodic
or
I. Alkaline bicarbonated Lithic
Borated Potassic
Thermal Silicated Calcic Non-gaseous
Non-thermal | II. Alkaline- Sulphated Carbon diox-
saline { Muriated Magnesic ated
Nitrated + Ferruginous [ Sulphureted
1 Azotized
Aluminic Carbureted
Sulphated Arsenic Oxygenated
III. Saline { Muriated Bromic
Nitrated Todic
Silicious
IV. Acid {Sulphated J Boric )
. Muriated

Haywood gives further explanation of some of the groups
classified, as, for instance, thermal waters, which are those which
issue from the earth at a markedly higher temperature than the
surrounding atmosphere. He defines alkaline waters as those
which have an alkaline reaction and contain carbonic or bi-
carbonic acid ions in predominating quantities. Saline waters
are those which have an alkaline or neutral reaction and contain
sulphuric, muriatic, or nitric acid ions in predominating quantities.
Alkaline-saline waters lie between the alkaline and saline. They
embrace those which have an alkaline reaction and contain (1)
sulphuric, muriatic, or nitric acid ions along with carbonic or
bicarbonic acid ions, both classes being present as predominat-
ing constituents or those which have an alkaline reaction and
(2) those that contain sulphuric, muriatic, or nitric acid ions.
along with boric or silicic acid ions. Acid waters are those which
have an acid reaction, and contain either sulphuric or muriatic
acid ions in predominating quantities.

Apollinaris Water.—Among the waters imported into this
country none has such vogue as the Apollinaris. A study of
this water is more or less typical of other imported waters which
are valued and used in the country. One of the first points
which arises in the consideration of a mineral water is this:
Is it a natural or artificial water? A natural water is a water
bottled directly as it comes from the spring, without any treat-
ment of any kind except the mechanical steps which are necessary
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to transfer it to the bottle and to cork it. If the spring is naturally
a carbonated spring the bottled water will be a naturally carbonated
water, though of course it will not have the same content of carbon
dioxid unless it is pumped from a closed tube in the spring and
bottled directly without giving the carbon dioxid an opportunity
to escape. In so far as known, however, there is no such bottling
apparatus at work. Hence it follows that the naturally bottled
sparkling water will probably contain considerably less carbon
dioxid than the spring water itself. The question, also, of whether
this water is natural or artificial, has been raised in this country by
reason of the classification of imported waters for dutiable
purposes. The revenue laws make a distinction between the
duties laid upon a natural water and those which are laid upon
an artificial water. This distinction arises whenever the natural
water is treated in any way by means of which any of its natural
contents save carbon dioxid, as mentioned above, are eliminated,
or any new contents are added for any purpose whatever. An
artificial water is also held to be one in which carbon dioxid is
added under pressure, whether it be the carbon dioxid obtained
from the spring itself or derived from other sources. In regard
to the classification of such waters for dutiable purposes, the
opinion of Attorney General MacVeagh, issued on July 26, 1881,
may be cited:

The Apollinaris water, on the contrary, is not bottled as it flows from
the spring, but it is, in the first place, heavily surcharged with carbonic acid
gas, and ten parts of salt are added to 10,000 parts of water. It is
alleged on behalf of the importers, that not only is this the carbonic acid gas
such as escapes from the spring itself or from fissures in the rock immediately
around the spring, but that this water when being bottled is charged with no
greater portion of such gas than it possesses at a depth of s0 feet below the
surface, and that the process is merely to restore to it the gas which had
thereafter escaped. This contention is, however, vehemently denied, and it
is insisted that not only is there no evidence that the quantity of gas is the
same, but that the evidence clearly establishes that the water as bottled
contains a very considerable excess over the water in the spring.

As to the salt, the importers allege that it is simply added to preserve the
water in its natural state, and to prevent contact with the cork from altering
it. This, however, is also as earnestly denied, and it is insisted that the
salt is added, like the alleged excess of carbonic acid gas. for the sole purpose
of altering the natural character of the water as it flows from the spring, and
of enhancing its value as a sparkling and palatable beverage.
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In view of this conflict of testimony, and of the fact that Special Agent
Adams, of your Department, Mr. Sherer, the chemist selected by him, as well
as Appraiser Howard, and Collector Merritt, of the Port of New York, have,
after thorough consideration, concurred in finding that the water in question
is subjected to such alteration after it leaves the spring as to render it an
artificial mineral water. I am of the opinion that it ought to be so regarded,
and held to be liable to duty.

I cannot say that the question is free from doubt; but I have less hesita-
tion in reaching the conclusion I have stated, because it will be subject to
review, if the importers desire it, and the question will then reach the only
tribunal which, in my judgment, is entirely competent to decide it.

The Secretary of the Treasury, however, did not follow the
opinion of the Attorney General, but on the twenty-eighth of
January, 1882, issued the following as the opinion of the Treasury:

“I conclude, therefore, that the water imported under the
name of Appollinaris water is an article which is produced by
nature, and is not the handiwork of man; that it is a natural and,
not an artificial water.”

Under . the rulings and practices of the Food & Drugs Act,
Apollinaris is not classed as a natural water. Carbon dioxid has
been added and iron abstracted.

Official Requirements.—The official regulations covering the
subject of the proper labeling of medicinal and table waters is
found in Food Inspection Decision 94. In the opinion of the
Department of Agriculture all manufactured waters should be
labeled as either artificial or imitation, the choice of words being
left to the manufacturer. If no distinction is made in the labeling
of a water it will be inferred that it is of natural origin. All
waters which, though natural in the beginning, have anything
added to them or abstracted from them after they come from
source, should be labeled as artificial or should be so labeled as to
indicate that certain constituents have been added to or abstracted
from them. If lithia be added to a natural water, the label
should be either ‘‘artificial lithia water,” ‘“water artificially
lithiated,” or ‘““water treated with lithia.” If carbon dioxid be
added, whether the carbon dioxid be of the manufactured variety
or collected from the spring itself, the water should either be
labeled as ‘‘artificially carbonated water,” ‘“water artificially
carbonated,” ‘‘water treated with carbon dioxid,” or ‘contains
added carbon dioxid.” No water should be labeled as a natural
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water unless it be in the same condition as at source, without
additions or abstractions of any substance or substances. No
water should be labeled as ‘““medicinal water’’ unless it contains
one or more constituents in sufficient amounts to have a thera-
peutic effect from these constituents when a reasonable quantity
of the water is consumed. No water should be named after a
single constituent unless it contains such constituent in sufficient
amounts to have a therapeutic effect when a reasonable amount
of the water is consumed. No water should be characterized by
a geographical name which gives a false or misleading idea in
regard to the composition of said water. For instance, it would
not be correct to designate a water as “lithia water’’ merely
because the water came from Lithia, Fla., or Lithia, Mass. No
natural American spring water should be named after a foreign
spring, unless the name of the foreign spring has become generic
and indicative of the character of the water, except to indicate a
type or style, and then only when so qualified that it could not be
offered for sale under the name of the foreign spring.

In a later opinion respecting mineral waters, issued in May,
1914, it is held by the Bureau of Chemistry that if salts be added
to a natural water the quantity of salts added need not be stated.
Such words as ‘fortified,” ‘“concentrated,” ‘“added salts,”
etc., do not convey the proper information to the purchaser and
are considered misleading and objectionable. The label should
say: “Contains added sodium chlorid,”” ‘“Contains added sodium
bicarbonate,”” ‘“Fortified with magnesium sulphate,” or any
truthful legend of a similar import which conveys the proper in-
formation to the consumer.

It is also held by the Bureau of Chemistry that water which
has been artificially carbonated cannot ever be properly labeled
“a natural mineral water,”” and if iron or calcium salts or other
mineral constituents have been removed or have been allowed to
separate and thus disappear from the water this fact should
clearly appear on the label.

Mineral Waters of Saratoga.—The most famous mineral
waters of the United States are those which occur in and near the
village of Saratoga. Situated near the foot hills of the Adirondacks,
the mineral waters of Saratoga are peculiarly favored as respects
immunity from contamination. They flow through a series of
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F1G. 5.—One of the several spouting springs in Geyser Park, Saratoga. (Courtesy
of the Commissioners of the State Reservation at Saratoga Springs.)
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soluble rocks, which give to them their saline character. They
also evidently are brought into intimate contact with sources
of carbon dioxid, as most of them are highly carbonated. Among
the more famous springs of Saratoga may be mentioned the Vichy,
Hathorn, Arondack, Geyser, Peerless, Magnetic, Star, Seltzer,
High Rock, Lincoln, Chief, Victoria and Carlsbad. Inasmuch
as these waters are owned by the State a somewhat detailed de-
scription without advertising any private interest may be per-
mitted. The waters are quite typical of the principal mineral
waters of the World.

Origin of the Name ‘‘Saratoga.”—In the case of springs as
famous as those of Saratoga, and which bid fair in the future to
have their fame established on a scientific basis, all data relating
to the springs are of interest. In the Report of the Commis-
sioners! an interesting account is given of the origin of the name:

The aboriginal Saratoga, the Saraghtogha or Saraghtoghie of the red
man, and to us—at this distance in time—the romantic Saratoga, dates from
a very remote period. Actual history and enticing legend provide a most
interesting narrative if one chooses to construct it from available authorities.
The appearance of the oldest Saratoga spring is shrouded in the obscurity of
geologic ages; but it is fairly certain that a fire was kindled by some aborigines
who camped by that spring, during the Second Crusade, if over the charcoal
remains disclosed at a depth of 16 feet the deposition of tufa was as
rapidly made in those days by High Rock spring as in recent time by Geyser
spring. It isindeed fascinating to think that while Conrad III, of Germany,
and Louis VII, of France, were engaged in their unsuccessful attack on
Damascus, a2 band of red men were making propitiatory offerings to the
Manitou of High Rock spring about the year 1150. Brief mention should be
made of the visit of the first white man, as far as we can conjecture, to the
healing waters of Saratoga. From the Jesuit Relations we learn that a band
of Mohawk Indians in 1643 brought with them to the Saratoga springs
Father Isaac Jogues, who had been surprised and taken prisoner by a maraud-
ingband. Repairing to the “Medicine Waters of the Great Spirit ”” with their
captive, they rested and secured refreshment and restoration to health and
strength at the fountains whither they had been for ages accustomed to
repair for relief from exhaustion and disease.

The composition of two typical waters of Saratoga has been
determined by the Bureau of Chemistry® and is given below:

1State Reservation at Saratoga for 1914, pages 22 and following.
? Bulletin No. 91, 1905, pages 85 and 86.
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VicEY WATER, SARATOGA, N. Y.

(Sodic muriated alkaline-saline, carbon dioxated)

73

Gases (number of cubic centimeters per 1,000 grams at 0°C. and 760 mm. pres-
sure).—Carbon dioxid (free), 255; carbon dioxid (set free from bicarbonates on
evaporating to dryness), 125.6.

| Percent of
Constituents Parts per million '°::L;ne§. ‘i:":
solution
|

SiOs (silica)......ovevevniiiiiiii i, 14.7 | 0.60
SO, (sulphuric acid radicle)................... 16.7 | 0.68
HCO; (bicarbonic acid radicle)................ 684.3. 28.04
NO; (nitric acid radicle)...................... Trace
NO; (nitrous acid radicle)..................... Trace
PO, (phosphoric acid radicle).................. None
BO; (metaboric acid radicle).................. Trace
AsOy (arsenic acid radicle).................... None
Cl(chlorin)...............coiiiiiiiinnn.n. 893.3 36.60
Br(bromin).................... ..., Trace
I@odin)................oiiiii .. Trace
i; } (iron and aluminum).................... 4.2 0.17
Ca(calcium)................ooiinnnnn. 41.3 1.69
Mg (magnesium)............... ...l 9.1 0.37
Ba (barium) .............. ... i 0.06
Sr(strontium)................ooiiiiiiiiann None ’
K (potassium)................cooiviieennnnn. 3.8 0.16
Na(sodium).............cooiiiiiiiinnnnnnn. 772.1 31.63
Li (lithium)........... e . c.65 0.03
NH, (ammonium)........................... 0.714 0.03

Total.......coo i | 2,440.924 100.00
Freeammonia............................... | 0.675
Albuminoid ammonia........................ i Trace
Nitrogen as nitrates.......................... . Trace

Nitrogen as nitrites.......................... : Trace
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HYPOTHETICAL ForM OF COMBINATION

100.00

Percent of total
Pormula and name Parts per million | inorganic material
in solution

NH,C] (ammonium chlorid)................... 2.11 0.09
LiCl (lithium chlorid)........................ . 3.94 0.16
KCl (potassium chlorid)...................... 7.2 0.30
NaCl (sodium chlorid)........................ 1,459.5 59.79
Na;SOq (sodium sulphate).................... ' 24.7 1.01
NaBO; (sodium metaborate).................. : Trace
NaNO; (sodium nitrate)...................... : Trace
NaNO; (sodium nitrite)...................... Trace }
Na(HCO;) (sodium bicarbonate)............... ‘ 693.1 i 28.40
Na(HCO,); (barium bicarbonate).............. o.11 I
Mg(HCOs),; (magnesium bicarbonate).......... ! 54.8 | 2.25
Ca(HCO,): (calcium bicarbonate).............. ' 167.3 | 6.85
Fe(HCO,); (ferrous bicarbonate)............... ' 13.4 ] 0.55
SiOs (silicR)......covvvvii i 14.7 I 0.60

1

Total..........covvi i - 2,440.86
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HATHORN WATER, SARATOGA, N. Y.

(Sodic muriated alkaline-saline (ferruginous, bromic, and iodic))
Gases (number of cubic centimeters per 1,000 grams at o°C. and 760 mm. pres-
"sure).—Carbon dioxid (free), 75.0; carbon dioxid (set free from bicarbonates on
evaporating to dryness), 658.2.

Percent of total
Constituents Parts per million inorganic material
©  insolution

103 (SICR) . .v e e I 19.6 0.18
SO, (sulphuric acid radicle)................... i 5.6 0.0§
HCO; (bicarbonic acid radicle)................ | 3,585.6 33.02
NO; (nitric acid radicle)...................... i None
NO; (nitrous acid radicle)..................... l None
PO, (phosphoric acid radicle).................. ’ None
BO; (metaboric acid radicle).................. (a)
AsO, (arsenic acid radicle).................... None
Cl(chlorin).......covvininneiiiinannnn. 3,685.5 33.95
Br(bromin).........covvuiiiriiiiiiiiiiiians 26.9 0.25
I@odin).....covvveiinniii e, ! s o.or
i; } (iron and aluminum).................... ! 9.8 0.00
Ca (calcium)..................covinn.. 650.7 6.00
Mg (magnesium)............ovviiiiinnnen., 228.8 2.11
Ba (barium)...........coooiiiii 5.5 0.05
Sr(strontium).................c0iiiiiiin.... Trace
K (potassium)...................ccoiiina.., v 197.2 : 1.82
Na (sodium)............coviiiinennnnin... 2,430.7 ' 22.38
Li (lithium)................................. o.§
NH; (ammonium)........................... 10.7 0.09

Total..ovvuveiinii 10,858.6 | 100.00
Freeammonia............................... ! 10.1
Albuminoid ammonia.........................; Trace
Nitrogen as nitrates.......................... None ,
Nitrogen as nitrites.......................... None '

@ Small amount.
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HYPOTHETICAL ForRM OF COMBINATION

| Percent of total
Formula and name . Parts per million | inorganic material
' in solution

NH,(C! (ammonium chlorid)................... l 31.8 0.29
LiCl (lithium chlorid)........................ | 3.0 0.03
KClI (potassium chlorid)...................... ! 350.7 3.23
NaCl (sodium chlorid)........................  5,762.4 §3.06
KBr (potassium bromid)...................... ' 40.0 0.37
KI (potassium jodid)......................... ' 1.9 0.02
Na;SO¢ (sodium sulphate)................... ' 8.2 0.08
NaBO, (soidum metaborate) ................. ! (a)
Na(HCO,) (sodium bicarbonate)................ 586.4 5.40
Ba(HCO;,)s (barium bicarbonate)............. 10.4 0.09
Sr(HCO,); (strontium bicarbonate)............, Trace
Mg(HCO;)s (magnesium bicarbonate)......... . 1,377.8 12.69
Ca(HCO;); (calcium bicarbonate).............. Y 2,635.3 24.27
Fe(HCO,); (ferrous bicarbonate).............. , 3I.1 0.29
SiOg (silica)................. ' 19.6 0.18

Total............. @ " 10,858.6 100.00

@ Small amount.

Vogue of Saratoga Waters—The Saratoga waters not only
have had a great vogue at the Springs themselves, Saratoga
having been for many years a fashionable watering place, but
immense quantities have also been bottled and shipped to all
parts of the country. A few years ago an attempt was made to
tap the sources of the gaseous element and condense the carbon
dioxid gas for commercial purposes. The waters which ac-
companied these gases were usually allowed to run to waste.
So extensive was this practice that the water level of the Saratoga
springs began rapidly to decline and many of them ceased to flow.
This, however, did not stop the pumping both of gas and water.

Saving the Springs—This process was continued with such
vigor as to threaten the very existence of the springs. In order
that they might be saved, the area in which they existed was
acquired by the State of New York. The State put a stop to the
waste of water and gas, limited the output of water, which could
be taken only under conditions prescribed, converted the area
into a state park, beautified and improved it, and thus saved
for future generations both the therapeutic and esthetic effects
of the springs. Under the wise conservation of the State
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authorities the water level is rapidly rising. Springs which had
ceased to flow are beginning to yield their waters again. The
rape of the gas for commercial purposes has been stopped. It
is probable that within a few years all of these springs will be
restored to their pristine vigor.

Changing Character of the Saratoga W aters.—One of the peculiar
features revealed by the study of the Bureau of Chemistry is
disclosed in the fact that as compared with the analyses of former
years there has been a gradual diminution in the mineral content
of the Saratoga waters. This is not surprising when the great
drain to which the waters have been subjected is remembered.
In earlier times when the springs were in a natural state the waters
thereof received a maximum concentration by remaining as long
as possible in contact with the soluble minerals from which their
mineral content is derived. When the vogue of the waters was
fully established and great drains were made upon their volume
both at the spring and for shipping purposes, larger volumes of
water in contact with the mineral substances for a shorter time
were secured. As a result of this the maximum concentration
could not be expected to take place. The vigor of the attack
upon the water supply is well illustrated by a letter from the
owner of the Arondack spring of Saratoga, which is as follows:

We have here wells varying in depth from 150 feet to 600 feet. In
drilling the well the veins of water are liable to be struck at many intervals
from 40 feet down to the bottom. The well is tubed, generally with a small
iron pipe, down to a point that may be decided on as securing the best water.
At the bottom of the pipe a seed bag is attached, which very quickly swells
up and for a time, if properly adjusted, will shut out all the water above it, so
that the yield is only of the water entering below the seed bag. Now in the
course of time, which may be a few months and may be two years, the seed
bag frequently shrinks or is eaten away a little, and this would allow a certain
amount of the upper water to enter. It is also my experience that within
about two years there will be at some point of the pipe perforations which
again would allow water to enter.

Another point which we have noted is that many of the Saratoga springs
are connected with each other. I do not know whether pumping is carried
on at all by the mineral-water companies, but it is by all the gas companies
here, involving a matter of about 50 wells. We have at our gas works two
wells which are connected with a well of a competitor. When he pumps very
hard or at all our water levels are more or less affected, as is also our yield of
gas. He can pull our level down more than 20 feet. It seems to me that
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such a condition would, through hydrostatic pressure, affect the amount of
water running into the well from the various veins.

By comparing the analytical results with those of earlier
chemists Haywood found that the springs contain now only from
one-half to one-fifth as much mineral matter as they did in 1871.
Not only is the mineral content of the waters at the present time
less than in former years, but the analyses show that this mineral
content is continually varying, and especially it has been noticed
that the rarer elements, such as the compounds of lithium and
bromin, vary to a greater extent proportionately to their amount
than the other mineral elements which are present.

FiG. 6.

Official Labels.—There is one point to which particular atten-
tion should, be called, namely, the public ownership of these
waters by the State of New York. Not all of the Saratoga waters
have yet been acquired by the State, but a great majority of
them are now under state control. All waters shipped from Sara-
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toga under state control have attached to them labels which
indicate that fact. Some of these labels are reproduced above.
When these labels are seen on bottled Saratoga waters the pur-
chaser may be certain of the character of the water he is getting.
Unfortunately there are still some adulterated or misbranded
waters, often of a synthetic character, bottled and shipped from
Saratoga, but these of course do not bear the label of the State.
If all so-called remedial waters of this country could be under
city, state or national control, it would be a great boon to our
people. The United States itself has set an example in acquiring
and holding the Hot Springs of Arkansas. This example of the
United States, later imitated by the State of New York, should be
followed through all parts of the country until public ownership
of all medicinally advertised waters is established.

Misbranding of Mineral Waters—One of the most common
forms of misbranding of a mineral water of American origin is
in the adoption of a foreign name. The name which has been
most abused in this connection is Vichy. The Vichy waters of
France are owned by the state, and have acquired a fame which
is international. Without much reference to the character of
the water, however, the name has been adopted both for natural
and mineral waters of the United States. There can be no excuse
for misbranding of this kind. Its only purpose is to mislead,
it is contrary to both the spirit and letter of the law, and is a
violation of international ethics. Nearly all nations have signed
an agreement to respect each other’s trade marks and trade names.

_There can be no excuse from any point of view for the adoption
of the name of a foreign article for one produced in this country.
The so-called Vichy spring of Saratoga is one of the most promi-
nent offenders of this rule. ~

Curative Claims.—There is another form of misbranding which
perhaps is even worse than that of the adoption of foreign names,
namely, to advertise a water as of great therapeutic virtue by
reason of the content of some rare or especially valuable constitu-
ent. Among offenders of this kind lithium leads all the rest,
though radium is getting to be a close second. Many so-called
lithia waters, as has been shown in the courts, contain less lithium
than ordinary river waters. The minute trace of lithium which
the water contains must of necessity be entirely obscured by the
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quantities of other mineral ingredients. The remedial effects of
lithium as a remedy for rheumatism and gout have been tremen-
dously exaggerated. Modern therapeutics have begun toacknowl-
edge that the vaunted prowess of lithium as a rheumatism or
gout remedy is wholly visionary. Nevertheless the presence of
lithium, even in minute quantities, in waters has been regarded as
a sufficient basis to offer them to the public under the name of
lithia waters. In point of fact, the minute quantities of lithium
which these waters contain could not possibly be consumed in
sufficient volume to exert any therapeutic effect whatever. Unless
we accede to the view that a remedy is more potent as it becomes
more dilute, we must exclude from the realm of therapeutic
remedies the so-called lithia waters of commerce.

Not only have natural waters appropriated names that
do not belong to them and assumed virtues which they do not
possess, but the same is true of the synthetic waters of commerce.
They also have masqueraded under the name of Vichy, Celestins,
Carlsbad, etc. The sameremarks may be applied to these offenders
as in the case of the natural articles.

Adulteration with Carbon Dioxid.—Another form of adultera-
tion or misbranding which is quite common is the representation
of a water as being naturally effervescent, in which the effer-
vescence is produced by artificial means. The great difficulty
of bottling a naturally effervescent water so as to preserve its
qualities is well known. Usually the quantity of gas present is
not large enough to give the desired results. On the other hand,
the difficulty of introducing it into the bottle without the loss of
its natural gas is very great. The practice has grown up in
many places of collecting the gas which comes from effervescent
waters and after compressing it to use the compressed gas for
charging the water after it is bottled. This is a practice to
which no objection can be made whatever. Even still waters
may be thus carbonated and take on effervescent properties which
render them more valuable and more desirable, and no objection
can be made to this method of procedure. In all such cases
the article must be regarded as either misbranded or adulterated
if offered to the consumer as naturally effervescent.

Artificial and Imitation Mineral Walers—By reason of the

fact that the medicinal properties of certain mineral waters are
6



82 BEVERAGES

recognized and established by long experience, and by the further
reason that it is customary in certain localities to drink synthetic
waters, the industry of the manufacture of drinking water has
been developed on a very large scale in the United States. There
are large industries engaged in the bottling of the natural waters,
but perhaps an equally great industry is engaged in the artificial
introduction of carbon dioxid in the natural waters and in the
manufacture of waters by distillation, and the addition of the
necessary or other desirable mineral ingredients. This artificial
water is found upon the market at the present time in very large
quantities.

Medicinal Properties.—Whether or not such a synthetic
has the same medicinal qualities as a natural water is a question
of importance. It is quite likely that the materials which nature
puts together in the production of natural compounds have
properties which cannot be produced by any artificial means.
More than that, in natural products there are extremely minute
quantities of constituents which escape detection by ordinary
analytical methods, and thus fail to be placed in the imitations.
For this reason, it may be said that an imitated water cannot
be regarded as having the same value in any case as one of natural
origin.

Basic Material for Artificial Waters.—The basic material
for artificial waters is pure distilled water. This term is not
used in the absolute sense, because as has been already intimated
the production of absolutely pure water is well-nigh impossible.
The term is used in the ordinary sense of practically pure water,
free from odor and from appreciable quantity of foreign substances.

Method of Production.—It requires art and experience to
prepare a distilled water suitable for the manufacture of an
imitation mineral water. To secure the best results requires
that apparatus be scrupulously clean and so adjusted as to be
easily kept in proper condition. The ordinary pot still is the
apparatus usually recommended. In the operation of this still,
however, certain precautions must be observed.

Most waters which are used for distilling purposes contain
certain odoriferous particles in solution, and these must be
removed. The process which is most commonly used requires
the proper amount of water in the still for one operation. The
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distillation is then started and about one-third of the contents
evaporated. This first third is allowed to run to waste, because
it contains the volatile odoriferous materials above mentioned.
The process of distillation is then continued rather gently until
a second third of the contents is evaporated. This is received
into a condenser where the vapor is converted into water and
this water collected in absolutely clean receivers, built of materials
on which the distilled water does not appreciably act. The
remaining third of the water in the still, which contains con-
centrated mineral matters, is then allowed to flow in the sewer.
Thus, of the whole volume distilled, only half is reserved for the
purposes of manufacturing artificial waters, and of the whole
quantity of the contents of the still, only one-third.

Properties of the Distillate—The pure distilled water thus
obtained is practically free from dissolved gases, such as nitrogen
and oxygen, of which the atmosphere is chiefly composed, and is
consequently flat and insipid to the taste. It is of a character
sufficiently pure to be used for the manufacture of any imitation
waters desired.

Charging with Carbonic Acid—The simplest form of manufac-
tured water made from this pure distillate is that which is charged
with pure carbonic dioxid. The carbon dioxid which is employed
is usually collected from natural sources, that is, from springs
which give off natural carbonic acid, or is manufactured by chem-
ical means, usually by the action of an acid or marble or limestone.

The carbon dioxid given off naturally from springs is to be
preferred, because it is the natural gas which is produced in and
found with natural waters.

The carbon dioxid arising from fermentations is not desirable for
this purpose, because of its carrying certain odors due to its origin.

The gas produced by chemical means may be purified, and is
probably purer carbon dioxid than that derived from either of
the other sources mentioned.

It is, of course, the duty of the manufacturer to see that the
carbon dioxid which is used is thoroughly washed and purified
so that it may enter the water under the most favorable conditions.
The water being subjected under pressure to gas of this kind
absorbs certain quantities of it, which convert the insipid and dead
water into effervescing, pleasant and agreeable drinking water.
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Waters thus charged are usually kept in syphons for use.
The syphon should be made in a sanitary way, and no lead or zinc
pipes or tubes should come in contact with the liquid. The
proper material for making the delivery tubes of the syphon is
block tin. Thus charged the waters are easily adapted to use,
and are kept sparkhng until the contents of the syphon are ex-
hausted.

These carbonated waters are also put up in bottles, with corks
so secured as not to be blown out by the pressure of the gas.
Waters of this kind are known to the trade as carbonated waters,
and sometimes simply by the word carbonic.

Kinds of Artificial Waters—The number of artificial waters
which have been offered to the public is almost as great as those
of natural origin.

By means of a chemical analysis the composition of a natural
mineral water at any given time can be accurately determined.
Experience has shown that a natural water does not always have
the same quantity of mineral constituents. Not only may the
actual contents of mineral matter in natural water vary, but often
the proportions of the mineral substances as related to each other
may change. This is due to the fact that mineral waters are af-
fected, more or less, by the rainfall, so that the flow of a spring is
greater at one season than at another. This increased flow tends,
at least in some cases, to diminish the percentage of mineral
matter in the water. Then, too, the mineral matters in the water
are obtained by solution of mineral substances over which the
water passes. It is evident that, in the progress of solution at
first, more easily soluble mineral substances are extracted, and
thus these will appear in larger quantities. Thus, while it is
possible to imitate the natural water by the manufacture of a
product containing the same mineral ingredients, it is evident
that this imitation would only be true for the analysis of the
water at any given time, and not for the variations which might
arise at subsequent times.

It is practically impossible to exactly imitate the natural
water by any artificial means, but, it is easily possible to make
artificially a water which has in general a resemblance to that of
natural origin.

Purpose of Manufacture.—In these preparations an attempt
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is made to simulate the natural mineral waters, the constituents
of which are revealed by chemical analysis. If the mineral con-
stituents, as revealed by analysis, are added to pure distilled
water in essentially the same proportions as they exist in the
natural waters, a product is secured which, in so far as the chemist
is concerned, is an exact imitation of the original. As mineral
waters are very frequently charged with carbon dioxid naturally,
many of the artificial waters are saturated with carbonic acid at
a high pressure. When artificial waters are made under strictly
sanitary conditions, and many of them, perhaps most of them,
are so made, and when they are so labeled as to give to the con-
sumer a correct knowledge of their origin, they are not objection-
able.

Merits of Product.—The artificial product has two merits which
are not always possessed by the natural water. In the first
place, when properly made artificial waters are entirely free
of any kind of germ infection. They are clean, sterile, and pro-
tected completely from external pollution. They also have a
uniform constitution, being made after an exact formula which is
not varied. When charged with pure, carefully washed carbon
dioxid, they represent, from a sanitary point of view, an excellent
product. On the other hand, the natural water is not controlled
as to its source, nor as to the character of the soil through which
it filters, and hence may at times be contaminated by surface
waters or otherwise carry germs of infection which are objec-
tionable. In drinking a natural water the consumer does not,
as a rule, have access to so constant a product as when he drinks
an artificial water correctly made. On the other hand, the con-
sumer who drinks an artificial water is entirely at the mercy of
the compounder. If the manufacturer is ethical and his factory
is in a perfectly sanitary condition, the consumer always gets a
sound product. If, on the other hand, carelessness is exercised
in manufacture, if the premises are not sanitary or the chemical
control complete, the consumer may get an article of almost any
description. N

Adulteration and Misbranding of Artificial Waters.—What has
been said regarding the adulteration and misbranding of natural
waters is more emphatically to be repeated with reference to
artificial waters. It is a very common practice in the manu-
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facture of artificial waters to attach a name which implies that
it:is a natural product. Even the use of the word ‘“Imitation”
ory“Artificial”’ is not a sufficient justification of the use of a
name implying a natural origin. An artificial water may be
made which resembles in almost every chemical characteristic
the natural water, yet it is not one. An artificial water of this
kind is best sold under some name of its own, although it is of a
potable, pure, and wholesome character, as it often is and always
should be. The manufacture and sale of artificial waters of this
kind is an industry which deserves encouragement. It is pos-
sible to produce artificial waters in which every possibility of
contamination or pollution is eliminated. Such waters are
sterile. They are made of the purest materials and are com-
mended in a general way as a beverage. This is no excuse for
placing upon them any word or phrase or design or device which
suggests to the consumer an origin other than that of the labora-
tory and the factory.

Court Judgments on Misbranded or Adulterated Mineral
Waters—The general practice of misrepresenting synthetic
waters as natural and making extravagant claims for the thera-
peutic properties of such waters has received particular atten-
tion at the hands of the Bureau of Chemistry, and the courts have
passed upon a great many cases of such alleged adulteration and
misbranding. The American Medical Association has collected
and published a brochure devoted to a description of mineral
waters which are sold under misleading or fraudulent claims.
The reader is referred to this pamphlet for detailed descriptions
of these waters.!

Manufacture of Liquid Carbonic Acid.—Many bottlers of
carbonated beverages, instead of using merely the compressed
carbonic gas, employ in its stead liquefied carbonic acid. This
is obtained as follows: The carbonic acid is derived chiefly by
the burning of coke and absorbing the gas in a cold alkaline
solution. The gas is then driven out by heat. It is washed,
passed through a permanganate of potash solution and charcoal,
and then reduced by cold and pressure to a liquid state. It is
sold at about five cents per pound, and has been found to be very

1 Mineral Waters. American Medical Association, 535 North Dearborn Street
<Chicago.
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pure and much cheaper than it can be made on a small scale by
the bottler. .

Mineral Water Tablets.—As an economy in transportation
and a saving of packages, a custom has grown up of making
mineral water tablets. There are two methods in which this may
be done. The genuine way is to evaporate the natural mineral -
water to dryness and use the salts thus obtained in tablet form.
The second method consists in using these salts in the pro-
portions in which they exist in the mineral water from stock salts
which have never been derived from the water at all. Chemically
there would be very little prospect of distinguishing between these
two sets of tablets, but as far as the effect upon the system is con-
cerned it is not likely that the synthetic tablet would ever be
able to take the place of the natural one.

It is probable that the different tablets of this kind on the
market are mostly syntheticc. We have tablets marked Vichy,
Apollinaris, Kissingen, etc. These tablets are accompanied
with directions as to the quantity of water in which they should
be dissolved in order to restore them to their original dilution in
the natural water. As far as economy to the consumer is con-
cerned, there is probably no kind of mineral water that is cheaper

-than that which.is made in this way from prepared tablets. Each
tablet is of such a size and composition as to be sufficient for an
ordinary glass.

‘ The supposed medicinal effect of the tablets is based upon the
observed or supposed medicinal qualities of the waters them-
selves. It should not be understood that an artificial tablet
of this kind would have the same salutary effect as the natural
product. Further than this it may be said that the effect of the
natural product is not always convincingly established. Regard
must also be had to the fact that the continued dosing of the
system with laxatives or alteratives, or even with iron or arsenic
or lithia, is likely sooner or later to produce harm. The consump-
tion of mineral waters made by artificial tablets should therefore
be controlled by the same general principles as pertain to the use
of mineral waters in general.

Mineral Salts Used.—The minerals which are used in the manu-
facture of water should also be pure chemically and manufactured
in a sanitary water. The common minerals employed are salt,
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sulphate of soda, sulphate of magnesia, sulphate of lime, carbonate
of lime, carbonate of lithia, phosphates of iron, soda and potash,
borax, bromids, iodids, salts of aluminum, salts of manganese
and salts of ammonia. These mineral constituents, in order
to secure the best results, should be of the finest quality and free
" from any dirt or contamination of any description.

Magnitude of the Industry.—1It is difficult to obtain statistics
of the magnitude of the industry in artificial waters. The quan-
tity of bottled mineral water used in the United States is prob-
ably over 100,000,000 gallons annually. This includes the
quantity which is drunk directly at the mineral springs and
bottled for commercial use. The annual value of these waters
is probably from 20 to 25 million dollars. The amount of
artificial water produced is of course considerably less, but I have
no reliable data regarding the entire amount. Plain water
without any addition of minerals, both carbonated and still, is
bottled and sold in large quantities.

Bacterial Infection of Mineral Waters.—The production by
nature. of a mineral water entirely free from bacterial infection
is not to be expected. Happily most of the bacteria with which
we come into contact are either harmless or useful. There are
only a comparatively few bacteria commonly met which are harm-
ful. For the purpose of protecting water from bacterial infection,
the good as well as the bad organisms are to be excluded. To
this end the spring or well producing the mineral water should be
as carefully guarded from bacterial infection as possible.

Especially is it necessary that no sources of infection exist
in the neighborhood of the spring, nor along the areas of its source.
If the source of the spring be contaminated, it is almost impossible
to expect a purification even during its course deep under ground
and filtration through sand, gravel and soil. This mechanical
treatment by nature may serve to remove the greater part of the
infection, but it can hardly be expected to remove it all. Par-
ticularly the immediate neighborhood of the spring should be
free from any infection, and the admixture of infection of any
kind from surface waters must be guarded against with care.

Many waters which, as they approach the surface of the
earth, are in excellent condition for consumption, become infected
at their exit or during the process of bottling and shipping. Thus
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the exit of the well must be carefully cemented or concreted and
so covered as to exclude external infection from surface water and
from the air. All utensils used in handling the water must be
sterilized, and the bottling must be done under standard conditions
of sanitary cleanliness. The same character of problem that
faces the safeguarding of ordinary potable waters must be observed
with the mineral waters.

The occurrence of large numbers of colon bacillus in water is
always a suggestion of pollution. While it is recognized that
the colon bacillus may sometimes be innocent and be derived from
a source which is unobjectionable, its original habitat in the animal
organism, and especially in that part of the digestive apparatus
which is known as the colon, makes its presence always a cause of
suspicion if an inspection of the sanitary conditions of the prem-
ises shows that precautions are not observed to exclude the
possibility of such an infection.

Interpretation of the Results of Bacteriological Examination.—
Often data which are perfectly reliable concerning a product
like water are interpreted in entirely different ways by reason
of different points of view. The expert who is employed by the
manufacturer will interpret a given set of data in a manner entirely
exonerating the manufacturer from any blame either of wilful
contamination or criminal negligence. The same data interpreted
by an expert representing the consumer may lead toa condemnation
of the sample as not suitable for consumption. It is safe, as a
rule, to follow the opinions of the expert in the interests of the
consumer. To follow the conclusions of the expert for the manu-
facturer may lead to grave injury. On the other hand, to follow
the opinions of the expert for the consumer cannot possibly
injure anyone except the producer himself. Very bitter contentions
have arisen before the courts regarding this matter, and the
courts have interpreted the data differently. Upon the whole
the tendency of the judgment of the courts is generally toward
the protection of the consumer.

One must take into consideration in this matter various
conditions of the environment. The season of the year, the
proximity of possible sources of contamination, the magnitude
of the flow, the general history of the locality, the dip of the
rock strata, the general geological formation, the trend of drainage
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areas and the character and quality of the soil underlying rocks,
are all to be considered.

In general it is safe to follow the rule that all waters intended
for drinking purposes which show the presence of colon bacillus
in a majority of samples of one cubic centimeter, should be con-
sidered as polluted and excluded from consumption. While
the application of this rule might exclude some samples which are
wholly innocuous, the failure to observe it might admit many
others that are dangerously contaminated. The application of
science and bacteriology to the study of potable waters and
potable mineral waters has been practised only for a few years,
and the full benefit which is to come from such examination
has not yet been realized. In these circumstances it is not wise
to listen to the advice of some few scientific men who speak
with some contempt of the efforts which are made to judge the
waters by bacterial methods.

HEALING PROPERTIES OF WATERS

Waters as a Medicine.—In addition to the description of
water as a beverage attention may be called briefly to its value
as a medicine or remedy for disease. The theory of the hydro-
pathic system of medicine is based on the assumption of the
curative powers of water. The cardinal principles of hydro-
pathy are accepted by all schools of medicine. The value of
external applications of water, both as a means of cleansing and
as a control of temperature, are acknowledged by all physicians.
The copious drinking of water is also regarded as an efficient
remedy in many diseases.

Antiquity of Hydrotherapy.—The use of water as a healing
agent dates from the remotest antiquity and is, today, practised
by nearly every physician. The school of medicine which depends
upon water as the healing agent is called ‘“Hydropathic” and
the use of water as a remedy, hydrotherapy. The early records of
Asyria, Egypt and China, show that water was a very common
healing agent. Among the Greeks and Romans the bath was a
public institution, and some of the most remarkable buildings,
especially in Rome during the days of its greatest prosperity,
were those devoted to the bath. The temperature of the water
has a great deal to do with its curative power, and hence cold,
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warm and hot water and even steam are constantly employed.
The so-called Turkish bath depends largely upon the vapor of
water at a high temperature for its therapeutic effects. In the
writings of Hippocrates a very detailed description of the use of
water as a remedial agent is found. In the warfare against the
infectious organisms of the body the remedial agent is necessarily
carried in solution. Hence water becomes not only the carrier
of foods, but also the carrier of remedial agents. The percentage
of water in the blood is a dominant factor in the normal activity
of that liquid tissue. In certain diseases, such as cholera, the
water content of the blood is greatly diminished, and speedy
fatality attends the depletion of the water supply.

Water as a Vehicle for Heat and Cold.—Water, on account
of its high specific heat, is the most valuable agent for applying
heat or cold to the surface of the body or to the internal organs.
The cold-water bag or ice bag and the hot-water bag are well-
known weapons in the armament of sane therapy. The effect
of cold in certain conditions of the brain and in certain high tem-
peratures due to disease is well known. The reduction of the tem-
perature, while only a temporary relief, is necessary to the proper
action of the various medicinal healing agents.

The application of cold by means of water or ice is justified
on many therapeutic principles. As is well known, a low tem-
perature interferes with the activity of vital forces. In localized
inflammation, turgidity and attendant pain, the judicious ap-
plication of cold may afford at least temporary relief. In cases
where the activity of the cells is for the purpose of excreting all
poisonous substances cold must be used with careful judgment,
or else.it may do serious harm. In such cases the application
of hot water may result in greater good. The temporary con-
traction of the blood-vessels after cold water or ice is applied
is always followed by a reaction, when it is removed, of greater
activity. When one has been out in the cold during the day
his cheeks are apt to become very rosy on entering a warm room
at night. Thus if increased activity and secretion are desired
in the end, it may be justifiable in the beginning to apply the
cold compress.

Cold Destroys Life.—Too long exposure to cold is destructive
of living beings. Vegetables endure cold much better than
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animals, but even vegetable life is destroyed when the cold becomes
too great. There is no vegetation at the poles or on the tops of
high mountains. The effect of cold on the blood is quite marked.
The reaction which follows the temporary chilling of the blood
is found to increase the number both of white and blood corpuscles,
and also the quantity of the coloring matter—hemoglobin. It
has long been noticed that people who live in cold climates and
out-of-doors for the most part have ruddy complexions, which
are not found in people inhabiting warm regions. Thus a judicious
use of cold is fruitful of good results.

Water as a Heat Carrier.—The application of heat by means
of water is perhaps more commonly practised for therapeutic
reasons than even an application of cold. Almost all severe
pains in the organs of the body are more or less alleviated by the
hot-water bag. Especially is this true of abdominal pains. The
alleviation which is secured by the application of the hot-water bag
is well marked in many of these painful attacks. The dilatation
of the vessels, the increased activity produced by the warmth
and the general stimulation of the superficial parts to which the
heat is applied, all tend to promote favorable healing action in
many congested and pain-racked parts.

It must not be forgotten that there is a very general depressing
_ effect produced by too extensive or too long-continued appliaction
of heat. One may remain in the Turkish bath surrounded by
steam at a temperature considerably above that of the blood for
10 or 1§ or 20 minutes, or even longer in some cases, without
being notably depressed. Sooner or later, however, a feeling of
oppression and weakness supervenes, which is an index that the
application of heat in this way has been carried far enough. It
is very probable that if continued for longer periods, even at
temperatures only a few degrees above that of blood heat, very
serious results might take place.

After being subjected to this excessive heat, applied by means
of water vapor, there is of course a tendency to reaction when the
source of heat is withdrawn and the surface of the body is rubbed
with cold water. The water which is first used for this purpose
should be tepid, and gradually made cooler as the reaction takes
place. The application of heat in the form of water is well shown,
also, in its effects upon the excretory organs. The kidneys,
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especially, are stimulated and perform their functions more
thoroughly when subjected to high temperatures applied in the
manner described. Cold also may promote the secretion of
urine by closing the pores of the skin.

The Wet Pack.—Perhaps one of the most striking uses of
water in diseased conditions is that which is produced by the
process known as “packing.” In cases of high fever, as for
instance in typhoid, the patient experiences much relief and the
fever is considerably reduced by wrapping in a wet sheet and
keeping the patient therein for a considerable period of time.
The sheet may be removed from time to time, washed in tepid
water, and replaced. When a medical student I noticed in the
wards of the typhoid hospital in Vienna, the general treatment
of typhoid patients by giving them large doses of quinine and
then immersing them naked in the bath, the temperature of
which was high enough to produce no chill, that is, at a tem-
perature of 85, go or 95°. Gradually the warmer water would be
drawn away from this bath and colder water substituted until the
temperature of the bath would sink to 85, 80 or even 75°. Under
this treatment the temperature of the patient rapidly fell and he
was greatly benefited. It is probable that the therapeutic effect
of water in the treatment of fevers of this description has not been
properly appreciated by the medical profession.

Value of Bathing.—There is much difference of opinion re-
specting the value of frequent bathing. The general consensus
of opinion is that water is an agent of cleanliness and favorable to
the production of health, and that its use should never be omitted
even in times of stress when facilities for its application are at
hand. It is not recommended that persons suffering from severe
diseases should use water in a remedial way on their own volition.
The physician should study the condition and apply water in
such manner as his judgment may indicate for securing the
desired results.

Errors Regarding Healing Virtues of Waters.—Probably
there is no other function of waters so generally misunderstood
as that which has to do with their medicinal qualities. Nearly
all diseases to which flesh is heir yield, according to the claims
of the advertisers, to the virtues of this or that water. ‘‘Taking
the waters” is not only fashionable, but by large numbers of
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people deemed almost necessary. I have observed the habits
of those who go to celebrated watering places to secure the bene-
fits of the waters. That they are benefited by their journey
and by their stay, as a rule there can be but little doubt. There
are many other factors besides the waters which must be taken
into consideration.

Most of those who take the waters are well-to-do people,
who have lived on a too generous diet. On reaching the watering
place they are placed at once upon a simple and restricted diet,
which fact alone helps greatly toward a restoration of health.
Their habits of life are also regulated by the rules of the cure,
so that they go to bed early and get up early and do notindulge
in any excesses of any kind. The complete change of life which
they adopt, together with freedom from worry and confinement
of business, are all prominent and active factors in the restoration
of health. Probably the water itself has little to do with the case.

Specifics in Springs.—In addition to the general therapeutic
value ascribed to water there is a widespread belief that certain
springs have specific medicinal values. There is perhaps no
notion more widely disseminated than this, nor perhaps no one
tenet in medical matters which has a greater number of adherents.
It is a very common practice to ‘““‘take the waters” for a great
variety of diseases, especially those of a chronic character. Es-
pecially efficacious are certain waters supposed to be in rheu-
matism, gout, dyspepsia, nephritis and many other diseases of a
chronic and very persistent character. It will be sufficient to
state here that the widespread belief in the medicinal values
of waters is not as well founded in fact as it is extensive in belief.
That certain waters have medicinal principles may be accepted
as beyond contradiction. Many of them are purgative; most all
of them are to a certain extent diuretic; and a few contain specific
remedial agents such as arsenic and other rare elements such as
radium which are highly recommended for certain forms of
diseases.

Ferruginous Waters.—Attention has already been called to
water containing iron and to the very widespread belief that

“iron is a tonic and beneficial. This fact cannot be denied. On
the whole it must be said that the valuable properties attributed
to medicinal waters are as a rule very grossly exaggerated. Min-
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eral waters are not intended at all as a general beverage to be
used every day; they are only to be taken at intervals, and the
longer the intervals as a rule the better. It is not a normal
condition of affairs to be pouring into the alimentary canal a lot
of foreign material which is not indicated in a state of perfect
health. The value of a remedy as a rule is very greatly enhanced
by its intermittent use, and mineral waters are no exception to
this rule. It may be that in many cases the drinking of the waters
producing more or less cathartic effects and thus freeing the ali-
mentary canal of objectionable matters does tend to help in the
good work of restoring health, but if all the factors which are
active in this result are analyzed, it is doubtful whether the
waters themselves would occupy a very high place in the scale
of remedial agents.

Balneology.—The use of baths as a remedial agent (Balneology)
is rapidly assuming the position of an exact science. When it is
possible to get away from the extravagant and often misleading
statements which are published regarding the medicinal properties
of privately owned waters, it is evident that the placing of the
value of this treatment on a strictly scientific basis is near at
hand. It has been very aptly observed by Dr. Ferris, the State
physician at Saratoga that:

Hydrotherapy is simply a part of the general practice of
medicine, for its agencies may often be used to great advantage
in place of vegetable or mineral drugs, and with better results;
for, by means of these agencies, recuperation and restoration of
vital processes are often secured in cases wherein drugs produce
but a temporary condition, under cover of which nature is ex-
pected to assert herself. But its principles and practice should
be well understood by those who prescribe its measures.



PART IlI

SOFT DRINKS

Definition.—The term *soft drinks” is applied in the United
States to common beverages which contain no alcohol. From the
point of view of composition, there is no rule which can be formu-
lated by means of which their composition is controlled, unless
it should be by specific legal regulation such as is made by the
Bureau of Internal Revenue.

The typical soft drink of the United States is known as soda
water. This phrase is, to some extent, a misbranding, since it is
so called because originally the gas with which it is charged was
derived from carbonate or bicarbonate of soda. The name has
become so firmly attached to waters of this kind that it probably
will be accepted in the future as distinctive. In this country it is
mixed, before drinking, with a syrup, which in addition to the
sugar it contains, has a flavoring material to give it character.
The syrup is made of pure sugar, or at least should be and the
flavoring material is a vegetable juice or extract of some kind,
such as vanilla, orange, coffee, raspberry, strawberry, chocolate,
pineapple, lemon, banana, cherry. The above are all natural
flavors and wholly unobjectionable from an ethical point of view.

Other drinks of this kind are legion. Some of them are of a
composition to which the term soft drink is probably not applica-
ble because this appellation should be reserved solely for beverages
which contain no added injurious ingredient. The moment a
substance is placed in a soft drink which is open to objection on
account of its injury to health, the article ought to lose the right
to be known by that appellation.

The industry of soft drinks has grown to an enormous extent
in the United States, and much can be said in its favor and very
little against it. There is an undoubted tendency in man to drink
other things beside water and milk and if this tendency and desire
can be controlled and directed into the consumption of harmless

96



SOFT DRINKS 97

beverages containing no habit-forming drug, it may aid greatly
in the cause of temperance and in the restriction of the alcoholic
habit.

I think the great majority of the parents of this country
would prefer to see their children patronizing the soda fountain
rather than the saloon, and if a choice must be made between the
two, the soda fountain must certainly be preferred. ’

A soft beverage or a soft drink may be regarded as an insti-
tution particularly American, because the industry in soft drinks
is much more extensive in this country, in proportion to its
population, than it is in any other country of the world.

A concoction which is pleasant to the taste from any cause,
provided it be not due to an injurious substance or one which may
threaten health, and which at the same time is refreshing and
satisfying and made from wholesome articles in a sanitary manner,
cannot be open to any serious objection. The common occurrence
of sugar in the soft drink is a matter of regret in respect of its use
by children.

There is another matter which ought to be mentioned in this
connection and that is the danger which may come from the drink-
ing of ice-cold liquids in extremely hot weather, such as prevails
in most parts of the United States during the summer months.
The sudden chilling of the alimentary canal, or at least the upper
portion of it, by the ice-cold liquid on a hot day cannot be looked
upon as wholly innocuous. The danger is especially great if at
the same time of the consumption of the cold beverage the body
is exceptionally warm from exercise as well as from the temperature
of the ambient atmosphere. One of the great attractions of
the soft drink counter in summer is the coldness of its products,
and they usually are swallowed at a temperature not much above
the freezing point of water. This consumption would be robbed
of ‘most of its objectionable character if the beverage could be
slowly sipped instead of being swallowed almost instantly, as
is often the case. The dangers to the mucous membrane from
constant chilling in cases of this kind are not inconsiderable and
must not be neglected.

Character of Soft Drinks.—It would be difficult to give any
typical description of the general character of the soft beverage.

Nearly all of these beverages contain sugar and this is a point
7
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against them. Sugar is not a good ingredient of a ‘“cooling”
drink. Many of them contain carbon dioxid, aromatics, spices,
and flavors. Others contain bitter principles which are supposed
to be stimulants and tonics, and unfortunately many of them
contain drugs which are objectionable from every point of view.
Some of these products are decidedly of the habit-forming family,
such as cocain and its preparations, while others belong to less
objectionable classes, such as caffein, theobromin, etc. The
principle may be broadly stated that the addition of any drug
of this kind or character to a soft beverage which is consumed so
extensively by the children of the country is highly objectionable
and if it cannot be prevented in any other way, should be
prohibited by law. The remarkable fact is exhibited in this
country of parents who refuse to allow their children to drink
coffee or tea at home, on the assumption that it may prove in-
jurious to them, unwittingly permitting them to drink the active
principle of these two bodies, namely, caffein, under the guise
of coca cola, pepsi cola, tokola, cola coke, and other similar
beverages at the soft beverage fountain. It is perfectly certain
that if these parents were informed of the nature of beverages
of this kind they would forbid their children to use them.

The extent of the soft beverage industry, its popular qualities,
and the popularity of its products in this country, merit a more
particular description of some of the more important members
of the series.

SUBSTANCES USUALLY EMPLOYED IN THE PREPARATION OF
Sorr BEVERAGES

Water.—All soft beverages consist very largely of water.
The water which is used in the manufacture ought to be potable
and pure. No suspected waters or those contaminated in any
possible manner should be employed in the manufacture of these
drinks. It would not perhaps be advisable to say that the water
used in the manufacture of these soft drinks should be pure dis-
tilled water, because it is evident that the natural state of water
used as a beverage by man is not of that description. If a pure
spring or well water of good potable quality should be secured for
the manufacture of beverages of this kind, it would probably, in
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most instances, be as acceptable and unobjectionable as pure
distilled water. At the same time, such water would contain the
natural but minute quantities of mineral substances, which not
only improve the taste of water but add much to its nutritive
qualities. From the chapters on water in this book it is easily
seen what kind of waters should be avoided.

It is particularly important that the water should be free of
organic matters, as well as mineral matters, which may render it
either unwholesome or unpalatable.

Carbon Dioxid —The carbon dioxid which is used for charging
the waters of soft drinks should be a pure gas, free of all injurious
ingredients or contamination of any kind. The source of the
gas is of no consequence, provided it is pure. The methods of
producing and handling carbon dioxid are described under mineral
waters, p. 83.

Artificial Flavors—The natural flavors used in soda waters
have been described. In addition to these, soda waters and other
drinks often contain artificial flavors, that is synthetic.flavoring
matters produced by the chemist and which resemble more or less
closely the natural flavors of fruits. These artificial flavors,
although used in small quantity, are highly objectionable both
upon ethical grounds and because of their possible injury to
health. Even the sugar formerly was substituted in many cases
by the artificial sweetener, saccharin, a very little of which would
give an intensely sweet taste to a large volume of beverage. Since
the inhibition of the use of saccharin in food products such as.
soft drinks, very little of it is now found and it may be regarded as.
on the road to speedy exclusion.

The increase in price of artificial colors and synthetic ethers.
which are largely used in making flavors has been of a considerable-
magnitude since the beginning of the European War. The manu--
facturers, it is stated, have endeavored to sell at the old prices,.
but this is difficult unless some sacrifice of the quality is made..
It would be a difficult task to give any idea of the nature of any-
of these particular flavors. They vary according to the wish and
the skill of the manufacturer and the taste of the consumer. A
very good rule would be to demand only natural flavors at the
soda fountain. There would then be no danger of securing an
artificial article which might contain a color not certified as being
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pure or some ingredient which possibly might be injurious to
health. In a country like ours, where there is such an abundance
of natural flavors of an unobjectionable character and where
sugar is reasonably abundant and cheap, except in time of war,
there can be no possible excuse for the substitution of artificial
bodies for these natural products.

Purity of Soda Water—The general principles of sanitation
which are applied to the preparation and transportation of potable
and mineral waters should be applied also to the so-called soda
fountain. The carbonated water employed should be pure potable
water or distilled water, prepared with every precaution to insure
freedom from contamination. It should not be kept in tanks
lined with zinc or lead, nor should it pass through lead pipes.
Contamination with lead, a very dangerous poison, may ensue
by keeping soft water in contact with lead for any length of time.

The carbon dioxid which is used for charging should be thor-
oughly washed and pure, free from all contamination of every
kind. The glasses used for drinking purposes should be thoroughly
sterilized before using a second time. Dipping them in a tank of
water, so commonly practised, which has served the same purpose
for many hundreds of times without changing its contents is
worse than no treatment. The best precaution is to use paper
cups and then throw them away. Rigid inspection should be
exercised over all fountains of this kind, in order that the public
may be guarded against injury and the purity of the product
preserved.

Adulterations of Soda Water—Adulterations are happily
very little practised. They consist chiefly in the substitution of
the artificial flavors and sweeteners for the natural. As soda
waters are usually sold at five cents a glass, there can be no excuse
for using these cheap substitutes. Even at the highest price of -
genuine articles of flavors and of sugar and the cost of procuring
clean water, the profit on a glass of soda water ought to be satis-
factory to the most grasping.

Look Behind the Counters.—It would be a means of securing
sapitary conditions of this kind if the public had free admission
behind the counter. I have often turned away from the soda
fountain without patronizing it when I have seen, by accident,
the method of washing the glasses and the insanitary conditions
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with which the dispenser of the beverage was surrounded. As
kitchens of public restaurants should occupy the front space
‘next to the street, so should the counter of the soda fountain be
opened to the public. Publicity is the best sanitary activity which
is known. :

Synthetic Lemonade.—It is sometimes customary to substitute
for lemon juice a yellow solution of citric acid. This of course
is simply an adulteration, and a very undesirable one at that.
Anyone who has ever compared the flavor of a real lemonade,
either straight or at a soda fountain with carbonated water,
with an artificial preparation of a yellow solution of citric acid,
will understand exactly the force of this admonition. The same
is true of orange, where a little orange peel or the flavor thereof
and citric acid colored yellow is employed. All of these practices
are properly catalogued under the head of adulterations.

Other Soft Drinks.—In addition to the drinks which are served
at the soda fountain, similar drinks are bottled and sold generally
to the consumer. There is a vast array of ginger ales, pops and
" materials of this kind, on the market. To this group may be
added, also, the so-called root beers, which are sweetened water
flavored with various extracts of medicinal and other herbs and
sometimes slightly fermented. The same precautions in regard
to the preparation of these drinks as were made in regard to soda
waters should be observed. The basic material, that is, the water,
should be pure and free of infection. The flavoring materials
should be natural products. The sweetening material should be
sugar only, and no alkaloidal body or active medicinal agent
should be employed in their manufacture.

Magnitude of Sale.—These preparations are sold extensively
at all outdoor gatherings, and especially those of summer sports,
as tennis, baseball, and golf. The strictest precautions should
be used in regard to sterilizing the bottles in which they are con-
tained, and in using only high-grade flavoring materials in their
preparation.

Ginger Ale.—Ginger ale is probably the most popular of these
soft beverages. In the manufacture of ginger ale it has been a
very common custom to use capsicum instead of ginger as the
flavoring re-agent; or if ginger be used, only a small quantity is
employed, while the capsicum gives the bite and snap which is
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expected. Capsicum is not objectionable from a health point
of view, except when used in excess. Its use in a product labeled
“‘ Ginger Ale” can only be regarded as fraudulent. According to
the regulations under the Food and Drugs Act, if capsicum be
used in a ginger ale product and the product be called “ginger
ale,” it should be so labeled as to show that at least a part of its
spicing is due to capsicum. Since the food law has required the
proper labeling of these beverages, many manufacturers have
gradually come over to the making of the pure ginger ale product,
that is, one in which the ginger is the dominant or perhaps the
sole flavoring re-agent.

Official Definitions.!—1. Ginger ale is the carbonated or artificially carbonated
beverage prepared with potable water, acidulated sugar (sucrose) sirup, and
ginger ale flavor.

2. Ginger ale with capsicum is the carbonated or artificially carbonated beverage
prepared with potable water, acidulated sugar (sucrose) sirup, and ginger ale with
capsicum flavor.

3. Sarsaparilla is the carbonated or artificially carbonated beverage prepared

with potable water, sugar (sucrose) sirup, and sarsaparilla flavor. It may or may
not be acidulated.

Root Beer.—There is a class of soft drinks known as root
beers, which are composed with water as a base and with materials
which are subjected to more or less fermentation, producing
alcohol. The root beers are probably so called by reason of the
fact that they are flavored with certain vegetable, medicinal
substances, some of which may be derived from roots. The ‘“‘beer”
part of the name relates, of course, to the fact that they have un-
dergone incipient fermentation.

The quantity of alcohol which is produced in these beers is
not very large and yet I think it inadvisable to recommend even
these small quantities for children. A root beer, because it contains
a trace of alcohol, is hardly suitable for classification under the
general heading of ‘“soft drinks,” inasmuch as this term is applied
only to beverages which contain no alcohol.

Alcohol in Home-brewed Root Beers—La Wall has found
in some recent investigations? that many so-called root beers have
a large percentage of alcohol. Such beverages as these should
be classed under alcoholic drinks. He says:

1Food Inspection Decision 177 issued Aug. 20, 1918.
3 American Journal of Pharmacy, August, 1916, page 355.
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The conditions under which the beverage is made are very favorable
for the development of appreciable amounts of alcohol. Yeast, sugar,
water and a flavoring extract which usually contains some inorganic salts
for the stimulation and nutrition of the yeast, are combined under conditions
favorable to the rapid growth of the yeast, and the mixture is then bottled
and the bottles are directed to be tightly closed.

When the pressure of carbon dioxid, evolved by the fermenting mixture,
reaches a certain point, the fermentation automatically ceases. It may
easily be seen that if the mixture is allowed to stand for a short time before
bottling, or if the bottles are not entirely filled so that a comparatively large
air space remains, fermentation may proceed for some time, and the alcohol
content is correspondingly varied or increased.

I accordingly made some experiments to ascertain just how high the
alcohol would go under the most favorable conditions, and also to see what
the average alcohol content of a product made strictly according to directions
would be. The following results were obtained:

After standing 2days............. o.25 percent alcohol.
After standing 3 days............. 0.32 percent alcohol.
After standing 4 days............. 0.35 percent alcohol.
After standing sdays............. 0.53 percent alcohol.
After standing 6 days............. 0.64 percent alcohol.
After standing 7 days............. 0.81 percent alcohol.
After standing g days............. 1.29 percent alcohol.
After standing 1o days............. '1.36 percent alcohol.
After standing 11 days............. 1.52 percent alcohol.

No higher alcohol content was observed in this series even after standing
for 10 days longer.

Later some additional experiments were made, allowing the fermenting
liquid to stand for three hours before bottling and also only partially filling
the bottles, and while, of course, the alcohol content rose more rapidly in
each case, the highest amount noted under the most favorable circumstances
was 1.77 percent. .

There is a very delicate question involved as to whether a beverage
made in this manner could be sold as a non-alcoholic drink, using the ex-
pression ‘‘non-alcoholic” in its popular significance as equivalent to non-
intoxicating. Under the internal revenue rylings we find No. 804, June
29, 1904, J. W. Yerkes, Commissioner, the following:

“The question whether fermented malt liquor is intoxicating or non-
intoxicating is immaterial under the internal revenue laws, although it may
be a material question under the prohibitory laws of a State or under local
ordinances.”

No ruling, so far as I can find, has ever been made with reference to root
beer, nor can I find any literature on its alcohol content when made as
above described. The soda-fountain root beer, of course, is made by diluting



104 BEVERAGES

a flavored syrup with carbonated water and therefore contains no more
alcohol than the minute amount contributed by the extract used to flavor
the syrup, which would not exceed o.05 percent, and is not to be confused
with the home-brewed or fermented product, which is the subject of this
article.

It is recorded in literature that koumiss, which is made from milk fer-
mented under somewhat similar conditions, sometimes contains over 2
percent of alcohol.

The foregoing facts may come as a surprise to many who have looked
upon home-brewed root beer as a strictly temperance drink. With beer
averaging 4 percent alcohol, the mathematical ratio becomes apparent that
three bottles of home-brewed root beer, which have been allowed to stand
for 10 days or over, are equivalent to one bottle of ordinary beer.

Flavors Employed in the Making of Root Beer.—The so-called
root beers are aqueous or alcoholic extracts of certain aromatic
bitter principles, some of which have medicinal properties and
are included in the Pharmacopceia of the United States. Among
the materials which are used for flavoring in this way are juniper
berries, pipsissewa, sarsaparilla, spikenard, wintergreen, vanilla,
various barks and roots, bitter principles such as tannin, and other
allied bodies. These materials are sometimes furnished together
with the necessary quantity of yeast so that the fermentation
of the beers may be made at the home.

Near Beer.—Near beer is held to be a malt beverage containing
less than }4 percent of alcohol. In many states where pro-
hibition is established the sale of a malt beverage containing
less than 14 percent of alcoholis permitted. A Minnesota court
lately decided that a temperance beverage known as ‘“Malta”
is not a violation of the Hanson law of that state, which forbids
the sale of malted liquor in any other place except licensed saloons.
It was testified that the beverage was not an alcoholic or fermented
liquor, and not made from malted grains.

Apparently the case was one of misbranding, as the sale of a
beverage under the name ‘“Malta” is clearly an indication that it
is made of malt.

The federal revenue agents in northern Illinois in examining
what was sold as “near beer” discovered that it contained more
than one-half of 1 percent alcohol, which would require that
the maker, bottler and retailer of this beverage must all secure
government licenses. ‘
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Pop.—The term “pop” is applied to a carbonated beverage,
and doubtless the name has been derived from the slight explosion
which takes place when the stopper is removed. There is no rule
nor regulation followed by the manufacturers of so-called pops.
Generally the water which is used is colored, usually with caramel,
and also flavored with different flavoring substances, either of a
natural or synthetic character. If the flavoring substances
are of natural origin they can hardly be objected to. The use of
synthetic flavors, that is, ethereal compounds derived from alcohols,
is not to be commended in any case. While many of these flavors
are practically harmless in small quantities, they belong to a class
-of bodies which must be used with great discrimination, and it is
best to have them eliminated altogether. There is one component
of these waters which the consumer should be aware of, namely,
that they are generally sweetened. Pops are sold largely in hot
weather, and especially at great outdoor gatherings, like baseball
games. A sweetened water has very little, if any, value as a
remedy for thirst. In fact, one of the best ways to induce thirst
is to eat large quantities of sugar or drink large quantities of
sweetened water. Nature requires a lot of dilution in order to
make this excess of sweets tolerable. Therefore, there is little
if any benefit, as far as quenching thirst is concerned, derived from
the consumption of these articles. :

Lemonade.—Lemonade is a beverage almost as widely con-
sumed as soda water throughout all parts of the United States.
Lemonade is a beverage made from the expressed juice of lemons,
sweetened to suit the taste with sugar. The water which is em-
ployed may be either plain, potable water or sometimes water im- .
pregnated with carbon dioxid. The lemon juice which is used in
lemonade contains not only the acid citrate of potash asitsacidi-
fying agent, but also the aromatic flavors, consisting of oil,
ethers, etc., characteristic of the lemon itself. The rinds are
frequently added and give an additional bitter taste due to a
glucoside of some kind, probably of a tannic nature, residing
particularly in the skins.

Orangeade.—Orangeade is a beverage similar to that de-
scribed under lemonade, in which the orange juice is employed in-
stead of lemon juice. The same descriptive matter is applied to
it as to lemonade. Inasmuch as orange juice is less acid than
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lemon juice, a smaller quantity of sugar is employed in the manu-
facture of this beverage.

Limeade.—The term ‘‘limeade’ is applied to a beverage made
from the juice of limes and in the same manner as described for
lemonade. As lime juice is considerably more acid than lemon
juice, a larger quantity of sugar is employed than for lemonade.
All of these beverages are usually served very cold, in fact, colder
than is required for health and flavor. Instead of having them
near the temperature of ice, they would be much better in every
respect if drunk at a temperature of about 50°.

Soft Drinks Containing Caffein.—The laws controlling the
traffic in cocain and its sales have become so strict that the use
of this body in so-called soft drinks is practically prohibited. The
only alkaloid which is employed at the present time in the prepa-
ration of these beverages is caffein. Caffein is an alkaloid of
somewhat restricted occurrence, being found chiefly in coffee, tea,
cola nuts, yerba maté, and guarana. In the cylindrical sticks
of the plant guarana prepared for the market, as high as 5
percent of caffein is sometimes found.

The caffein which is used commercially is extracted clueﬂy
from tea sweepings, although it may be obtained from coffee which
is used in making Kaffee Hag and similar preparations. It is
a white crystalline powder, colorless when pure, and at high
temperatures is sublimed unchanged. It has a somewhat bitter
taste and is soluble in water. It is a substance known in chemis-
try as a base, that is, it unites with acids to form salts.

The effects of caffein are well known, and in large quantities
it produces sleeplessness and other injurious effects. Even in
small quantities it acts strongly on certain individuals who are
more or less idiosyncratic to its effects. It is consumed in large
quantities by the tea and coffee drinkers of the world. Chocolate
and cocoa also contain small quantities of caffein, but the principal
alkaloid in cocoa is theobromin.

The chief soft drink which contains caffein is coca cola. In
addition to the content of caffein, coca cola also contains the
extract from coca leaves from which the cocain has been pre-
viously obtained. In addition to this, also, a very small quantity
of cola nut is employed, together with sugar, caramel and acid
and aromatic substances. The composition of coca cola syrup
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as disclosed before the federal court in Chattanooga is as
follows:

Caffein (grains per fluid ounce)................. 0.92-1.30
Phosphoric acid (H;POy) (percent).............. 0.26-0.30
Sugar, total (percent).........co0viiiieeniann. 48.86-58.00
Alcohol (percent by volume)................... 0.90-1.27
Caramel, glycerin, lime juice, essential oils, and

plant extractive............oiiiiiiiinnen, Present
Water (percent).......ooveeveneennuennnennnn 34.00—41.00

From the above composition it is seen that coca cola, that is,
the syrup from which the drink is made, consists of about half
sugar, one-third water, and the remainder the substances men-
tioned in the analysis above. In preparing the beverage about
one ounce of the syrup, as indicted above, is used per glass.
The active principle on which its vogue mainly depends is the
caffein. When caffein is taken in from one- to two-grain doses,
as is the case with those who drink tea, coffee and coca cola, the
effects are prompt and, as a rule, agreeable. There is a sense of
gentle exhilaration, a relief from the oppression of fatigue, and a
decided wakefulness or stimulation of the nerve centers. This
condition continues for several hours, so that the effect produced
is never by any means transitory.

Authorities competent to judge of the effects of caffein from a
scientific point of view, differ widely in their estimates of its effect
upon the human system. All admit that in excessive quantities
it is harmful. Some maintain that even in small quantities, when
its use is continued, harm is done the organism. Others maintain
that in small quantities in most persons, that is, in quantities
not exceeding from 5 to 10 grains of caffein per day, no evil
effects are produced, and even beneficial effects may be expected.
The layman is of necessity somewhat confused in this multitude
of conflicting opinions. The safe attitude to take on a question
of this kind, it seems to me, is that which should be assumed in
reference to alcoholic beverages and tobacco, namely, that inas-
much as there is a difference of opinion among experts, the layman
will do well to follow the rule of avoiding in his diet anything
which is not necessary and which may possibly produce injury.
These various opinions are well illustrated by the testimony of
experts before the federal court. Dr. John Witherspoon, former
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President of the American Medical Association, testified that he
had treated twenty or thirty patients afflicted with coca cola habit
in four or five years. When they gave up the habit their health
improved. He said:

I regard coca cola as habit-forming. One glass creates a demand for
another, because it stimulates the user and makes him feel better. Then
when the effect wears off the feeling is one of depression, and he gets very
nervous and seemingly cannot do without it very well.

The above may be regarded as a type of the testimony given
by physicians who believe that coca cola is harmful.

Dr. Victor C. Vaughn, former President of the American
Medical Association, testified:

I am of the opinion that coca cola syrup, taken in the form of a beverage
in proportion of one ounce of syrup to 6 or 7 ounces of carbonated
water, taken five or six times in the course of a day, would not produce
injurious effects. I have no doubt it would be stimulating to the brain and
muscles and to some extent possibly to the kidneys slightly, but such stimu-
lation would be normal . . . . I should say that caffein should not be
given to children under 7 years of age . . . . Because a certain drug
does not produce an observably harmful effect, does not at all prove that it
is not deleterious. Even one or one and a half grains of caffein may prove
harmful to many persons, and I have no doubt there are many people who
should not take caffein at all. I would prohibit caffein altogether to children
under 7 years of age, and even above that age there may be some, and
no doubt there are many, to whom it should not be given.

The above-contrasted opinions of two eminent medical men,
each of whom has been President of the American Medical Asso-
ciation, show the wide variance of view of competent experts in
the case, and yet a quite agreeing opinion that at times and in
some individuals caffein is harmful.

When coca cola was first made the unextracted leaves of the
coca were employed, and thus a small amount of cocain was
found in the beverage. Subsequently the use of the fresh leaves
of coca was abandoned and the exhausted leaves employed in
their place. Many attempts have been made to introduce other
caffeinated beverages to the people of the country, at first by
giving them a name similar in some respects to coca cola. The
courts have uniformly decided that such imitations are a viola-
tion of the copyrights of the Coca Cola Company. These imita-
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tions of coca cola, both in name and composition, have therefore
not secured any lasting vogue. It is of importance that the
people of the country should understand the nature of a beverage
of this kind, in order that they may intelligently assume a proper
position in respect of its use.

The Cola or Ola Drinks.—The remarkable success of the Coca
Cola Company of Atlanta, Georgia, in building up a very great

" and lucrative business in the sale of coca cola has induced many

" other manufacturers to imitate, as nearly as possible, the name

adopted by the Coca Cola Company. Aside from the unethical
principle involved, it is gratifying to know that the public is not
slow to distinguish the genuine from the imitation. In other
words, if anyone wishes to drink a cola or an ola he prefers to take
the original article rather than its substitutes. Whether or not all
the various beverages which use “cola’ or “ola” in some form in
their names are also imitations of coca cola in composition, I am
unable to say. At least, however, an informed person, knowing the
nature of coca cola, would reasonably expect that any “cola” or
“ola” drink of any kind would not be content with imitating only
the name of the original article, but also to some extent its com-
position. Itis fair to presume, therefore, that the “‘colas” or ““olas”
as a class contain caffein as the active and valuable ingredient.

The family of colas or olas is increasingly great. The Report
of the President’s Homes Commission, appointed by President
Roosevelt to study the condition existing in the homes of the
country, contained a list of cola or ola drinks, so-called, which is
found on pages 268 and following of the Report. The names of
these beverages, as printed in this Report, are as follows:

Afri Cola, The Afri Cola Co., Atlanta, Ga.

Ala Cola, Ala Bottling Works, Bessemer, Ala.

Carre Cola, E. Carre Co., Mobile, Ala.

Celery Cola, The Celery Cola Co., Birmingham, Ala.; Dallas, Texas;
Nashville, Tenn., and St. Louis, Mo.

Chan Ola, L. M. Channell, New Orleans, La.

Chera Cola, Union Bottling Works, Columbus, Ga.

Coca Cola, Coca Cola Co., Atlanta, Ga.

Cola Coke, Lehman-Rosenfeld Co., Cincinnati, Ohio. (This prepara-
tion was formerly sold under the name of Rocco Cola.)

Cream Cola, Jebeles & Calias Co., Birmingham, Ala.

Four Kola, Big Four Bottling Works, Waco, Texas.
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Hayo Kola, Hayo Kola Co., Norfolk, Va.

Heck’s Cola, Heck & Co., Nashville, Tenn.

Kaye Ola, A. W. Kaye, Meridian, Miss.

Kola Ade, Wiley Manufacturing Co., Atlanta, Ga.

Kola Kola, W. J. Stange Co., Chicago, Ill.

Kola Phos, John Wyeth and Bro., Philadelphia, Pa.

Kos Kola, Sethness Co.,Chicago, IlL

Lime Cola, Alabama Grocery Co., Birmingham, Ala.

Lima Ola, Wine Brew Co., Macon, Ga.

Nerv Ola, Henry K. Wampole & Co., Philadelphia, Pa.

Revive Ola, O. L. Gregory Vinegar Co., Birmingham, Ala.

Rocola, American Manufacturing Co., Savannah, Ga.

Rye Ola, Rye Ola Co., Birmingham, Ala.

Standard Cola, The Standard Bottling Co., Denver, Colo.

Tokola, Samuel Smith & Co., Chicago, IlL

Vani Kola, Vani Kola Company, Canton, Ohio.

Wise Ola, The Wise Ola Co., Birmingham, Ala.

Citro Cola, Miners Fruit Nectar Co., Boston, Mass.

Koke Ola, Eagle Bottling Co., Frankfort, Ky.

Lon Kola, Lon Kola Co., Danville, Ky.

Mexicola, Celiko Bottling Works, Raleigh, N. C.

Pau Pau Cola, Pau Pau Cola Co., Detroit, Mich.

Pepsi Cola, C. D. Bradham, New Bern, N. C.

Charcola, H. C. Metzger, Meridian, Miss.

Cherry Kola, Williamsport, Pa.

Cola Soda, Jacob House and Sons, Buffalo, N. Y.

Field’s Cola, H. C. Field, High Point, N. C.

Imported French Cola, Alabama Grocery Co., Birmingham, Ala.
(Claimed to be carbonated Wiseola.)

Jacob’s Kola, Tampa, Florida.

Kola Cream, The Henzerling Co., Baltimore, Md.

Kola Pepsin Celery Wine Tonic, W. J. Miller, Cleveland, Ohio.

Kola Vena.

Loco Kola, Norton, Virginia.

Mintola, Davis Kelley Co., Louisville, Ky.

Ro-Cola, Savannah, Ga.

Schelhorns Cola, Evansville Bottling Co., Evansville, Ind.

Vine Cola, California Commerical Co., Los Angeles, Cal.

The Report of the Homes Commission says:

During the past decade soda fountain specialties containing caffein,
extract of kola nut and extract of coca leaf, the active principle of which is
cocain, have been offered in considerable quantities and, due to extensive
and attractive advertising, both as beverages and as headache remedies and
nerve tonics, their sale has assumed large proportions.

Judging from the names of most of these products it would appear that
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extract of kola nut is one of the chief ingredients, and, while in certain in-
stances this drug is undoubtedly present, in most cases the caffein has been
added as the alkaloid caffein obtained from refuse tea sweepings.

The use of the coca leaf, by reason of the fact that it introduces
cocain into the drinks, has been now generally discontinued.
In the case of coca cola the decocainized leaf, the refuse product
discarded in the manufacture of cocain, is employed. So per-
fectly is the cocain extracted in the process of manufacture that
the extract used in coca cola does not apparently contain any
of the cocain alkaloid. The Report of the President’s Homes
Commission was issued in 1908, and since that time it is certain
that many more drinks of the ola or cola type have been placed
upon the market. While I have intimated that one acquainted
with the composition of the original beverage would infer that the
substitutes contained caffein and are also made partly from the
kola nut which contains considerable quantities of caffein, it would
not be just to intimate that all of them are of that composition.
It is possible that many of them are merely imitations of name,
and not imitations of composition.

In order to determine whether or not the manufacture and sale
of ola or cola beverages is still practised, I have consulted the
National Bottlers’ Gazette, the issue of January 5, 1916. In that
issue it is evident that the practice of the cola or ola habit is still
in vogue. It is said, on page 64:

Bottlers interested in what’s what in cola drinks should turn to the
two-color advertisement of the Sher-A-Coca Co. of Pittsburgh, Pa., on which
is advertised its two high class drinks, Sher-A-Coca and Sher-A-Coca Punch.

" An interesting little booklet has recently been issued by the company,
describing the merits of these new beverages, and our readers will do well to
get a copy and read it.

Thus it is seen that even in drinks in which the word “ola”
or “cola’ does not occur, but where ‘““coca’” does occur, it is
recognized that they belong to the cola or ola type. On the same
page attention is called to a new cola which is attracting consider-
able attention, namely, Penn-Cola, manufactured in Pittsburgh,
Pennsylvania. On the same page attention is called to the fact
that the Gay-Ola Company of Memphis, Tennessee, is now known
as the Gay-Ola Syrup Company. And still on the same page it is
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stated that the proprietor of the spicy specialty, Roxa-Kola, of
Winchester, Ky., recently gave testimony before the Kentucky
Railroad Commission in the interest of the Kentucky Bottlers’
Association. Thus it is seen that five new cola drinks have started
out with the first month of 1916. To this list may now be added
another viz., Christo-Cola which I first noticed in the early sum-
mer of 1916.

These competitors with Coca Cola’s name are of course en-
deavoring to fight shy of infringing the trade mark. A corre-
spondent from Missouri, where they still want to be shown, says
in the National Bottlers’ Gazette:

We are in need of a little information, and ask you to give your opinion
on the following: We are preparing an advertising card, and are in doubt
if the words “‘A genuine Coca and Cola flavored beverage,” would be infring-
ing on the “Coca Cola” trademark. The Louisville Carbonating Syrup Co.,
who manufacture a Coca and Cola flavored syrup, put the following upon
their crowns: “A genuine Coca and Cola Flavor.”

To this the editor replies:

“A Genuine Coca and Cola flavored beverage’’ would not infringe on the
“Coca Cola” trade mark. This is providing, however, that the word “‘and ”
between the words ‘“Coca’’ and “Cola” is as plain and distinct as the rest of
the lettering.

"A formula for cola compound syrup is given, also, on page 100
of the publication just cited, as follows:

" Two centigrammes of quinine hydrochloride, o.04 gramme of citric
acid dissolved in sufficient water to obtain 10 grammes of solution, to which
are added 195 grammes of simple sirup, 1o grammes of sodium glycerophos-
phate, 10 grammes of fluid extract of kola, 15 grammes of saccharated iron
oxide and 4 drops of oil of orange peel.

Legislation and Court Decisions in re Coca Cola.—In the
so-called Harrison “Narcotic Act” which regulates among other
things, the distribution of cocain, a provision was inserted ex-
empting spent coca leaves and products made therefrom from the
provisions of the law. This provision authorizes the re-extraction
of the exhausted coca leaves after the cocain has been removed and
the employment of this extract in beverages without registration.

The case of the United States against 40 barrels and 20 kegs
of coca cola before the District Court of the United States,
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Southern Division, Eastern District of Tennessee, is one justly
celebrated. The Libel of the United States alleged that this
merchandise as advertised was misbranded in that it did not con-
tain as essential ingredients any coca or cola and further that
it was adulterated, in that it contained an added ingredient,
caffein, which was deleterious to health. After a trial last-
ing more than a month the Court took the case from the jury and
decided its principal points in favor of the Coca Cola Company,
namely that it was not misbranded and that the caffein therein
was not an added substance. An Abstract of this case is pub-
lished by the Department of Agriculture as Notice of Judgment
No. 1455, May 27, 1912.

The case was appealed to the Circuit Court of the United
States, Sixth Circuit, before Judges Warrington, Knappen and
Denison who by a unanimous opinion supported the rulings of the
lower court. -The number of the case is 2415 and an abstract of
the case was issued by the Department of Agriculture, from the
Office of the Solicitor, June 30, 1914, as Circular No. 8o.

The case was appealed by the Government to the Supreme
Court. This Court by a unanimous opinion No. 562, May 23,
1916, overruled the courts below, both on the decision of misbrand-
ing and adulteration and remanded the case for a new trial.

The case was called before Judge Sanford at Chattanooga 6n
the 12th day of November, 1917. The Attorney for the United
States agreed with the attorney for the Coca Cola Company to
forego a new trial and in view of the statements made by the
Company that the formula had been changed the case was dis-
missed without prejudice to the Coca Cola Company under ‘the
following order of the Court:

“AND IT IS FURTHER ORDERED that the said goods, wares or
merchandise seized herein, to wit, the forty barrels and twenty kegs of Coca
Cola, shall be released to the claimant upon said claimant paying the costs
above adjudged and giving sufficient bond, conditioned that the product
shall not be sold or otherwise disposed of contrary to the provisions of the
Federal Food and Drugs Act, or the laws of any State, Territory, district or
Insular possession of the United States.”

“In open Court, this 12th day of November, 1917.”

(Signed) Edward T. Sanford,
United States Judge.
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The nature of the changes proposed by the Company in the
composition of coca cola does not appear in the published pro-
ceedings of the court to which I have had access. In a recent
advertisement of the Coca Cola Company it was stated:

This Company regards it a privilege to comply with the Government’s
request, made similarly to all manufacturers employing sugar in quantity,
to reduce our output fifty percent.

To the end of conservation we pledge our further efforts in every direc-
tion that opportunity may disclose, in manufacture as well as beyond the
scope of our immediate interests; and in this effort generally we bespeak the
co-operation of dealers and consumers everywhere.

The Greater Danger of Free Caffein.—Dr. John Uri Lloyd,
in The Eclectic Medical Gleaner, emphasizes the increased danger-
ous activity of certain drugs when used alone as compared with
their mild and favorable action when used in their native environ-
ment. He says, under the head of ‘“Dangerous Products:”

Remedies that in their natural condition were kindly and beneficial
proved, when elaborated from surrounding structures, to be somewhat as is
nitro-glycerin if contrasted with gunpowder. The explosion is likely to
burst the gun if enough be used to blow out the ball.

It is the custom of some who make compounds to be given to the people
indiscriminately and in large quantities, to liberally use caffein as a constitu-
ent of their headache cures. Some people argue that because caffein is
obtained from coffee and tea, it is the one ‘“‘active principle” of coffee and of
tea, whilst others imagine that because coffee and tea can be used without
stint in the making of a structural decoction which carries the caffein in
assimilable combination, caffein itself may be likened to the drugs from which
destructive chemistry produces caffein. Dr. Claisse, in La Clinique, France,
has reported several accidents from solutions of caffein, and even from
caffein in its usual dose.

In a brief communication to the same journal, Dr. Triboulet indorses
his colleagues warning, and declares that caffein, although a valued therapeu-
tical agent, is a brutal medicament, the action of which is extremely difficult
to regulate. In the first place, when given hypodermically, it often excites
local inflammation when the drug is deposited too superficially under the
skin. Secondly, it is a powerful cerebral excitant, and capable of causing
maniacal delirium, especially in aged persons.

Soft Drinks in the Far North.—There is a soft drink used by
the Russians which is composed of honey, pepper, hot water and
boiling milk. A soft.drink used in Lapland is made of hot water
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and meal, strongly flavored with tallow, or reindeer blood if
obtainable.

Adulterations and Misbranding of the Above Beverages.—The
principal adulterations of lemonade, orangeade and limeade,
are made by using citric acid and sugar instead of the juices of
the fruits, and adding a dash of lemon flavor or orange flavor or
lime flavor as the case may be. These flavors may be the natural
oils of the fruits dissolved in alcohol or of an artificial character.
The use of citric acid instead of the natural juice of the fruits is ob-
jectionable because the citric acid of the fruits is combined more
or less completely with potash and other bases. Instead of
adding merely an acid to the contents of the stomach, therefore,
there is added a salt which upon digestion produces alkalinity
instead of acidity. The natural or artificial flavors are not by
any means comparable in character to the natural flavor of the
fruit itself.

Once at a summer resort I saw a booth where orangeade
was being sold. The beverage was presumably made while you
waited. A few oranges were constantly rolling up an inclined
plane and dropping into a machine and disappearing, and the
juice was going out of a side exit. The food authorities having
examined this machine, found that the oranges were doing an
endless stunt. It was Sisyphus translated into a citrous fruit.
They escaped destruction entirely, while the reputed juice was
wholly of artificial character. The application of the term
“lemonade,” “orangeade” or “limeade,” to any preparation of
this kind is misbranding, and the articles themselves are adul-
terated.



PART 1V
FRUIT JUICES

Cider.—Cider is a beverage which is universally known wher-
ever apples grow. Unfortunately around most orchards the best
apples are not used for cider making. They are reserved for sale
in boxes or barrels, or sent to the factory to be worked up into
jellies, apple butter and dried apples. As a result of this common
practice a great part of the cider which is made in this country
is from imperfect apples, either undergrown, overripe or decayed.
Cider made from imperfect material cannot be expected to meas-
ure up to the standard of excellence required. When cider is
made of select material, under sanitary conditions, it is a beverage
more desirable than grape juice, because it contains a much‘less
quantity of sugar and is not so apt to unbalance the ration. Even
cider made from culls may be of excellent quality. Especially
apples that are blown down during a storm and immediately
gathered and manufactured into cider are quite as acceptable
as they would have been if picked from the limbs in the usual
careful way. If overripe or underripe or decayed apples are
used, the character of the beverage produced is very inferior.

Almost any kind of a small press will make small quantities
of cider, and it is manufactured in many different varieties of
press. The modern cider press combines an effective rasping
machine and hydraulic press of high resistance, by means of which
the yield of cider from a given number of apples may be greatly
increased. Cider is often made during the earlier part of the
harvest when the weather is still at times excessively warm, and
fermentation sets in within 24 hours. In such circumstances
cider is not a soft drink for a longer period than a day or two
at most.

Preservation of Cider—Extensive investigations have been

made in the preservation of cider, especially in the Department of
116
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Agriculture, where under my supervision Mr. Gore conducted
experiments to keep the cider from fermenting and to exclude -
all added preservative substances. At the same time we tried
to preserve the taste and flavor of the cider, which often are im-
paired by heating to a sterilizing temperature. The most effect-
ive methods employed were as follows: The cider, as soon as it
was expressed, was carried to a clarifier, something like an ordinary
cream separator. It was passed through this instrument at a
high rate of speed, some 6 or 7 thousand revolutions a
minute. The cider, treated in this way, deposited its gummy and
other solid substances upon the walls of the separator and dis-
charged a limpid, brilliant liquid from which practically the yeasts
had been removed together with other solid matter. This
mechanical treatment vastly improved the character of the
product. Enough successful work was done to show that this
method of clarification, even on a large scale, would be entirely
feasible.

After the cider was clarified in the way above described it was
conducted to a pasteurizing apparatus and kept at a temperature
of from 140 to 145° for 30 minutes. It was then drawn off
into a barrel which had been thoroughly sterilized by steaming,
first passing through a cooling apparatus without coming into
contact with the air, and passing down into the barrel through
a tube surrounded at the bung hole with sterilized cotton. In this
way the pasteurized cider was conducted without coming into
contact with the air into a sterilized barrel, which, as it was filled,
drove the air out through the cotton at the bung. When the
barrel was full the delivery tube and the sterilized cotton were
removed from the bung and the barrel stoppered with a
sterilized bung. Cider prepared in this way and kept in a cool
place, not necessarily in a refrigerator, keeps indefinitely and has
no bad or objectionable taste. Instead of conveying the cider
into barrels for keeping, it can also be placed in bottles, which,
if exposed in any way, should be re-sterilized after the corks are
inserted. If cider is made late in November, after the weather
has grown cool, and placed in well-sterilized barrels it will keep
even if not sterilized well into the winter if the weather does not
become too warm, but will eventually set up a slow fermentation
and become hard.



18 BEVERAGES

I feel sure that the objection which is usually urged against
sterilized cider, namely, that its taste is impaired, could be
removed were cider treated as described above. In this way
I feel certain that a cider could be obtained which, in every respect
as regards excellence of flavor, would be quite comparable with
the cider of Normandy.

Adulterations of Cider.—The principal adulteration of cider is
one already referred to, namely, the use of unfit apples in its
manufacture. The most common adulteration of cider at the
present day, aside from that arising from unsatisfactory raw
materials, is the preservation thereof by means of benzoate of
soda. The use of benzoate of soda being permitted by the Depart-
ment of Agriculture, without restriction of quantity or material
preserved, has led to the very extensive use in the preservation
of cider of this objectionable material. Although under the
rulings of the Department no prosecutions can be brought against
those who sell preserved cider, there may be a public opinion
excited of such weight as to practically eliminate it from this
class of beverages. The makers of grape juice are to be con-
gratulated, in so far as I know, on the fact that they never have
taken advantage of the permission to use benzoate of soda in the
preservation of grape juice. So much, however, cannot be said
of the makers of cider. It is so simple an operation, and
before the European War was so cheap, as to have allurements
for all who care more for the mercenary part of business than
they do for the health of consumers. '

Dr. Lucas, of New York, in a very interesting experiment
secured a lot of pure cider and divided it into two parts. To one
part he added the usual amount of benzoate of soda required to
preserve the cider from fermenting. The other was used without
manipulation. The cider was given to an equal number of healthy
young men. All those who received the portions containing
benzoate of soda were rendered more or less ill; while the others
who drank the pure cider were unaffected. There is no doubt
in my mind of the fact that the addition of benzoate of soda to a
substance like cider, or in fact to any substance, is highly deleteri-
ous and is forbidden by the Food and Drugs Act. Itis only a
wrongful interpretation of this Act which permits such abuses to
continue. In so far as I know cider is no longer preserved by
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the fumes of burning sulphur. The ease with which it can be
preserved with benzoate of soda does not warrant experiments
with bodies more difficult to handle.

Perry.—‘“Perry”’ is the name applied to the expressed juice
of pears, a product in every way, except the character of the
fruit, which is identical with cider. The perry industry has not
assumed any large proportions in this country. I do not remem-
ber ever to have seen perry offered commercially in the markets,
though of course it doubtless has been an object of merchandise.
Other beverages may be found in the home from time to time,
expressed from cherries, peaches, blackberries and other small
fruits, but the quantities of these are minute and they do not
demand any further description.

Hard Cider.—When cider is left standing for a short time, the
length of which depends largely upon the temperature, fermenta-
tion sets in and the cider becomes hard, that is, the sugar which
it contains is converted largely into alcohol and carbon dioxid.
The taste of the cider changes, it loses its sweetness, it acquires
a sharp, penetrating taste due to a combination of alcohol and
carbon dioxid, and becomes intoxicating. Hard cider is often
used as a beverage, and its activity apparently is increased by the
raw products of fermentation which it contains. If hard cider
could be stored in wood in such a way as to avoid acetic fermen-
tation its taste and flavor and general character would improve,
just as beer is improved by being placed in lager or distilled
spirits by being kept in wood. The character of the fermentation
depends upon the character of the natural yeasts which are distrib-
uted everywhere and which are attached to the fruits before
they enter the press. These yeasts are usually of a character
to produce a good product. They may be, however, of a bad
‘character. Thus all kinds of flavors may occur in self-fermented
ciders.

In localities where the cider industry is carried on as a pro-
fession, as, for instance, in Normandy, in certain parts of Germany,
and in certain localities in England, steps have been taken to
control the character of the fermentation so as to produce al-
ways a finished product of an agreeable taste and flavor. Pro-
fessor W. B. Alwood! has studied the effects of different kinds of

! Bureau of Chemistry, Department of Agriculture, Bulletin No. 129.
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yeast upon the character and flavor of the product. These yeasts
he secured by visiting the localities in Europe where pure cultures
are used in the manufacture of cider. These living yeasts were
brought to this country and cultivated in the laboratory at
Charlottesville, which is under the immediate direction of Prof.
Alwood. In the preparation of apple juice for the introduction
of pure cultures it is first pasteurized so that all the yeasts
which it contains are killed. It is then seeded with the pure
culture and left to fermentation in the usual way.

The content of alcohol developed in hard-cider making de-
pends, of course, upon the amount of fermentable matter present.
In low-grade apples, grown in Nebraska, Gore! found the following
average composition of several varieties, including those which
are commonly grown: York Imperial, Black Twig, Winesap,
Rhode Island Greening, Grimes Golden, Jonathan and Ben
Davis. These apples were all unmerchantable and therefore may
be regarded as the waste material of the orchard. The average
composition of the juices of these varieties is as follows:

Totalsolids....................c.ooitt. 13- 24 percent
Sugar-freesolids........................... 1.48 percent
Invertsugar...................c.oinnn... 7.87 percent
SUGAr. ... e 3.35 percent
Malicacid.................... il 0.42 percent

These data may be taken to represent very accurately the ordinary
materials, culls, specked apples, windfalls, etc., which are used
in the United States in the making of cider.

The cider was made under the supervision of Prof. Alwood in
the most approved manner, and a very fair article of bottled cider
was secured. The cider was made during hot September weather,
and after racking and storing in sterilized barrels and kegs -
analyses were made in the following April. The different lots
contained the following percentages of alcohol: Lot 1, kept in
kegs, 5 percent; stored in barrels, 4.84 percent. From the above
data it is seen that a cider properly fermented and protected from
acetic fermentation by proper storage produces almost the
theoretical percentage of alcohol which could be expected.

1 Journal of American Chemical Society, 1907, Volume 29, page 1112.



FRUIT JUICES 121

Theoretically a sugar will produce one-half of its weight in alco--
hol. An 11 percent sugar would be expected to produce 5}4
percent of alcohol. In point of fact all of the sugar is not con-
verted into alcohol. During fermentation some of it is converted
into organic acids and other products, and a little of it always
escapes fermentation.

In order to produce a sparkling cider the final fermentation is
allowed to take place in a stoppered bottle in the same way that
champagne is made, though of course the pressure is not usually
so great. Hard ciders made in this way produce a fine foam, and
their potable qualities are greatly benefited by finishing the
fermentation in the bottle. Ciders which are fermented in the
manner described, so as to be clean and free of germ life except
that necessary to produce the final fermentation, keep perfectly
in the bottle. Alwood found that the samples thus made were
in excellent condition at the end of two years. Ciders made from
winter apples and allowed to ferment, either through their own
yeasts or by the addition of yeasts, were found to keep perfectly,
although in many instances the fermentation was stopped before
all the sugar was consumed. The apples from which the winter
juices were made contained more sugar than those of the low-
grade apples, namely, a little over 12 percent. The percentage
of alcohol obtained was generally about 5 percent, though in one
instance it fell to 3.64 percent by weight and rose as high as 5.12
percent by weight in another.

These valuable researches of Alwood show beyond any doubt
that it would be possible in this country to make a cider, especially
a bottled cider, containing approximately 5 percent of alcohol,
which would be quite equal to the best sparkling ciders made in
Normandy.

Production of Vinegar.—Cider vinegar, which is recognized
in this country as the type of vinegars and which the law regards
as being the substance which should be furnished when vinegar
is asked for, is usually made without any artificial fermentation
or treatment whatever except to leave hard cider for a year or
two in a barrel, trusting to the natural ferments to produce the
acetification. The formation of acetic acid goes forward usually
to a degree inversely proportional to the temperature to which it
is subjected. In winter acetification goes forward slowly, while
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in summer it goes forward more rapidly. The acetic ferment
gradually increases in quantity, and by agglutination forms ropy
deposits which are known as ‘“mother of vinegar.” The quantity
of acid formed when acetification is complete is slightly greater
than that of the original alcohol. In Alwood’s experiments as
high as 7.1 percent of acidity was secured when acetification
was complete. The sample above cited, which contained a little
over 7 percent of acetic acid, was completely fermented at ordi-
nary cellar temperatures in a little over a year.

Grape Juice.—A very large industry is now established in this
country in the manufacture of unfermented juice of the grape.
The ease with which this unfermented juice may be pasteurized
or sterilized and kept indefinitely has caused the business to
grow rapidly in magnitude. Localities in which grape juice is.
manufactured are widespread, but especially is the business con-
ducted on a large scale in the State of New York. There are many
areas in this state suited to grape culture, and especially a narrow
strip of land extending along Lake Erie from near Buffalo to
Erie. This locality is peculiarly suited to the growth of grapes
and without doubt is the best grape region on the East side of
the Rocky Mountains. In Ohio there is a like region of excellent
grape land, especially near Sandusky. Other important areas
for the manufacture of grape juice are California and, to a limited
extent, New Jersey. The variety of grapes employed is rather
extensive, but the principal varieties are Catawba, Norton,
Clinton and Concord.

Composition of Grape Juice—It is important, in selecting
grapes for making an unfermented beverage, to have them reason-
ably low in acid and with a comparatively high content of sugar.
Well-ripened grapes, grown in the regions mentioned, have approxi-
mately the following average composition: total solids in the
expressed juice, 22 percent; solids not sugar, 2 percent; invert
sugar, 19 percent; total acidity, reckoned as tartaric, 0.65 percent.
There are many wide differences from these mean data, according
to the season of the year and the character of the grape. As the
grapes grow riper the acidity tends to decrease and the sugar con-
tent rises. The mean composition of different varieties of grapes,
as reported by Professor W. B. Alwood, Bureau of Chemistry,
is as follows:
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TABLE I.—AVERAGE COMPOSITION OF 8 IMPORTANT NATIVE AMERICAN GRAPES
Results in grams per 100 cubic centimeters.)’

I Sugar- !
i Specific | Total |“ffe | Total | Total |,
Variety | .ﬁ‘;’p‘l’; gr:mg of | ‘i?ii'gdf c.:ll::i'- sugar .: m |Ac;d;:¢u
lated

Catawba.......... 221 1.0858 | 22.30 | 2.42 | 19.88 | 0.928 | 1:22.5
Clinton........... 25 | 1.0806 | 23.31 | 3.51| 10.80 | 1.464 | 1:14.4
Concord. ......... 127 1.0754 | 19.57 | 2.48 | 17.12 | 0.650 | 1:27.6
Cynthiana........ 5 1.0942 ST | 4.21 ‘ 20.30 | 1.108 | 1:19.8
Delaware......... 53 1.0993 | 25.85 | 2.39 | 23.37 | 0.646 | 1:37.7
Iona.............. 61 1.0877 | 22.79 | 2.30 | 20.50 | 0.753 | 1:27.7
Ives.............. ! 100 1.0704 | 18.27 | 2.79 | 15.45 | 0.693 | 1:22.7
Norton........... [ 50 1.0987 | 22.50 | 3.24 | 19.24 | 1.080 | 1:17.8

The above table is made up of examination of a large number of
samples of the leading varieties of grapes, extending over a period
of time from 19o8 to 1911 inclusive. The districts represented are
almost entirely those of Northern Ohio and Virginia. The data,
therefore, are truly representative of the normal composition of
the varieties mentioned. Inasmuch as the Concord grape is the
one which is chiefly used for making grape juice, it will be inter-
esting to compare commercial grape juices with the grapes from
which they are chiefly made.

CoMPOSITION OF SAMPLES OF GRAPE JUICE BOUGHT ON THE OPEN MARKET

Total ’ Solids not Cane sugar

solids Sugars ' sugar (sucrose,
Royal Purple grape juice........ ‘ 16.22 14.48
Red Wing grape juice........... I\ 19.27 16.70 2.57 0.76
Grape juice .................... . 18.83 17.78 1.0§ 1.35
Monticello grape juice........... | 20.64 18.26
Grape juice.................... i 17.79 14.31

In the examination of commercial samples of grape juice
I have not found any glucose, saccharin, salicylic acid, benzoic
acid, borax, sulphurous acid, or any of their compounds. This fact
shows that the use of preservatives in commercial grape juices is
no longer practised. Occasionally we find added cane sugar,
usually not to exceed about 2 percent. The most striking fact,
however, is that the total sugars in the grape juices of commerce
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are not as high as are found in the grapes of good quality, as
determined by the analyses of Alwood. This discrepancy may
be due to the fact that grapes of less desirable quality are used.
I should hate to hint that water is added in the process of manu-
facture. There is no evidence that I know of this practice, save
the variation between the amount of sugar in the grapes and the
amount which is found in the commercial samples.

Method of Manufacture—For red grape juice the grapes
are crushed, but not pressed. The crushed grapes are taken into
large heating caldrons, usually made of aluminum, and furnished
with a steam jacket. The temperature of the crushed grape is
carried to about 175°F. for a period of 15 minutes, the mass being
well stirred during this period of heating. The purpose of heat-
ing the grape juice is first to pasteurize it, but especially to extract
the red coloring matter from the skins. After extracting the color
and pasteurization the juice is separated from the pulp, either
by gravity or generally afterward by pressure, and conducted
into the containers which are used for storage. Sometimes
these containers are barrels, but more often glass carboys. The
containers are properly sterilized before the pasteurized juice is
admitted. The bungs are also sterilized and coated with wax or
some other preparation so as to make them air-tight. The juices
are left in these storage containers until complete sedimentation
take place and the liquid is clear. In some instances the pulp
is not pressed, but additional sugar is added to it, and a low-
grade sugared wine is made therefrom. When the sedimentation
is complete the clear juice is siphoned off carefully, so as not to
disturb the sediment, into bottles, which are then corked and
sterilized as is ordinarily done for bottled goods. When white
juice is to be made the crushed grapes are first pressed so as
to secure the juice apart from the skins, and the subsequent
treatment is the same as that just described. Bulletin 656 of the
Bureau of Chemistry, issued May 8, 1918, gives detailed in-
structions for the manufacture of grape juice.



PART V
COFFEE

Historical.—In connection with the active use of coffee as a
beverage a short history of this substance will not be out of place.
In the following historical sketch I am indebted chiefly to Mr.
John Uri Lloyd.!

It appears from the researches of Lloyd that coffee was not
known to the ancients. It is not mentioned in the history of the
Jews, nor do the early Greek and Latin writers make any reference
toit. No description of it, moreover, is found in the older writings
of Confucius, and other Eastern Philosophers. Nevertheless,
it is evident that, in its native country, the coffee must have been
used from times immemorial. The coffee tree appears to be
originally of African origin.

There is a belief that coffee was introduced in Abyssinia by
Robert Manns about the year 875, and from Abyssinia it reached
Arabia in the thirteenth century, and from Arabia it was intro-
duced into Syria, Persia, Turkey, Asia and in other countries.
. The first introduction of coffee into Great Britain appears
to be about the year 1640, just two years after the foundation
of Harvard University in the United States. It is thus seen that
the European and American use of coffee is not of very ancient
origin. At the time of its first introduction into London (1651)
it commanded a very high price, ranging from 20 to 25 dollars
per pound. In 1657 the use of coffee was introduced into
Paris, but it met with some disfavor on the part of Louis
XIV, and afterward Louis XV, and neither of these monarchs
started drinking coffee, and it did not become popular in France
before 1669. The popularity of coffee in Paris was due largely
to the acts of the Ambassador of Mahomet, who gave magnificent
entertainments, and introduced the use of Turkish coffee. Black

1The Western Druggist.
12§
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slaves of the Ambassador, arrayed in most gorgeous oriental
costumes, presented the very choicest Mocha in very small
cups of fine porcelain, made with the art which seems known alone
in oriental countries. This magnificent presentation of a bever-
age, which, in itself, is calculated to win its way on account of
its taste and its influence upon the nerves, succeeded in making it
popular with those who were able to afford it. The use of coffee
in the French Capitol became one of the fads of the aristocracy.
They took much interest in it, and the daughters of Louis XIV,
notwithstanding the position of their father relative to the
use of the beverage, became addicted to the use of it, and finally
it became a common beverage of the Royal household. It is
" related that the cost of the berry at that time was so high that,
although not drunk in very great quantities, it cost the Royal
family as much as $15,000 per year.

In 1664 the use of coffee was introduced in Germany, and from
Germany it spread rapidly to neighboring countries.

Lloyd attributes the rapid spread of the use of coffee to the
fact that man naturally craves a stimulant at times, and is never
willing to be wholly without it; and the stimulating effect of the
caffein, the active principle of coffee, modified as it is by its
form of combination and its association with the other ingredients
of the coffee, presented to man a beverage which was almost
ideal and satisfied his craving for a stimulant.

. The Effect of the Introduction of the Use of Coffee and the
Cultivation of the Coffee Trade.—As soon as the nations of
Europe began the use of coffee a great stimulus was exerted upon
the cultivation of the tree. The countries which possessed the
tree became jealous of its privilege, and, in Arabia, the penalty
of death was threatened against anyone who would permit the
exportation of a single coffee shrub to a foreign country. The
only place where European vessels were permitted to secure
Arabia coffee for transportation was at the Port of Mocha, and
this is the reason that ‘Mocha’” is a representative term for
Arabian coffees. As is well known, no coffee trees grow in the
vicinity of Mocha, and hence the merchants who produced the
coffee berry had no opportunity to get hold of the coffee trees
for the purpose of transporting them to other countries where the
climate and soil were suitable for their grow h.
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The Dutch were the first to get hold of the plants, and, as
is well known, established its culture in the Dutch East Indies
where it has thrived ever since. Today the coffee shrub is devel-
oped throughout the world wherever the climate, soil and rainfall
are favorable to its growth.

Methods of Using Coffee.—It is believed that in early days
and in the countries where the coffee tree grew indigenously the
berry was not used itself as a beverage. On the contrary it
appears to have been roasted as in the case of today, ground or
pounded to a powder, mixed with lard, butter or other oily sub-
stances, and employed in this state as a food.

Bruce, who traveled toward the source of the Nile in 1678
published the following statement: ’

The Galae is a wandering nation of Africa, who, in their incursions into
Abyssinia, are obliged to travel over immense deserts, and being desirous of
falling on the towns and villages of that country without warning, carry
nothing to eat with them but the berries of the coffee tree roasted and
pulverized, which they mix with grease to a certain consistency that will
permit of its being rolled into masses about the size of billiard balls, and then
put in leathern bags until required for use. One of these balls they claim
will support them for a whole day, when on a marauding incursion or in
active war, better than a loaf of bread or a meal of meat, because it cheers
their spirits as well as feeds them.

Lloyd’s belief that the coffee berry is a good food as is easily
seen from the quantity of nitrogenous and carbohydrate substances,
as well of oils which it contains, is not shared by other dietitians.
Its chief value, when on forced marches of the kind described above,
is in its stimulating effect upon the nerve centers and through
them upon the muscular activities.

Inhibition By Mahomet.—It is well known that the Koran
prohibits absolutely the use of alcoholic beverages and also coffee
but the Mohammedan Church and the Turkish Government
have been unable to prevent the use of coffee from becoming
quite general among the followers of the Prophet. Thus at the
present day the believers in the Koran are not only the most
enthusiastic drinkers of coffee but also apparently the most skilled
in its preparation. It is drunk by the Musselmen at all hours
of the day and night and by all classes of people from the Sultan
to the Mufti, merchant, artizan and peasant. Nevertheless
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there are many devout followers of Mahomet who even today
refuse to drink coffee.

The use of coffee in England was also at first bitterly resisted.
When the first coffee houses opened in London, followed soon by
others, they were called by their opponents ‘‘seminaries of sedi-
tion.” Charles II attempted to suppress the coffee houses in
1675, under the pretense that they served as places of meeting
for the disaffected, who invented and circulated false and calum-
nious reports to defame the government of the King and to disturb
the repose of the nation. There are among others a woman'’s
petition against coffee, and a man’s also. Charles II, however,
failed in his campaign against coffee, and it was taken up by
Oliver Cromwell, who as Lord High Protector, attempted to
prohibit the use of coffee in London. A heavy tax was placed
upon the drink, which had the usual effect of producing smuggling
and afterward the coffee habit conquered in England, also both
the Church and State. The Proclamation of King Charles de-
nouncing coffee is as follows:

Charles R.

Whereas it is most apparent that the multitude of coffee houses of late
years set up and kept within this kingdom, the Dominion of Wales, and the
town of Berwick-upon-Tweed, and the great resort of idle and disaffected
persons to them have produced very evil and dangerous effects, as well for
that many tradesmen and others do herein mis-spend much of their time
which might and probably would be employed in and about their lawful
calling and affairs, but also for that in such houses, divers false, malitious
and scandalous reports are devised and spread abroad to the defamation of
His Majestie’s Government, and to the disturbance of the peace and quiet of
this realm, His Majesty hath thought fit and necessary that the said coffee
houses be (for the future) put down and suppressed and doth strictly charge
and command all manner of persons, that they or any of them do not pre-
sume from and after the tenth day of January next ensuing, to keep any
public coffee house, or to utter or sell by retail, in his, or her or their house
or houses (to be spent or consumed within the same), any coffee, chocolate,
sherbett or tea as they will answer the contrary at their utmost peril.

Given under our court at Whitehall this third and twentieth day of
December, 1675, in the seven and twentieth year of our reign.

“God Save the King.”

The Royal decree probably did not have much to do toward
suppressing the coffee habit, but it did call attention to those
engaged in it so that they were regarded as quite important
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personages. On account of the oppesition which these personages

made to the terms of the Proclamation, His Majesty, by reason

of whathe called his “princely consideration and royal com-

passion,’”’ caused it to be withdrawn before it was put into effect.
The Coffee Habit.—Lloyd says: '

This stimulant that does not intoxicate, may become man’s enemy.
A fair friend is it, but a dogmatic master. Fortunately it does not inebriate.
So long as it is used in judicious moderation, most persons find it a cheering,
exhilarating companion, but when coffee obtains the upper hand of man or
woman it shatters the nerves, and demoralizes the victim’s disposition.
In our opinion, the soporific action of an alcoholic drink is to be preferred
to the wakefulness of the person who tosses the night through, a victim to
coffee dissipation. But it is not safe to suggest, even to a nerve-wrecked
coffee slave, that he is to be classed with the man who abuses himself by
means of alcohol, the indignation of such people is most pronounced. Nor
is it discreet, with some people, to include coffee with the stimulants that
enslave. But yet, when one views the condition of nervous America, the
question arises as to why the pronounced prohibitionists who object to
even the temperate use of malt or other alcoholic beverages that by their
abuse are harmful, are overlooking the tyranny of coffee and tea. But
this is a problem in itself, and somewhat foreign to this historical article.

Coffee Houses.—After the introduction of coffee a place
for drinking coffee was soon established. In French the term
“café,” equivalent to the English ‘““coffee house’ not only came
into use but has passed into a different signification, being applied
to a kind of restaurant where drinks are chiefly served with only
light refreshment, coffee being only one of the many beverages
dispensed. The term ‘““café’’ has broadened still further in being
Anglo-Saxonized so that in this country it is now practically
synonymous with restaurant or eating house (cafeteria), the food
being the chief thing dispensed instead of liquids.

In this connection it is interesting to read what is said by
McCullough, concerning the first of the coffee houses of London.
He says:

The first of the establishments to which the name of “coffee house” was
given was opened in London in 1652. A merchant, named Edwards, who
traded with Turkey, having brought some bags of coffee from the Levant,
and brought with him a Greek slave accustomed to make it, soon saw his
house besieged by a crowd of people who, under the pretense of visiting him,
came to taste this new liquor. To satisfy his friends, who became more
numerous, and at the same time to free himself from the embarrassment

9
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that they caused him, he allowed his servant, to establish himself where he
pleased to make a coffee and sell it to the public. In consequence of this
permission the Greek opened an establishment at the very spot where now
is the Virginia Coffee House.

An account of the establishment of the café in Paris relates
that:

Toward the close of the year 1669 an Armenian, named Pascal, set up a
shop in the market of St. Germain, where he publicly sold coffee; the knights
of Malta, who had dwelt in the East, travelers and officers gave so great a
reputation to his establishment that it was sold very dear. He had numerous
successors who all did an excellent business. One named Stephen of Alleppo
finally built in the Rue St. Abdre des Ares, a room magnificent for the time,
which he decorated with glasses and marble tables. Voltaire immortalized
the Procope Coffee House, where a table of J. J. Rousseau and the encyclo-
pedists is still shown.

Rousseau says in his memoires that he besotted himself in
the society of the widow Laurent’s Coffee House, and there, it is
said, he composed his celebrated couplets, criticizing the other
visitors; these satires being the cause of his banishment by an act
of the French Parliament.

Intrcduction of Coffee Houses into Germany.—The first coffee
house in Germany was said to have arisen in this way.

In 1683 the Turks besieged Vienna with an enormous army, but were
completely routed. In their camp large quantities of coffee berries were
found and presented to a valiant soldier, who established the first Vienna
coffe house. His drink sprang at once into favor, and it has ever since
remained in favor.

Journalism became associated with the coffee house in 1709,
when Richard Steele brought out the Tatler in the advertisement
of which it was announced:

All accounts of gallantry, pleasure and entertainment shall be under
the article of White’s coffee house; poetry under that of Will’s coffee house;
learning under the title of Grecian; foreign and domestic news you will have
from St. James’ coffee house, and what else I shall on any other subject
offer shall be dated from my own apartment.

The Great Insurance Company of Lloyd’s was founded in the
coffee house, for it is stated:

“There can be no doubt,” says Frederick Martin, the historian of Lloyd’s,
«that the Coffee House in Tower St. here referred to formed the small seed
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from which sprang the greatest marine insurance corporation in the world,
and that Mr. Edward Lloyd, owner of the coffee house, was the founder and
name-giving god-father of Lloyd’s.”

In Drake’s “History of Boston’” mention is made of the
“London Coffee House” which existed there in 1689. In the
‘“ Annals of Philadelphia’ Watson mentioned a coffee house in the
neighborhood of Front and Walnut Streets, at which a Common
Council of the city was held in 1704. A coffee house was founded
in New York probably about the same date. In 1729 the New
York Gazette contained its first reference to a coffee house, and
in 1730 advertised a sale of land by public auction at the Exchange
Coffee House, which was situated at the foot of Broad Street.

Derivation of the Term ‘‘Coffee.”’—It is, perhaps, not generally
known that the word “coffee” is of Abyssinian origin. Its name
is said to be derived from the city of Kaffa, near which tradition
places the origin of the coffee tree.! It is stated on the contrary
by Macfarlane? that “coffee’ is derived from the Arabic word
“Kahwah,” meaning wine, and that it was the name given by the
Arabians to the decoction obtained from the pulp of the coffee
berries. The botanical name Coffea arabica—indicates an Arabian
origin.

The coffee tree on the American continent, where it grows
over wide areas from Mexico southward to the southern limit of
toleration, is described as a shrub rather than a tree, growing to a
height of from 14 to 18 feet. It has a rather long and slender
trunk, without branches except near the top. The roots of the
plant are thin and very numerous; they grow deeply into the earth,
and there is usually one central root, a counterpart of the stem
of the tree, running straight down, if not interfered with by
obstructions. If the soil be poor on which the coffee tree is.
cultivated, it does not reach the dimensions above stated. Ac-
cording to the richness of the soil it is pruned so as to vary from
6 feet in height in poor soil, to 8 or 10 feet in soil of better quality.
One of the objects of thus preventing the growth of the tree to
the extreme height, is to facilitate the cultivating of the tree and
the harvesting of the berries.

The leaves, when they first grow, are a bright green color,

1 Bulletin of the International Bureau of the American Republics.
3 Tea and Coffee Trade Journal, January, 1g910.
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turning, however, to a deeper shade of the olive tint at full
maturity. In the spring, in the axilla of each leaf of the growing
tree appear a number of buds, from 12 to 16 in number, which,
when in bloom, have an exquisite perfume. The bloom of the
tree is evanescent, and after even a few days the petals begin to
fall and the glory of the floral display is at an end. It is not until
the leaves fall that the coffee berries; that is, the seeds of the tree,
begin to assume their full significance. The seeds at first on the
tree are yellow, and they begin to redden as they develop into
the genuine coffee berries. The bean of the coffee seed varies
greatly in shape and size, according to the variety of the coffee
and the country in which it grows. The size and shape of the
seeds are relied upon by experts, to a large extent, in determining
the origin of the coffeeand even the country in which it is produced.
There are two seeds in each berry, lying side by side. Each of the
seeds is covered by a delicate silver-colored skin; next to that is a
tougher membrane of somewhat rougher constitution, and after-
ward, the pulp of the seed, which contains some saccharin sub-
stance of a mucilaginous nature, a material which is well suited
to fermentation.

Relative Number.—It has been estimated that a vessel of 50
cubic centimeters in volume will hold 187 berries of fine Java,
203 berries of Costa Rica; 207 of Guatemala; 210 of Caracas;
213 of Brazilian Santos; 217 of Mocha; 236 of Rio; 248 of Manila
or Philippine coffee, and 313 of Western Africa. It is thus seen
that the Java beans are the largest of those usually met with in
commerce, and the West African beans the smallest.

Localities Suited to the Growth of Coffee.—Any productive
soil which will grow ordinary trees may be devoted to coffee
culture. The distribution of the rainfall of course is important,
and those localities are preferred where the natural rainfall is
sufficient, without irrigation, to produce a crop. One of the most
important considerations is the temperature. The temperature
should never be very low, nor should it be very high. In tropical
countries, therefore, the coffee trees are best grown at elevations
a considerable distance above the sea, securing a temperature
which is not too high. The coffee tree does not grow well by
itself in the open, but does best when protected by the shade of
other trees, especially during its early growth. There are some



COFFEE 133

localities where the temperature is so modified by altitude and
other climatic conditions as to require no shading. The coffee
tree is hardly a tree, but rather a bush, both by its nature and by
the fact that it is purposely kept rather low to favor picking.
The ordinary care which would be given to the apple or orange
orchard is necessary for the proper growth and fruiting of the
coffee tree. The coffee bush begins to bear at about the same age
as the apple tree, from 7 to 10 years after planting. The
production per acre of the coffee orchard does not reach in value
that of the ordinary orange or lemon crop, but the cost of care and
cultivation is usually less.

Classification of Coffees.—Coffees are known in commerce
both by geographical and special names. The principal coffee-
producing countries are Brazil, the Dutch East Indies, Abyssinia,
Arabia, the Central American States, Hawaiian Islands, Philip-
pine Islands, the East Indian Islands, and Porto Rico and Cuba.
On the continent of North America coffee is produced only in
Mexico. In the countries named there are many varieties, with
local appellations and for which claims of different kinds of quality
are strenuously made. All coffees have a common property in
this, that they contain caffein as an active stimulating agent and
all of them develop aroma and flavor by roasting. The expert,
by inspection of the beans, roasted or unroasted, and especially
the unroasted, is usually able to distinguish the origin of the coffee.
The expert tasters, also, have so trained their olfactory and gusta-
tory nerves that they are able, on brewing coffee in a definite
manner, to distinguish by the flavor, with more or less certainty,
its origin. The highly trained expert can even distinguish the
different components of a blend by this method, which is known
as ‘“‘testing the coffee in the cup.’

Among the principal kinds of coffee which are most generally
known may be mentioned the following: Mocha, grown in the
Yemen district of Arabia; Java, grown in the Dutch East Indies;
not, however, as a rule upon the Island of Java. It is held by the
Bureau of Chemistry that the term “Java’ should be confined in
its use not to the coffees produced in the Dutch East Indies, but
only to those produced upon the Island of Java. Brazilian coffees
are those chiefly consumed in the United States, and are known and
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divided in general into two large classes, named from the ports
of export, viz., Santos and Rio.

Delimitation of Coffee Areas.—It is of the utmost importance
in the proper naming of coffees from different countries that the
exact area which is covered by a given name should be known.

Corrze ‘Brgoe’  BrTisH
DISTRICT \\\\\ SoMALI
HARAR “vae
Addis-Abbeba hAN

S

PI1G. 11.—Map of the coffee districts producing Mocha and Abyssinian coffees.
(Consular Service, State Department.)

For the purposes of the enactment of the Food and Drugs Act
information has been sought from competent authorities respecting
the application of the terms Mocha and Java. Many high-grade
coffees not coming from the distinct region in Arabia or the Island
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of Java, in fact often coming from other countries, have been
called by these names. In order that a proper restriction could
be placed upon these names, the Bureau of Chemistry after con-
sulting the best authorities accessible, has made the following
rules respecting the area in which coffee entitled to the names of
Mocha and Java may be produced:

Java Coffee.—There seems to be im the trade much uncer-
tainty respecting the requirements of the Department of Agricul-
ture as to the labeling of coffee produced in the Dutch East
Indies. This question has been under advisement by the Depart-
ment for some time, and, with the codperation of the Depart-
ment of State, important information has been secured.

The Department of State was asked to communicate with the
Government of the Netherlands and ascertain to what extent in
the opinion of that government the term ‘‘ Java” should be used in
harmony with the provisions of the law as applicable to coffees
produced in the Dutch East Indies.

A communication has been received through the Department
of State from the American Minister at the Hague, who has
consulted the Netherlands Government on this subject. In this
communication the American Minister states:

The term “Java Coffee” has been abused for many years, hence it arises
that of both roasted and unroasted coffee, perchance ten times as much
coffee is sold to the consumer, under the name of ‘Java Coffee,” as is grown
in Java.

In conformance with the provisions of the ‘“Pure Food Act,” all coffee
coming from the island of Java might be called ‘“ Java Coffee,”’ that from the
Padang districts ‘“Padang Coffee,” that from Celebes ‘‘Celebes Coffee,”
and all other sorts from the Netherlands Indies ‘* Dutch East Indies Coffee.”

In the Netherlands what is known as ““Java Coffee” is only the Coffee
arabica produced in Java, so that the Coffea liberica coming from that island
under the name of “Java Coffee” falls as little under that term as all the
coffee from the rest of the islands of the Indian Archipelago.

The Department is of the opinion that the suggestions which
are incorporated in this quotation from the American Minister
at the Hague indicate a proper method of labeling coffee coming
from the Dutch East Indies.

Coffee grown on the island of Sumatra would also be properly
labeled if called ‘“Sumatra Coffee,” or, if desired, the label may



" 136 BEVERAGES

state specifically and correctly the particular location in which the
coffee in question was really grown.

In Food Inspection Decision 82 the Department of Agriculture
has indicated its views with respect to the restrictions which it is
necessary to place upon the sale of coffees coming from the Dutch
East Indies, particularly in respect of such coffees as are known
under the name of “Java’ coffee.

Mocha Coffee.—Among the coffees largely sold upon the
American market are those which go by the name of “Mocha.”
Because of the commercial value of the true Mocha bean, it be-
comes necessary to indicate the restrictions which must be placed
upon the coffees put upon the market and sold under the name
of “Mocha.”

This matter has been fully investigated and valuable informa-
tion obtained through the Department of State and from the
consul and consular agent in those districts where the true Mocha
coffee is grown and whence it is shipped to America and other
parts of the world.

The following quotations are taken from the report submitted
to the Department of State from the consular agent at Aden
under date of January 3, 1908:

The Mocha coffee is produced in that district of southern Arabia known
as “Yemen.” The latter is a strip of territory commencing at a point on
the Red Sea a little north of the port of Hodeidah and extending first southeast
to the Strait of Bab-el-Mandeb and then east nearly to Aden. Yemen is,
with the exception of a narrow fringe of land along the Red Sea and the Gulf
of Aden, rugged and mountainous, embracing innumerable small, elevated
valleys of high fertility which are irrigated by waters from the melting
snows. This is the coffee district of Arabia.

The term “Mocha” was bestowed upon ““Yemen’ coffee early in the
last century, when Mocha was the port from which all Arabian coffee was
shipped. The formation of huge sandbars in the Red Sea off Mocha, prac-
tically barring out all shipping, caused the port to be abandoned, and its trade
went to Hodeidah and Aden, the bulk of it going to the latter place.

As all of the coffee raised in Yemen may properly be called ‘‘Mocha”
coffee, all coffee shipped from the port of Hodeidah comes within such classi-
fication. With regard to that exported from Aden, however, the case is some-
what different. There is a coffee grown in the upland regions of Abyssinia,
in the vicinity of Harrar, which is known locally and to the coffee trade of the
world as “Longberry”’ or “Harrar” in contrast with that of Mocha, which
is sometimes called the ‘‘ Shortberry.” The colors of both coffees are practi-
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cally the same, but the Abyssinian product has a raw, rank, leathery odor,
while that of the berry grown in Arabia is delicate and agreeable. The
Harrar berry is much longer than the Mocha one, besides being much less
regular in form.

While a considerable quantity of Abyssinian coffee is brought to Aden
for shipment to Europe and to the United States, it is doubtful whether
very little of it, if any, is exported as being Mocha coffee, the local merchants
as a rule dealing in both grades of coffee and being very careful of the reputa-
tion of their houses. In Aden the only way in which a dishonest dealer might
adulterate Mocha coffee would be by mixing it with the Abyssinian article.
Such a proceeding would be at best but a clumsy fraud and would be readily
and rapidly detected. It is safe to say that practically all of the coffees
shipped directly from Hodeidah or Aden to the United States and labeled
““Mocha’ are pure and unadulterated.

The consensus of opinion is that the term ‘“Mocha” as
applied to coffee, should be restricted as indicated in the above
communication from the consular agent at Aden, that is, to coffee
grown in that part of Arabia to the north and east of Hodeidah,
known as Yemen.

Coffee Extracts.—A genuine coffee extract is obtained by
securing the extract in the usual way, then evaporating the water,
preferably in a vacuum, until the residue is dry. These extracts
are ready for use when dissolved in the proper quantity of water.
The quality of the coffee does not seem to suffer very greatly by
the evaporation of the extract to make the dry powder, although
it is undoubtedly true that some volatile, aromatic substances
must escape in this process. The soluble coffee thus prepared is
useful for emergencies, as, for instance, picnic parties, early break-
fasts, and in other circumstances where it is not convenient to
make coffee in the usual way. All that is necessary to produce
a cup of coffee with the extract is to heat the water and dissolve
the proper amount of extract therein. A very considerable trade
has been established in this country in extracts of this kind.

Coffee Essence.—There are other substances on the market
known as coffee essence, which are not of as high a grade, as a rule,
as the dry extracted coffee mentioned above. The coffee essences
often contain materials other than coffee. In other words they
are not true essences, which would mean a concentrated extract
of coffee, but such an extract mixed with other bodies. The con-
sumer sometimes is brought into contact with this kind of coffee
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on buffet cars or even in regular dining cars or in hotels or res-
taurants. There is not much to be said in favor of such essences.
They are not comparable in quality with the genuine extracts.

Composition of Coffee.—Many conflicting data are given by
various authorities respecting the composition of coffee. Many
attempts have been made to ascribe the properties which are
valuable in coffee to particular chemical characteristics. In
only one particular are these statements reliable. The properties
of caffein, the alkaloid which gives coffee its principal stimulating
value, are well known, and the effects which coffee and tea produce
upon the nerve centers are correctly ascribed to this ingredient.
Caffein, however, has so little taste or flavor that it plays no impor-
tant role whatever in giving to coffee the characteristics of aroma,
taste and flavor, which commend it to the palates of so many
people.

Spencer, in his studies in the Bureau of Chemistry under my
direction (Bulletin No. 13, Part Seventh, pages 9o2—903), gives
the following data for the average composition of coffee:

Green or unroasted coffee.

Moisture......oooviiieiiiiiieeeenanns 11.23 percent
Fatoroil...................oiiia, 13.27 percent
Ash.. ... e 3.92 percent
Caffein...............o.oooiiiiiiiia, 1.21 percent
Sugar.........ii e 8.55 percent
Tannin............ ettt e 8.84 percent
Roasted coffees. .
Moisture. ...t 1.15 percent
Fatoroil..............ccoiiiiii ., 14.48 percent
S Asho 4.75 percent
CoCaffein.. ... .. 1.24 percent
Sugar...... ... 0.66 percent

Unfortunately the samples representing the roasted coffees
were not the same as those representing the green coffees, so the
data are not strictly comparable. The principal changes, however,
which are produced in roasting coffee are: first, reduction of the
moisture; second, the practical elimination of sugar. The per-
centage of fat and the percentage of caffein do not seem to be
materially influenced by the roasting process. The percentage
of tannin as reported by Spencer is not nearly so great as that of
other analyses which he quotes in the same bulletin. For instance,
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in the analyses of 7 samples the caffetannic and tannic acid
combined, which represent tannin, varied from a maximum of
23.10 percent to a minimum of 19.50 percent, and in these same
analyses the caffein varied from a maximum of 1.53 percent to a
minimum of 0.64 percent.

One of the important constituents of green coffee is sugar.
Approximately 8 percent of sugar are found in green coffees.
In the work conducted by Spencer considerable quantities of this
sugar were extracted and obtained in a crystallized state and
identified as pure sucrose. The presence of sugar in green coffees
has not been given sufficient emphasis in the explanations which
have been made concerning the development of the aroma of
roasted coffee. The analytical data show that the sugar is
practically eliminated, that is, converted largely into caramel.
Caramel is a flavoring substance of high value, and there is no
question of the fact that much of the prized aroma and flavor of
roasted coffee are due to the presence of caramel.

Although it may reflect upon the skill and ability of the
chemist, the truth should be told respecting the nature of the
changes produced on roasting. The delicacy of flavor, taste and
aroma, which is produced, while doubtless correlated with chem-
ical changes, has not yet been accurately connected with any par-
ticular change that occurs. It is quite customary to state that
the pronounced flavor of roasted coffee is due to certain changes
in the oils. The data show very little change of any kind in
the oils, and the greater quantity of them is fixed and non-volatile.
Of all the problems of chemistry there is none more difficult
than the determination by chemical means of a flavoring or
odoriferous substance. Minute quantities of these substances
are sufficient to give character to a product, and yet they elude
the most delicate balance of the chemist.

For historical purposes rather than for any expression of
definite composition references may be made to the other con-
stituents of coffees which some analysts have claimed to discover.
The data on which these discoveries rest are not of sufficient
accuracy to warrant any definite statements.

The Ash of Coffee.—Coffee has a high content of mineral
substances, and as these are largely soluble they give to the ex-
tracted coffee an additional value. Spencer found as the average
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of the composition of ash of four representative coffees, consisting
of Mocha, Maracaibo, Java and Rio, the following data:

Sand........ .. i i, 1.06 percent
Silica.....ooit e 0.84 percent
FerricOxid...........oooiiiiiiienn. 1.18 percent
Lime.. .ot s 5.5I percent
Magnesia..............ccoiiiiii i, 10.98 percent
Potash.............ccooiiiiiiiiiiiia, 61.84 percent
Soda. ..o e 0.36 percent
Phosphoricacid................ooiiiiitt, 12.94 percent
Sulphuricacid............... ... ol 4.63 percent
Chlorin........cooiiiiiiieeieeeninnn. 0.76 percent

Coffee Making.—Some confusion may exist at times in the
use of the word ‘ Coffee,”” which is applied alike both to the bean
roasted or unroasted and also to the decoction thereof. Both
green and roasted coffee contain large quantities of soluble
material, the green bean, as has already been stated, yielding a
larger percentage of soluble material than the roasted article.
This is probably due to the fact that the sugar is converted not
only into caramel but into lower forms of decomposition which are
more or less insoluble. The extracted matter from the roasted
coffee is determined in two ways: one, a short extractive period
of two or three minutes; and second, a complete extractive period.
From 3 to 4 percent more extracted matter will be obtained by
complete extraction than is obtained by the ordinary method of
making coffee.

For a general description it may be assumed that fully 20 per-
cent of the coffee used will appear in the extract when made
in the ordinary way. There are two ordinary methods of making
coffee decoction. One is boiling for a short period with the
proper amount of water, and the other consists in, passing the boil-
ing water over the finely powdered coffee, thus securing its soluble
constitutents by percolation. This latter method makes a finer
flavored coffee to most tastes but not so strong for the amount of
coffee used as the three- or four-minute boiling. In the United
States, at least, most people prefer a perfectly limpid, clear
coffee without any sediment. This is obtained either by mixing
white of egg with the coffee before extraction, or by enclosing the
coffee in a linen bag or a very fine gauze which prevents the fine
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particles of coffee from passing into the decoction. There is
little to say regarding the preference between the two methods of
extraction. Where economy is desired and at the same time a
coffee which is of fine quality, the boiling method is preferred.
Where larger quantities of coffee can be used for a given amount,
the percolation method is to be preferred.

. Relative Proportions of Caffein and Tannin.—The injurious
effect which excessive coffee drinking produces has been attrib-
uted both to the caffein and tannin therein. It is a common
opinion that a coffee made of partial percolation has a less relative
content of tannin’ and is therefore of better flavor and less
injurious. Investigations made by the laboratory of Good House-
keeping show that these opinions are not well founded.!

The data obtained show that the more thorough the extraction
the less the proportion of tannin. In a typical test it was shown
that in one percolation the percentage of tannic acid in the solids
of the extract was 68. When the extract was prepared from the
same sample by boiling for some time the percentage of tannin
in the solids of the extract was only 54.7. It appears that the
tannin in the roasted coffee bean is more soluble than the sum of
the other soluble constituents. Moreover, it is interesting to
note that more than half of the soluble constitutents of the
roasted bean consist of tannin.

There is still another method for making coffee, which is
practised largely in the Orient, affording a product known as
Turkish coffee. In this method the coffee is ground into as fine
a powder as possible. It is then added to the cup, the hot water
poured in,and the wholes stirred around until the water issaturated
as far as possible. The grounds are left in the cup. This is a
more reasonable and economical way of using coffee. All the
berry including the oil, sugar and nitrogenous materials are thus
utilized for food. Those who are accustomed to drinking Turkish
coffee like it even better than that made by the extraction or
percolation method.

Extraction of Caffein from Coffee.—One of the principal
objections to coffee drinking is the tendency which is produced
in many instances to create caffein dyspepsia or poisoning. It
cannot be doubted that the excessive use of coffee, or its too

1 Good Housekeeping, October, tq17, page 144.
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frequent use, or its use in infancy or childhood, are all attended
with some danger and frequently with serious and permanent
injury. The chief objectionable ingredient of the coffee bean is
the alkaloid, caffein. The average quantity of caffein in the raw
bean is a little over 1 percent. The percentage quantity in the
roasted bean is somewhat increased, because of the loss of mois-
ture and other volatile substances during the process of roasting.
The roasted coffee will contain perhaps an average of 1.2 percent
of caffein, whereas the unroasted will be a little less than 1.1
percent.

Method of Extraction—Many attempts have been made, and
by various agents, to remove practically the whole of the caffein
from the coffee bean. The coffee bean, as is well known, is an
extremely resistant substance; it is very tough; it is almost
impossible to powder it or disintegrate it by pounding, and hence
it is quite impracticable to attempt to grind or reduce to a powder
the green coffee bean before extraction. If this could take place,
the actual labor of extracting the caffein would be very much
decreased, ‘'and the degree of extraction increased. Since this,
however, is not practicable in commercial transactions, other
methods of proceeding have been studied and adopted to a greater
or less extent. The more common one is to soften the bean first
by subjecting it to the action of steam under pressure. This
method of procedure softens the bean to a greater or less extent
and opens up its pores so that an extracting medium can penetrate
into the interior of the bean. Any of the common solvents of
caffein may be used, but benzol, or trichlorethylene are generally
employed. These bodies have very little effect upon the other
constituents of the bean. After the extraction has been com-
pleted, any residue of the solvent remaining in the bean may be
expelled by a re-application of the superheated steam, or by
distilling in a current of steam.

Degree of Extraction—The quantity of caffein which is left
in coffee after it is thoroughly treated in the manner above de-
scribed, may be placed at about 0.2 of 1 percent. In some in-
stances, almost complete extraction is secured, as for instance
0.02 of 1 percent, while in others a comparatively large quantity,
amounting to over o.25 of 1 percent may be left. It is evident
that the phrase caffeinless cannot be properly applied to a body
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which has been treated in this way, because to be caffeinless all
of the caffein must hd#ve been abstracted.

Taste and Aroma.—If a coffee be subjected to treatment
for the extraction of its caffein, and subsequently roasted and
placed upon the market the person not an expert drinking it,
without comparison with any other coffee, would discover nothing
more in regard to it than possibly a peculiar taste, not unpleasant,
which would be still quite like the coffee to which he had been
accustomed. The beverage which is made has a fragrance and
aroma and taste which remind the drinker very forcibly of coffee,
even of a good grade, when the ordinary coffee used is of that
- variety. If coffee before and after extraction be roasted and
otherwise treated exactly alike, the superiority in flavor and
character of the untreated coffee becomes at once apparent on the
comparison of the two samples. It cannot be said with verity,
that the treatment with the extracting material does not to
a certain extent deteriorate the product. When it is remembered
that the point to be kept in view is the protection of the health
of those who are particularly susceptible to the influence of
caffein, it is advisable to sacrifice to a certain extent the taste
and flavor if one can secure thereby a product which will no
longer have a deleterious effect even upon those most susceptible to
the caffein poisoning.

Commercial Importance.—It cannot be said that there is any
great commercial importance at the present time to be attached to
this partially extracted coffee. It is true that factories have been
built, especially in Germany, and operate on a scale more or less
large, and this extracted coffee is to be had upon the markets in
many localities. It will require a number of years of experimental
work and instruction on the part of the makers of this product, to
bring it into as general use as that of the untreated coffee. At
the present time (1918) importations from Germany are not
possible and factories for making the decaffeinated product have
been erected in the United States.

Blending Coffees.—A great deal of the coffee which is offered
for sale is represented as being blended for the purpose of secur-
ing a uniform flavor and aroma.

While it is evident that in many cases the blending claims are
not justified by the facts, it is still known that it is possible for
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experts to mix certain strains of coffee in such a way as to secure a
mixture giving practically uniform taste and flavor. This, of
course, takes away the individualitiés, and hence, it must be
supposed that it will be confined chiefly to the medium or lower
grades of coffee. This, however, is not the case, since dealers fre-
quently use the highest grades of coffee in making these mixtures.
Why high-grade coffee, which has a character of its own, should
thus be reduced to a common level so that its peculiar flavor and
aroma are lost in those of other coffees, it is difficult to determine.
A person®who would blend the high-grade vintages to make a
drink of uniform character, would be deemed almost guilty of
sacrilege. The mixing of medium or lower grades of coffee might
be justified, but from the point of view of the connoisseur there
can be little justification for the mixing of high grades. The
suspicion is with some warrant, although it may not always be
just, that the blending of the high-grade coffees has for its chief
purpose the giving of a good flavor to the low-grade coffee, so
that the mixture may sell for a higher price than could be obtained
for the coffees entering into it when sold alone. This may bea
justifiable practice. In other words, a low-grade coffee which
would sell at a low price, may be mixed with enough high-grade
flavor to give the coffee an additional flavor, so that the mixture
can be sold at a higher profit than both of these constituents
would bring if sold separately.

It is evident, of course, without argument, that to claim that
the coffee is mixed or blended without it actually is so should not
be done, and no misstatement should be made respecting the
character of the coffees entering into the blend.

Blending may be practised both on washed and unwashed
coffees, and the same principle is followed in both, namely, the
mixing of an acid and a bitter coffee with a sweet one, namely, to
quote the language of an expert, ‘‘Blend an acid and a bitter coffee
with a sweet one. to tone down the qualities of the others if
necessary, so that neither quality will be too pronounced.”

Washed Bogota and washed Bourbon Santos may be taken as
the base for blends, but each must be first tested for its particular
quality.

It is the work of an expert to test all these coffees to determine
their qualities, then to mix small quantities in varying proportions,
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drawing the coffee and determining its flavor. He finally secures,
by mixing, the flavor which he wishes to establish for his grade or
brand, and in subsequent processes he varies the quantities of the
different constituents of the blend as those constituents themselves
vary in quality, so as to maintain as nearly as possible uniform
character throughout.

It is only when an expert of high character blends a coffee
that any really good results can be expected.

Food Value of Coffee.—The food value of coffee and of tea
may be regarded as of no importance. The only food of any conse-
quence in coffee is sugar,and that is largely caramelized in roasting.
The effects of coffee are due solely to its stimulating powers.
Apparently coffee and tea diminish, or ( perhaps a better expres-
sion) relieve fatigue. They do not seem to do this in any material
way, but by so influencing the nerve centers as to counteract
or destroy the sense of fatigue.

Inasmuch as coffee has no tissue-building power at all, and no
food value except that which is given to it by added milk, cream
or sugar, it cannot be regarded as a food in the true sense, though
legally, as a beverage, it is classified in the Food and Drugs Act as
a food. Coffee contains a considerable quantity of oils, but as
these are insoluble in water they do not appear in the infusion.
A little bit of protein substance is extracted from the coffee by hot
water, but so small in quantity as to have no significance from a
dietetic point of view.

Adulteration of Coffee.—Quite extensive adulterations of
coffee have been practised, but since stringent laws, national and
state, have been enacted the evil is rapidly decreasing. One of
the crude forms of adulteration which was found on the market
many years ago was the fabrication of artificial beans, molded in
the shape of coffee beans and colored to represent either the green
bean or the roasted bean as the case might be. There was no
difficulty in detecting these artificial beans when the mass was
looked at carefully, as there were always differences which would
be discriminatory. A person not expecting anything of the kind,
however, might easily buy, without suspicion or without detection,
coffee beans containing as high as 25 percent of these artificial bodies.
I believe that this method of adulteration has entirely disappeared.

Other forms of adulteration recall at once the use of chicory.
10
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Of all the roasted vegetable substances which have been used in
coffee, or as substitutes for coffee, there is none that has had the
vogue of chicory. This plant is of wide distribution and the
United States is cultivating it particularly in the Middle West,
though it grows in many localities. The tops of chicory are used
as spinach or greens. The roots, when roasted, are used exten-
sively for mixture with coffee. In some countries, as in France,
where the customers require a coffee of good body and very dark
color, chicory is commonly employed in the household and in the
café or restaurant to give these characteristics to the coffee.
It is stated by Windmuller! that the motto of the French in so far
as coffee is concerned, is “Chaud comme l’enfer, noir comme
le diable.”” The chicory, however, is often mixed with the coffee
before it is sold, and extensive frauds have been practised in this
way. While it cannot be said that unlimited quantities of chicory
are altogether wholesome, it is certain that in the quantities used
in mixing with coffee it has no properties which may definitely
be called injurious. To those who knowingly, use coffee with
chicory and like it there can be no objection to its addition to
coffee, as such an addition would not be an adulteration. Its
addition to coffee, on the contrary, for sale to the unwary or
innocent purchaser is purely a commercial fraud. Those who
advocate the use of chicory say that connoisseurs prefer the taste
of coffee to which chicory has been added and that famous restau-
rateurs buy it for the sake of its flavor to mix with the coffee of
these fastidious customers. Inquiry among the chefs of the best
restaurants has failed to confirm this statement.

It is true, however, as already noticed, that many consumers
do like a blacker color and a heavier body. Roasted chicory is
in no sense a substitute for coffee, as it is deficient both in the
peculiar flavor, taste and aroma of coffee, and in its alkaloidal
constituent. It contains a little tannin, as do most vegetables,
but not sufficient to give any particular character to its decoction.
Chicory contains scarcely any fat, and less sugar than coffee itself.
It contains no alkaloidal substance and about as much ash as
coffee. The starch which exists in many root crops in chicory
is represented by another body, called inulin. When starch is
hydrolized to form a sugar by the action of an enzyme or by an

1 The Forum, January-March, 1908, page 429.
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acid the final result is the formation of dextrose, a right-handed
optical body. When inulin is hydrolized in the same way a sugar
is formed with a left-handed rotation. This sugar is known as
levulose. There is nothing, however, in the constitution of inulin or
levulose which in any degree threatens the health of the consumer.

Misbranding of Coffees.—One of the principal faults of the
coffee trade has been misrepresentation of origin. The coffees
known as Mocha and Java, on account of having excellent quality
and great popularity, are seized upon as a convenient method of
representing other coffees, excellent in themselves but not entitled
to these names, as having a like origin.

Until the enactment of the Food Law coffees of various char-
acters, especially Brazilian coffees, were commonly called in this
country by the terms Mocha and Java, although the records of
the Treasury show that the importations of so-called Java and
Mocha coffees annually are very small, yet at retail, very large
quantities of the total coffee offered for consumption were known
as Mocha and Java. The use of these terms evidently was
purely fraudulent. The real coffees bearing these names have
exceptionally high qualities and command exceptionally high
prices. It therefore became extremely profitable to offer cheaper
coffees under the names of the more expensive. When it is
recalled that at the present time raw coffees in this country of very
good quality can be had at from 10 to 15 cents per pound,
it is not surprising that it is a very tempting opportunity to offer
them under other names at a very largely increased price.

Consumption of Coffee.—For the years, 1916and 1917, the latter
being the latest of the published data available, the total consump-
tion of coffee in the United States is given in the following table:

IupoRTS, EXPORTS AND CONSUMPTION OF COFFEE, 1916~1917

1916—Pounds : Value $ l 1917—Pounds |  Valu$
Imported.. . -' 1,166,888,327 118,813,421 I 1,286,524,073 i 122,607,254
Exported ... ' 35,293,688 | 4,550,522 67,162,222 . 8,300,943
Consumed . . ] 1,131,594,639 ! 114,262,899 » 1,219,351,851 v 114,306,311

Assuming the population of the United States to be 110,000,000 the consump-
tion of coffee amounts to 11 pounds per person per year.



PART VI
TEA (THEA SINENSIS, L.)

Common Beverages.—Among the beverages in common use in
all civilized countries tea is next to coffee in importance. This
beverage is used principally at the table, but tea is often served,
especially in England and Russia, as a beverage to be taken be-
tween meals.

Tea Drinking Customs.—The American traveler in Russia
would be surprised to know that he may enter Russian business
houses at certain hours of the day, for instance at ten o’clock in the
morning, and four o’clock in the afternoon, and find business
entirely suspended while tea is served to the employees throughout
the establishment.

Use of Samovar in Russia.—If one were traveling in Russia
in ante bellum days and desired a very early breakfast before
the usual hour of serving, he would find a samovar placed in
his room ready for use, and a sufficient amount of bread and butter,
with sugar and milk, to prepare a simple breakfast of tea and
bread and butter.

The samovars of Russia are particularly prized for their
artistic merits. One of the great industries of Russia is the
manufacture of household utensils in brass, nickel, bronze,
copper and copper alloys. Among these one of the most impor-
tant is the samovar, or hot-water urn. Every home, however
humble, has one or more of them and they are in constant use.
The samovar is not an old utensil in Russia, but has been intro-
duced within the last 8o years. The most valued, of course,
are the old-fashioned ones which have been hammered by hand.
Modern machinery has replaced this style by the machine-made
samovar which is doubtless as beautiful at a distance and quite
as useful, but does not appeal quite as much to the taste of the

connoisseur as the hand-made article. The samovar is heated
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with charcoal, burned in a cylindrical chimney which runs up
through the center of the vessel.

The exhibition of the long lines of samovars which are found
in the parks on holidays are most interesting. Especially in
Moscow will the traveler find on the holidays in pleasing array
in the parks, long lines of samovars, each attended by a peasant
woman in the attractive garb of that class. A striking illustration
of the holiday samovars I saw on a pleasant Sunday afternoon
in the park on the hill beyond the Moskova river, from which
Napoleon first looked upon the Russian capital.

Tea Serving in England.—In England the serving of tea in the
afternoon about four o’clock is almost a universal custom among

F1G. 12.—Tea samovars, Sparrow Hill, Moscow. (Pholo by Author.)

the well-to-do people. The custom of drinking afternoon tea is
also rapidly spreading in the United States. But after all the most
important use of the beverages which have been mentioned is at the
table. '

Beginning of Tea Drinking.— The use of tea as a beverage prob-
ably dates to the remotest antiquity, but not among nations
(with the exception of China) whose literature is available.
Confucius speaks of tea drinking 500 years before Christ.
It is not mentioned by any of the classical writers. It was
not until the organization of the East Indian Company that tea
was brought into England. In regard to its use in America
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the only thing that seems to be certain is that it was not brought
over in the Mayflower. It is stated by authority that the first
merchant who put tea on sale in England was named Garway.

By 1660 tea was pretty well known in England among the
wealthy and fashionable. By 1664 it was on sale at the coffee
houses. Even in 1664 the cost was excessive, sixty shillings a
pound being the price. While the first use of this leaf was as a
medicine, a German named Olearius recognized its value as a
beverage as early as 1633. But many there were who vilified it,
calling it an ‘‘impertinent novelty and the sellers of it immoral
and mercenary persons.” In Boston, tea was on sale by 16go
and in 1691 there were two houses besides those kept by Daniel
Vernon and Benjamin Harris. By 1712 it was advertised in the
Boston News Letter and you could buy it from Zabdiel Bolton at
his apothecary shop. The favorite variety was green, but the
advertisement reads ‘‘green and ordinary.” Bohea was the
favorite and by 1725 it could be purchased in apothecary, tobacco
and drygoods shops, as well as those devoted to ‘“‘small wares.”

From a commercial point of view the China tea trade began
about 1678 by the East Indian Company carrying to England
about 5,000 pounds of tea as a speculation. This quantity sup-
plied London for many years before it was finally disposed of.
The exports of tea from China reached a maximum about 1886,
when a total of about 300,000,000 pounds were exported. From
1886 there has been a gradual decline in the amount exported,
largely due to the growing popularity of India teas.

Tea-producing Countries.—The principal tea-producing coun-
tries are China, Japan, Java, India, Ceylon, Sumatra and For-
mosa, now a possession of Japan. Attempts to grow tea have
been made in the United States, as will be mentioned further on,
but our dear labor will long prevent us from being competitors
with the nations of the Orient.

In the United States tea has been produced only experimen-
tally in gardens near Charleston, S. C.

The Tea Plant.—China teas, according to the ‘“‘ Tea and Coffee
Trade Journal,” are produced chiefly from the variety of the
plant known as T'hea bohea.! The leaves of this tree-shrub are of a

1 Botanists now recognize only one true tea plant, Thea Sinensis.
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dark green color and are from one and a half to three inches in
length. This variety is a small shrub compared with the variety
of the tea plant which grows in India and which is a large, strong,
growing plant, which becomes almost a tree,and the leaves of which
range from three to five inches in length.

Generally the tea is grown by small farmers, who cultivate
only a few bushes around the house in which they live, although
others have more extensive gardens, but, as a rulé the tea farms
are very small.

After picking, the tea is dried in the sun, rolled and again semi-
dried. The tea is then sold to merchants at Tea Hong, who dry
and grade it before exporting. The product made by this process
is black tea.

Time of Harvesting.—The first crop, in China, is gathered in
April and May; the second in June and July, and the third in
the Autumn.

The chief centers for collection for export of the product
are Hankow and Shanghai in the north, Foochow in the center and
Canton in the south. There are 30 or 4o different varieties of
tea on the market. .

Blending.—There is a great deal of blending of tea among the
China varieties. The practice of blending is a scientific art.
The expert blender will take a low-priced tea and mix it with
medium and fine qualities, in such a way, as to make a mixture
which produces a good cup of tea. There are no rules that can be
laid down to get this, but only the expert blender, by selecting
different quantities and varieties can get the desired taste and
flavor.

Indian Tea.—We learn from the Tea and Coffee Trade Journal
that the term “Indian Tea” is one which is made to cover a lot
of territory. It naturally would be applied to the whole area
covered by the geographical territory known as India. The
character of the teas which are included in Indian Tea, therefore,
must vary as much as the different localities which cover that
vast territory. Among Indian teas are those which come from
Assam, Darjeeling, Dooars, Kangra, Nilgiris and Travancore.
Of these teas, experts claim that the finest are produced in Dar-
jeeling, but often in that locality teas produced on different estates
vary largely in quality.
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Darjeeling is situated at the foothills of the Himalayas, and the
climate in that region is favorable to production of a tea with
fine flavor and aroma and general character. The yield of the
trees, however, is somewhat limited in quantity, hence inasmuch
as the farmers are not able to produce a large quantity of tea they
use every means possible to produce teas of a highgrade. Thecrop
in Assam yields, it is stated, twice as much as in Darjeeling. The
climate is much warmer, and the large crop and high temperatures
result in a tea of less desirable flavor in character.

A large part of the Indian tea goes to England, and, as the
English are great tea drinkers, and competent judges of it, it
must be acknowledged that their preference for Indian tea
is not wholly of a patriotic kind. It has not been very many
years ago since China furnished Great Britain with the prin-
cipal part of its tea. The great quantity of tea drunk in Great
Britain, amounting to about 400,000,000 pounds, comes mostly
from India and Ceylon. It is stated that this change in the
character of the tea consumed in England is due solely to its
quality, and not, of course, to any protection by import duties on
teas of other countries, nor by any preference of the Enghsh for
the tea simply because it is Indian.

One of the reasons for the rapid development of the use of
Indian tea is found in the action of the Indian Government estab-

‘lishing a commission for the scientific testing of teas. Probably
it is better to say, not the action of the Government, but of the
action of the Indian Tea Association. It, however, receives
quite considerable aid from the government, and hence may be
regarded in that sense as a government body. This scientific
commission called attention to the fact that the fermentation
which takes place in the tea leaf when curing is not due to the
bacterial change, but wholly to enzymic action.

Formosa Tea.—Since Japan took possession of the Island of
Formosa as related by Tea and Coffee Trade Journal the tea
industry has been greatly stimulated. The quantity of tea

-imported to the United States from Formosa amounts to about
18,000,000 pounds annually. The quantity has not varied greatly
in many years. The proportion of Formosa tea received is not
keeping pace with the increase of population. The Formosa teas.
are of high value, especially those belonging to the Oolong class.
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The process of manufacturing Oolong Formosa tea is described as
follows:! o

“The green freshly picked leaves are placed loosely in an
open place for %4 hour in the sun. They are allowed to lie there
long enough to undergo a certain degree of fermentation, during
which a special flavor is developed. After the edges of the leaves
become slightly brown, they are stirred in a hot pan over a char-
coal fire, thus checking the fermentation and rapidly bringing it
to a close. The leaves are then rolled with the hands or feet
and dried over a charcoal fire in baskets.

The method of making green or black teas is quite different
from the above. In preparing green tea, the freshly plucked
leaves immediately after being picked are steamed in order to
stop fermentation. They are then dried over a fire, and are
twisted while drying. Formerly if the green color was not suffi-
ciently marked, an artificial green was added. No green teas
are now imported from Formosa.

Japan Teas.—The principal teas produced in Japan are de-
scribed by Mr. Geo. P. Mitchell, Chief Tea Examiner, as follows:

“ Sencha, ordinary tea.

Gyokuro, dew drop tea, very high grade.

Tencha, ceremony tea before grinding.

Motcha, ceremony tea ground into the powder as used.

Bancha, poor peoples tea, flat leaf tea made from prunings after picking.

The Japan teas imported are either pan fired—Kama-cha or basket
fired—Kago-cha.

Regular schools are supported where the proper use of the ceremonial
teas is taught in great detail. Particularly are the pupils instructed to
venerate and praise the bowls in which the tea is served and to so order
the drinking that no two persons touch the same part of its circumference
to their lips. This is apparently the Japanese loving cup.

Different kinds of tea are also designated sometimes by the localities
in which they grow, or the ports from which they are shipped.”

Tea is cultivated in Japan by local farmers who have all the way from
I to 20 acres under their control. The farmer either rents or owns the
ground. If big enough, he hasa small firing-place where the tea is put
through a semifiring process. The local farmers sell to the collectors or
country merchants, who bring it down to Kobe, Yokohama and Shizuoka,
where the different toyas (tea merchants) are located. It is usually shipped
in 100-pound boxes by rail or boat to these ports. The semifiring process
followed by the local farmers consists of steaming the tea leaves in a basket,

! Adapted with certain additions from Tea and Coffee Trade Journal.
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after which it is dried in trays and then given a light firing over a charcoal
fire in wooden trays having paper bottoms, the tea being rolled by hand, it
being then allowed to dry in a similar firing-tray but at a lower temperature.
The rolling and firing process usually takes about 12 hours. The toyas
sell to the Japanese or foreign exporters, who subject the tea to a further
process of manufacture and then ship the tea to America.

The firing process followed in the tea-firing godowns at the
ports named consists of stirringsthe leaves in hot firing-pans from
30 to 5o minutes and then in cold pans from 15 to 20
minutes. When finished the tea is taken to the packing godown
where it is sifted to remove the dust and packed while still warm
into the half chests, lined with lead, which are to convey it to the
grocers and tea drinkers of America.

No coloring matters are now permitted in Japan teas. When
our government decided te exclude all artificially colored teas,
the Japanese government and the Central Tea Association
quickly accepted the new ruling. It is highly desirable that all
tea growing countries should take the same action.

Basket firing consists in simply re-firing the tea without any
of the stirring process as practised in the pans. A bamboo
basket, shaped like a dice-box, but open at both ends, is placed
over a large iron brazier containing lighted charcoal (well covered
with ashes) and the tea is strewed, about an inch in thickness,
on a close-woven bamboo tray which fits the neck of the dice-box
The baskets are occasionally removed from the brazier and the
tea turned over by hand in order that all may be equally fired;
they are carefully replaced on the brazier, without allowing any
dust or leaves to fall through the tray on the charcoal, and in the
course of 40 to 6o minutes the tea is ready for packing.

The foregoing description applies to the preparation of ordinary Japan
tea, during which no fermentation of the leaf has been allowed to take place.
But in the preparation of black tea (congou), of which a considerable quan-
tity was made some seasons ago, fermentation has to occur. In this case
the tea is withered in the sun and then rolled on tables by coolies for about
30 minutes, after which it is packed tightly in large round baskets and
covered with a cloth for an hour or so and allowed to ferment. The leaf is
then tipped out onto the rolling tables, well shaken out and rolled for 15
minutes more and fired on iron gauze sieves or in drum baskets over charcoal
fires. The first process takes 45 minutes, and the drum baskets 70
minutes.!

1The Tea and Coffee Trade Journal, July, 1907, page 20.
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. Java Tea.—Accustomed as we are to think of Java as the home
of coffee, it is important also to note that it has acquired some
reputation as a producer of tea. The magnitude of the industry
at the present time amounts to about 80,000,000 pounds a year,
and the method of cultivation, which is practised, as well as the
method of manufacture, may be said in many respects to be supe-
rior to those of Ceylon and India. So important is the trade
becoming that there are. stated. intervals in Amsterdam when
tea brought from Java is sold at public auction. Most of the
teas produced in Java are of good quality, and many are extremely
fine. According to credible historical evidence, tea was first
introduced into Java from China about 1826. The Chinese
varieties have been, however, of late years replaced by the seed
from the Assam tea country, which is found to be very productive
and more profitable. Before the war little Java tea has come to
the United States, most of it going to Holland, to Australia, and
especially to Great Britain. Russia takes a little over a million
pounds, and smaller quantities go to other countries. In the opin-
ion of some experts, Java teas have a quality which is distinctly
superior to those of China and Japan, judging at least by the
English standard of quality.

The tea factories in Java are said to be the most modern and’
complete of any in the world.

Many of the tea plants are driven by electric power, and have
the fermenting rooms laid in white China tile.

The tea areas are subjected to heavy rainfalls, the rainy
season extending from September to April. While the average
rainfall is 72 inches, in some cases it reaches as much as 124 inches.

The price of the Java teas upon the London market is about
the same as that of the Assam teas.

Soudanese labor is employed mostly in Java, the men being
paid from 10 to 15 cents per day, and the women from 6 to 12
cents per day.

Java teas are divided into the following grades:
Orange Pekoe Pekoe Souchong
Broken Orange Pekoe Pekoe Souchong  Dust

In addition to the above there is also produced in Java a
grade known as Silver Pekoe, or white point pekoe. This is a
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- high-grade tea, made from the top or first leaves, and is rolled
by hand usually in the sun. It is not fermented previously to
rolling. This brand of tea often sells as high as $1.25 per pound.

American Tea.—It is evident from a study of the climate and
soil conditions connected with the growth of tea, that the United
States is not excluded from the possible areas in which it can be
cultivated. For many years, the late Dr. Shepard, of South Caro-
lina, has promoted the cultivation of teain the vicinity of Charles-
ton, Summerville, and the United States Department of Agri-
culture has collaborated in this work from time to time during the
past 30 years. The tea gardens at Summerville have gained a
deserved reputation for producing a tea of excellent quality.
Unfortunately, the conditions of labor and wages in this country
render it difficult to compete with the remarkably cheap labor
of the countries most famous for tea production. Dr. Shepard
has devoted the leisure of many years of his active life to the pro-
motion of this industry, but it does not appear to have assumed any
vogue outside of the immediate vicinity of his own activities.
He is of the opinion that in certain sections of the United States,
American grown tea may hold its own against the imported article.

The adaptability of the soil and climate of the vicinity men-
tioned, to tea growing has been demonstrated, and the very
fact that the tea plants thrive there answers all doubts respecting
the possibility of their growth. The tea which is produced in
South Carolina is not of sufficient quantity to have affected in
any way commerce in that article, nor to have established
throughout a very wide range of consumers, its own standard of
excellence. It is undoubtedly true that tea grown in the United
States will have a character, flavor and quality of its own, and
hence, at first might not be relished by those accustomed to
drinking the teas of established grade and quality. It is only
fair to presume that by use this prejudice against American tea
would disappear, and assuming that it were produced in quantity
to warrant the expectation, it would assume a just place among
the tea drinkers of the world.

Typical American Tea Bush.—The character of the growth,
size, shape and appearance of the téa bush is well illustrated by
the figure herein, showing one of the typical tea orchards grown
at Summerville, South Carolina.
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F16. 13.—Tea bush at “ Pinehurst,” Summerville, S. C.
(Courtesy of the late Dr. Shepard.) .

F16. 14.—Colored children plucking tea at “ Pinehurst,” Summerville, S. C.
(Courtesy of the late Dr. Shepard.)
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The tea bush requires a large amount of nourishment, and also
intensive cultivation, as well as fertilization, and, therefore, tea
gardens require soil as rich as can be secured. The greater the
fertility of the soil originally, the less the expense of fertilization
and the greater the economy of growth. In this country a rich
loam, according to Dr. Shepard, containing a large amount of -
humus, affords the best promise for both quantity and quality.
Recent investigations have shown that an abundance of available
phosphoric acid in the soil contributes largely to the flavor of the
tea made thereon.

The tea plant, according to the same authority, has generally
a long tap root, hence a rich, readily penetrable sub-soil has its
advantages, but it must be free from stagnant water, which the
tea bush cannot tolerate. Slightly sloping land, sufficient to
secure natural drainage, but not steep enough for heavy rains to
carry off the most valuable top-soil, is preferable. Where the
surface is too sloping, well-placed banks and ditches can be
employed to prevent denudation, but all such devices are costly
and interfere with the cultivation of the land. In the present
condition of cultivation, Dr. Shepard advises that only the
cleared land be utilized, as the cost of destroying a forest or of
eradicating a jungle, and converting the soil therein to a proper
condition for the growth of the bush, requires an amount of labor
which is prohibitive to successful culture. Importance is also
attached to the shipping facilities, both because of the convenience
in bringing in supplies, as well as for the transportation of the
products of the garden to the markets. It is realized that in the
United States the fulfilment of all the conditions necessary to the
successful and profitable cultivation of the tea plant is yet far in
the future. It may be that the ingenuity of the inventor, the
care and intelligence of the supervisor, and the skill of the laborer
may in the future establish, preserve and extend the tea industry
in the United States to such an extent as shall be worthy of
mention among the commercial centers of tea production of the
world.

Dr. Shepard says:

The establishment of a tea garden on a commercial scale in any country

involves the expenditure of a considerable amount of money and a rather
long wait for a pecuniary return. It demands very careful attention in the
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field and factory, but especially in the marketing of a new product. Such
was peculiarly the case with Ceylon, where the planters have been forced to
roundly tax themselves to successfully introduce their new teas on the foreign
markets. As the scope of supervision embraces not only agricultural opera-
tions, but also the working of a factory filled with machinery regulated by
the watch and thermometer, it follows that the services of a capable and,
therefore, expensive superintendent are required.

The substitution of machinery for all the manual operations except
plucking and final culling has become imperative from the motive of economy
and the necessity of observing every precaution against the contamination
of the tea from human handling, as well as for greater ease in the maintenance
of uniformity of production.

As has been already stated the aim of the American grower should be
the production of the higher grades of tea by a wise selection of seed, by
limiting the plucking to the youngest and smallest, hence tenderest and
most valuable leaf, and by the careful use of the latest and best machinery.
Repeated chemical analysis has proven that American tea is comparatively
rich in the nerve stimulant and food, thein, and low in tannin, the astringent
and deleterious principle; it is not subject to the wily Oriental’s passion for
adulteration with artificial coloring and make-weight matter; it escapes, for
home consumption, the injurious effect of a long ocean transportation,
whereby chests are broken and dampness and all manner of germs admitted.
Indeed, because relieved from this last danger, American tea has not to be
“fired” at the high temperatures requisite for resisting long voyages, but
which are at the sacrifice of both fragrance and taste.

While we cannot agree with Dr. Shepard that thein or caffein,
is a food nor that tannin is its injurious principle; nor would many
agree with his ideas that transportation injured the value of the
tea, we must admit that his enthusiasm, his intelligence, his
industry and his patience in working out this problem are deserving
of all commendation.

Picking.—The proper condition of the leaf for plucking must
be learned by experience, and is determined by sight and by touch.
The harvest begins at Pinehurst about May 1st and continues
until October. The pickers must learn to discriminate, so as
not to mix the poor and worthless with those that are suitable
for subsequent manufacture for drinking purposes. He should
pick for quality rather than quantity. For making good tea,
only the bud and the first two leaves which must be tender, are
taken; otherwise the leaf will crumble or flatten out in the proc-
ess of manufacture, instead of producing the familiar twisted



160 BEVERAGES

or curved appearance. The harvest is repeated every two weeks.
Each period of growth is known as a “fluh.”

Care is required in the handling of the leaf so that it may not
be bruised. For the same reason it must not be packed too
tightly in the baskets; otherwise it would become pressed, heated
and subject to fermentation. At Pinehurst the leaf gathering is
done by colored children, who when skilled will harvest enough
leaves each day to make 10 pounds of dry tea.

In general the tea is divided into two principal classes, green
and black tea. These two classes are determined by the degree
of oxidation to which the chlorophyll or coloring matter of the
leaf has been subjected.

Black Tea.—In the manufacture of black tea there are four
principal processes, withering, rolling, oxidizing and firing.
During this time the leaf, of course, is continually losing moisture.
When, in the process of withering, the leaf has obtained the proper
degree of pliability, it is rolled either by hand or by a rolling ma-
chine. The rolling breaks up the oily cells in the leaf and gives to
the tea leaf that twisted appearance by which it is so universally
distinguished. At Pinehurst all the rolling is done by machines
and the process requires about three quarters of an hour. After
the leaf has been sufficiently rolled to break up the cells it is spread
on table trays, in layers about two inches thick, for two or three
hours, during which an additional or final oxidation takes place.
The oxidizing room should be kept damp and as cool as possible.
It is then taken into the drying or firing machines, and subjected
to an even heat until the leaf has lost all of its moisture, and all
the exudations which have come to the surface as a result of drying
and rolling combined remain deposited as dry matter upon the
surface of the leaf, which should then be crisp and fragrant. The
best method of firing is to drive hot air over the tea by means of
a fan.

The quality of the tea is largely dependent upon the care
observed in its firing, and the temperature should not be so high
as to dissipate all the volatile oils. On the other hand, the
drying must be at a temperature sufficiently high and continued
sufficiently long, to remove the moisture; otherwise rapid dete-
rioration will take place. The treated tea is placed in air-tight
cans or bins and allowed to remain until ready for shipping.
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Green Tea.—In the manufacture of green tea the principal
point to keep in view is to prevent any oxidation or darkening
of the leaf. As this oxidation starts practically as soon as the
leaf is plucked, it requires great skill and celerity to produce a
high-grade tea. The production of green tea, insofar as at
present is known, requires hand labor exclusively. Inasmuch
as the oxidizing effects are produced by an enzyme it is important
in making green tea to kill this ferment as soon as possible.

F16. 15.—Loading end of sterilizer to destroy enzymes.
(Bureau of Plant Industry, U. S. Dept. of Agriculture.)

This is accomplished by subjecting the fresh picked leaf to a
high temperature. Dr. Shepard invented a rotary steam heated
sterilizer for this purpose. This cylinder is so constructed that
it may be fed continuously at one end and the cured leaves are
constantly being delivered from the other end. It requires about
7 minutes for the complete process. After the enzymes are de-
stroyed by this process the leaves are ready for rolling and firing.

Tea made in this way is necessarily very expensive and so
the art of artificially coloring a tea green to resemble tea made
as above has been devised. It is certain that very little green

tea is now imported into the United States which has been adul-
11
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terated by coloring. It is claimed, and it is doubtless true, that
the green teas at Pinehurst gardens near Summerville are not
‘“faced’” and are genuine unadulterated teas.

Composition of Tea.—Attention has already been called to the
chief constituents of tea as far as their active principles are con-
cerned. Of the active ingredients, tannin is the most abundant
and caffein next. The quantity of moisture contained in ordinary
commercial tea, which has been kept dry, rarely goes above 10
percent, and is usually about 5 percent.

The analysis of 63 samples of tea by Spencer in the Bureau
of Chemistry, purchased on the open market, gave the following
averages:

Moisture. ........coiiiiiiieiiiienrnnnnnnn 6.77 percent
Total Ash.........................oiuaa.. 6.25 percent
Totalextract.............ccovviinninnnnn. 36.99 percent
Tannin...........ccoiiiiiineieininnnnn. 10.25 percent
Caffein.................. e, 2.02 percent

The chemical analysis of a tea, while it gives a correct notion
of its composition, does not necessarily reveal anything respecting
its character and comparative merits. All teas contain essentially
the substances which have been mentioned in the table of analysis,
but they. vary greatly among themselves in palatability and
character. It is difficult to determine the chemical character-
istics of a tea on which its value depends. The terms flavor,
strength and aroma are not associated with any definite ideas of
chemical composition. In many cases, in fact, in all cases, the
qualities of the tea do depend to a certain extent upon chemical
composition. For instance, the astringency of a tea is due to its
tannin; its exhilarating effect to its caffein; and its aroma to certain
volatile principles, the nature of which is not well known. Usually
the teas which have the larger quantities of these subtle matters
are found to be the most valuable, but it is not true in all cases.

Making Tea.—The infusion of the dry tea leaves in hot water
is an extremely simple process. First of all the tea should not
be boiled. The best method of infusion is to place the tea
leaves loose in the pot, fill the tea pot with boiling water, and
allow to remain three minutes. The first infusion is not highly
colored but possesses a fine aroma and taste. After several
minutes the tea takes on a deeper amber color. A second ex-
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traction from the same tea gives a deeper colored but less fra-
grant product. The tea leaves may be dropped directly into the
hot water, but in this case the infusion should be poured through
a strainer.

Flavor of Tea.—Only the expert tea taster can distinguish
the blended flavoring of different teas. The rest of us can only
say, we like, or dislike. There is much in habit. We are likely
to prefer that to which we have become accustomed. The higher
flavored teas bring higher prices on the market, but the price
is not an unerring gauge of excellence. If the tea does not please
we know it without knowing why.

“I do not like thee Dr. Fell,
The reason why I cannot tell.”

Praise and Blame. Pro.—In the Critic and Guide for Febru-
ary, 1916, page 68, is quoted, an extract from an article published
by Thomas Garway in 1660, which is entitled “An Exact De-
scription of the Growth, Quality, and Virtues of the Leaf Tea.”
According to this author the particular virtues of tea are these:

It maketh the body active and lusty.

It helpeth the headache, giddiness and heaviness thereof.

It removeth the obstructions of the spleen.

It taketh away the difficulty of breathing, opening obstruction.

It is good against turpitude, distillations, and cleareth the sight.

It removeth lassitude, and cleanseth and purifieth acrid humors, and a
hot liver.

It is good against crudities, strengthening the weakness of the ventricle
or stomach, causing good appetite and digestion, and particularly for men of
corpulent body, and such as are great eaters of flesh.

It vanquisheth heavy dreams, easeth the frame, and strengtheneth
the memory.

It overcometh superfluous sleep, and prevents sleepiness in general, a
draught of the infusion being taken; so that, without trouble, whose nights
may be spent in study without hurt to the body, in that it moderately healet
and bindeth the mouth of the stomach.

It prevents and cures agues, surfets and fevers, by infusing a fit quan-
tity of the leaf, thereby provoking a most gentle vomit and breathing of the
pores, and hath been given with wonderful success.

It strengtheneth the inward parts, and prevents consumption; and power-
fully assuageth the pains of the bowels, or griping of the guts, and looseness.

Con.—Windmuiiller, in the Circle calls particular attention to
the abuses of tea drinking and its baneful effects. He cites the
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case of one of his friends, a busy lawyer who studies frequently
all night in the preparation of the briefs he has to bring into court
the next day. During this time he constantly drinks tea. When
finally he is overmastered by sleep the caffein still keeps his
mind active and carries him in his dreams into court, where,
after a brilliant delivery of his convincing argument in his dream
he is horrified to hear the judge decide against him. Inthe morn-
ing it is necessary to drag him from his bed and then he discovers
that under the spell of night-mare his mind has been wandering.
He calls for more tea, staggers into court, still dominated by the
influence of the tea under which he delivers his plea. Although
fully aware that exertions such as this, made possible by un-
natural stimulants, will end in the destruction of his mental
faculties, he repeats the experiment whenever he must snatch
from the hours needed for rest the time to work. These repeti-
tions have resulted, sometimes in success, sometimes in failure.
But the strain has already begun to tell on his system. The
minds of all literary persons who burn the midnight oil and who
acquire this tea habit become greatly enfeebled, it matters not
how they prepare the drink.

Paraguayan Tea.—A kind of tea is grown in Paraguay and
Brazil which is now finding a market in some parts of the world,
known as Yerba Maté. The botanical name of the plant
is Ilex Paraguayensis. The merchantable leaves are also known
under the trade name Juno. Tea drinkers, as a rule, are not
greatly impressed with the virtues of Yerbe Maté as a substitute
for tea. It has certain characteristics of tea, which may render
it a beverage of some importance in the future. Quite a quantity
of the tea is imported into the United States at the present time
and a vigorous propaganda for its extended use has been
inaugurated. The principal part of the trade comes through
Brazil. The trade is already great and is growing rapidly, and
is to be taken into consideration in all calculations regarding
the commerce of Brazil, Argentina, Uruguay, and Paraguay.
In fact, contrary to the general understanding of the matter,
it is true that far greater quantities of Yerba Maté are grown in
Brazil than are grown in Paraguay itself.

The quantity of exports from Brazil, at the present time,
is considerably over 50,000 tons annually, and its value ranges
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from $8,000,000 to $10,000,000. Of European countries Italy
appears to have used the most; Germany also used a considerable
quantity of it before the war, and France and Portugal small
amounts.

There is practically no limit to the amount of this leaf which
can be produced in Brazil. As part of Brazil is practically an
undeveloped country, if this variety of tea should become popular,
it may be that Brazil will become the great tea as well as the
great coffee-producing count1y of the world.

Caffein Content of Maté.—From the few analyses accessible
it appears that the caffein content of maté is about that of tea.
One analysis made under my supervision showed a content of
alkaloid of 1.35 percent. It has been known to the inhabitants
of South America for hundreds of years. Wonderful claims are
made for its sustaining powers and fatigue-relieving properties.
One enthusiastic writer says: “Alone and independent of all
other foods the infusion of maté sustains the strength and vigor
during entire days. In the practice of medicine maté is recom-
mended in all cases where it is necessary to feed without exciting
the nervous system and without loading the stomach.” This
is quite equal to the claims made for the virtues of the caffein
containing drinks in sustaining muscular exertion and relieving
fatigue. Any apparent relief in such cases is illusionary.

Adulterations of Tea.—Teas are subjected to many forms of
sophistication. Chief among these once were reckoned artificial
coloring and facing, that is, the attachment of heavy bodies to
the surface of the tea to increase weight. Facing and coloring
may be practised together, since the facing material may be
a coloring body, or the coloring itself be a heavy material
to add weight. In general, facing is practiced by treating the
prepared leaves with a mixture containing Prussian blue, turmeric
or indigo. In general, it may be assumed that this coloring is
intended to conceal damage or inferiority, but perhaps, in some
cases, it is not. Very often, however, tea leaves which have
been damaged in the manufacture, or which from their age or
imperfection are found to be of an inferior grade, are faced solely
to improve their appearance. The addition of heavy bodies to
increase weight is no longer practised.

It may be stated, as a general rule, that in tea-growing coun-
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tries the teas which are used for home consumption are not
subjected to the treatment as described above. It is very
common, however, in preparation of teas for export to subject
them to this treatment.

Whatever may be said in extenuation of the coloring matters
of tea on the ground that they are not injurious to health in the
quantities used, it must not be forgotten that they do not in
any case ever add anything to the value of the product.

Before facing to increase weight ceased, the addition of chem-
icals that cost only a few cents per pound to tea which is sold at
prices ranging from so cents to $5 per pound, could not fail to be
extremely remunerative to those who practise the process.
The materials which were used cannot be wholly regarded as
free from injurious effects; especially is this the case with Prussian
blue, which is one of the most common of the materials used for
facing. Sometimes very large quantities of these facing materials,
such as Prussian blue, soapstone, and other substances, have
been found, the quantities having been reported from 1 to 3
percent. This is very much above the average, which may be
regarded as not exceeding one-half of 1 percent of the total
weight of the treated tea.

Whether or not a tea has been faced can be determined by
chemical and microscopical methods. The microscope is usually
sufficient for the purpose. Following -are methods of detecting
ordinary facing materials:!

Prussian Blue.—This substance is easily detected by means
of the microscope. Shake the leaves in a glass cylinder with
water and examine the detached particles with the microscope.
If the coloring matter sought is present, transparent particles of
a brilliant blue may be seen. Prussian blue may often be iden-
tified by the microscope on the leaf mounted as an opaque object.
The particles detached as above may be examined chemically
as follows: Treat with hot sodium hydroxid solution, acidulate
with acetic acid, and add ferric chlorid. If Prussian blue is
present in the facing the characteristic blue precipitate will be
formed. The powdered tea leaf may be examined by the chemical
method, but it is advisable to remove the tannin by precipitation
with gelatin solution and filtration through powdered kaolin, after

1Spencer, Bulletin No. 13, Division Chemistry, Part 7, page 881.
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acidulating with acetic acid. The color of Prussian blue is
discharged by sodium or potassium hydroxid.

Indigo.—Under the microscope indigo appears of a greenish
blue. Its color is not discharged by sodium hydroxid, a distinc-
tion from Prussian blue. Indigo forms a deep blue solution with
sulphuric acid. :

Turmeric.—Turmeric is identified by means of the microscope.
According to Hassell turmeric consists of characteristic yellow
cells of a rounded form which are filled with peculiar shaped
starch granules. On the addition of an alkali the cells turn brown,
swell up, and the outlines of the starch granules become visible.

Plumbago.—The microscope is employed in the detection
of plumbago. A thin slice of the tea leaf will exhibit numerous
bright particles if plumbago facing has been used.

Gypsum, Soapstone, Etc.—These substances, employed with
the coloring matter in facing teas, may be separated by shaking
the leaves in a cylinder with water. The sediment is examined
by the usual qualitative methods for these substances.

Special Tea Inspection.—Laws regulating the importation of
adulterated teas are the oldest restrictions of that kind in the
legislation of this country. Several years before the civil war,
laws on this subject were enacted. These laws were amended
and extended by the Act of March 2, 1883. In 1897 the Act of
1883 was repealed and the law which is at present in force was
approved March 2d of that year. This Act set up an entirely
new and more rigid inspection of imports. It provided for a
Tea Board to be appointed annually by the Secretary of the
Treasury and to consist of 7 members. This Board was
empowered to establish standards of the leading types of teas
and prepare these standards of actual teas by which all imports
had to be tested. The standards now in vogue are those estab-
lished in 1918 and are as follows:?!

1. Formosa Oolong. 7. Japan, pan fired.

2. Foochow Oolong. 8. Japan, basket fired.

3. Congou. 9. Japan, dust.

4. India (used for Ceylon). 10. Scented Orange Pekoe (used for capers).
5. Gunpowder, green. 11. Scented Canton.

6. Young Hyson, green. .12. Canton Oolong.

1T. D. 37566, March 29, 1918. Regulation 19.
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Comparison with Standards.—In comparing with standards,
examiners are to test all the teas on these points, namely—
for quality, for artificial coloring or facing matter, and other
impurity, and for quality of infused leaf. Quality shall be
ascertained by drawing, according to the custom of the tea trade,
with the weight of a silver half dime to the cup. The quality
must be equal to standard, but the flavor may be that of a dif-
ferent district, as long as it is equally fit for consumption. As
an illustration, a Teenkai may be equal to a Moyune, but a dis-
tinctly smoky or rank Fychow or Wenchow of sour character is
not considered equal to the first two mentioned.

In examining Japans and all other green (unfermented) teas,
while limiting the comparisons in the matter of infused leaf to the
specific standard called for, examiners are advised to admit teas
upon the question of quality, in the two kinds above cited, pro-
vided that they are equal in the case of Japans to either the pan-
fired or the basket-fired standard; in all other greens to either the
Gun-powder or the Young Hyson standard.

In order to test the quality of the infused leaf in comparison
with the standard, a second drawing should be made of double
weight. After pouring off the water, the infused leaf should
be taken out so as to exhibit the lower side which rested against
the cup. Should the mass show a larger quantity of exhausted
or decayed leaf than the standard it affords sufficient evidence
to be judged inferior in quality and consequently to be rejected.

To examine for artificial coloring or facing matter, it is ad-
vised that the following-described method be used in comparison
with the standard, viz.:

Read Color Method.'—Place two ounces of tea in a sieve §5 or
6 inches in diameter, having 6o meshes to the inch and provided
with a top. Sift a small quantity of the dust onto a semiglazed
white paper about 8 by 10 inches. The amount of dust placed
on the paper should be approximately one grain. To get the re-
quisite amount of dust it is sometimes necessary to rub the leaf
gently against the bottom of the sieve, but this must not be done
until the sieve has been well shaken over the test paper. The
dust thus collected should be poured from the paper into the
scales, and after weighing the amount of one grain it is returned to

! Modified in harmony with Supreme Court decision T. D. 37637, May 16, 1918.
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the same paper, and should be well distributed over the surface of
the paper. The paper should then be placed on a plain, firm sur-
face, preferably glass or marble, and the dust crushed by pushing
over it, with considerable pressure, a flat steel spatula about five
inches long. This is done repeatedly, the tea dust being ground
almost to a powder and the particles of coloring matter, if any,
being thus spread or streaked on the paper, so as to become more
apparent. The loose dust should then be brushed off and the
paper examined by means of a simple lens magnifying 714 diameters.
In distinguishing these particles and streaks bright light is essential.

The crushed leaf in either black or green tea appears in such
quantity that there is no chance of mistaking the leaf for artificial
coloring or facing material.

This test is performed in comparison with the standard, and
if the tea is clearly equal to the standard as regards artificial
coloring or facing matter, the operation need not be repeated.
If particles of artificial coloring or facing are found in the sample
under comparison with the standard, this operation should be
repeated a sufficient number of times for the examiner to satisfy
himself whether or not the tea contains impurities consisting of
artificial coloring or facing matter in excess of the standard. If
found to contain artificial coloring or facing matter in excess of
the standard, samples should be drawn from packages representing
at least 5 percent of the line in question and subjected to the
above test to see if a majority of these samples contain artificial
coloring or facing matter in excess of the standard.

The above test may be applied to all varieties of tea.

In the case of Japans and all other green (unfermented) teas,
in addition to the above white-paper test, repeat the operation
in comparison with the respective standard on semiglazed black
paper for facings, and if it is not equal to the standard,additional
samples should be drawn and tested as provided above in the
test on white paper. Should the examination of the sample
by the “cup test” double weight, for scum, sediment, etc., or
the “Read Test,” or both, disclose more impurities than the
standard, then a pound sample should be sent to the local ap-
praiser’s chemist or to the nearest pure food laboratory of the
Department of Agriculture and an analysis made in comparison
with the standard to determine whether it contains more impuri-
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ties than the standard. If the tea in question is found to contain
more impurities than the standard, it would properly be rejected
as not being equal to the standard in purity.

All extraneous substances are impurities, and the presence of
any may be detected in any way found efficient. This black-
paper test detects all facings like talc, gypsum, barium sulphate,
clay, etc.

Should a tea prove on examination to be inferior to the stand-
ard in any one of the requisites—namely, quality, quality of
infused leaf, or purity—it would justly be rejected, notwith-
standing that it be superior to the standard in some of the
qualifications. No consideration shall be given to the appearance
or so-called style of the dry leaf. :

Legality of the Read Test.—Importers of teas protested
against the application of the Read Color Test on the ground
that it was extra legal. The Treasury Department won the
case in the United States District Court. The case was appealed
to the United States Circuit Court of Appeals which reversed
the decision of the lower court. The Treasury Department
then took the case to the Supreme Court. This court issued its
decree on April 22, 1918, affirming the decision of the Circuit
Court of Appeals. In substance, the Supreme Court ruled
that the Treasury Department could not reject tea offered
for import into the United States on the ground of artificial color
alone, unless it could be shown that the artificial color is harmful.
The court thus renewed its decision in the bleached flour case.
Mr. George F. Mitchell, Supervising Tea Examiner of the Treasury
Department, has given me the following opinion respecting the
effect of the Court decision on the importation of colored teas:

My personal opinion is that the Read Test as amended will continue to
keep all colored teas out of the United States, and at the same time meet
the decision of the Supreme Court; but in case our regulations fail to do
this, I plan in codperation with the tea trade, who are unanimously against
colored teas, to ask Congress to change the law so that we might reject
teas for artificial coloring matter alone.

Efficiency of Tea Examination.—The efficiency of the Tea
Examiners as shown in the month of February 1918 is indicated

by the data which show that there was only one rejection for
color. The fact that only one of the teas was rejected for color,
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although the test was applied in every case, shows that the
Read test has practically broken up the practice of importing
colored teas into the United States.

Comparison of teas imported during fiscal yar ending June 30, 1917, with those
iqaported during fiscal year ending June 30, 1918.1

Kinps oF TEA EXAMINED

Kind , Pounds, 1917 rPercent Pounds, 1918 Percent
' -
Green........oooviiiiiiinnn. | 45,333,340 | 42.77 46,665,737 | 31.39
Oolong...........ccevvvene 21,317,813 | 20.11 19,062,635 12.81
Black.............ccoviinn.n. 39,330,005 | 37.1I 82,956,012 | 55.79
Total..................... | 105,981,158 148,684,384
COUNTRIES
| Poundn. 1917 | Percent ' Pounds, 1918 —[ Percent
Ceylon and India............ 28,632,215 27.02 ] 44,395,552 i 29.86
China...................... ’ 20,375,560 | 19.23 23,603,932 | 15.04
Japan.............. ... 54,833,003 | 51.74 52,316,298 | 35.19
Dutch East Indies............ 2,140, 2810 2.02 28 278 602 | 19.02
Total..................... 105,981,158 ! 148,684,384
VARIETIES OF TEA EXAMINED
Va.riety | Pounds, ro17 Percent | Pounds, 1918 ] Percent
Formosa Oolong............. 19,379,755 | 18.28 17,957,480 ' 12.7§
Foochow Oolong............. 1,092,252 1.03 350,367 | 0.24
Congou..................... 8,676,484 8.19 10,438,005 7.02
India and Ceylon............ 28,482,564 : 26.88 44,217,331 29.74
Java and Sumatra............ 2,140,281 2.02 28,278,602 l 19.02
Ceylon Green................ 149,651 0.14 178,221 . o.12
Ping Suey Green........ e 8,192,796 7.73 8,381,763 ! 5.37
Country Green............... 1,537,555 1.45 3,746,944 | 2.52
anan| 31,754,960 | 29.96 31,218,651 ! 21.00
Japan Dust.................. 3,608,378 3.49 3,140,158 | 2.11
Capers... . 4,449 0.0042 876 | ©0.0006
Scented Orange Pekoe ...... 26,227 0.024 19,649 o0.13
Scented Canton.............. 497,484 0.47 427,502 | o0.29
Canton Oolong............... 348,322 0.33 327,277 | ©0.22
Flowery Pekoe............... ..... RITTTreey 649 | 0.0004
Total..................... 105,981,158 | 148 684,384

Detection of Spent or Exhausted Leaves.—Attention has
already been called to the fact that one of the methods of adulterat-

ing tea is the use of spent or exhausted leaves.

These may be

skilfully treated, faced, and brought into a condition which re-

! Report of George F. Mitchell.

Fiscal year ended June 30, 1918.
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sembles very much unexhausted leaves. The microscope is not
of much value for detecting exhausted leaves, because the mi-
croscopic appearance of the exhausted leaf is usually made to
resemble very closely that of the natural leaf.

The best method of detecting the adulteration is, by chemical
examination. A considerable addition of exhausted leaves to a
tea will result in a diminution of the chemical constituents which
are characteristic of teas. Happily this form of adulteration is
not often found. Also the use of foreign leaves, a form of adultera-
tion easily detected, has lost its vogue.

There is a difficulty attending the chemical method of detection
to which attention should be called. While the average constitu-
tion of a tea is very well known, there are many very wide varia-
tions from that average. For instance, the tannin itself may
sometimes reach as much as 15 or 20 percent and sometimes fall
below 7 or 8. It follows, therefore, that a tea from a leaf which
originally contained 20 percent of tannin may be well exhausted,
and still contain as much tannin as an unexhausted leaf of another
kind. Generally, however, the best way is to rely upon the
total extracted matter. If that is far below the average for
tea, the use of exhausted leaves may be suspected. and a more
careful examination made.

An important thing also in this matter is the careful study
of the leaves themselves. There are certain physical changes
which take place in an exhausted leaf which, with a little ex-
perience, would indicate to the expert whether or not this form
of adulteration had been practised. If the leaves are very much
broken, frayed, or partially unrolled, it is evident that it has once
been extracted. The percentage of ash is also another means
of aiding in the detection.

Amount of Extract in Tea.—If tea be dried until its content
of moisture be only about 5 percent, it will yield by boiling
water almost half of its weight in extract. For instance, it was
found that:

Indian tea yielded an average of. .45. 58 percent of extract.
Oolong tea an average of........ 46.03 percent of extract.
Congo tea an averageof.......... 3748 percent of extract.
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Adulteration with Foreign Leaves.—This is a form of adultera-
tion which at one time was much practised. It is so easy of
detection, however, that it has largely gone out of vogue. There
are no other leaves which resemble tea leaves sufficiently well to
deceive an expert in their examination. The additional fact that
almost every form of leaf has some peculiar flavor renders it
difficult to use foreign leaves to any great extent without affecting
the taste of the tea to such a degree as to excite suspicion. The
microscope, however, is by far the best means by which to detect
added foreign matter. The leaf of the tea plant, as already
stated, is quite characteristic, as shown in the appended plates.!

Description of The Plates.—‘‘These illustrations were pre-
pared from photographic prints made by the following simple
method. The natural leaf was used in making an ordinary
silver print, precisely as copied by a photo-engraving process.
Many of these illustrations show even the delicate veins of the
leaves; the tea leaf, however, is quite fleshy, and did not yield a
photographic print as distinct as those from the other plants.
The lower epidermis of the leaf contains most of the stomata,
which are surrounded by curved cells. There are few stomata
in the upper epidermis. The stomata are useful indices. Hairs
are very numerous on the younger tea leaves; they always con-
tain them. They are sometimes entirely wanting in old leaves.
Dr. Thomas Taylor, in a report to the Department, mentions
the presence of stone cells in tea leaves and states that his ob-
servations confirm those of Blyth in regard to the absence of
these formations in certain leaves, viz., those of the willow,
sloe, beech, Paraguay tea, ash, black currants, two species of
hawthorn, and raspberry. After the boiling a fragment of the
leaf is placed on a slide under a cover-glass and the latter is
pressed down firmly with a sliding motion until the specimen
is thin enough for microscopic examination. The stone cells
are valuable aids in the microscopical study.

In the general study of the serration and venation of a tea
leaf the specimen should be steeped in hot water, and, after
softening, the leaves should be unrolled and spread upon a glass
plate for examination by transmitted light. Even small fragments
of tea leaves will usually show some distinctive characteristic.

! Bulletin No. 13, Division of Chemistry, Part 7, Plates 39 and 40.
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In general it may be stated that a microscopic examination is
only necessary in exceptional cases. In doubtful samples the
stomata should be examined, and a search should be made for
stone cells; the epidermis of both the upper and lower leaf should
be examined. Even in the case of dust the microscope will
furnish conclusive evidence as to whether it is from tea or some
other plant.”

Adulteration with Other Substances.—Many other substances
have been detected in tea from time to time, but not with sufficient
frequency to render it necessary to go into a very full account.
It is said by some authorities that catechu has been sometimes
used to give character and strength to the tea. Besides the
soapstone, gypsum, etc., already mentioned, barytes, and other
heavy mineral matters have been used for facing to increase
weight. Even metallic iron has been found added to teas in
some, cases to increase weight; also the magnetic oxid of iron,
particles of sand, pieces of brick, etc., are sometimes found, but
probably accidentally occurring.

It is a mistake to suppose, however, that the green color.
of tea is due to copper, although this has often been charged. It
is doubtful if copper has ever been employed for coloring tea.

Iron salts have been added to tea for the purpose of deepening
the color of the infusion.

Lie Tea.—This substance is an imitation of tea, usually con-
taining fragments, or dust of the genuine leaves, certain foreign
leaves, and certain mineral matters, held together by means
of paste, nsually made from dextrin or starch, usually colored
by some one of the facing preparations already noted. This -
form of adulteration, however, is very seldlom made use of.
The lie teas are particularly distinguished by their high content
of ash, which has been found in some cases to be over 5o per-
cent of their entire weight. Lie tea is easily detected by treating
the suspected sample with boiling water. This process disin-
tegrates the aggregation and each of the constituent portions
" breaks up into separate parts. Lie teas have followed foreign
leaves into oblivion.



PART VII

COCOA AND CHOCOLATE

Confusion of Terms.—When one hears the word “koko” he does
not always form the correct mental image of what it means.

Coco is the name of a tree, Cocos nuctfera.

Coca is the name of a shrub, Erythoxylon Coca.

Cacao is the name of a tree, Theobroma Cacao.

Cocoa is the name of a product, viz., the powdered fruit of
the Theobroma Cacao, from which a part of the oil has been
extracted.

Cocoa is a beverage prepared from the above with milk and
sugar.

Chocolate is a beverage prepared from the crushed unexpressed
fruit of the theobroma.

Chocolate is the term applied to a confection made from the
above with sugar.

These words with the exception of chocolate are all usually
pronounced “koko”. Thompson, the poet of “The Seasons”
was misled by the similarity of sound when he wrote:

“ Amid these orchards of the sun,
Give me to drain the cocoa’s bowl
And from the palm to draw its freshening wine.”

He had in mind the coconut palm, but the illustrations are quite
confusing.

Definitions.—Cocoa is a corruption of the botanical name of the
plant cacao. It is applied to the roasted and crushed fruit of the
Theobroma from which about one-half of its oil has been expressed.
The term cocoa nibs is applied to the roasted whole seeds of the
Theobroma.

Chocolate is the name of the roasted and crushed cocoa nibs
before any of the oil has been extracted. The term chocolate is
also applied to the beverage made from the crushed cocoa nibs.

175
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Unless the above facts are clearly comprehended much confusion
of ideas will ensue. It is unfortunate that the term cocoa was
not applied to chocolate and vice versa. The matter is further
complicated by applying the term chocolate to a highly sweetened
confection containing chocolate as a base. The sugar amounts
to as much as 6o or 70 percent of the whole mass. The plain
chocolate which has not been manipulated at all is often called
‘“bitter chocolate,’” in distinction from the confection which is
called “sweet chocolate.”

Production of Cocoa.—The small seeds which make cocoa have
quite a peculiar manner of growth. Most fruits and nuts are

F1G. 16.—Branch of tree with pods attached.

borne upon the new growths of the tree. The cocoa seeds grow
in large pods and are attached to the older parts of the trunk or
the larger limbs of the tree. This is shown in a striking way by
a branch of the tree to which the pods are attached, as indicated
in the figure.! The relation of the pods to the leaf is also best
shown by an illustration.? The cocoa tree like coffee requires,
in very hot climates, a shelter to promote especially its early growth.
This shelter is usually provided by planting it under another

1 Courtesy of Walter Baker & Co., “Cocoa and Chocolate,” page 14,
? Courtesy of Walter Baker & Co., “Cocoa and Chocolate,” page 13,
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tree of larger size. The tree begins to bear at about the seventh
year, and it reaches its full growth about the tenth year. The
yield of cocoa per tree is very small. The average for trees of
10 years is only about one pound each. The cocoa tree grows to
a height of 20 or 30 feet. It is an evergreen, and usually the
. diameter of the trunk near the ground on a full grown tree is
from 6 to 12 inches. It is a continual bearer, though the heavier
crop comes in the spring. The blossom is a very small one,
almost white but with a pinkish tint, and looks very much like

F1G6. 17.—Pods and leaves.

an artificial petal made of wax. As already stated, instead of
growing on the new wood it grows directly out of the trunk or
larger branches of the tree and the fruit is harvested by long
poles something like the long handled knives which are used for
pruning apple and other fruit trees. The fruit ripens in from three
to four months or at least grows to such maturity that it can be
harvested at that time. As soon as the fruit is harvested the
pods are split open and the seeds are spread out to dry. It is
important that the drying should be as prompt and as complete
as possible to prevent the pods from molding.

12
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Introduction of Cocoa.—Cocoa was unknown to the European
world until after the voyages of Columbus. Its use in Central
and South America and in Mexico was fully established at the
time of the discovery of this Continent. In fact, the name
““chocolate” which has become identified with the drink which
has already been described, is said to be of Mexican origin—
Chocolatl. After the conquest of Mexico by Cortez it was not
long until this drink was introduced into Spain. Finck, in his
remarkable work on ‘“Food and Flavor’’ recommends cocoa as a
substitute for coffee.!

Composition of the Cocoa Bean.—The cocoa bean is composed
chiefly of fat, this ingredient amounting to fully 50 percent and
often a larger percentage of the total weight. The next most
important ingredient is the protein or nitrogenous elements, in-
cluding the theobromin and caffein, which exist in small quantities
in the bean. Starches and sugars together form from 20 to 25
percent of the weight of the bean. In round numbers the ash
amounts to 4 percent and the theobromin to about 1 percent.
Various analysts, however, give very wide differences in the con-
tent of theobromin, some rising to as much as 2}4 percent and
others falling to as little as five-tenths of 1 percent. From the
above data it will be seen that chocolate has a real food value.

The chief food value of the cocoa bean resides of course
in the fat. Owing to the high calorific power of fat, cocoa
furnishes a very large amount of heat and energy. The digestible
protein and the starch and sugar add no mean value to cocoa as a
food. Inasmuch as the whole mass is ‘mixed with the drink, all of
the nutrient portions become available for the sustenance of the
body. If in the preparation of the beverage milk and sugar are
added, the food value, of course, is increased to that degree.
Theobromin, which is the principal active alkaloid of the cacao
bean, is much less objectionable in foods than its first cousin,
caffein. Theobromin and its isomer, theophyllin, do not exert
so powerful a stimulating influence as caffein, and hence for this
reason cocoa is preferable to tea or coffee.

Consumption of Cocoa and Chocolate.— The data relating
to consumption of cocoa and chocolate in the United States

1 “Food and Flavor,” by Henry T. Finck, page s7;. The Century Company,
New York.
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are secured by taking the whole imports of these bodies and
subtracting therefrom the exports. The difference will give the
consumption and the amount remaining in stores. As this
amount may be-assumed to be practically constant from year
to year, the difference may be regarded as measuring the con-
sumption. For the two years, 1916 and 1917, the latter being
the latest of the published data available, the total consump-
tion of cocoa, including chocolate made therefrom, is given in
the following table:

Description — 1916
e S Pounds - Values
Imports, Crude. . ....ooveeeenieieren e, | 242,617,054 | 33,926,029
Imports, prepared...............ccoviiiiiiiiiin... | 2:293,733 676,439
Total Imported. .............coviiiineieennnnnnn.. l 244,910,787 | 34,602,465
Exported.........cooiiiniiiiiiiiiiiiii i 10,205,040 | 1,773,554
Consumed. .........ooiiiiiiiiiiiiiiiinnan. ....| 234,605,747 | 32,828,912
Description L _ or7
. - . Pounds = Values
Imports,crude...........oiviiiiiiiiiiiae.. 390,047,665 ' 41,415,854
Tmports, prepared... ..........c.ooverirerninanannnn. 790,650 | 258,849
Totalimported. . .........ooiiiiiiiiiiiniiiiinannn , 390,838,315 ' 41,674,203
Exported.......... .t 12,873,082 | 1,729,354
Consumed. ...........viiiiieennenrnnnieennenennn 377,965,233 ' 39,944,849

The use of cocoa or cacao in this country approximates one-fourth that of coffee.
Much of it is used in confections. The cost is approximately one-fourth that of
the coffee used. There was a remarkable increase in the consumption of cocoa
during 1917.



PART VIII

WINE

Antiquity of Wine.—Wine is the fermented juice of the grape.
It is the oldest and most important of fermented beverages.
It could not escape early discovery, because fruits of all kinds,
when crushed and left to natural causes, undergo the alcoholic
fermentation. Primitive man must, therefore, have been ac-
quainted with the properties of the fermented juice of fruits,
especially of grapes. Wine was known in the remotest historial
times, as evidenced by references to it in the earliest preserved
literatures.

Similarity of the Name.—Another point which is of interest
in this connection, is that the term ‘“wine” is not only of ancient
origin, but has been preserved practically unchanged in many
languages. The Greek name for wine, oinos; Latin, vinum,
German, wein; French, vin; Italian, vino; and the English, wine
are all the same word. It is not often that the name of a common
object is preserved in this way throughout so many years and
through so many tongues.

Official Standard of Wines.—By authority of Congress the
Secretary of Agriculture has fixed the following definitions and
standards for wines.

1. Wine is the product made by the normal alcoholic fermenta-
tion of the juice of 'sound, ripe grapes, and the usual cellar treat-
ment,® and contains not less than seven (7) nor more than sixteen
(16) percent of alcohol, by volume, and, in one hundred(100)
cubic centimeters (20°C.), not more than one-tenth (o.1) gram
of sodium chlorid nor more than two-tenths (0.2) gram of potas-
sium sulphate; and for red wine not more than fourteen hundredths
(o0.14) gram, and for white wine not more than twelve hundredths

(o.12) gram of volatile acids produced by fermentation and calcu-
180
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lated as acetic acid. Red wine is wine containing the red coloring
matter of the skins of grapes. White wine is wine made from white
grapes or the expressed fresh juice of other grapes.

2. Dry wine is wine in which the fermentation of the sugars is
practically complete and which contains, in one hundred (1o00)
cubic centimeters (20°C.), less than one (1) gram of sugars and
for dry red wine not less than sixteen hundredths (0.16) gram of
grape ash and not less than one and six-tenths (1.6) grams
of sugar-free grape solids, and for dry white wine not less
than thirteen hundredths (o.13) gram of grape ash and not less
than one and four-tenths (1.4) grams of sugar-free grape solids.

3. Fortified dry wine is dry wine to which brandy has been
added but which conforms in all other particulars to the standard
of dry wine.

4. Sweet wine is wine in which the alcoholic fermentation
has been arrested, and which contains, in one hundred (100)
cubic centimeters (20°C.), not less than one (1) gram of sugars,
and for sweet red wine not less than sixteen hundredths (o.16)
gram of grape ash, and for sweet white wine not less than thirteen
hundredths (o.13) gram of grape ash.

5. Fortified sweet wine is sweet wine to which wine spirits have
been added. By act of Congress, “‘sweet wine” used for making
fortified sweet wine and “wine spirits” used for such fortification
are defined as follows (sec. 43, Act of October 1, 1890, 26 Stat.,
567, as amended by section 68, Act of August 27, 1894, 28 Stat.,
509, and further amended by Act of Congress approved June 7,
1906): ‘““That the wine spirits mentioned in section 42 of this act
is the product resulting from the distillation of fermented grape
juice to which water may have been added prior to, during, or
after fermentation, for the sole purpose of facilitating the fer-
mentation and economical distillation thereof, and shall be held
to include the products from grapes or their residues, commonly
known as grape brandy; and the pure sweet wine, which may
be fortified free of tax, as provided in said section, is fermented
grape juice only, and shall contain no other substance whatever
introduced before, at the time of, or after fermentation, except
as herein expressly provided; and such sweet wine shall contain
not less than four per centum of saccharin matter, which sac-
charin strength may be determined by testing with Balling’s
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saccharometer or must scale, such sweet wine, after the evapora-
tion of the spirits contained therein, and restoring the sample
tested to original volume by addition of water: Provided, That
the addition of pure boiled or condensed grape must or pure
crystallized cane or beet sugar or pure anhydrous sugar to the
pure grape juice aforesaid, or the fermented product of such
grape juice prior to the fortification provided by this Act for the
sole purpose of perfecting sweet wine according to commercial
standard, or the addition of water in such quantities only as may
be necessary in the mechanical operation of grape conveyers,
crushers, and pipes leading to fermenting tanks, shall not be
excluded by the definition of pure sweet wine aforesaid: Provided,
however, That the cane or beet sugar, or pure anhydrous sugar,
or water, so used shall not in either case be in excess of ten (10)
per centum of the weight of the wine to be fortified under this
Act: And provided further, That the addition of water herein
authorized shall be under such regulations and limitations as the
Commissioner of Internal Revenue, with the approval of the
Secretary of the Treasury, may from time to time prescribe;
but in no case shall such wines to which water has been added be
eligible for fortification under the provisions of this Act where
the same, after fermentation and before fortification, have an
alcoholic strength of less than five per centum of their volume.”

6. Sparkling wine is wine in which the after part of the fer-
mentation is completed in the bottle, the sediment being disgorged
and its place supplied by wine or sugar liquor, and which contains,
in one hundred (100) cubic centimeters (20°C.), not less than
twelve hundredths (o0.12) gram of grape ash.

7. Modified wine, ameliorated wine, corrected wine, is the product
made by the alcoholic fermentation, with the usual cellar treat-
ment, of a mixture of the juice of sound, ripe grapes with sugar
(sucrose), or a sirup containing not less than sixty-five (65) per-
cent of sugar (sucrose), and in quantity not more than enough to

‘raise the alcoholic strength after fermentation, to eleven (11)
percent by volume.

8. Raisin wine is the product made by the alcoholic fermenta-
tion of an infusion of dried or evaporated grapes, or of a mixture
of such infusion or of raisins with grape juice.

Native Wines.—The wines produced in the United States
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are, by no means, so well appreciated as they should be. There
are many reasons for this, some of which follow.

In the first place, the virgin soils of the country do not pro-
duce, by any means, a wine of such bouquet and excellent
quality as are produced by lands which have been long in
cultivation.

In the second place, the wines of a country are the joint prod-
uct of the skill of the viticulturist and the natural environment
of the country. In the environment are included the rainfall—
amount and distribution—the amount and distribution of the
sunshine, the temperatures of all seasons of the year, the natural
ferments which convert the sugar of the grape into wine, the char-
acter of the cellars employed in the ripening of the wine, and the
skill and care exercised in the vintage and in the wine cellars.
It would naturally follow from this that in a country where wine
making is 2,000 years old, you would find a skill and excellence
in manipulation and a practical knowledge of wine making which
could not possibly exist in'a new country. Further than this,
if the wine makers of an old country should be transplanted to
a new country, they would find an entirely new environment,
and while their care and skill might be the same, the wine
which they would make might be vastly different from that
which they made in their old homes.

Another cause to which may be ascribed the lack of appreciation
of American wines is the general attitude of the wine drinker
to the wine. The people of the United States are not wine
drinkers, and hence wine is consumed chiefly by a certain class of
the community having exceptional advantages of money and
locality, and representing only a small part of the population.
The people who would naturally drink American wines are those
who are accustomed to drinking foreign wines, and hence a general
idea has existed among them that American wines are inferior
in quality.

Another reason which may be assigned for the lack of appre-
ciation of American wines is the extent of the adulteration and
debasement to which they have been subjected. In many parts
of our country it is a settled conviction among the grape growers
that wine cannot be made from the juice of the grape without
certain additions, chiefly of sugar. When once the wine grower



184 BEVERAGES

begins to add sugar or water to his grape juice, the temptation to
increase the volume of the product is so great that he does not
know exactly where to stop. The result is that in many localities
American wines are only partly made from the juice of the grape,
while sometimes as much as a third, or even half, of their alcoholic
content comes from a totally foreign substance. It must be
admitted that every dilution of the natural flavors and aromas of
the grape juice by an artificial substance, such as the fermented
product of dilute sugar solutions, can only result in a lowering
of the quality of the wine. There is no valid excuse for adding
sugar to grape juice, since in other countries wines are often made
which contain only 6 or 7 percent of alcohol, representing a
quantity of sugar equally as low as that ever reached by American
grapes suitable for wine making even in the poorest seasons.

A final reason why American wines are not appreciated is
that a large quantity of imitation wines has been made in this
country and sold under the names of the genuine. Investigations
have shown that it is the custom in some localities to take the
pomace, after the expression of the grape must, or of the finished
wine, and treat it with additional quantities of sugar and water,
allow it to undergo a secondary fermentation, and sell it separately
as wine, or mix it with the original product. When, in addition
to this, it is considered that not only sugar, but other substances,
namely, dextrose, saccharin, artificial coloring matters, tannin,
etc., are added, it is easily seen that the wine is hardly any longer
even an imitation, but mostly an artificial product.

In spite of all these unfavorable conditions, with which the
American wine maker producing a pure article has to contend,
and the American consumer who would like to drink American
wines has to bear, it cannot be denied that there are very large
quantities of wine made in the United States of the pure juice of
the grape and possessing high qualities which would naturally
commend it both to the ordinary consumer and to the connoisseur.

Mr. Percy T. Morgan, former President of the American
Wine Association, stated in an address at the St. Louis Exposi-
tion, in 1904, that according to tradition, as is well known, almost
five centuries before the discovery of the American Continent
Scandinavian navigators visited this country and by reason of
finding great numbers of native vines growing therein called it
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“Vinland.” In the early history of our country accounts are
given of the manufacture of wine in Florida and North Carolina,
where the vines were extremely luxuriant. In North Carolina, as
is well known, is found the original Scuppernong grape, which is
now grown to a wide spreading tree of great proportions. Wines
were made, also, by the early French settlers in Louisiana, and
in 1630 skilled vineyardists from France settled in Virginia. One
of the earliest accounts of manufacture of wine io this country
is as follows:

Early Method of Making Wine.—An early method of making
wine in America is as follows:!

The method I have found best for making wine from grapes, is to let
them hang on the vines until fully ripe, then to gather them, when dry,
throw away rotten ones if any, open the cider mill so as not to mash the stems
or seeds, put the pumice (or mashed grapes) on some clean, long straw,
laid on the cider press floor, lap it in the straw, press it well, then take off the
pumice, add some water, and after it has soaked a while, press as before;
the latter will make as good wine by adding sugar as is commonly done in
the country, but I prefer making it of the juice without water.

The last autumn I tried several ways of making wine: one cask of 34
gallons that first run from the press, I set to ferment in its then state, ex-
pecting to make that without sugar; another of the same size had 17 pounds
white Havanna sugar added, the remainder was mixed with the second press-
ing, and had the same proportion of sugar; the first ceased fermenting in half
the time of the others; when the fermentation subsided, I drew them off
(one cask at a time) into a tub and rinsed the cask with water and fine gravel,
then put in about one-eighth of the quantity, of French brandy (good apple
brandy, will make the wine as good, but not so like foreign wine), and having
burnt a sulphur match (about half as much as would kill a hive of bees),
after the match was burnt out I stopt the bung again, shook it to incorporate
the liquor with the smoke, and finally filled the cask.

The first cask when racked, I found too tart, I believe owing to the wet
summer, on which account I added sugar as above, and the like proportion
of brandy; in about a month I racked all again, and found this last-mentioned
cask far better and clearer than the others, from which I conclude it is better
to let grape wine first ferment, and when racked, to add sugar to the palate,
by which means wine may be made palatable from sweet or sour grapes.

Taking into consideration with what ease and expedition grape vines may
be propagated; the great expense and uncertainty of being supplied from
foreign countries, and the base and dangerous practice of adulteration by
many of the venders of wine, I am induced to urge the propagation of grape

1 Philadelphia Society for Promoting Agriculture, February 22, 1808, read by
Mr. Joseph Cooper, of Coopers’ Point, on March 8, 1808.
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vines in preference to other fruit, especially in such places as shades are
wanted, as they may be trained in such manner as fancy or convenience may
direct, and more speedily than any durable fruit-bearing tree; and if properly
trimmed and trained, will exceed the same kind of vines which grow on trees,
in production of fruit in quantity, size and flavor, beyond most people’s
imagination.

Experiments of Longworth.—Nicholas Longworth, of Cin-
cinnati, became greatly interested in the cultivation of vines on
the banks of the Ohio River. To such an extent did he patronize
this industry that he may be regarded as the father of the native
wine industry from native grapes in the United States. Vines
were cultivated on the Pacific Coast as early as 1769. Great
progress was made in the United States by the introduction of
the Catawba grape by Major Adlum, about the year 1824.
The Horticultural Society of Cincinnati took a great interest
in vine culture, as is shown by their reports issued as early as 1830.
The principal American varieties which were developed at this
early time were the Fox, the Catawba, the Ives Seedling and the
Norton Seedling. From these original stocks have sprung nearly
all the Eastern varieties of grapes.

The Original Scuppernong.—In the Roanoke Island in North
Carolina the old mother Scuppernong vine still exists, as was
pointed out in the first volume (“Foods and Their Adulteration”’).
Around the Scuppernong vine is entwined a fomance of early
times in America, which has been celebrated by Miss Sallie South-
all Cotten in a novel entitled the “Legend of the White Doe.”
This is a story of the fate of Virginia Dare, the first white child
born of English parents on the soil of North America. The
disappearance of this child, together with that of an entire party
of colonists, is a mystery which history has not solved. The
legend runs that this beautiful young girl was turned by Indian
sorcery into a white doe, which, being shot by a silver arrow,
returned to human form, and dying, her heart’s blood fertilized
a seedling vine, the fruit from which yielded a deep red wine in-
stead of the white juice usual to this grape.

Wines of Distinctive Type.—It is rather strange that American
producers should establish foreign names for American wines,
when it is well known that the American wines have a distinct
character of their own. They are not like the wines of the Rhine
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or Mosel, nor yet those of the Cdte-d-Or, nor do they resemble
in any particular character the grand classed wines of the Medoc
and the Sauternais. It is a well-established fact that plants .
of the same kind produce fruits in different localities which are
entirely distinct in character. The mild peppers which grow in
Hungary and produce a spice known as ‘‘Paprika,” when grown
in the United States produce a spice which is far more pungent
and more distinctively of a high pepper character than'that of
the Hungarian plant of the same species. It is well known, again,

F1G. 18.—Scuppernong grape vine, Roanoke Island. (Courtesy B. W. Kilgore.)

that the Albermarle pippin does not reach its perfect production
of character and flavor outside of a certain very limited area.
While all grapes are essentially the same, they differ in acidity,
amount of sugar, flavor, aroma, and character, due to the
environment in which they are grown. In this country this
environment is so powerful in character as to produce very
distinct types of fruit, and these in turn make perfectly distinct
types of wine. There never was another country so favored,
therefore, to develop a wine of a distinctive type, under a distinc-
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tive name, and thus secure a trade wholly its own. I think
it may be said with perfect truthfulness that one of the principal
reasons which have retarded the growth of the American wine
industry was the mistaken notion that wines could only be sold
if labeled with the names of foreign wines whose character had
been fully established and whose merits were fully recognized.

Native White and Red Wines.—In many parts of the United
States both red and white wines are made, in which the type of
the environment is distinctly marked. The white wines of New
York, California, and Ohio are examples of this distinct character.
The red wines of Virginia are other samples equally as well marked.
In California also the type of wine varies with the part of
the country in which it is produced. The vines which grow in
the northern part of the State produce a wine which is entirely
distinct from that grown in the southern part of the State. It is
the part of wisdom to adopt for these distinctive type of wines
in each locality, names by which they may be known and recog-
nized in the trade. Thus their merits will be known under names
which will enable the consumer to ask for them and be supplied
with the exact character of article demanded.

That American wines are capable of reaching a high state of
excellence is shown by the fact that they received high rewards
in the Paris Exposition of 1goo. The percentage of wines from
this country that received rewards was fully as great, if not greater,
than that from any other country. In this connection too, it
must be taken into consideration that the judges giving these
rewards not only were not partial to the American wines, but
on the contrary many of them had distinct prejudices against
them.

Sparkling Wine.—Attention has been called above to the dis-
tinctive character of the still wines produced in the United States.
This distinction of character is even more marked in the sparkling
wines. There has been a very great growth in the production of
sparkling wines in the United States, and there is no reason to
believe that this growth cannot be indefinitely extended if the
real merits of the American sparkling wine can be made known to
the consumer. The prejudice existing against the use of American
sparkling wine would rapidly disappear if it could be sold to the
consumer under its own distinctive name, and without attempting
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to imitate in any way the character or the name of the foreign
product.

There are many parts of the country where sparkling wine
is made in large abundance, and this is especially true of New
York. California also produces a considerable quantity of spark-
ling wine, while it is made in moderate quantities in other parts
of the country.

The great care which must be exercised in making a wine of
this kind, and the long delay from the time of vintage until the
time of the sale, tend to restrict to a certain extent a more rapid
progress of its production. The peculiar fruity flavor and aroma
of the American sparkling wine, while at first perhaps distasteful
to those who are accustomed to drinking the imported article,
becomes after a judicious use, a pleasant and attractive feature
of the product. The American sparkling wine is distinct, and a
more prosperous future and more extensive use awaits it just
as soon as its real merits become appreciated.

Possibilities of Wine Production.—It is the general opinion
in this country that California presents remarkable natural fa-
cilities for the growth of the grape and the manufacture of wine.
This is true in many respects, but I do not believe it is true that
California is by any means the only part of the country where
excellent wines may be produced. In one respect the California
grapes are superior to those grown in other parts of the country,
namely, the content of sugar. The natural result of this is that
the California wines contain a larger percentage of alcohol than
those produced in other localities. While this is advantageous in
making them more easy to keep in a sound condition, it is in an-
other respect a prejudicial feature. Wines are not valued on ac-
count of the alcohol which they contain, but because of their
aroma, their fineness, their bouquet, and their palatability, all
of which depend on other ingredients than alcohol. If a wine
of fine character in all respects could be made with a content of
only 5 or 6 percent of alcohol, it would be better both for the wine
grower and the wine drinker. The American viticulturist must
learn the method of making a wine light in alcohol, and yet which
is perfectly sound and of sufficient keeping properties to enable it
to be put on the market at proper ages and kept until consumed.
That this highly desirable result may be secured with grapes
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containing much less sugar than those produced in California
there is no reason to doubt. Nevertheless, California presents
advantages of climate, soil and environment which have placed
it easily at the head of the wine-producing regions of the United
States, and will probably keep it there for an indefinite number
of years. There is very much more wine made in the State of
California alone than in all the other parts of the United States
combined.

Exemption from Taxation.—It is a curious incident that in
the taxation of alcoholic beverages, for the purpose of raising
revenues to pay the expenses of the Government, wines in general
have been to within a short time exempt from tax. The tariff
law of 1915 places a tax of a few cents per gallon on wine. The
law of October 3, 1917, doubles the tax on all still wines as well as
champagnesand sparklingwines. Although the wines contain from
two to four times as much alcohol as beer, they are not subject to
the Internal Revenue tax except as stated above unless fortified.

In the early history of the country a tax was laid on wine.
When Thomas Jefferson was President of the United States he
was an advocate of the revocation or abolition of the duty on
wine, and his views are expressed in the following language.

I rejoice, as a moralist, at the prospect of a reduction of the duties on
wine by our National Legislature. It is an error to view a tax on that
liquor as merely a tax on the rich. It is prohibition of its use to the middling
classes of our citizens, and a condemnation of them to the poison of spirits,
which is desolating their homes. No nation is drunken where wine is cheap;
and none sober where the dearness of wine substitutes ardent spirits as its
common beverage.

Artificial Restriction of the Use of Wine.—Another reason
why the use of wine in this country is a very restricted one,
aside from the sentiment which is so prevalent in our country
in opposition to the use of alcoholic beverages, is the numerous
profits which are laid upon the wines by the merchant handling
them. Even in California, where good red wine has been sold
as cheap as 10 cents a gallon, it is quite difficult for a traveler,
in a restaurant or a hotel, to get a quart bottle of wine for much
less than 75 cents. In the eastern part of our country, where
imported wines are principally sold, a pint of white or red wine
can hardly be procured in any hotel for less than 50 cents. When
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it is recalled that the very best types of wine, aside from the grand
classed growths, can be laid down in New York from a foreign
country for not more than 75 cents a gallon, the profit upon the
material, when it is finally consumed, is seen to be very great.

Claims of Excessive Acidity.—It has frequently been urged
by the makers of wines in New York and Ohio that products
of good quality could not be manufactured from the juice of the
grapes alone because of the too great acidity. The investigations
of Alwood under my direction have shown that such claims
are wholly groundless. Not only can wine of fine quality be made
in these localities from the unadulterated juice of the grape,
but of much finer quality than the sugared wines which have been
commonly manufactured. For many years in succession
absolutely pure wines were made under conditions which obtain
in the localities mentioned, and in all instances they have matured
and ripened into wines of very superior character. The com-
position of these wines has also been determined in a great many
instances. : .

Professor Alwood calls attention to the fact, as illustrated
by his experience, that the composition of the fruit itself does not
give a sufficient basis to form a final decision as to whether the
fruit will produce a potable wine. The fruit which he used for
the experimental purposes was purchased in the open market
from the stocks which were brought to the wineries, as a rule.
In a few instances the grapes were purchased directly from the
growers. The quality of this fruit was exactly the same as that
at the disposal of the wine makers of the District. The processes
of manufacture are entirely analogous to those practised in the
neighborhood, with the exception that neither sugar, water,
nor other substance was mixed with the juice of the grapes.

The comparative analysis of the fruits and of the wines made
thereform show that the fermentation was quite complete, the
wines, as a rule, being decidedly of the dry order. All of the grapes
produced sufficient alcohol for preservation, and this shows that
the claim that additional alcohol must be derived from added
sugar is without scientific support. The samples of Delaware
grapes show very high alcoholic content, far beyond all needs for
conservation of the wine. The data obtained conclusively show
that grapes grown in Ohio and New York will produce sufficient
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TaBLE II.—CoxposiTioN oF Pure WINEs MADE rroM EIGHT VARIETIES or
AMERICAN NATIVE GRAPES, IN SANDUSKY, OHIO, AND CHARLOTTESVILLE, VIRGINIA

I i
Sugar- Total
) Alcohol | Alcobol, | TSt | free | SUERTES acid as
Variety Year })y gms. per gms. M solids, gms | tartaric,
volume | 100 c.c. gms. per y gms. per
100 ¢.¢. |%100 c.c. | 100 .. Tro0 c.c.
Catawba 1908~ | l
Pruit used for wine ....... £ 73 3 NN P 21.63 2.43 19.20 | 0.943
Pure wine from above fruit..|....... 11.39 9.03 2.325 32.04 0.222 | 0.849
Clinton 1908
Fruit used for wine........ } T'7 3 S D 24.94 3.24 21.68 1.27
Pure wine from above fruit. .|...... 11.8§ 9.41 3.26 3.06 0.202 | 1.009
Concord 1909~
Pruit used for wine........ R - L 20.19 2.78 17.44 | 0.756
Pure wine from above fruit..:...... l 10.12 8.04 2.58 2.39 0.185 | 0.752
Cynthiana 1911
Pruit used for wine........l...... | ................ 24.93 3.27 | 21.66 | 0.754
Pure wine from above fruit..'...... 12.14 9.63 3.59 3.21 0.328 | 0.606
Delaware 1909~ l
FPruit used for wine........ b {3 1. 2 P 24.65 2.39 22.26 | 0.780
Pure wing from above fruit..:...... | 13.49 10.70 2.10 1.99 0.112 | 0.630
Iona 1909 |
Pruit usedforwine........0...... .......iiennnn. 21.80 3.00 l 18.71 0.934
Pure wine from above fruit..:...... 11.76 9.33 2.04 1.98 0.091 | 0.832
Ives 11909~ | |
Pruit used for wine........ l 17 § S P 18.85 2.59 15.97 0.649
Pure wine from above fruit..!.... .. 8.s1 6.78 2.81 2.86 . 0.250 | 0.768
|
Norton 1907- | |
Fruit used for wine........ | 1908 ........ feeeaen 24.94 3.83 21.41  1.10§
Pure wine from above fruit..| 1909- 11.68 | 9.27 3.71 3.37 I 0.338 " o.810
1911 |

alcohol for all purposes in wine preservation. There has never
been any excuse for adding sugar to grapes grown in California,
because the grapes are sufficiently rich in sugar to produce all
the alcohol that is necessary, and even more. These investiga-
tions of Alwood show that the makers of wine in New York
and Ohio can no longer scientifically claim the privilege of stretch-
ing their wines with sugar. Sugared wines are essentially adulter-
ated, even if labeled as such. The rigid investigations of Alwood
have also shown that there is no basis for the belief that the acidity
of properly made American wines is excessive. In regard to the
keeping qualities of pure Virginia wine, I have lately (1917)
tested a bottle of pure Virginia red wine made by Alwood in 1904
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and found it has kept perfectly and has qualities which entitle
it.ito rank among the good red wines of the Médoc.

FRENCH WINES

Classification.—The celebrated wines of the Médoc, the Graves
and Sauternais regions are classified, according to established
rules and regulations authorized by the Boards of Trade and
officials of the Government, into a number of different grades.
These grades are called by the French name “crus,” which liter-
ally means growth or rank. There are five recognized classes
altogether. All wines that are classed in these families by the
authorities which have been mentioned are known as.‘grand
wines.” The official classification of these wines is as follows:!

TABLE OF THE PRINCIPAL CHATEAU WINES IN THE MEDOC,
THE GRAVES AND THE SAUTERNAIS REGIONS

First Crus THIRD CRUS
Chateau Margaux. Chateau D’Issan.
“  Lafite. “ Cantenac-Brown.
‘“  Latour. “  Desmirail.
“  Haut-Brion. ““  Lagrange.
SEcoND Crus “  Kirwan.
Chateau Mouton-Rothschild. “  Malescot-St. Exupery.
Montrose. “  Giscours.
“  Cos-d’Estournel. “  Palmer.
* Gruaud-Larose. “  Ferriére.
“  Branne-Cantenac. “  La Lagune.
* Gruaud-Larose-Sarget. “ Calon-Ségur.
“  Léoville-Lascases. “  Marquis d’Alesme-Becker.
‘“  Ducru-Beaucaillou. FourtH CRUS
‘“  Léoville-Barton. Chateau Talbot.
“  Léoville-Poyférré. “  Beychevelle.
“  Lascombes. “ Duhart-Milon.
‘ Pichon-Lalande. ‘“  Branaire-Ducru.
“  Pichon-Longueville. “  La-Tour-Carnet.
“  Rauzan-Segla. “  Marquis-De-Terme.
“  Rauzan-Gassies. “  Le Prieure.
“  Durfort-Vivens. “  St. Pierre-Bontemps.

1For this classification and much of the descriptive matter, I am indebted
to “Bordeaux and Its Wines” by Cocks and Feret, published by Nathaniel Johnston
and Sons, Bordeaux. The author has personally inspected nearly all the vine-
yards producing the most famous wines and many of those of other crus.

13
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Chateau Rochet.
‘“  St. Pierre Sevaistre.
Poujet.

Frrru Crus
Chateau Cantemerle.
“ Mouton-d’ Armailhacq.
“  Batailley.
Pontet-Canet.
Dauzac.
‘  Belgrave.
. Grand-Puy-Lacoste.
“  Le Tertre.
Lynch-Bages.
Lynch-Moussas.
‘“  Calve-Croizet-Bages.
‘“  Pedesclaux.
“  Clerc-Milon.
“ Cos-Labory.
Ducasse-Grand-Puy.
Camensac.

ExXCEPTIONAL CruUs OF THE GRAVES
Chateau Haut-Bailly.

Pape-Clement.
*  Smith-Haut-Lafitte.

La Mission-Haut-Brion.

Chateau Olivier.
**  Camponac.
‘“  Pomarede.
‘" Du Vallon.

“  Haut-Brion-Larrivet.

GRAND WINES OF THE SAUTERNAIS

First Crus
Chateau Yquem.

““  Rieussec.

“  La-Tour-Blanche.

‘“  Rabaud.
Climens.
Guiraud.
Suduiraut.
Du Vigneau.
Coutet.
Clos Haut-Peyraguey.
Chateau Lafaurie-Peyraguey.

Secoxp Crus

Chateau Filhot.
“ Mirat.
“  Suau.
‘“  Des Rochers.
“  Grillon.
Cru de Malle.

F16. 19.—Chateau Figeac in the heart of the St. Emillion country.
(Photo by Author.)
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Chateau Cantegril. Chateau Lamothe.
“ Lafont. “  Doisy.
“ Raymond-Lafont. “  d’Arche.
“  d’Arche-Lafaurie. “ La Montagne.
“  Liot. “ Broustet.
“  Caillou. “ Vedrines.

F1G. 20.—Chateau Yquem Vineyard looking north toward the Garonne. The hills
in the distance are on the left bank of the river.

Description of the Principal Wines of the Médoc and Sau-
ternais Countries.—The term Médoc is applied to that part of
the wine region of Bordeaux lying on the left bank of the Gar-
onne and Gironde extending from rear Bordeaux almost to the sea.
It is a narrow strip of varying width and somewhat irregular
outline, on which is grown the most renowned red wines of that
country.

The region of the Sauternais, on the contrary, is situated above
Bordeaux on the river Garonne, and mostly upon the left bank
of that river. It is continuous with the region in which the cele-
brated Graves wines are made. ’

Chateau Margaux.—One of the most famous, and one of the
vineyards closest to Bordeaux is the Chateau Margaux. It
is the property of the Count Pillet-Will, and belongs to the first-
classed growth. The beginning of this famous chateau wine is
noted in the 15th century, at which time at the point where the
chateau now stands there was a vineyard of about 8o hectares,
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composed of the finest strains of grapes. The situation of the
vineyard is exceptionally favorable to the growth of grapes, and
the care with which it is  treated is one of the reasons why it has
assumed such a commanding position in the first rank of the

Médoc.
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Cotes.

Paules.

Entre.
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P16. 21.—Map of the arcas producing different kinds of wine.

classed growths. It produces a wine uniting the highest qualities
and marked especially by its bouquet, perfume, and fineness.
This wine is appreciated throughout the entire world, and has
always obtained the highest rewards at national and international



WINE © 197
expositions. The vineyard of the Chateau Margaux at the present
time produces about 225 tuns! of first-class wine, and 4o tunsof a
lower grade of wine which does not bear the name of the chateau.
The building of the chateau is almost colonial in its simplicity
and presents a piece of architecture simple in its beauty.

F1G. 22.—A VINE-PLANT IN THE SAUTERNES DISTRICT.
(Courtesy of Barton and Guestier.)

Chateau Lafite—Equally, if not more, famous than the Chateau
Margaux and also belonging to the first-classed growth is the wine
of the Chateau Lafite. This vineyard is the property of
the Brothers de Rothschild, the celebrated bankers of Paris.
The buildings are situated in a beautiful grove of trees,
and the cellars are seen on the left of the chateau buildings.

1The tun =192 gallons.
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The wine also has a characteristic quality of dryness, fineness,
and superb excellence, and unites in itself all the qualities which
make a red wine famous and preferred by every connoisseur.
The bouquet of the Lafite wines is especially well known through-
out the professional world. The vineyard of the Chateau Lafite
contains about 70 hectares, and produces an average of about 170
tuns of first-class wine, about 20 tuns of the second class, and 20

F16. 23.—Chatcau Margaux. (Photo by Author.)

tuns of wine harvested on neighboring vineyards, and, therefore,
not capable of bearing the name of the chateau.

Chateau La Tour.—The red wines produced at this chateau
must not be confounded with the celebrated white wine of the
Sauternais region produced by the Chateau La Tour Blanche.
As in the case of the former wine, this wine is named by reason of
a tower built separate from the chateau and surmounted by a
spherical dome. The wines of the Chateau La Tour are also the
first growths, ranking in the same category with the two wines
already mentioned. They enjoy a universal reputation of ex-
cellence and they are especially sought after by the English and
the Germans. As in the case of the other wines, they have univer-
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sally received the highest rewards at the expositions at which
they have been exhibited. The vineyards of the Chateau La Tour
are not so large as those of the Chateau Margaux and Chateau
Lafite, and produce about 100 tuns of wine of the first class, and
25 tuns of wine of the second class. The proprietors of this
vineyard are Messrs. de Flers, de Beaumont and de Courtivron.

Chateau Haut-Brion.—The wines of this celebrated vineyard
are almost, if not equally, as famous as the three wines just men-
tioned. They are mostly red in color and the red wines belong to
the first-classed growths. The Chateau Haut-Brion is one of the

-

PF1G. 24.—A CELLAR FOR NEw WINE (Chateau La Tour).
(Courtesy of Barton and Guestier.)

celebrated vineyards which is closest to Bordeaux, being only five
kilometers to the southwest; in fact, almost within the confines
of the city. It is rather a large vineyard, consisting of 165
hectares, and this vineyard produces an amount of 110 tuns of
wine of the first class, and about 20 tuns of wine of the second
class. The owners of this celebrated chateau are the heirs of
Eug. Larrieu. The wine of the Chateau Haut-Brion was
already highly esteemed at the beginning of the 16th century,
and has always maintained its high reputation on account of
its excellence and fineness.
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Grand Wines of the Médoc of the Second-class.—The four
wines which have just been mentioned are the only wines in the
Médoc which are entitled to the first rank, according to the
system of classification which has been adopted there for many
years. There are a number of wines, however, which are called
grand wines, which are almost, if not quite, equal to the four
mentioned, in excellence of quality, and these are ranked as grand
wines of the second growth or class.

F1G6. 25.—CHATEAU HAUT-BRION (FIRST ‘‘CRU").
The heirs of Eugéne Larrieu, owners. (Courtesy of Barton and Guestier.)

Among the most important of this second growth are the
following:

Chateau Mouton-Rothschild.— The proprietor of this vineyard
is Henri de Rothschild. The vineyard of Mouton-Rothschild
adjoins the Chateau Lafite, and is situated upon a gentle undulat-
ing surface where the soil is well suited to the best cultivation of
the vine. This vineyard is a model in its culture and all its
appointments. It produces annually about 150 tuns of wine of the
second class. The wines of this vineyard have an exquisite bou-
quet and a most agreeable taste, and their fame has already aug-

.
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mented to a considerable degree their price, and they are regarded
by experts as almost, if not quite, equal to the grand wines of
the first class.

Chateau Montrose—The proprietor of this vineyard is Mr.
Charmolue. It contains about 67 hectares. It is a very prolific
vineyard, its mean annual output being about 220 tuns. This
vineyard is considered as a model one by competent authorities
and has received a gold medal from the Minister of Agriculture
for its peculiar excellence of appointment and cultivation. This

P1G. 26.—In Médoc, bearers emptying their *‘ hottes’’ (baskets strapped on their
backs), full of grapes, into the vans. (Courtesy of Barton and Guestier.)

medal was given to the vineyard in 1871, and since then it has
constantly kept the vineyard in the public eye and it has main-
tained its excellence throughout the entire time. Its wines are
much sought after by the highest grade consumers in Europe
and other countries. '

Chateau Cos-d’Estournel.—This is also the property of Mr.
Charmolue. This is one of the oldest and most beautiful vine-
yards in the Médoc. Its vines are extremely old, and many of
them have escaped the ravages of the phylloxera. It is situated
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upon a gravely soil, with a most favorable exposure to the sun,
and contains only the finest selected varieties of grapes. Its ex-
tent is 63 hectares, and it produces annually a mean of 200 tuns
of delicious wine, soft and fine and of a bouquet which entitles
it justly to its universal reputation.

Chateau Gruaud-Larose—The vineyard of Gruaud-Larose has
had a very checkered history, and the old vineyard was divided
at the time of the French Revolution into certain parts which now
maintain separate names. One of these parts of the old vineyard
is the property of an association called the Civil Society of Gruaud-
Larose-Faure-Bethmann. THhe wines of the vineyard are extremely
fine, very elegant, and have a particular bouquet and exquisite
perfume which distinguish them from the other growths of the
Médoc. It also enjoys a great reputation in France and
abroad. The situation of the vineyard is admirable in its
exposure to the sun and the character and surface of the soil.
Its annual product is about 100 tuns.

Chateau Branne-Cantenac.—This vineyard is the property of
the families Berger and G. Roy. The wine of the vineyard has
an extreme fineness, is distinguished by its peculiar bouquet,
and by its taste and perfume. It is justly considered as being a
close rival with wines of the first growth. It has its place among
the most agreeable and delicate wines of the Médoc region. The
beautiful vineyard is admirably situated and has an extent of 50
hectares, producing a mean annual output of 125 tuns. For
many years the wine of this vineyard has enjoyed a particular
favor in commerce. In 1gor thiswine obtained the gold medal and
the diploma of honor from The Wine Growing Society of Gironde.

Chateau Gruaud-Larose-Sarget.—This is another one of the
divisions of the old vineyard of Gruaud-Larose, and is owned by
the widow of Baron Sarget. It is beautifully situated on a
gravely soil, in the St. Julien district, and produces annually
about 120 tuns of wine which is very agreeable in its character,
and which has obtained numerous prizes, among others a grand
gold medal at the Universal Expositions in Paris in 1867, 1878,
1889, and 1g9oo0.

Chateau Léoville-Lascases.—This vineyard is the property of
Count Lascases. It is a part of the ancient domain of Leoville
and is planted with the finest varieties of grapes, and is beautifully
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situated upon a gravely, undulating soil which is extremely
favorable for the growth of the grape. It produces annually
about 140 tuns of wine of a superior quality and bouquet.

Chateau Ducru-Beaucaillou—This vineyard is the property
of the celebrated wine merchant of Bordeaux, Mr. Nathaniel
Johnston. It has a most favorable situation on a gravely soil
and the varieties of the vines are of the finest. It produces a
wine which is very much sought after on account of its bouquet
and its generous body. It has obtained diplomas of honor and
gold medals in various expositions, and it produces annually
about 100 tuns of wine.

Chateau Léoville-Barton.—This is one of the celebrated vine-
yards of the St. Julien region, as well as its neighbor Chateau
Langoa. The Chateau Langoa, however, belongs to the third-
class growth, while the Chateau Leoville-Barton belongs to the
second class. Its owners are the celebrated firm of Barton and
Guestier. This vineyard produces annually about go tuns of wine,
while that of Langoa produces about 130 tons.

Chateau Léoville-Poyférré—This is one of the most celebrated
of the wines of the second growth of the St. Julien region. The
vineyard is owned by Mr. Edward Lawton. The vineyard pro-
duces a wine which is remarkable for its fineness, its taste, and
its bouquet. The annual production of this wine is 125 tuns.

Chateau Lascombes.—This celebrated vineyard is near the
Chateau Margaux, and is composed of the choicest varieties
of grape vines, and produces a wine exceptionally fine and very
highly esteemed. It approaches in its quality its neighbor, the
grand wine of Margaux. It annual production is about 35 tuns.

Chateau Pichon-Longueville Lelande.—This vineyard belongs
to the Countess Lalande. It was a part of the old possessions
of the family of Pichon-Longueville, which owned it for more
than 200 years. The original vineyard is now divided into two
parts, one of which is the property of Baron Raoul de Pichon-
Longueville, and has a production of about 8o tuns a year; and
the other belonging to the Countess Longueville, which produces
about 75 tuns a year. The wines of the Pichon-Longueville
vineyard enjoy a great reputation and are one of the most im-
portant of the region of the Pauillac. The other part of the
.Chateau Pichon-Longueville Lalande is property of the Baron
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Pichon-Longueville, and as before stated, has been for more than
200 years in the family. The wine produced here is of the same
character as on the other half of the estate which has just been
described.

Chateau Rauzan-Segla.—The owner of this vineyard is Mr.
Durand Dassier. It is most favorably situated, planted with
choice varieties, and cultivated with the utmost care. It is
also a neighboring vineyard to the Chateau Margaux. It produces
a wine which unites in a marked degree all the qualities of the
grand wines of the Médoc. It has a beautiful color and marvelous
boquet, and enjoys a great reputation, especially in England.
The annual output of this vineyard is about 6o tuns.

Chateau Rauzan-Gassies.—This vineyard belongs to Madam
E. Rigaud. It is also a neighbor of the Chateau Margaux,
and occupies a beautiful situation. Its wines are fine in color
and agreeable in bouquet, and are extremely well known.

Chateau Durfort-Vivens—This vineyard is the property of
Mr. G. Delor. 1Itis a part of the fine domain situated upon the
gravely soils of the canton of Margaux, planted with choice
grapes, and produces a wine of marked fineness, bouquet, and
exceptionally fine color. The total extent of the estate is 200
hectares. It produces from 8o to 100 tuns of wine of the second
class, and from 500 to 600 tuns of a lower class.

Wines of the Third-classed Growth of the Médoc.—These
wines approach very nearly in character those of the second
growths. In fact, it is sometimes considered that if there should
be a re-classification of the French wines, some which are now
in the second growths would be transferred to the first, and some
which are in the third class would be transferred to the second.
Among the most famous of the third-growth wines are the
following: -

Chateau d’Issan.—This is the property of Mr. Gustave Roy.
This estate is divided into two parts. The first, by its exception-
ally fine situation and exposure, produces about 100 tuns of wine
which is very fine and is classed at the height of the third growth
of the Médoc; it is known as the Grand Wine of the Chateau
d’Issan. The other part of the estate gives a mean production
of 250 tuns of wine which is very fine and which is very much
appreciated.
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Chateau Cantenac-Brown.—This vineyard is owned by Mr.
Armand ]J. Lalande. The estate embraces a superb vineyard
of about 60 hectares, planted exclusively with the finest varieties
of grapes, and which produces a wine which is very remarkable
on account of its softness, its color, its fineness, and its bouquet.
Its qualities are such as to make it easily classed among the best
of the third growths of the Médoc. The wines of Cantenac-
Brown are highly appreciated in the Bordeaux, as well as abroad,
especially in England. In England and Holland these wines
enjoy a remarkable reputation. The mean production of the
Chateau Cantenac-Brown is about 140 tuns.

Chateau Desmirail.—This chateau is the property of Madam
Sipiere. The extent of this vineyard is about 35 hectares, with
a mean production of 70 tuns of a wine having a great distinction,
although it is rather strong. It is one of the neighboring vineyards
of the Margaux.

Chateau Lagrange.—This vineyard, which is in the St. Julien
region, is owned by Mr. and Mrs. Muicy Louys. The wines of
this vineyard are quite marked in character, having a fine bouquet,
and combining all the qualities of the best wines of the Médoc,
and can be compared with the growths which are most esteemed,
both of the Margaux and Cantenac regions. The grand vineyard
of the Chateau Lagrange, by its exceptional situation and by
the care with which it is constantly attended, has conquered
most justly a universal reputation. The extent is 120 hectares,
and the annual production is 250 tuns of red wine and 8o tuns of
white wine.

Chateau Kirwan.—This is a vineyard which belongs to The
City of Bordeaux, and is among the well-known wines of the
third growth. This vineyard was willed to The City of Bordeaux
by Mr. Camille Godard in 1881, but it was left in such a way
as not to come fully into the possession of the City until 189s.
It is 38 hectares in extent, and its mean annual production is 150
tuns. .

Chateau Malescot St. Exupéry.—This vineyard is the property
of Mr. J. D. Lerbs. The extent of the vineyard is 125 hectares.
It is beautifully situated and the wines have obtained nu-
merous medals at various expositions. The wines of the Chateau
Malescot unite with an extreme fineness a delicious bouquet.
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Chateau Giscours.—This vineyard is the property of Madam
E. Cruse. It is beautifully situated and planted with the finest
varieties of grapes. It has an extent of 6o hectares, and produces
about 100 tuns of wine annually.

Chateau Palmer—The owners of this vineyard are Messrs.
Pereire. It is situated partly in both of the communes of Can-
tenac and Margaux and has an extent of 86 hectares, planted
with the best varieties of vines, and has lately been enlarged by
the addition of a vineyard of 30 hectares. The production of the
Chateau Palmer is about 200 tuns annually, of a wine fine in
character and well appreciated by all who use it. It enjoys a fine
reputation in the commerce of the country.

Chateau Ferriere—This vineyard is owned by Mr. Henry
Ferriere. It has a mean production of about 25 tuns of fine wine,
highly appreciated both in France and in foreign countries.

Chateau La Lagune.—This vineyard is owned by Mr. Louis
Seze. It has an extent of 8o hectares, of which 46 are planted
with grapes of the best varieties; its mean annual production is
100 tuns. The wines of this vineyard find almost their sole
market in England, but also to some extent in Holland and Ger-
many where they are particularly well thought of. Their keep-
ing qualities are remarkable, and it has been established that sam-
ples taken after 40 years are found to be perfectly preserved.
The wines of the Chateau La Lagune have obtained numerous
medals at various expositions.

Chateau Calon Segur.—The proprietors of this vinevard are
Messrs. Hanappier and Gasqueton. The vineyard is 55 hectares
in extent, is well situated in the upper Médoc, and has a mean
harvest of 150 tuns of wine. Although classed among the third