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PREFACE.

A course of lectures entitled “Municipal Chemistry” was
authorized by the Homorable Board of Trustees of the College
of the City of New York for the spring semester, 1910. The
lectures were open to the public, but laboratory work in addi-
tion was provided for senior students who elected the course.
The co-operation of distinguished experts was obtained. Re-
quests for copies of the individual lectures and the entire course
have been so numerous that it was decided to put them in book
form. In a few cases the lectures were not prepared for publi-
cation. These have been substituted by specially prepared
articles.

A perusal of these chapters cannot fail to prove interesting
to any citizen and the writer feels that their study will accom-
plish good in any community, for they tell of the applications of
enlightened common sense where people congregate and form
cities; but they will avail little more than attract passing atten-
tion unless any interest aroused is converted into kinetic civic
activity.

A careful study of municipal affairs shows that the greatest
material need of our American cities today is the chemist.
It is unfortunately true that the position of the chemist in the
municipal body politic is uncertain, if indeed it exists. This is
due in a measure to the conception of the role of a chemist by the
people, who look upon him as an analyst and not as an impor-
tant social factor.

One of the objects of these lectures has been to correct
this condition of affairs. It is believed by the writer, who has
given the matter the most careful thought, that if each city in
the United States, and in other countries as well, established a
scientific commission of power, unhampered by political, social,
religious or official associations, to advise with the authorities
on all practical matters, the public weal would be improved in
many ways and its affairs more wisely administered than by any
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of the reform movements now in force whicly, by virtue of their
organization, must be temporary.

Some aldermen may draw back from putting some of the
ideas set forth into effect on the score of expense. That raises
the question of their civic responsibility. It may not be worth
while to spend money to save the lives of some people, but it is
for others, especially the innocent. The successful manufac-
turer spends money willingly to improve the efficiency of his
machinery. It is positive and not negative economy that counts
most. Superior sanitary conditions affect human efficiency in the
same way and those who are benfited are the better able to pay
for it. Justified expenditures, even increased, for public work, in
which the city’s money has the same purchasing power as that of
a private corporation, do not hazard an alderman’s tenure of
office.

It has not been possible in any case to present a complete
discussion of any one of the topics taken up in the several chap-
ters—technical details were unsuited to the plan of the lectures
—and much given in the lectures has been eliminated in their
publication to avoid an excessive number of pages in this volume.

My private assistant, Mr. W. A. Hamor, has followed
the proof sheets.

CHARLES BASKERVILLE.

CoLLeGE OF THE CiTY oF NEW YoRK, December, 1910.
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MUNICIPAL CHEMISTRY

CHABRTER

SanitatioNn AND THE CITy.

CHARLES BASKERVILLE, Pa.D, F.CS,

Professor of Chemistry and Director of the Laboratory, College of the
City of New York.

Living resolves itself into the moving of muscles and think-
ing. Essential to the performance of either is energy, the result
of chemical changes. These are brought about in food, taken in
its ordinary sense, which is the fuel; the air, which brings about
its combustion, supplying the energy; and water, which serves
as the common carrier of the food and the exhausted fuel. No
violence is committed, therefore, in asserting that living is essen-
tially chemical action.

Great cities have grown and passed out of existence. The
enormous increase in urban population in very recent years has
produced even greater cities, which may also in time cease to be.
In fact, aside from the possibility of local or cosmic calamity,
this is sure to occur, unless due attention is given to the applica-
tion of the principles of chemistry in our daily, personal and com-
munal life. ILondon, Paris, Bombay, Rome and New Orleans
have had their scourges in the past to testify to the fearful pen-
alty of ignorance and neglect.

Indications point to a growth and development, the conception
of which taxes the imagination. When we see New York as it
was 200 years agq, and then 100 years ago, and as it is now, we
may well wonder what it may be 50 years from now. In fact,
New York City today, which may be taken as an example, has
as many people within its 326 34 square miles as are distributed
over the States of Maine, Vermont and Massachusetts combined,
with their 47,070 square miles of territory, or as were within the
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FIG. 1.—NEW YORK IN 1746.
(Courtesy of the Scientific American.)

B

FIG. 3.—~NEW YORK CITY VIEWS,
(Courtesy of the Scientific American.)
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entire country at the end of the Revolutionary War. The annual
increase in population is about 300,000. It has been calculated
that in 1920, New York may have 7,000,000 of people.

It has been predicted by a close and conservative student of
sociology that two generations may see the eastern part of our
country mainly composed of contiguous cities. In 1790, 3.3 per
cent. of the population of the United States was urban. It was
33.1 per cent. in 1900. The problems of the state and county
become closely interwoven with those of the city. The city will
no longer be merely an accumulation of human beings in a par-
ticular locality, with its local problems and influencing the state
mainly in a financial way, but the city will have become the state.

The individual needs fresh air, pure water, good food, safe
shelter, and should have a clean body and something beautiful to
look at. When he associates himself into a city his needs are
not lessened but emphasized. The growth of a city causes it to
assume, willingly or no, corresponding obligations. The inhabi-
tants must breathe, they must be fed and watered, its wastes
must be got rid of, facilities for the safe coming and going of
its people at all times must be provided, as well as protection
from fire or other adventitious circumstances which concern the
welfare of the citizens. The needs thus simply stated are to be
met by obligations which become more and more complex with
the increase in population.

The topography of a district in which urban population has
massed itself will, in a measure, regulate the mode of growth.
Although improved methods of rapid transportation have over-
come the necessity of concentration, yet business and other
causes continue to make for centralization, with consequent ele-
vation in the value of land, whose acreage is increased only by
vertical expansion. The complications thus arising call not only
for “the employment of well-trained, tactful, honest, energtic,
and fearless health officials,” but also lay a responsibility upon all
forms of educational activity to bring about a “better apprecia-
tion by the people at large of what is conducive and what a
menace to public health,” and individual safety. )

The physical body comes into this world bearing within a
spark of the divine fire, life. It sputters and all becomes dark;
sustained, it lingers and continues to glow—perhaps through
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the seven ages of man—when flickering, it dissolves into the mys-
terious eternity whence it came.

The watchmaker may fashion his steel other metals and
precious gems so that a delicate mechanism results. This sup-
plied with the proper form of energy may continue its operations
until it wears out. The enquiring youngster with a hammer
may in a moment demolish this machine, or an inquisitive knife
point shatter a spring, injure a wheel, dislocate a bearing, and
its usefulness is at an end. So with the delicate organism of the
living body. While it is scarcely the dream of optimistic sani-
tarians, not even the desire, ever to have the body live on forever,
there is not an unreasonable hope that we may arrive at that
stage when the end of our lives may come from sheer old age,
and like the “One-Hoss Shay,”

“

it went to pieces all at once—
AH at once, and nothing first—
Just as bubbles do when they burst.”

It is extremely rare in our experience that a man dies of old
age. The Reaper clogs a wheel of the human mechanism here,
dams the channel of one of life’s flowing streams there, brutally
annihilating, with coarseness perhaps, or ruthlessly, slowly,
surely smothering elsewhere. Thus death comes as a rule, not
as a wearing out of the whole mechanism, as would be proper,
but through the fallure of this or that little function, and that
is disease.

“Are we, the People of the United States, held in the bondage
of disease? One out of every seven of us dies of tuberculosis;
fifty thousand of us perish annually of typhoid fever, and ten
times this number lie stricken for weeks each year with this dis-
ease, but ultimately recover. Pneumonia disputes with tuber-
culosis the right to be called the captain of death. Some 50,000
of us die annually of cancer and other malignant growths. More
than 25 per cent. of our children die before they reach five years
of age” (Vaughan.) Statistics show that the principal causes
of death are disease, violence and old age in the respectively
approximate percentages of 90, 5 and 5

To be sure, the analogy of the living body as a wonderful
mechanism fails if pushed too far, like all analogies, for the ani-
mal body may grow to maturity and be followed by normal de-
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cline. Yet the analogy answers our purposes, as we also know

- that the human body may be well built or loosely put together, of
good or poor material ; that it is extremely sensitive to its envi-
ronment ; that it is a transformer of energy, but of variable ef-
ficiency. As in the case of the physical machine, we desire the
highest efficiency through the longest period of time. There-
fore, we are not alone concerned with the actual scrapping of the
human machine, but quite as much with its efficiency while in
commission.

FIG. 4—COURTESY OF THE COMMITTEE ON THE PREVENTION OF
TUBERCULOSIS IN NEW YORK CITY.

Sénitary Science, “preventive medicine,” the prevention of
the ravages of disease, is a technical subject of modern develop-
ment—"a subjéct so vast and touching human welfare at so
-many points”—which makes exacting demands for its complete
mastery. Yet the principles involved lend themselves readily
and happily to clear and popular exposition. The most active
expositors of the science, which has recently received munificent
financial support in many of the civilized countries, are the physi-
cians themselves. While their lives are consecrated to the pre-
vention of that which gives them a livelihood, I have never found
one of them opposed to members of other professions partici-
pating in the making known of means for the prevention of
disease. In fact, at times, there has been an exhibition of
impatience with the laity for indifference toward matters of
public health. I have found them objecting—and with good
reason—to the practice of the art of healing by the unprepared
and unqualified. They have objected also most strenuously, as
did -Mendenhall, who said: = “It is not the popularization of
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science that is objectionable, it is the popularization of what is not
science that is obnoxious.” In this connection, I am reminded
of a saying of Lord Derby’s, namely, “Sanitary instruction is
even more important than sanitary legislation.”

The curricula of the schools, colleges and universities, pri-
vate and public, offer courses in sanitation at present. In many
of these the successful pursuit of one or more of these courses
is part of the requirements for advanced standing. It should be
so in every institution of learning. The reputable public press
seems ever ready to disseminate information about the subject.
What has been accomplished is encouraging ; what is being done
now is stimulating; what remains to be done is engrossing, for
we must not stop until every citizen realizes that the public
health is the greatest asset of a nation.

Disease, considered as the cause of death, or as a hindrance

to economical energy output, may be attributed to causes which
N
are

(a) Intrinsic or Constitutional, and
(b) Extrinsic or Environmental.

In short,-although the classification is not exclusive and is
open to valid objections, and is a subject for fine academic dis-
crimination, it may be said that the physiologist has to do with
the intrinsic or organic defects, while the sanitarian gives his
attention to the external influences which may or may not pro-
duce the former. The prevention of constitutional diseases,
which is a special function of personal hygiene that involves
certain social and sexual questions which find no place in our
discussions, has to do with the making over of the human mech-
anism, a phase of social medicine, as it were, which usually
involves the application of biologic principles through several
generations. Environmental, mainly preventable, diseases are in
a measure under our immediate control, and the exertion of our
authority in this direction shows a conscious or unconscious
application of the principles of sanitation. Peérhaps this may be
made clearer by illustration. The subject of proper food and
clothing for particular conditions is a matter of general or per-
sonal hygiene; but the question of infection from clothing made
in sweatshops, the disposition of second-hand clothing, whereby
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the disease germs of small-pox or diphtheria are transplanted,
belong distinctly to the field of sanitary science.

The sanitarian, in order to combat disease most successfully,
or, to put it affirmatively, in order to promote the public health
most effectively, should “be familiar with the causes of disease
and the avenues along which they travel.”

One of the earliest theories of disease coming to us from the
days of savagery attributed fevers, pains, etc., to the presence
of evil spirits, which made short or long visits to the affected
individual. Although the New Testament bears record of this
demonic theory of disease and although we know that this mystic
cause obtains at the present time among certain classes of illiter-
ates within our own enlightened country, it ceased to satisfy the
cultivated mind even before the period of the highest develop-
ment of Greek civilization. Hippocrates (460 B. C.), the “father
of medicine,” recognized disease, along with life, as a process
governed by what we term natural laws and the healing power
of nature. Galen’s exposition of the theory showed that the
“body contains four humors—blood, phlegm, yellow bile and
black bile—a right proportion and admixture of which consti-
tutes health; improper proportion and irregular distribution,
disease.” The field of thought was transferred from the super-
natural to the natural.

The decline of Greek culture, the rise and fall of Alexandrian
influence, the whole Roman period, even the benign influence of
the Christ and its moral uplift, added little to the knowledge of
the causation of disease. In fact, for two thousand years,
through the period of scholasticism, the theory of the four
humors held sway. The glorious time of the Renaissance empha-
sized it, for the revival of learning, even in the hands of “medi-
cal humanists,” laid great stress on respect for ancient authority.

The iatro-chemist Paracelsus (1480-1541), the ‘“Luther of
Medicine,” however, boldly assailed the doctrine. The outward
evidences of his antagonism were perhaps in accord with the
spirit of the age, for he gathered the writings of Hippocrates,
Galen, and others of that school, and publicly burned them, main-
taining that life processes and changes in the body could be
accounted for on chemical grounds. Medicine was, in a measure,
a branch of applied chemistry, and by some was looked upon
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as the true end of chemistry. The occurrence in Europe in the
15th and 16th centuries of several epidemics, which were inex-
plicable on the theory of the four humors, the study of anatomy
by Vesalius, Fallopius, and others in Italy in the 16th century,
and the wonderful.discovery of the circulation of the blood by
Harvey in the 17th century, led to the' recognition of a materies
morbi—and the real foundation of the modern theory of the
cause of disease was laid, whatever was to become the later
conception of this materies morbi.

Sydenham (1644-1689), the English Hippocrates, maintained
that ““a disease is nothing more than an effort of nature to restore
the health of the patient by the elimination of the morbific mat-
ter.” It was felt that the “reign of canonical authority in medicine
was at an end, though the dogmatic spirit long survived,” and
we see it around us today, three centuries later, in the preach-
ment and practices of several cults.

This conflict we find in the 18th century, when Boerhaave
became the successor of Hippocrates and Sydenham, leading the
“npaturalist” ‘or material school. Their physical or mechanical
conceptions of the causes of constitutional disease, however, did
not explain that class of diseases now called “infections.” And
they were even less understood by the other group, the super-
naturalists. Stahl and Hahnemann, the successors of Paracelsus,
maintained that the “chief symptoms, or the totality of the symp-
toms, constitute the disease and * * * is only and always
a peculiar, vital, dynamic derangement of the health,” and “dis-
ease will not cease to be spiritual dynamic derangements of our
spiritual vital principle.”

The pendulum swung thus from one extreme to the other
in the medical systems, founded primarily on philosophic specu-
lations, until the beginning of the 19th century, when advances
in physical science, especially through the perfection of the
achromatic microscope objective by Ehrenberg (1838), served to
prove that certain diseases, as muscardine, a contagious disease
of silk worms, and favus, “honeycomb” of the human scalp, are
parasitic in‘character. At the same time, botanists proved that
“‘yeast” was a microscopic fungus, and the idea that fermenta-
tion, which had long been regarded as one of the causes of dis-
ease, was due to microscopical fungi took hold (Caignard de
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Latour and Schwann). Events of tremendous import occurred
in this, the Victorian Era, but perhaps the most important was
the establishment of the biological theory of fermentation by
Pasteur (1857-1863), which led almost immediately to the germ
theory of disease. He traced the diseases of beer and wine to
micro-organisms other than ordinary yeast invading the ferment-
able liquid and interfering with the usual alcoholic fermentation
by producing undesirable fermentations of their own. It be-
came clear to Pasteur that specific fermentations were caused
by specific ferments. The causes of any familiar fermentation
and any familiar infectious disease show remarkable similarity.
This is shown in tabulated comparative columns below:

A FERMENTATION. AN INFECTIOUS DISEASE.
(Apple Juice) (Small-pox)

1. Exposure of the juice to air, 1. Exposure of the patient to in-
dust, etc. fection.

2. Repose and then slow change. 2. Incubation. (Slow and insid-
(Growth of the ferment) ious progress of the disease.)

3. Active fermentation or “work- 3. Active disease. Eruption, dis-
ing.” Evolution of gas bub- turbance of the usual func-
bles, change of sugar to alco- tions. Rise of temperature or
hol. Rise of temperature. fever.

4. Gradual cessation of fermenta- 4. Slow convalescence (or death).

tion.
No further liability to alcoholic 5. Immunity to smallpox.
fermentation.

T

It was but a step, yet a mighty step, to consider many wound
diseases as being due to infections. This step was taken by Sir
Joseph (later Lord) Lister, the already eminent Scottish sur-
geon. By the use of antiseptic precautions, in the way of dress-
ings, instruments, etc., he founded modern sanitary or aseptic
surgery, which now gives the surgeon perfect assurance and
constant success in the most difficult operations.

The achromatic objective referred to turned many eyes to
the study of the “infinitely little germs,” one group of which,
“bacteria,” has become of the first importance to sanitarians and
ctiologists.

Liebig raised an apparently valid objection to the germ
causation of fermentation, asserting that the germs, micro-organ-
isms, microbes, whatever name might be given them, were present
as a result rather than as a cause of fermentation. Pasteur, the
“founder” of bacteriology, silenced this objection by the use of
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needle inoculations and by producing practically pure liquid cul-
tivations. Not more than forty years ago it was vehemently
urged that in the case of diseases it was absurd to attribute them
to germs. Koch, however, disproved this and placed bacte-
riology for the first time on a strictly scientific basis by pro-
ducing pure liquid cultures of anthrax, by constant continuous
dilution and inoculation, and developing his method of “solid
cultures.” The discovery of the micro-organisms of tubercu-
losis, Asiatic cholera, diphtheria, tetanus, etc., followed. Thus,
within the past thirty years, we have “emerged from the stifling
clouds of doubt to take a quick draught of the refreshing air
of certainty.” It must be confessed, however, that no disease
that affects man or beast is thoroughly understood. Further-
more, we know practically nothing as yet of the cause of cancer
and little of that of insanity.

Yet it has long been known that spoiled foods were danger-
ous to eat. Burrows (1814) described a poisonous substance
extracted from putrefying fish, Kerner (1820) obtained an atro-
pine-like alkaloid from decomposed albumen, and Panum (1856)
secured a product from decomposing animal matter which he
called “sepsin.” Selmi (1870) gave these so-called poisonous
alkaloids the name of “ptomaines” or “cadaveric substances.”
The harmless ones were called “leucomaines.”

Knowing the effect, the cause being demonstrated, the ques-
tion then arose, how does the cause produce the effect? The
invading micro-organisms might produce disease in the animal
body either, first, by physical obstruction, clogging the capil-
laries, veins or arteries, thus mechanically interfering with the
ordinary functions of the vascular system; or, second, by chem-
ical interference, which could be either a robbing of the body
of its food by the invaders or the generation of toxic substances
which poison the animal system.

“It is not merely the body of the patient that is invaded by
germs; our theory goes much farther than this and shows us
the germs growing, dividing and multiplying in the body of the
patient, while at the same time each carries on its individual
metabolic existence, acting upon its immediate environment,
drawing to itself foods, and reacting by setting free the special
products of its vital activity.” The life history of the alcoholic
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ferment in action, already cited, shows the production of a dis-
tinct substance, alcohol. It is not enough to suppose that the
micro-oganisms in question mechanically obstruct or physically
disturb the delicate machinery of the living organism in which
they multiply. The symptoms of infectious disease are rather
those of toxic actions, actual poisonings of body, accompanied
by chills, fever, delirium and other symptoms of a profound
disturbance. Moreover, the phases of infectious disease—the
slow onset, the active illness, the recovery and the subsequent
immunity—are all readily explained upon the modern theory of
symotoxic action or “ferment-poisoning.” In fact, Nencki and
Brieger have prepared these “toxins” from pure bacterial cul-
tures. The dreams of the iatro-chemists have come true.

We know these infections “have the peculiar character of
suddenly attacking great numbers of people at intervals in un-
favorable sanitary conditions . . . have influenced not only
the fate of cities, such as Athens and Florence, but of empires;
they decimate armies, disable fleets; they take the lives of crimi-
nals that justice has not condemned; they redouble the dangers
of overcrowded hospitals; they infest the habitations of the
poor, and strike the artisan in his strength down from comfort
into helpless poverty ; they carry away the infant from the moth-
er’s breast, and the old man at the end of life; but their direct
eruptions are excessively fatal to men in the prime and vigor
of age.” Further than that, we know that some of these zymo-
toxic diseases steal on in guises the most innocent and least
suspected by those most liable to the ambush. This is espe-
cially true of tuberculosis, the white plague, in the fight against
which every citizen should enlist, a fight in which every good
citizen does enlist. .

The main avenues by which pathogenic bacteria or their
products reach the human system are, first, air; second, water;
third, food; and fourth, clothing. These are to be discussed in
some detail by experts in subsequent chapters. Reference is
made to them here only in so far as may be necessary in the
development of the theme of this chapter.

We may accustom the body to do without clothing, but it is
not the fashion in thickly populated cities. And Dame Fashion
is an exacting mistress at times. Men have fasted for more
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than forty days; shipwrecked sailors have been known to live,
after being deprived of fresh water for six days; but recovery is
rare for man when he has not tasted God’s oxygen for five
minutes. Three-quarters of the body are water; a notable per-
centage is food, apparently good food for certain African tribes
with cannibalistic tendencies; but we possess small air tanks.
Even were we provided with these, we should require a pos-
terior, anterior, or lateral extension 20 x 15 x 10 feet to hold
enough air for one hour, provided it were under the ordinary
atmospheric pressure. To convert food into energy practically
we require about fifty times as much air by weight. Normal
air, when inspired, contains about 0.04 per cent. of carbon
dioxide and 21 per cent. of oxygen; when expired, about 4 per
cent. of carbon dioxide and 17 per cent. of oxygen. A candle
ceases to burn in the air when the percentage of oxygen gets
below 18. We can readily see what this means when a number of
people in a room are breathing the same air over and over
again. After the battle of Austerlitz, 300 prisoners were placed
in a poorly ventilated room. Of these, 260 died before the next
morning. Each individual in a room should have 20 cubic meters
of fresh air every hour. In connection with the problem of over-
crowding, there is a concomitant circumstance, namely, the use
of dark rooms for sleeping. There is an Italian proverb which
says, ‘“where the sun does not go, the doctor goes.” This is a
sad commentary when we realize the tendency of emigrants to
swarm in our cities. ;
There are many incidental impurites in the air that are local
and more or less evanescent. I have shown that in the City
of New York over a thousand tons of sulphur dioxide are poured
into the air daily in the combustion of coal. Without smoke-
consuming devices there may be more or less soot, along with
the dust whipped up from the streets by the winds. Aside from
the personal discomfort from flying particles of solid material,
whatever be its nature, these particles are the bearers of germs,
many of which may be pathogenic. In many cases it is from
the dried sputum of the thousands of spitters on our streets.
Sedgwick has shown that 10 liters of air taken 5 feet above a
macadamized street in a dust storm may contain as many as
200,000 micro-organisms. Air free from solid particles is free
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ing degree of ignorance is still encountered in the country dis-
tricts that is difficult to overcome. A large percentage of urban
population, and it is most desirable that every single individual
in the city should, enjoy a few days or weeks in the country
in the summer. The ignorance of country habits is proverbial
with the urban citizen, who takes certain matters for granted.
It is, therefore, not infrequent that these outings, picnics, etc.,
which should make for the better health, are the direct causes
of unnecessary illnesses attributable directly to the drinking
water, for all the liquid refreshments on these occasions are not
limited to the national German beverage.

A land should be looked upon as watered by its smaller lakes,
its springs, and its brooks. The provision of a potable water

e 85 38 0 @ A & @ MmN om oo M 8w
DEATHS DEATHS

1 1000 DEATHS N 1000 DEATHS
FROM ALL CAUSES Frow ALL causes (17
“r T
X
I

=

-

=

St b thoms
£
3

t 2 8 % @

-

- e e e

AN d 8 8 R 8 0N BTN AR S RN

FIG. 6.—TYPHOID MORTALITY IN BERLIN (ROECHLING).

As affected by the introduction of a potable water supply and subsequently an
adequate sewerage system.

for a municipality is a great gain, and is being provided for our
city at an enormous expense, but it must be accompanied with
proper sewerage. Dantzic had good water in 1869, but the
typhoid rate did not decrcase materially until 1872, when sew-
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ers were added. Vienna had good sewerage and bad water up
to 1874 ; the death rate from typhoid was 340 in 100,000. That
year good water was supplied and the rate dropped to 11 in
100,000. With good water and no sewerage, the soil becomes
saturated with refuse matter, a hot bed awaiting the planting
of pathogenic bacterial seed. Sedgwick, referring to cholera,
figuratively states that “Pettenkoffer has given the key to the
whole situation by saying that filth is like gunpowder, for which
cholera is a spark. A community had better remove the gun-
powder than try to beat off the spark; for in spite of their
efforts, however frantic, this may at any time reach the powder,
and if it does is sure to blow them to pieces.”

While a land should be looked upon as watered by its lakes,
its springs and brooks, a land should be looked upon as sewered
by its great, especially navigable, rivers and canals. For various
reasons, topography, extremes of weather, enormous expendi-
tures necessary, and so forth, many principal water supplies
must be drawn from these sewers, which are direct continua-
tions of the intestine. We cannot hope to have the lower Hud-
son river free from some sewage as long as inhabited tow
and passenger boats ply to and fro and ocean-going vessels moor
in our harbor or dock at our piers. Recent accounts in the
public press have drawn attention to the serious pollution of
the harbor by sewage from the city alone. As Faraday said
of the filth of the Thames, “If we neglect this subject we can-
not expect to do so with impunity.” The sewage problem of
the coming greatest New York awaits a solution. “The sew-
age question resolves itself into this: What is the cheapest and
most efficient technical process for rendering human excreta
useful instead of dangerous?”’ (Krepp.)

Half the cost of living goes to pay for food. The centrali-
zation of population requires its transportation to the centers.
For a century it has been known that certain kinds of food
could be preserved for later consumption without injury to
health. There is no objection now to the preservation of food,
provided it is done in the proper, that is, harmless manner. The
adulteration and sophistication of food are outgrowths of the
development -of the city and the improved means for world-
wide transportation, coupled with the degeneracy of those who
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iive by bartering and their desire for luxuries. The chemist
has been the Cartouche and Sherlock Holmes in the abominable
business. Yet ignorance and disregard for the consequeuces
so long as gain resulted have been behind the supply of one
particular food, milk, which is the main support of the weak
and helpless. The government has formulated satisfactory laws
against the adulteration of the coin of the realm and enforces
them - vigorously. We have food laws now, but they are not
satisfactory, nor are they always properly enforced. In fact,
they cannot be enforced as long as they admit of constant quib-
bling as to the meaning of common words in our language. No
doubt these objections will be removed, for it is a time of fuller
awakening to the conscience of our civic value.

Clothing which has been exposed to such infectious diseases
as diphtheria and smallpox is now destroyed or duly disinfected,
at least theoretically. This is not the case with clothing, either
second-hand or new clothing, made in the sweatshops, where
we know tuberculosis is rampant. It thus serves as a means for
the spread of infectious diseases. This can be stopped by requir-
ing new clothing to be thoroughly disinfected before allowing it
on the market, or, better, by applying the old Mosaic law enjoin-
ing the strictest cleanliness. Moses really anticipated our modern
sanitary laws, for cleanliness is the beginning and the end.

There is such a thing as the philosophy of cleanliness. Dirt
is dangerous, not because it is of the earth, earthy, but it is
too often “drit.” The desire of cleanness, or the disgust for dirt,
has gradually become established with all highly civilized peoples.
Cleanness is not merely an ssthetic adornment, though doubt-
less an acquired taste. It is above all a sanitary safeguard, and
has been learned by dearly bought experience. To be clean is
in a measure to be safe from infectious diseases, and cleanness
applies not only to the individual, but to the personal environ-
ment.

The aim of every citizen should be to make the city clean;
the city healthy ; the city beautiful.
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(Courtesy of the Committec on the Prevention of Tuberculosis in New York City.)




MUNICIPAL CHEMISTRY.

FIG. 9—MODEL BEDROOM, CLEAN AND WELL LIGHTED.
(City and Suburban Homes Co., New York.)

FIG.

10.-~MODEL KITCHEN WITH FAMILY LAUNDRY ARRANGEMENTS.
(City and Suburban Homes Co., New York.)






CHAPTER I1

DRINKING WATER AND DISEASE.

WILLIAM PITT MASON, CE., M.D,,
Professor of Chemistry, Rensselaer Polytechnic Institute, Troy, N. Y.

This topic is admittedly too large to be disposed of in a
single lecture, and the most that can be done will be to glance
over some scattered portions of the field. One very practical
point must be referred to at the outset, and that is, engineers
must not only attend strictly to the technical portions of their
work, but they should ever bear in mind that they are to protect
the health of the numbers of ignorant laborers committed to
their care. Civil engineers in particular have a double respon-
sibility, for it is their duty not only to look after the health of
their employees, but to also guard against the very real danger
of contamination reaching some neighboring town’s water supply,
by reason of their laborers camping upon the water-shed. Many
an epidemic has been traced to such a source of pollution.

The water purveyor should be rated as a kind of sanitary
officer. At times he becomes an epidemiologist, and it is then his
duty not only to show the people that-the water he supplies is
beyond suspicion, but to earnestly seek the cause of the disease
which may have broken out from another source. He must, in
short, put his finger upon the origin of the difficulty. Is the
milkman to blame? Has an accident allowed contamination
within the city limits? Or is a disease “carrier” at the bottom
of the trouble? Disease other than typhoid may be distributed
by “carriers,” but into their activities beyond the entire field the
active interest of the “water man” does not go.

The sanitary inspector must consider the possibility of the
spread of disease by flies. When I was a boy, the belief existed
that the presence of many flies tended toward a healthful sum-
mer, because they were held to be the means of removal of
much waste material which would otherwise decay and taint the
atmosphere. We now know that flies are a source of danger in
that they do not wipe their feet before crawling over our food.

20
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In this connection note the disastrous typhoid fever outbreaks
in our military camps during the Spanish war. These epidemics
were occasioned by the inoculation of food by flies; flies that
visited the latrines first and the kitchens afterwards.

It is the possibility of the more or less direct addition of
sewage material to a public supply that commonly demands the
attention of the water expert.

The relation of disease to sewage-polluted water is too widely
admitted to need restatement here, but there are a few classic
cases that cannot be too frequently commented upon, and their
celebrity must serve as an excuse for recalling them to the
reader’s attention.

All have heard of the cholera epidemic at Hamburg, and will
recall how the cholera cases singled out the old city of Hamburg
from the adjacent communities of Altona and Wansbeck. That

CHOLERA IN THE TERRITORY ADJACENT TO THE BOUNDARY
between HAMBURG and ALTONA,
in the Epidemic of 1892.
@=—Boundary between the two cities.
.C ® Cases of Cholera,
@ Cases imported from Hamburg.

D
i

FIG. 12.
(Taken from Mason’s Water Supply.)

great center of population, 900,000 in all, consists of the three
municipalities mentioned, so grown together that the boundary
lines between them are not recognizable by a stranger. One
can no more tell when he leaves Hamburg and passes into
Altona than he could tell when he passed from one ward to
another in the city itself, and yet the invisible boundary was not
crossed by the disease, and for the simple reason that Hamburg
used raw Elbe water and Altona carefully filtered the same
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before serving it to its people. It would be difficult to get a
better instance of the relation of a drinking water to disease.

Plymouth, Pa., furnishes another illustration of a somewhat
different type. The dejecta from a single typkoid patient was
thrown out upon the snow of a frozen hillside. which sloped
towards a stream supplying the city reservoir. After lying for
weeks in a frozen state, the infected material was washed into
the stream upon the occasion of the March thaw. Most disas-
trous results followed and typhoid swept the town. Note, please,
the danger to a community that may come from a single mis-
managed case; also observe that the winter freezing did not
suffice to kill the germs ; and note further that the location where
the waste material was thrown was a steep and frozen hillside
which afforded every opportunity of quick delivery of pollution
to the.stream itself, as soon as the surface was softened at the
time of thaw.

I am particularly anxious to call attention to the lay of the
land and its character, for the simple reason that the Plymouth
case was thought of as a possible answer to a somewhat similar
condition of affairs occurring near Meridian, Miss. In the
latter instance the element of safety, however, lay in the facts
that the ground was not rocky, but was of a sandy character,
the slope was by no means steep, the soil could not be hardened
by the frosts of winter, and the material was buried to a slight
degree instead of being thrown upon the surface under circum-
stances permitting of accumulation. In the southern case, soil
filtration with its benefits was possible; in the Plymouth case
such advantages did not obtain.

The epidemic of typhoid at Maidstone, England, may possibly
be new to the reader. It was caused by the contamination of
ground water by the dejecta of a large number of hop pickers,
who camped upon the ground and who lived in the open during
the picking season. - It may seem strange that serious infection
of the water could occur under such circumstances, and one
is naturally prone to ask why did not soil filtration take care
of the surface pollution. The answer is that there had been a
long period of drouth and the heavy clay soil was very badly
cracked, so badly, in fact, ghat the bottom of the crack would
be often beyond the reach of a long stick. Is it to be wondered
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that under those circumstances a heavy rain washed infected
material through these cracks directly into the drains of the
water system lying a few feet below? No advantage of that
powerful purifying process known as intermittent soil filtration
could obtain in such a case, and the result was as might have
been expected—disaster.

Just one more instance if you will allow me. A celebrated
school derived its water supply from a carefully drilled, care-
fully located, and carefully tubed deep well. The sewerage system
of the establishment had been planned by an expert. Suddenly
a serious outbreak of typhoid fever occurred among the students.
Upon investigation it was found that a broken sewer pipe per-
mitted sewage to pass into the annular space between the well’s
sides and the tubing. Of course, the water supply became badly
polluted. Please note this peculiar point: the victims of this
outbreak were poisoned by a sewage from a supposedly non-
pathogenic source, for there was no record of previous typhoid'
at the school.

A form of water contamination that has but lately risen to
notice is that furnished by railroads. When one considers the
great number of people that pass over a measured mile of road-
bed per year, and knowing as we do that a certain percentage
of these must be carrying typhoid germs with them, it is not
surprising that objectionable results should obtain in some in-
stances, in view of the fact that human excreta will fall upon
the road-bed from passing trains and be washed therefrom into
sources of water supply when the lay of the land is favorable.
A somewhat unusual case came up for the writer’s considera-
tion—a case dealing with the future rather than with the present
condition of affairs. It originated in a proposition to build a
railway embankment across the site of a proposed reservoir and
upon the watershed then in use for supply purposes. Comparison
was made between such a proposed construction and the already
existing line of railroad that skirted the reservoir site. The
writer’s criticism was this: the proposed line of railroad would
be more dangerous than the existing one, first, because it would
have two slopes to its embankment, therefore making it more
difficult to care for polluting material thrown upon the .road-
bed; and secondly, there would be danger arising from the labor-

. v
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ers working upon the site during the period of construction.
Should you ever be called upon to guard a water collecting
locality from danger incident to the presence of a railroad, you
must remember that in northern localities you must so formulate
your rules as to make them cover winter conditions as well as
those of summer. Frost will seal a railway embankment, and,
unless attention be given the case, the conditions which pro-
duced the Plymouth outbreak may be repeated.

It is especially desirable that trestles and bridges crossing
the line of direct supply should be so protected as to prevent
polluting material dropping into the water from passing trains.

A consideration of the contamination possible through the
agency of railroads brings to mind the broad topic*for the neces-
sity of a thorough “sanitary survey” before deciding upon the
fitness of water for domestic use. Too much stress cannot well
be laid upon this point. The water expert judges of the char-
acter of a water, not only from the chemical and bacteriological
data, but from those of the sanitary survey as well; and it is
scarcely too much to say that if the last be wanting, the first
two are wellnigh valueless. A laboratory knowledge alone will
often lead to most unfortunate results. One instance will serve
to drive the lesson home. A city which I have in mind was sadly
in need of a proper water supply to replace the grossly polluted
one then in use. An abundant and excellent water was, by good
fortune, secured from an artesian source. The city fathers took
a sample of that water and packed it off to be examined at a
laboratory hundreds of miles away. The packing was not in
ice. The few harmless bacteria which were present originally
had every opportunity to multiply during the journey, and the
report was returned showing the presence of an immense number
of germs per cubic centimeter. Upon the strength of that report
the new supply was abandoned. Was it wise for the man who
examined that water to report as he did, knowing that the
water had been sent from a distance? Reports of that character
are not rare, and they do much harm.

Again, the ¢ samtary survey” is of use in that lt aids one in
prophesying what a water may be like in the future, and it
paves the way toward a safeguarding of the sources of supply.
Apropos of this matter of prophecy, the writer is prone to throw
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a little of it even into the analytical field in the shape of a de-
termination of what the water will likely do to the more common
metals should it be brought in contact with them. It is his
custom after analyzing a water to determine how much zinc,
or copper, or lead, in parts per million a water will take up
after the metal has been exposed thereto for one hour at 15° C.,
the surface of exposure being 1 sq. decimeter per liter of water.
Suppose that a-man were contemplating piping a spring water
through several miles of pipe. Should a report of the water’s
action upon zinc be available before understanding the work of
construction, he would be in a position to determine whether or
not to use galvanized iron. An interesting case of this kind
came under the author’s observation. An expensive plant had
been laid down in the absence of a knowledge of how the water
would act upon zinc, and it was subsequently discovered that
a much smaller outlay for black iron pipe would have given
better results.

To revert once more to the “sanitary survey,” population,
especially summer population, increases along lake shores, and
rules must be formulated to safely dispose of the resulting refuse.
The incorporation of such rules in the report is proper and
is commonly expected, but let me suggest that they be not made
too academic. An artist was once asked how he mixed his
colors. His answer was that he mixed them with brains. Re-
ports should be written with that answer in mind. They should
be filled with clear common sense. My advice is: do not push
for a degree of purity so extreme as to be non-practical, always
remembering that it is legitimate to ask your clients to assume
a reasonable degree of risk themselves rather than seek absolute
safety at ruinous cost or by manifest injustice to their neighbors.
Reasonable risk is properly encountered in daily life on every
hand. We could probably increase our span of life by wearing
some device for sterilizing the air we breathe, but would our
lengthened days be worth the price? We could also, doubtless,
much improve the tuberculosis situation by killing all the con-
sumptives now living, but such action would be extreme, unfair,
and, of course, unpopular.

I.et us now change our topic somewhat. When inves-
tigating typhoid epidemics, one is sometimes struck by the dif-
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ference between the intensity of the disease in some instances
and its mildness in others. Broadly stated, one finds that the
more recent the pollution the more severe the attack. Typhoid
epidemics following the use of polluted river water are com-
monly mild in character, while isolated country cases of the dis-
ease are often severe. A reasonable explanation would seem
to be that, while the adverse conditions of river carriage supply
abundant opportunity for the pathogenic germs to either die
or to at least lose a portion of their virulence, the conditions
governing the use of water from an infected well usually admit
of a shorter period of time elapsing between the entrance of
polluting material and the drinking of the water., In other
words, the struggle for existence during stream transmission will
cause a decrease in the “poisoning power” of the typhoid germ,
which decrease will vary directly with lapse of time, and will
consequently be a function of both distance and velocity of
flow. Bacilli, therefore, which started on their journey in vigor-
ous health might be considered as arriving at the point of in-
vasion in a state so enfeebled as to be incapable of producing a
“normal” type of disease. Thus, the writer found that in 75
typhoid epidemics due to well waters the average death rate
was 11.83 per cent., while in 33 epidemics due to stream and
reservoir waters the death rate was 9.85 per cent. And again,
in a mixed epidemic, due partly to the water of a polluted stream
and partly to water derived from contaminated wells, the ratio
of severe cases to total cases stood: Stream water, 27.8 per
cent.; well water, 56.5 per cent.

It 1s an odd fact that typhoid outbreaks are often preceded
by a general prevalence of diarrhcea. That was notably so in
the Maidstone attack. The milder disorder has a shorter period
of incubation, and thus shows its presence sooner. If the danger
flag be disregarded, more serious trouble may be found later.

Referring to the expression “incubation period,” just used,
the time commonly given for typhoid fever to make its appear-
ance is 14 days after infection. Dr. Leal has adopted what he
calls the “report” period. By it he means that the disease will
get to the attention of the people three weeks after the arrival
of the infection, the extra week being due to the usual delay in
reporting the cases.
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In active practice one is asked to judge all sorts of water,
hard and soft, clear and turbid, colored and colorless. Even
temperature variations will come into consideration, because a
cool water lowers the ice bill and greatly benefits the poorer
portion of the people. Each case must be handled upon its own
merits, having regard for the peculiar demands of the problem
at hand. All dogmatisms must be avoided, as well as all at-
tempts to make a too general rule fit a particular condition.

A water company should not, of course, furnish a mineral
water for a town supply, but we must bear in mind that a reason-
able degree of hardness is allowable; for instance, some calcium
sulphate will be of advantage to the brewing industry, as in the
case of Burton-on-Trent. Should the laundry or boiler interests
be large, as at Troy, N. Y., then a soft water will be imperative.
1f the medical fraternity insist upon softening a very hard arte-
sian water because of doubt as to its action upon the human
economy, it will be for us to determine the cost of such im-
provement as compared with that of filtering a reliable but heavily
stained surface water that may be had at small expense. Filter
it we probably must if we decide to use it at all, because, although
we do not connect disease-producing properties with the stain
present, yet the public is now demanding a good looking water
as well as a safe one, and their demand is reasonable. In fact,
we are living closer and closer to the general rule that a surface
water should be subjected to some efficient form of purification
before being pronounced fit for public supply. Of course, there
are proper exceptions to this rule, and it is for the water expert
to pronounce when and when not an exception should be made.

Density of population is increasing and waterways are under
greater and greater risk of contamination. Rivers drain the land
rather than water it. They cannot help but do so, as they lie in
the valleys, not along the mountain tops. It is to the common
interest that such drains be kept in as good condition as circum-
stances will permit, and we should discourage any attempt to
unnecessarily pollute them, especially avoiding their becoming
nuisances ; but while safeguarding, so far as may be, the inter-
ests of those who require good water, we must not forget that
the communities which seek to dispose of municipal waste also
have rights, and that their burdens should not be made unduly
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heavy. Should we venture in sanitary reform as far as Rideal
would have us go, it would little matter how badly our rivers
became polluted, always assuming that they did not pass the
limit of becoming physically objectionable. He approves of
installing, as a part of each household, fittings which would
insure sterility of the existing water supply, and suggests Pasteur
filters and heat sterilizers under proper municipal control. Such
an arrangement would be manifestly impossible, as the ignorant
portion of the community must be supplied with a water which
is “safe from the faucet.”

One of the most common forms of criticism which water
engineers ever meet may be termed the ‘“test of experience.”
It is constantly appealed to in support of the alleged purity of
some favorite water, and the plea that “my family has used the
supply for a half century” is considered an argument beyond
danger of refutation, it being overlooked that a family, or even
several families, can not furnish a sufficient number of persons
to make the “experience test” valuable; for, be it remembered,
a water known to be dangerously polluted will not transmit dis-
ease to all or nearly all of those who drink it. As a matter
of fact, when one considers the question from a numerical
standpoint, basing his investigation upon the population of a
large community, the conclusion is forced upon him that the
per capita danger from polluted water is really small. Thus
in a city of 100,000 inhabitants which I have in mind, the high
typhoid death rate, manifestly caused by bad water, was about
90 per year, which means that over 99,000 of the people did not
have the disease at all.

Now, how about this great majority of the citizens that
escape? They would not be likely to testify as to the dangers
of the water supply. The risk is small, and it takes a large
community to make data about it valuable, but, relatively small
though it be, it nevertheless is a good investment for a city to
avoid it, because human life has a money value, and the town
which cuts its typhoid rate in half by the erection of a filter
plant receives very quick return for the funds expended.

Doubtless one reason why so many people deny the existence
of danger lurking in some specific drinking water is because of
the non-dramatic character of the attack.
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Let us suppose that a city has a yearly typhoid rate of 75,
which means that 750 people per 100,000 inhabitants have the
disease each year, and that 75 of them die. The impression
upon the community is not really felt except by those whose
homes are invaded, and the remainder of the population would
be likely to resort to the old story, “We have-used the water
for years without harm,” etc., etc. What do you think would
happen in such a city if some public utility were so badly man-
aged as to kill 75 people every year and injure 675 others?
Do you fancy it would be long before there would be mob dem-
onstration in such a case? Would the people who had been
injured be likely to listen with patience to such of their neigh-
bors as claimed that because they had not been damaged they
doubted if there were any real mismanagement after all?

Truly, the “test of experience” is a tiresome and dreaded
argument which the water expert is forced to meet. Tiresome
because he meets it so often, and dreaded because he feels he
must go on meeting it to the end of his days. The time is clear
in my memory when we had to close polluted city wells after
midnight for the simple reason that enthusiastic users of the
water would have protected their old street pumps by a resort
to violence if necessary.

To those who supervise the water supply, I say, much as
you may fear the two great water-born diseases, typhoid fever
and Asiatic cholera, and many as may be the sleepless nights
that the safeguarding of the public supply from them may cost
you, your real trouble will come from another, a more frequent
and a perfectly harmless cause, viz., the production of taste and
smell by reason of the growth in the water of oil-secreting algz.

These little plants sometimes develop in immense numbers,
and the result of their growth and decay, being readily detected
by the senses, will produce widespread dissatisfaction, and your
office will be at once deluged by complaints. The public believes
what it sees and smells and tastes, and will indignantly protest
against using a water offensive to either nose or palate, although
they will be perfectly willing to drink one pleasant to the eye,
however much it may be loaded with the germs of disease. I
am reminded of the ruling of a Mississippi chancellor in a case
with which I was once connected. His honor threw all the
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expert testimony out of court with the remark that it was not
necessary to treat with special consideration what experts might
have to say upon the subject, as the ordinary citizen is well
able to tell whether or not a given water is fit to drink. To
illustrate how far the court fell short of the truth in this instance,
let me say that a few years ago the clear and bright effluent
from a city’s sewage septic tank was placed in a show window
in another town alongside of an exhibit of the local water supply,
to the apparent disadvantage of the latter. Poor as the town
water was, it could scarcely have been fair to compare it with
filtered sewage, and yet his honor from Mississippi would have
judged otherwise.

I repeat to those who hear me, or read this, and to en-
gineers, you will be asked to pass upon the suitability of waters
of great variety of composition. Do it with care and caution
after informing yourselves as to the character of the source
whence the water comes and the immediate surroundings of the
same. No description of a spot will serve your purpose. You
should see it for yourselves. A man now deals with the data
of water examination in a broad-gauged fashion, feeling that
the day has gone by for blind adherence to cut and dried stand-
ards. He approaches his decision pretty much as does the medical
practitioner frame his diagnosis at the bedside. It may be that
the symptoms of a patient do not accord with the description
of the disease as found in books, and the practitioner’s attention
may be called to those discrepancies by a coadjutor more recently
from the schools; nevertheless, the breadth of his experience as-
sures the more mature man that his judgment is not at fault,
and it is experience that is of value in the end.

No matter how excellent the plan for watering your city may
be, it will have its opponents as well as its advocates, and its
power of supplying wholesome water to the public will be prob-
ably strongly denied by the former party. Remember that you
are men of special training, who have devoted much of your
time to the consideration of water questions, and who have
brought to your aid a sufficiency of chemistry, bacteriology and
microscopy to satisfy the requirements of your calling. You are,
because of your special training and experience, enabled to view
the question at issue from more than one side, and your con-
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clusions are, in consequence, entitled to greater attention. Sup-
pose that while addressing a city council upon the advisability
of erecting some special form of filter for the purification of the
public water supply, you are interrupted by a councilman who
states that all the physicians in the city are opposed to such a
plant, and that, therefore, how could the council, being com-
posed of laymen, run counter to such weight of professional opin-
ion. The answer should be simple and emphatic, viz., that upon
such a subject the physicians were no less laymen that the coun-
cilmen themselves, and that opposition from them should have
no greater weight than from the lawyers or the clergymen of
the town.

Years ago it was the custom for the water analyst to be
instructed to search for the typhoid bacillus, and his negative
report was considered a final pronouncement as to the safety
of the supply. After a while we found that it was common
enough to fail to detect a typhoid germ when we knew it was
present. As a result the search for that particular organism
rapidly fell into disfavor. Now it seems to be coming to the
front once more, and we may be approaching a time when we
will again test for the typhoid organism as a part of our routine
examination, and do so with far greater certainty of finding it
should it be present.

I was asked the other day if, in the event of a technique
being so perfected as to make a decision relative to the presence
of the typhoid organism beyond question, search for the com-
moner intestinal organisims would be then rendered superfluous.
There can, I think, be but one reply, and that a-negative one,
for the reason that it is always desirable to be able to recognize
sewage pollution, even when it comes from non-pathogenic
sources.

In view of what has been said we may properly ask, What
is to be done with typhoid dejecta beyond treatment with a
suitable disinfectant? What final disposition can be made of
such material? Considering the fact that the upper soil, viz., that
portion which the farmer utilizes, is swarming with bacteria,
what better disposition can be made than a shallow burial,
upon level ground, on a site selected with such judgment as
to prevent contamination of neighboring ground-water sup-






CHAPTER III

MunicipaAL WATER SuPPLY, WITH ESPECIAL REFERENCE TO
NEwW York’s CATSKILL MOUNTAIN WATERWORKS,

ALFRED DOUGLAS FLINN, S.B,
Member American Society of Civil Engineers; Eugineer, Headquarters

Department of Board of Water Supply of the City of New York.

With continuing rapid growth in population and industries,
the metropolis has outgrown the water systems which have sup-
plied it for many years. These well-known Croton and Ridge-
wood systems will continue to contribute permanently, and
their waters should be carefully conserved and protected, but
the time to supplement them has fully come. Sundry investiga-
tions looking toward the anticipated extensions have been made
by individuals and commissions, accumulating a large mass of*
data, culminating in the voluminous printed report of the Burr-
Hering-Freeman Commission to Mayor Seth Low, in 1903.
Eventually, in 1905, through legislative enactment, the State
Water Supply Commission and the Board of Water Supply
of the City of New York were created, the former to control .
water supply undertakings throughout the state and the latter
to construct new works for New York City*

General Description of New Water System.—Legal limita-
tions curtailed the city’s field of selection. As being most avail-
able, economical and suitable, a group of streams in the Catskill
mountains was selected. Among them Esopus creek was chosen
for immediate development, the Rondout, Schoharie and Catskill
creeks being reserved for later development as needed to keep
pace with growing demands. These four drainage areas, with
several adjacent smaller gathering grounds, have a total area of
940 square miles, for the most part sparsely populated and
largely wooded. From them it is conservatively estimated that
830 million gallons daily can be obtained. Esopus watershed
has an area of 258 square miles and can safely furnish, even

*The members of the Board of Water Supply began their labors in June, 1905,
and during that summer selected a number of men for leading places on the Admin-
istration and Engineering staffs. August 1, 1905, the Chief Engineer and the writer
assumed their duties and began actively the organization of the Engineering bureau
and preliminary studies for the choice of sources of supply and location of works.
In October, 1905, after 2z months’ work, a project was submitted by the Board to
the city government and the State Water Supply Commission for approval.
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in a series of dry years, 250 million gallons daily. The water
of these streams is of excellent quality, and with reasonable
safeguarding and simple treatment should remain so. An ac-
companying map shows this territory and its relation to the
city and the Croton watershed.

Naturally, the quantity flowing in a stream differs greatly
at various seasons of the year and from year to year. This is
strikingly shown by the diagram of the annual flow of Croton
river for 42 years, and another giving the monthly flow of
Esopus creek for a few years, with rainfalls. To equalize these

FIG. 15—MAP OF THE ASHOKAN RESERVOIR,
(Courtesy of The Century Co.)

natural flows of the Catskill mountain streams so as to meet
the more nearly uniform consumption of the city, several large
impounding reservoirs are to be built, in which the excess waters
of freshets can be conserved.*

To convey the water from the gathering grounds to the
city, the Catskill aqueduct is being built from Ashokan reservoir

*For the Esopus only one reservoir is needed, but it will be the largest of all.
It has been named ‘“Ashokan,” which in Indian signifies ‘“place of fish.,”” This arti-
ficial lake will be 12 miles long, with a maximum width of 2.6 miles and an area of
12.8 square miles. Its average water depth will be 50 feet, attaining a maximum
of 190 feet at the prmc:pal dam. When full, its water surface w:ll be 590 feet
above mean sea level in New York harbor. To retain the water in this reservoir,
earth and masonry dams aggrcgatmg 5.4 miles in length are being built, and a dam
2,200 feet long will divide it into two basins. Comprehension is aided by compari-
sons. The dams would extend across Manhattan Island’s widest part three times,
and the 128 billion gallons which the reservoir will hold would flood the whole
island to a depth of 28 feet, or to the third story window sills. The detail map of
this reservoir shows its shape and the situations of the dams,




MUNICIPAL WATER SUPPLY 37

to the hearts of Brooklyn, Queens and Richmond boroughs,
passing through the Bronx and Manhattan. From the head-
works to the proposed Silver Lake distributing reservoir on
Staten Island the length is 119 miles, of which 54.9 miles are
concrete masonry conduit built in trenches, 13.6 miles tunnel
at hydraulic gradient, 33.8 miles tunnel under pressure beneath
streams and valleys and the city, and 16.6 miles steel and cast
iron pipes. The pipe into Queens from the tunnel terminal in
Brooklyn will be 6.6 miles long. Ninety-two miles of the aque-
duct are north of the city line. Since the sources of supply are
on the west side of the Hudson river but the city on the east,
this mighty stream, or, more strictly, tidal estuary, has to be
crossed; 47 miles of aqueduct are west of the river.*

An aqueduct 92 miles long, no matter how securely built,
may suffer an accidental break; any aqueduct requires clean-
ing, inspection and repairs. These operations necessitate an
interruption in the flow of water, but the community must be
supplied uninterruptedly. A duplicate aqueduct would be a
very costly way of meeting these occasional needs, at least until
demands for more water made a second aqueduct necessary for
delivering the usual supply. To provide against such interrup-
tions in the delivery of water, to equalize the hourly and daily
fluctuations in its use, and to have a large reserve near the city
for insurance against other contingencies, a large distribution
and storage reservoir and an equalizing reservoir are included
in the scheme.f

Organization—Organization was the first great problem to
be solved, but, as on most important civil engineering enterprises,
it has been worked out coincidently with the physical and eco-
nomical problems of these first years. How great an adminis-
trative and engineering force would be required? How should
the force be divided and sub-divided for greatest efficiency and

*Other aqueducts are projected for future construction to bring into Ashokan
reservoir the waters of the other drainage areas, and additional delivery conduits
within the city will be provided to convey the water into the distribution pipe systems
in the streets as required. Provision for filtering the water, whenever this may
become advisable, has been made. Also an independent source of additional supply,
Suffolk county, immediately east of the Ridgewood drainage area, has been inves-
tibglated. From this territory an excellent ground water could be obtained at reason-
able cost.

tFor the former, an existing reservoir, known as Lake Kensico, 3 miles north
of White Plains, is to be very greatly enlarged, and for the latter a wholly artificial
basin is being constructed on the most southerly hilltop of sufficient elevation, Hill
View, just north of the city line, in Yonkers.
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proper fixing of responsibility? How should duties in field and
office be apportioned? Upon proper answers to these and many
similar questions depended the smooth progress of the work.
The requirements of Chapter 724 of 1905, creating the Board,
that in general work exceeding $1,000 in value should be per-
formed by contract, unless of an exploratory nature, determined
in advance one of the large elements of the organization prob-
lem.

An administration and an engineering bureau divide the bulk
of the Board's work, but there are also a police bureau and a
real estate bureau. Heads of bureaus report directly to the Com-
missioners. In accordance with the Act, the Board consists of
three commissioners appointed by the Mayor and removable
only for misconduct, on proven charges.*

The secretary is at the head of the Administration Bureau,
and the chief engineer is at the head of the Engineering Bureau,
which naturally is by far the largest of all. In the Administra-
tion Bureau are the auditor, the chief clerk and purchasing
agent, the assistant secretaries and paymaster. The Police Bu-
reau meets a requirement of the Act for protection of the com-
munities into which large. numbers of laborers would be brought
for the performance of the work.}

Physical features of the system and the amount of work
which one engineer could efficiently supervise in a general way
determined the great divisions of the field work for the En-
gineering Bureau, each of which was made a department. Like-
wise, the work in the New York office and surveys within the
city limits were made the province of another department. In
deciding the number and limits of the field departments, the
increased possibilities of supervision due to the automobile and
telephone were taken into the reckoning. The saving of one
department organization offsets many more automobiles than

*Mayor McClellan, carrying out an idea which could not be embodied in the
law, selected the first commissioners from three lists of three names each, presented
by the Chamber of Commerce of the State of New York, the National Board of
Fire Underwriters, and the Manufacturers’ Association of New York. The Board
of Water Supply of the City of New York at present consists of John A. Bensel,
president; Charles N. Chadwick and Charles A. Shaw. F. Waldo Smith is chief
engineer.

4TIt is under a Chief Inspector and an Inspector, and numbers 36 sergeants and
185 patrolmen; this force is uniformed, and st men are mounted. Buildings for
their accommodation have been secured or built at strategic points along or near
the line of construction operations.
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are required to effect the saving, besides simplifying all admin-
istrative and supervisory work.

For the Engineering Bureau, the general scheme of organi-
zation is indicated by an accompanying diagram. Work on the
watersheds, comprising immediately the surveys and construc-
tion connected with the Ashokan reservoir and the headworks
of the Catskill aqueduct, was assigned to the Reservoir Depart-
ment. The sixty miles of aqueduct from Ashokan reservoir to
the Croton watershed, including the Hudson river crossing, be-
came the territory of the Northern Aqueduct Department. The
remainder of the aqueduct to the city line, together with Kensico
and Hill View reservoirs, was apportioned to the Southern Aque-
duct Department.

The preparation of designs, specifications, contracts, and real
cstate maps and documents ; executive and civil service matters,
and reports ; inspection of manufactured materials; many special
investigations and other functions affecting the Engineering
Bureau as a whole, and the surveys for the delivery tunnels and
conduits within the city limits, were assigned to the Headquarters
Department. This department includes the physical, chemical
and photographic laboratories, and a central storeroom for
supplies.*

Surveys, etc., etc—In making preliminary location studies
for the aqueducts and reservoirs, the topographical maps of the
United States Geological Survey were of great assistance, and
they continue to be useful in many ways during the construction
period. In supplementing these and other maps existing at the
commencement of its work, the Board has made hundreds of
miles of topographical and property surveys and level circuits.
For topographical surveys the stadia method has been used
almost exclusively. All surveys have been based upon triangu-
lation and reduced to a co-ordinate system connected with gov-
ernment triangulation stations. Leveling, including bench levels,
has been done almost wholly with dumpy levels, securing very
satisfactory precision and great economy. Surveys and borings

“The City Aqueduct division, it is_intended, will be ‘erected into a department
whc_n active construction commences. Long Island and filtration departments were
projected for carrying on those parts of the system whenever undertaken. Indeed,
the former was partially organized, and made the exhaustive studies and surveys
forming the basis of the city’s application to the State Water Supply Commission for

the waters of Suffolk county. FEach dcpartment is divided into a few divisions and
these are sub-divided into sections.
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for the Ashokan reservoir have been described in detail in a
separate interesting paper.* ;

Sub-Surface Investigations: Borings.—Sub-surface informa-
tion is as essential to the location, design and construction of
works like those of the Catskill water supply as is topography.
Therefore, many wash and core borings, soundings and test pits
have been sunk all along the line, especially at dam sites and
tunnels, where accurate knowledge must be had not only of
the depth to rock but of the character of the rock and of the
materials overlying it. For the pressure tunnels, the rock had
to be explored to great depth at many places. Thousands of
holes have been made, aggregating many miles in length and
costing hundreds of thousands of dollars, but the economy in
safety of location, and in cost and time of construction resulting
through more accurate designs and specifications, and more
intelligent bidding, far outweigh the investment in exploration.

Spacing and depths of borings have been varied according
to the purpose of the exploration and the local geology. Cores
and other samples obtained have been carefully preserved and
full records filed. The geologists have studied the results as
obtained, and have advised about the locations of many holes.
Several pre-glacial gorges have had to be located ; faults, contacts
and other features of rock structure determined. Incidentally,
geological knowledge of the State, from the heart of the Catskills
to Staten Island, has been greatly enriched.}

*By Division Engineer J. S. Langthorn, before the Brooklyn Engineers’ Club,
January, 1908, and in a book entitled: “Preliminary Work on Ashokan Reservoir,”
recently published. To secure the best sites for the dams and the most economical
location for the aqueduct, many alternative locations were reconnoitered and sur-
veyed, and many comparative estimates of cost and construction time made.

tWhile boring for the Ashokan dams, the existence of a pre-glacial gorge near
the bed of a small stream, the Beaverkill, was suspected by one of the geologists.
Borings at intervals of approximately 100 feet had been made across the place, but
all proved rock at high levels; then the geologist indicated one of the spaces in
which he desired an intermediate hole; here the drill went down about 100 feet
deeper, and a few more holes outlined a narrow gorge in the rock, with porous
gravel at the bottom. Subsequent excavations for the core wall of the Beaverkill
dikes exposed the gorge exactly as predicted.

Crossing the Hudson, however, has required the most difficult, interesting and
protracted boring of all. First, several river cross-sections were investigated with
wash borings made from scows, but it soon bccame evident that such borings did
not reach ledge rock, being stopped by boulders. Diamond drills were early em-
ployed, and not only the main stream but the important tributaries on both sides werc
explored from New Hamburg to Stony Point, the geologists meanwhile studying the
regional geology, in a broad way, for miles on either side of the river and up and
down the stream. Finally, the northerly gate of the Highlands was .chosen as the
best location, considering not only the river gorge, but the approaches on both
banks. Here sound granite, the granite used for building High Bridge to carr
Croton aqueduct across the Harlem river, outcrops in the two picturesque emi-
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Ashokan Reservoir—Partial conception of the far-reaching
consequences of the creation of a great artificial lake like Asho-
kan reservoir can be gained from a few statistics of the changes
to be wrought: Seven villages, comprising some old settlements,
with all their traditions, will be erased from the map; from 40
private and public cemeteries, 2,500 bodies are being removed
for reinterment; the Ulster & Delaware railroad’s tracks, which
traverse the full length of the basin, will have to be relocated.
Likewise, 64 miles of highway will be abandoned, and new and
better highways, with permanent masonry bridges, constructed
around the reservoir. One bridge, 1,270 feet long, will cross
the middle of the reservoir over the dividing weir. Improved
forests will surround the new lake, and within comparatively

nences, Storm Kimg and Breakneck mountains, and was predicted, to continue unin-
terruptedly beneath the river.

Since the summer of 1906, vertical borings from scows have been in progress.
This has proven one of the most difficult undertakings of its kind. Strong winds
tides and currents, and a heavy river traffic have greatly augmented the troubles
attendant upon drilling through 50 to 9o feet of water and penetrating hundreds of
feet of silt, sand, gravel and bowlders before reaching ledge rock. Winter, with its
ice and severe storms, has enforced a cessation of work for several months each
year. Eleven vertical holes have been sunk from the river surface, and one is in
progress at the middle of the river at a depth of 710 feer. Several holes were
lost through accident just as they were attaining an interesting depth.

An inclined diamond-drill hole, starting in the rock outcrop, close to the water’s
edge, was bored in each bank of the river to a depth of 275 feet, and 566 feet on
the easterly and westerly sides, respectively; these holes showed the Tock to be
sound throughout their length.

To more thoroughly explore the rock beneath the river, it was finally decided
to sink a test shaft on each shore, which, if successful, might become part of the
permanent works; and from chambers in these shafts to drive inclined diamend-
drill holes until they should cross under the middle of the river. The east shaft
has reached a depth of 816 feet and the west shaft 755 feet. At a depth of zbout
300 feet, the drill chambers were blasted out of the solid rock. The first pair of
drill heles was started June 1, 1909, and August 4, 1909, and completed February o,
1910, and March 31, 1970, on the east and west sides, respectively. Their average
inclination approximates 40 degrees from the horizontal. The easterly hole is 1,834
feet long and the westerly 2052 feet. The distance between shafts is 3030 feet, and
the holes crossed at a vertical depth of about 1500 feet below the river surface. A
piece of core 8 feet long was recovered from the east hole 1451 feet from the
chamber, proving not only the excellent character of the rock but the straightness
of the hole. Both holes were in sound rock throughout. The holes were 25§
inches in diameter at the beginning and 114 inches at the end. Two other similar
holes were started in April, 1910, with the intention of having them pass at a
depth of about 1050 feet vertically below the middle of the river. The cast hole of
this pair is now about 521 feet and the west hole 216 feet long. No more water
has been encountered in the shafts and drill holes than can readily be handled by
usual methods. Some of this was evidently fossil water, being of entirely different
chemical composition from the river water and containing several mineral elements
in much higher proportion than sea water. Several instructive articles on this work
have been published in the Engineering Record and Engineering News. Present
expectations are that the tunnel can be driven at a depth not lower than 1200 feet
horizontally across the river. August 31, 1910, the hole in the middle of the river
had reached a depth of 750 feet. The east shaft was about 1025 feet deep October 1,
and the west shaft 925 feet. Each hole of the second set drilled from the shafts was
inclined 24 degrees from the horizontal. The east hole was finished August 5, with a
length of 1651 feet, and the west hole August 25, with a length of 1652 feet; they
passed at a depth of 96o feet below river surface. When finished, the east hole was
yielding 105 gallons of water per minute and the west hole only 25 gallons.
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few years the reservoir will become one of the notably beautiful
features of a beautiful region.

Kensico Reservoir—Kensico reservoir will be formed by
building a great masonry dam across Bronx river valley, just
upstream from the existing small earth dam; this new dam will
be 1,830 feet long and have a maximum hight above the lowest
foundation of nearly 300 feet. One of the illustrations shows

F1G. 18.—VIEW OF THE SPILLWAY AND DAM OF THE PRESENT KENSICO
RESERVOIR.
(Courtesy of The Century Co.)

In shadowy outline the proposed new dam has been drawn on the photograph. It will
be on the average 400 feet north of the old dam and its parapet will stand as here
shown 125 feet above the water-level seen in the photograpg, a greater hight of dam
(about 175 feet) extending beneath this water-level. Steps will ascend both hillsides.
The present State road is shown in the foreground. The old dam is to be removed.

a cross-section of Olive Bridge dam at Ashokan reservoir, and
this dam will be similar. An earth dike, 1,500 feet long, with
a maximum hight of 30 feet, is being built to fill a depression
in the rim of the basin about one mile northwest from the main
dam. Kensico reservoir occupies two branching valleys, and
is of quite irregular shape. Its greatest length is 4 miles, and
its shore line will measure 31 miles. Its total capacity is ap-
proximately 40,000,000,000 gallons, of which 20,000,000,000 are
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available for direct draft through the aqueduct. In emergency,
a large portion of the remainder can be obtained by a temporary
pumping plant delivering into the aqueduct at one of the gate-
houses. When full, the water surface of this reservoir will be
355 feet above tide and of 3.5 square miles area.

This beautiful lake, with its structures situated close to the
four-track Harlem division of the New York Central railroad
and within easy automobile distance of New York City, will be
the most conspicuous single feature of the system, and therefore
careful thought has been given to the zsthetic elements in the
design, as well as to the utilitarian. Catskill aqueduct enters
this reservoir near the northerly end of the westerly arm, and
draws water from the reservoir on its westerly side, about one
mile northwest of the main dam. Between the inlet and outlet
gate-houses a by-pass aqueduct is being constructed, so that
water can be carried around the reservoir before it is completed,
or at any other time when this may be desirable in the future.

Hill View Reservoir~—Hill View reservoir is being made by
digging an artificial basin in the broad, flat hiiltop, and utilizing
the excavated materials to form embankments which will in-
crease the depth of the reservoir.*

A concrete wall divides the reservoir into two basins, and in
this wall is formed a conduit through which water can be sent
by the reservoir directly to the city without entering either basin.
Opportunity is thus afforded for delivering water to the city
before the reservoir is completed, or for maintaining the delivery
of water when both basins are emptied for cleaning or repairs.

Design of Masonry Dams—In designing the great Olive
Bridge and Kensico masonry dams, consideration was given
to every conceivable force which might -affect their stability,
permanence and water-tightness. Not only were recognized
formulas for determining the cross-section applied, but new
analytical and graphical methods were devised under the direc-
tion of the writer, and, finally, careful comparisons were made
with a great many existing dams, data concerning which were

*Its capacity will be 930,000,000 gallons; length, 3000 feet; width, 1000 feet;
depth of water, 36 feet. The water surface will be 295 feet above tide. The bottom
and sides of the reservoir will be lined with concrete up to about elevation 280,
above which stone paving will be used. It is being constructed as an open reser-
voir, but so designed that a groined arch concrete roof or other suitable covering
can be added, if ever found desirable,
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collected to supplement the large body of such information gotten
together in connection with the Wachusett dam of the Massachu-
setts Metropolitan Water Works.

" The common defects of high masonry dams, which are dis-
figuring and may, ultimately, have serious consequences, ar¢
cracks caused by temperature changes and seepage of water
caused by pressure, with accompanying efflorescence of lime and
magnesium salts on the downstream face of the dam.*

Owing to its conspicuous location, it is intended to give
Kensico dam a dignified and worthy architectural treatment, with
aspirations for a result more pleasing than the structures some-
times built by engineers without competent advice on asthetic
subjects.

Masonry Dam Construction.—Of first importance in con-
structing a masonry dam is the securing of solid rock foundation
and the preventing of the passage of water through the rock be-
neath the dam under the pressure that is to be after the filling of
the reservoir. Having removed the earth and the unsound andloose
rock, a cut-off trench is excavated in the rock, approximately par-
allel to the axis of the dam and generally near the upstream side,
deep enough to interrupt any seams or crevices, and filled with
masonry. In addition, holes are often drilled into the rock at
various points throughout the foundation area, and grout of
cement or of a cement and sand is pumped in under pressure, in
order to fill any crevices or other voids under the dam. Scrupu-

*To provide for the temperature change movements and thus control the crack-
ing, transverse expansion joints are being constructed in the dams at intervals of
about 80 feet, extending from near the foundation through the top. These joints
are so formed that the very slight movements necessary can occur without opening
a free, continuous water passage through the masonry. Furthermore, near the
upstream end of each joint a well is being formed from bottom to top of the dam,
which, after the first adjustments have naturally taken place, can be filled in such
a way as to make a positive water-stop across the joint. In large masses of con-
crete masonry, during the process of setting, much heat is generated by the chemical
action of the cement, thus raising the temperature far above that of even summer
atmosphere. Consequently, the first range of temperature as the masonry cools is
greater than the subsequent ordinary variations.

To prevent, or at any rate minimize, seepage, the upstream faces of the dam
are being built of large and very dense concrete blocks, and all reasonable pre-
cautions are being exercised to render the whole mass of the dam highly impervious.
Recognizing that thls first defense may prove vulnerable to some slight degree, 2
system of drains is being built in each dam near its upstream face, in order to
intercept any seepage water and conduct it away harmlessly instead of permitting it
to pass on to the downstrcam face of the masonry. These drains are nearly verti-
cal, 16 inches in diameter, 12 feet from the water face of the dam at their tops and
12 feet apart, opening at top and bottom into a gallery large enough for men to
enter. From the lower gallery a conduit will convey the collected seepage, if any,
to a convenient place downstream from the dam. The drains are formed by laying
up along with the other masonry concrete blocks 3 feet in cach dimension and made
as pervious as feasible—concrete sponges. The intention is to make it easier for
la:‘ny water penctrating the upstream face of the dam to enter the drains than to go
y them. .



FIG. 19.—CROSS-SECTIONS OF AQUEDUCT, AND OF EARTH AND
. MASONRY DAMS.
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lous cleaning of the rock surface is insisted upon, and the ma-
sonry is begun with a layer of rich mortar on this clean surface.

Cyclopean masonry in the heart of the dam is built by de-
positing large batches of semi-liquid concrete, and lowering into
this concrete, immediately, large, irregular-shaped, clean, sound
stones. Spaces between large stones are filled with concrete
and smaller stones. The concrete block or cut stone facing of the
dam is built a course in advance of the cyclopean masonry, to
serve as forms. Concrete blocks for facing, for expansion joints
and for drains are cast several months before they will be
needed, to allow sufficient hardening. Springs of water encoun-
tered in the foundation are taken into small iron pipes, which
are built up in the masonry until the pressure is balanced. At
a suitable time each such pipe is grouted under pressure and
capped.*

Earth Dams.—Earth dams, or dikes, or embankments, are
being used very extensively at Ashokan and Hill View reservoirs,
because of their economy and other advantages. Fortunately,
local materials of unusual excellence for this purpose are abun-
dant and of such character as to make very impervious embank-
ments.}

Foundations are prepared by carefully excavating all vege-
table soil and grubbing out roots, so that a union can be secured
between compact, impervious earth and the first layers of the
dam.

Catskill Aqueduct—Design.—Catskill aqueduct was designed
to have an effective capacity of not less than 500,000,000 gal-
lons daily *hroughout the year. Hence, it will be large enough

*Phe record rate of laying masonry in any one dam was made Octaober, 1909, at
the Olive Bridge dam, when 35,300 cubic yards were placed in one month. A large
and costly construction plant, totaling hundreds of thousands of dollars, is required
for construction operations of such magnitude as the principal dams of the Catskill
waterworks. g

At Hill View reservoir no core walls are deemed necessary, because the banks
are of great thickness, in order to dispose of the materials excavated in forming the
reservoir. At Ashokan, concrete core walls are being used, except in the- dividing
dike. On the water side of core walls, the bulk of the earth, free from large stones,
is spread in layers, which, when very thoroughly compacted, are 4 inches thick;
elsewhere, embankment layers are usually 6 inches thick after being compacted.
Water slopes are protected by thick layers of stone riprap and paving. Down.
stream slopes are provided with internal drainage, and, together with the tops, will
be covered with soil, and grassed. Long slopes are broken by berms ateintervals of
30 feet vertically, and high embankments have flatter slopes toward the bottom.,



49

MUNICIPAL WATER SUPPLY

£0m1 W AYR

T
Y e ey e
INIWHNVEWI 4O SNOILO3S TVOIdAL
HIOAH3S3H M3IA 1TIH

AlddNS HILVYM 30 Quvo8
w0 MON 10 KD W-W NOILO3S

SHVA HLYV

vowvesd
auf Lo 071 00 PRI I0p 99 0 SOYE
P07 waayusqe 1680501 M1 pow
oy jparesd b

A="03,DId

N
459 30y 005 wuoijous Jo Voiooey R4

3*d4 NOWO3S




50 MUNICIPAL CHEMISTRY

to bring to New York water from the next watersheds to be
developed after the Esopus.*

An “aqueduct,” broadly defined from the derivation of the
word, is any large, artificial, covered channel for “leading water.”
Owing to topographical and geological conditions, the Catskill
aqueduct is made up of several distinctly different types of con-
duit: cut-and-cover or open-cut aqueduct, grade tunnels, pres-
sure tunnels, reinforced concrete conduits, steel pipes protected
by concrete, plain steel pipes and cast-iron pipes.f

The aqueduct in dry, loose earth was designed to withstand
the weight of the embankment about it, whether full of water
or empty ; also to withstand the water pressure when full without
the aid of the surrounding embankment; it was designed to
withstand the pressure due to the water rising, from some
unusual condition, above the inside top of the arch. With the
regular 3-foot embankment over the top of the arch, the cut-
and-cover sections are safe to carry a 12-ton road roller, a con-
dition that may occur at road crossings. Or it is strong enough
to support earth to a depth of 14 feet over the top of the arch.
For fills greater than this, reinforcement of steel rods is placed
in the invert to enable it to withstand the reaction caused by
the heavy load. In cases where a wet earth foundation is en-
countered, the aqueduct is constructed on a timber platform ar-
ranged to allow the ground water to drain to sumps without
washing away the mortar from the freshly laid concrete.
Wherever the level of the ground-water adjacent to the aque-
duct is higher than 9 feet above the invert, the latter is made
thicker, in order to withstand the upward hydrostatic pressure
when the aqueduct is empty.

An aqueduct built in trench is of two kinds: cut-and-cover
aqueduct, following the hydraulic gradient and of the shapes

*Thorough investigations show this policy to be more economical and in_other
ways preferable to building now an aqueduct only large enough for the Esopus
water and later other aqueducts for each increment of supply.

+The first is the least expensive and is adopted wherever the topography affords
support at the hydraulic gradient, but mountains and valleys interrupt such a line
and detours around them would be impracticable. Mountains ard hills are pierced
by tunnels at the hydraulic gradient. Broad, deep valleys underlaid with suitable
rock are crossed by pressure tunnels driven deep in the solid rock. For crossing
minor valleys, steel pipes protected with concrete are emploved; and for depressions
not more than so feet below the hydraulic gradient, reinforced concrete conduits.
Within the city limits, for connections with the distribution pipes and for the pipe
lines extending from the terminal of the tunnel in Brooklyn, stecl and cast-iron

pipes will be laid.
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shown typically in the illustrations; and reinforced concrete
conduit.* ;

| %

COMPARATIVE SECTIONS OF
AQUEDU‘CTS

CATSKILL NEW CROTON

OLD CROTON

FIG. 21.—COMPARATIVE SECTIONS, DRAWN TO SCALE, OF CROTON,
NEW CROTON AND CATSKILL AQUEDUCTS AND OF AQUA CLAUDIA.

*Between Ashokan reservoir and the filter site, the cut-and-cover aqueduct is
17 feet high and 17 feet 6 inches wide inside and slopes .o0021 feoct per foot.
Between the filter site and Hill View reservoir, aqueduct of this type is 17 feet 6
inches high by 18 feet wide and slopes .000182 foot per foot. Its interior is uni-
form in shape, but the exterior is varied to suit the material in which the trench
is excavated—ordinary loose earth, compact earth, rock, and combinations cf rock
with earth. Only a very small proportion of the aqueduct’s length is on embank-
ment, totaling about gooo feet. Such foundation embankments are used only for
crossing very small depressions which could be avoided only at large expense.
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Streams and other drainage waters are carried beneath the
aqueduct in substantial concrete culverts of liberal capacity, ex-
cepting that in a very few places where the aqueduct is in deep
trench, peculiar local conditions make overhead culverts more
convenient and permissibly safe. Culverts and foundation em-
bankments are constructed in advance.

Aqueduct Construction.—Quite generally steam shovels are
being used to excavate the greater part of the materials from the
aqueduct trench, trimming to exact shape being done by hand

FIG, 23.—CUT-AND-COVER AQUEDUCT, SHOWING METHOD OF LAYING
INVERT; KEY BLOCKS IN FOREGROUND.

just before the placing of the first concrete. The invert, or
floor, is placed first in sections 15 feet long with a concrete key
block under each joint where sections butt. Each section of
invert is screeded to shape between end guide-boards with a
wooden straight-edge, or by rolling with a length of 3-inch or
4-inch diameter steel shafting or pipe.

Usually the sidewalls and arch are built monolithic in one
operation. Sections from 15 feet to 75 feet long are permitted,
the condition being that in any such section the concrete shall
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be placed continuously with no interruption exceeding 15 min-
utes. Laying the two sidewalls to a hight not greater than 8
feet above the lowest part of the invert as a second operation,
and completing the arch as a third operation, are also permitted.
Some of the reproduced photographs show these several steps
of aqueduct construction. Expansion joints are formed in the
ends of abutting sections of the sidewalls. Of these joints,

FIG. 24.—CUT-AND-COVER AQUEDUCT (CATSKILL), SHOWING INTERIOR
OF STEEL FORMS FOR CONCRETE CAR FOR MOVING
FORMS IN BACKGROUND.

some have tongues and grooves formed in the concrate, and
others bands of 4-inch by 4-inch flat steel embedded part of
their width in one section and part in the other.

Steel forms are used for the inside of the aqueduct, and give
the concrete a very smooth surface. After the concrete has at-
tained sufficient strength, stretches of the aqueduct about 200 feet
lorig are tested by filling with water between bulkheads. So far
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FIG. 25—CATSI\II I. AQUEDUCT, COMPLETED PORTION; MAN (HIGHT
EET 81 INCHES) STANDING AT BASE, SH OW-
ING COMPARATIVE SIZE.

, -
o
NS

FIG. 26.—GENERAL VIEW OF A SECTION OF THE CATSKILL AQUEDUCT.
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these tests have shown the concrete to be satisfactorily water-
tight.

Tunnel Design and Construction.—Tunnels, being more costly
than cut-and-cover aqueduct, have for economy been made of
smaller cross section ; and, consequently, in order that they should
have the same capacity, they have been given steeper slopes,
to-wit: .00037 north of the filter site and .00032 south. To pre-
vent air pockets in the aqueduct roof, grade tunnels have been
given the same hight as the adjacent cut-and-cover, but reduced
widths, respectively, 13 feet 4 inches and 13 feet 9 inches.

Pressure, or siphon, tunnels, being still more costly, have
been given still smaller cross sections and steeper hydraulic
slopes. Actual slopes of pressure tunnels, however, were deter-
mined by convenience of driving, and of drainage during con-
struction and subsequently. The hydraulic slopes above and
below the filter site are, respectively, .00059 and .000313. Nat-
urally, pressure tunnels are circular in section, their diameters
ranging from 11 feet to 16 feet 7 inches, according to the eco-
nomic distribution of the head or fall. For safety and economy
of construction, and for permanence, these tunnels are located
deep in solid rock. At least 150 feet of rock are required over
the tunnel, no matter how deep the earth above, excepting that
a somewhat less rock cover was deemed sufficient for the tunnel
just north of Hill View reservoir, where the pressure is slight.

The chief dependence for water-tightness in pressure tun-
nels is the rock. But to increase its resistance to leakage, very
thorough grouting, under high pressure, will be done after the
concrete lining is well set, the lining being designed of sufficient
strength for this purpose. Pipes for the grouting are set in
advance of the lining, places where water enters the tunnel
being marked as discovered during excavation.

Circular shafts are needed for waterways at each end of
each siphon tunnel connecting the tunnel with the aqueduct at
grade. At an intermediate position on each tunnel a circular
drainage shaft is also provided. The designing engineers were
of opinion that circular shafts could be sunk more expeditiously
and economically than rectangular shafts of the usual dimensions.
American contractors have preferred the latter; but the former
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is European practice. Experience seems to have proved the
advantages of the circular shafts, at least for some cases.*

Steel roof support has been substituted for timber in the
pressure tunnels. The dry packing outside of roof support in
pressure tunnels is grouted so as to make a solid mass.

City Aqueduct—South of the city line, the portion of the
aqueduct which will deliver the water from Hill View reservoir
to the several boroughs has been named City aqueduct. At first
thought, pipes of cast iron or rolled steel seem obvious means for
delivering the water, but when one considers that sixteen 66-inch,
or, as a more practical size, thirty 48-inch pipes, would be
needed ; that New York City’s streets are already much occupied
by pipes, sewers, subways and other sub-surface structures,
especially the north and south avenues in Manhattan, and that
still further demands will be made for additional pipes and
subways; that traffic is heavy, and that digging trenches for
many miles of large mains would be an intolerable nuisance,
he is soon convinced that some other means to this end are to be
desired.

A pressure tunnel, deep in the rock, has been decided upon.
With the immense quantities of water to be conveyed, this type
of conduit is much more economical. Pipes would have com-
paratively short life and are somewhat liable to breaks. With
pipes of the necessary size, and under the pressures which will
obtain, a break would be disastrous. Masonry-lined tunnels in
rock are permanent and secure. No interference' with streets
will be necessary for tunnel construction, excepting at a very
few shaft sites. The tunnel will be at such great depths,
ranging from about 200 to 700 feet, that its construction cannot
endanger buildings or cause serious annoyance. Shafts will be
spaced about 4,000 feet apart, on the average, and for most of
them convenient sites in public lands have been found. The
tunnel will follow streets, hence only a few small parcels of real
estate need be purchased. At the head of each shaft connections
will be made to the distribution pipes, construction of the most
permanent and massive character being employed. When the

*Records for shaft-sinking in hard rock have twice been beaten on this work,
and both times in circular shafts. The record now stands for unlined shaft, 177

feet 2funk between depths of 365 and 542 feet below the surface in one working
month,
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tunnel is completed, the only visible indication of its existence
will be small covers in the surface of the ground over the valve
chambers, at the tops of the shafts.

Thorough exploration with drills has proved the feasibility of
such a tunnel. Three valleys, or gorges in the solid rock, have
been discovered. With suitable street pipes and plumbing, water
should rise to the 18th or 20th story in lower Manhattan, and
to approximately the same hight as the high service in Brooklyn.
A great deal of public and private service pumping can thus be
dispensed with, securing noteworthy economy. Better fire pro-
tection will also be afforded.

General Considerations in Design.—Permanence has been a
paramount desideratum in the design of all important parts of
the system. Materials, dimensions, forms and methods have
been influenced thereby. Effects of heat, frost, erosion, seismic
disturbance, corrosion, and the other destructive actions of nature
have been reckoned with, and the difficulties of many an en-
gineering problem have been increased in consequence; but
nothing short of the most enduring and secure could be per-
mitted. Several tried engineering constructions have been
pushed to advanced applications, as in the pressure tunnels.
Some novel solutions of other problems have been made, as in
the combination of expansion joints with drainage systems in the
masonry dams, and in the method for protecting steel pipes,
as well as in numerous details.

Concrete, for reasons of economy, adaptability‘and perma-
nence, has been selected as the masonry material for practically
all parts of the works. Notable likely exceptions are the super-
structures of gate-houses and similar buildings and the exposed
facing of the Kensico dam. For these structures stone is the pre-
ferred material. Concrete is used for the lining of tunnels and
for jacketing and lining of steel pipes of the aqueduct; for
dams, bridges and culverts; for core-walls in dikes, and for all
substructures of buildings. With concrete, a much smoother
interior, and, therefore, a larger capacity for a given size, is
possible for the aqueduct than if brick or stone masonry were
used ; superior watertightness is secured for the aqueduct and
dams; local materials can be utilized which would not be suit-
able for other kinds of masonry. This latter is a very weighty
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consideration for works stretching a hundred miles or so across
country of varying geological formation, large parts of which
are not conveniently accessible to railroads and other lines of
transportation.*

g “Waterproofing” Concrete.

One problem which has been the subject of extensive study
and experimentation is that of waterproofing. It is of the
highest importance that the relatively thin walls of the cut-and-
cover aqueduct, particularly of the reinforced concrete conduits
subject to considerable pressure, should not permit the loss of
water by leakage. This is also true of the tunnel linings. Nu-
merous indeed are the chemical compounds, patented and other-
wise, some of secret and others of known composition, which
have been recommended for waterproofing concrete, by incor-
poration into the mass or by superficial application. Many have
been tested. Some have proven harmless, a few beneficial—at
least for limited use—and many detrimental to the imper-
meability and other qualities of the concrete.

In view of the low price and excellent quality of modern
Portland cement when carefully manufactured, it has been
proven by repeated tests that the cheapest, surest and most
effective means for rendering concrete impermeable in such
structures as make up the Catskill waterworks are the liberal
use of cement and the intelligent and faithful mixing and plac-
ing of the concrete. Incidentally, the additional cement in-
creases the strength of the concrete and is otherwise beneficial.
Coarse and fine aggregates must be intelligently selected, of
proper variety of sizes, suitably graded and adapted to the
structure in hand. Mixing of the aggregates and cement must
be thorough; concrete is commonly insufficiently mixed. Water
should be supplied liberally, but the tendency in some quarters

*After completion the masonry is kept moist for about 2 weeks, or until cov-
ered with earth. The aqueduct cover embankments are shown in the drawings.
Rock is permitted in portions of these embankments, because earth is scarce
along some parts of the line. Foundation embankments bencath the aqueducts,
wherever used, are constructed with great care, of selected earth free from crganic
material and stones exceeding 3 inches in diameter. This earth is spread in thin
layers, moistened, and very thoroughly compacted, usually by rolling repeatedly with
heavy grooved rollers. After the compacting, each layer is abom.s inches thick.
Scrupulously constructed, such embankments are free from apopreciable settlement.
The lower portions of masonry dams are also covercd with refills and embankments.
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now-a-days to a superfluity.of water is almost as objectionable
as the opposite fault of some years ago.*

Quality of Water: Filtration and Aeration.

The quality of the Catskill Mountain water is so excellent
that filtration is not immediately necessary. Nevertheless, as
a provision for such treatment in the future, if found necessary

FIG. 30.—FILTER FOR CAMP AND TUNNEL DRAINAGE, CROTON
DIVISION, CATSKILL AQUEDUCT.

on account of large increase of population on the watersheds,
or for other reasons, an area suitable for filter construction has
been secured at Eastview, about three miles southwest from
Kensico dam and close to the aqueduct. This filtration plant,

*Beyond dispute, in the writer’s observation, the detail of successful ccncrcte
fabrication most comménly disregarded is the necessity for keeping the concrete
quite moist, from the time it first hardens or when the forms are removed, for a
period of from several days up to 2 weeks, according to weather, seascn and ex-
posure, or until covered by earth or other permanent protection. When jeining
new concrete to old, or when applying plaster or a brush coat, the older surface
must be scrupulously clean and thoroughly saturated with water. The plaster or
brush coat should be kept moist for a few days, and, it should scarce need be said,
such work ought not to be exposed to freezing or to a scorching sun. See chapter z9.
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if built at once, would be much larger than any now in ex-
istence. *

Long storage in the great reservoirs will do the water much
benefit by sedimentation, and by the bleaching and oxidizing
action of wind and sun. Further means of enhancing the qual-
ity at slight cost will also be availed of, namely, aeration.
Fountainst for this purpose, large enough to treat the full ca-
pacity of Catskill aqueduct, are being built at the headworks,
where the water is drawn from Ashokan reservoir, and at the
outlet of Kensico reservoir. :

Construction Forces and Camps (Sanitation and Welfare).—
Laborers to a maximum of 15,000 to 18,000 are required during
the busiest years of construction at the reservoirs and along the
aqueduct. In rural districts accommodations did not exist for
this temporary population. Camps built by the contractors,
therefore, became necessary. For many reasons it is of prime
importance that these camps should be sanitary and under control.
To this end requirements have been more particular in the
Catskill contracts than in those for any large previous enter-
prise which has come to our notice. In general, land for camps
has been provided by the city, thus making more thorough con-
trol possible. Several camps are unavoidably situated within
the Croton and other watersheds of municipal supplies; for these
camps drainage systems and purification plants, including in-
cinerators for garbage and excreta, have been provided, and

*For the protection of the water’s quality, all buildings, trees, bushes, and
other objectionable organic matter will be removed from the reservoir bottoms and
sides. Swamps will be covered with clean earth, or ditched, drained, and the peaty
material burned, or, in other cases, the muck will be removed. Exposed clay banks
will be protected from erosion, so as to prevent roiling the water. Places of shallow
flowage will be partly excavated and partly filled with earth. Local house drainage
will, whenever necessary, be diverted or treated. Bodies will be removed from all
cemeteries within any reservoir,

fThese have taken the form of shallow concrete basins about 460 feet long by
240 feet wide, each to contain 1600 nozzles through which water jets can be forced
20 to so feet into the air; these nozzles will be of such form that the water will
be divided into very fine spray, thus shaking out undesirable occluded gases—hydro-
gen sulphide and carbonic acid—and exposing the water very thoroughly to the
oxygen of the atmosphere. Pipes beneath the basins, and valves in a nearby gate-
house, are so arranged that the number of jets in action, their hight and the quan-
tity of water can be conveniently controlled. From the basin the water will flow
directly into the aqueduct. A few moments’ reflection will show that these two
aeration plants will far exceed in magnitude the grandest fountains built for display
purposes—even the far celcbrated fountains of Versailles. Such an opportunity for
enjoyable, in connection with utilitarian, effects has not been wholly neglected. By
symmetrical grouping of the nozzles, architectural form for the basins and plcasing
landscape scttings, it is planned to make the acration fountains attractive.
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they have been under especially rigid surveillance by the sani-
tary expert and his staff. Questionable drainage entering a
stream, and, in some instances, the whole flow of the stream,
is being treated with chlorinated lime.

o : =) =¥es

FIG. 31~—SANITARY CONDITIONS SHOWN BY A GENERAL VIEW OF
CAMP FROM BETWEEN STABLES AND COOK HOUSE
AT NORTH END OF CAMP.

FIG. 32~—SANITARY CONDITIONS AS SHOWN BY THE ITALIAN COOK
HOUSE AND INCINERATOR, CAMP BLAKESLEE, FROM SOUTH.

In all camps vaccination and other preventive measures are
enforced, as well as general cleanliness and sufficient light and
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air. A few paragraphs from some of the specifications will
indicate the safeguards the city is endeavoring to maintain.*

Photographs reproduced herewith show parts of the Asho-
kan camp and camps within the Croton watershed. Undeniably
they register a long step in advance over the old-fashioned
huts and shanties, huddled close together, which made up the
labor camps quite universally not many years ago, and which are
still not unknown in communities claiming to be highly civilized.
The success of the city’s efforts along the lines of better wel-
fare deserves much credit, and no small meed of praise should
be accorded the enlightened contractors who have co-operated
so effectively. Strange as it may appear, the greatest hindrances
have come from the local small communities for whose benefit,
in no small part, these efforts have been put forth by the city.
For example, the strenuous endeavor to eliminate saloons and
other places of low resort have been countervailed by the li-
censing of such establishments by the towns and the leasing to
their proprietors of private property, often closely adjoining the
city’s camps, over which, of course, the city’s officials have no
control.

With the Catskill water works completed, the Croton and
Ridgewood systems properly maintained, and, at some con-
venient future date, the Suffolk county supply added, America’s
metropolis will have a water supply system which, for com-
pleteness, security and permanence, will be matchless.

SPECIFICATIONS RELATING TO SANITATION,
SAFETY AND WELFARE.§

Quotations from contract for main dams of Ashokan reservoir:
(Similar requirements in most construction contracts).

Water Supply—The Contractor shall provide at convenient points
ample supplies of water of proper quality for all the operations required
under this contract. A proper piping system shall be installed, maintained
and extended from time to time to distribute this water to the various

*For the main dams of Ashokan reservoir the camp is a veritable town and
has been styled “Camp City.” Built within a few months in the midst of the wild
woodland, it has streets, secwers, a scwage disposal plant, water supply system, street
lights, telephones, fire apparatus, a large department store, an ice house, a bank, a
hospital, day and evening schools, clubs, a band stand and a bakery, besides the
contractor’s offices, machine shops and power plant; its population mounts as high
as 3000. Many comfortable cottages have been erected for families, and the total
number of buildings is about 250. In a few years, however, when the work shall
have been completed, all this must be obliterated thoroughly, so that *the place
thercof shall know it no more.”

$These are inserted to assist authoritics in other citics,
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portions of the work where it is nceded. Wherever neccessary the water
shall be under sufficient pressure to give an effective stream from a nozzle
for cleaning ledge rock or masonry on which masonry is to be built, for
washing stones to be used in masonry, for sprinkling masonry, for wetting
embankments, and for other purposes.

Fire Protection—Hose connections and hose, water casks, or other
sufficient means shall also be provided for fighting fires in the more im-
portant temporary structures, and responsible persons shall be instructed
as to the operation of such fire apparatus, so as to prevent or minimize
loss of time from fire.

Drinking Water—The water supply furnished by the Contractor shall
include a sufficient supply of drinking water of good quality to be fur-
nished to all his employees. He shall furnish sufficient water, and ample
bathing and clothes washing facilities for his employees.

Quarters and Stables—The Contractor shall provide suitable and satis-
factory buildings for the housing, feeding and sanitary necessities of the
men and suitable stabling for the animals employed upon the work.

Medical and Surgical Attendance—The Contractor shall retain the
services of one or more qualified medical and surgical practitioners, who
shall have the care of his employees, shall inspect their dwellings, the
stables and the sanitaries at least once a week, or oftener if the health
conditions of any portion of the camp shall make more frequent inspection
desirable, and shall supply medical attendance and medicines to the em-
ployees whenever needed.

Hospitals—The Contractor shall provide one or more buildings, prop-
erly fitted for the purposes of a hospital, with facilities for heating and
ventilating in cold weather and for screening and ventilating in warm
weather. These hospitals shall have an ample number of beds to properly
care for sick or injured employees, and shall be provided with all articles
necessary for giving “First Aid to the Injured,” as well as with all neces-
sary medicines and medical appliances for the proper care of the sick
and injured. Another suitable building shall be provided and equipped as
a contagious hospital, and any employee, who shall be found to have a
contagious or infectious disease, shall be at once removed from the camp
to this hospital, and there properly isolated and treated. The Contractor
shall give the Engineer satisfactory assurance that the above medical and
hospital arrangements have been made.

Sanitary Conveniences and Sewage Disposal—Sanitary conveniences
for the use of all persons employed on the work shall be constructed and
maintained by the Contractor in sufficient number, in such manner and at
such places as shall be approved. All persons connected with the works
shall be obliged to use these conveniences. The sanitaries shall be con-
nected with one or more disposal plants, where all sewage shall be treated,
so as to yield a reasonably clear and colorless effluent, free from dis-
agreeable odor. Samples of the effluent shall show no increase in the
oxygen consumed after being kept three days at a temperature of 80°
Fahr. In addition to the above, pan-closets shall be provided and properly
cared for at convenient points on the parts of the work remote from the
disposal plants, whenever necessary for the prevention of nuisances. The
Contractor shall rigorously prohibit the committing of nuisances within
the limits of the work.

Garbage Disposal—Garbage, both liquid and solid, shall be promptly
removed from the buildings and immediately placed in approved tight
receptacles of sufficient capacity for about one day’s ordinary production.
At least once in twenty-four hours all such garbage shall be incinerated
or otherwise thoroughly and satisfactorily disposed of so as not to create
a nuisance,
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Sanitary Precautions to Be Satisfactory—The sanitary precautions, in-
cluding those to prevent contamination of the waters of the Esopus creek,
.and the care of the employees shall at all times be satisfactory to the
Engineer, to the Department of Health of the City of New York, and
to the State Board of Health. The Contractor shall promptly and fully
comply with all orders and regulations in regard to these matters.

Quotations from a contract for work on Croton Watershed.

Intoxicating Liguors—The Contractor shall not sell on or about the
works and shall neither permit nor suffer the introduction or use of in-
toxicating liquors upon the works embraced in this contract nor upon
any of the grounds occupied or controlled by him. (This is in all con-
tracts.)

Ventilation.—A supply of fresh air sufficient for the safety and efficiency
of workmen and engineers shall be provided at all times throughout the
length of any tunnel or shaft, especially at the headings, and provisions
shall be made for the quick removal of gases generated by blasting or by
dust-producing machinery if installed in theitunnel. No men, other than
members of firing gangs, shall be required to work in air in which car-
bonic acid gas is in excess of 15 parts in 10,000. Ventilating plants shall
be so arranged that either the plenum or the exhaust method can be used
and changes from one system to the other made at will. (In all tunnel
contracts. Experience has indicated that a somewhat higher proportion
of carbonic acid gas may be allowed.)

Safety Devices for Shafts—Buckets used for hoisting materials during
the sinking of shafts shall be equipped with cross-heads which run on
guides. Cages shall be used for hoisting men and materials during the
construction of the tunnel, and full precautions shall be taken to insure
perfect safety. These precautions shall include safety-catches of best
design, with bronze or bronze-bushed bearings, landing dogs at all land-
ings, and effective devices for the prevention of over-winding. The
efficiency of all safety devices shall be established by satisfactory tests
before the cages are put inio service, and at least once in three months
thereafter. Cages shall be provided with strong protective roofs. The
shafts at their tops shall be closed with tight hatchway doors. All doors
and hatches shall close automatically. Effective and reliable means shall
be provided for indicating at all times to the hoisting engineman, the
position of buckets or cages. In addition to the telephone system,
effective and reliable signaling devices shall be maintained at all times
to give instant communication from the foot of the shaft and each inter-
mediate station to the engine room. (In all contracts involving shafts.)

Sanitary Precautions.

Sanitary Precautions—The Contractor and his employees shall pro-
vent nuisances in and about all camps and works; shall protect water-
courses, reservoirs, wells and other sources of water-supply, public or
private, from pollution, contamination or interference; and safeguard the
public health, as may be directed from time to time by the constituted
authorities of the State and City. The Contractor shall summarily
dismiss and shall not again engage, except with the written consent of
the Engineer, any employee who violates this section.

Inspection by Enginecer.—The Engineer shall have the right, in order
to determine whether the requirements of this contract as to sanitary
matters are being complied with, to enter and inspect any camp or build-
ing or any part of the works, and to cause any employee to be examined
physically or medically or to be vaccinated or otherwise treated; also
to inspect the d_rinking water and food supplied to the employees. The
sanitary precautions, the care of the employces, the camps and all terri-
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tory occupied by the Contractor, shall at all times be satisfactory to the
Engineer.

Compliance with Sanitary Regulations.—The Contractor shall promptly
and fully, and in every particular, comply with all orders and regulations
in regard to these matters, including all sanitary and medical rules and
regulations which may have been or may be promulgated from time to
time. And to this end and to properly preserve the peace, the Board of
Water Supply Police shall have the right of access to the Contractor’s
camps and quarters.

Quarters and Stables—The Contractor shall provide suitable and sat-
isfactory buildings for the housing, feeding and sanitary necessities of
the men and suitable stabling for the animals employed upon the work.
All buildings for these or kindred purposes shall be built only in accord-
ance with approved drawings and specifications at designated places. All
houses occupied by employees shall be thoroughly screened to exclude
mosquitoes and flies. The quarters for the men shall be grouped in
properly arranged camps. Camps shall, if ordered, be enclosed by satis-
factory man-proof fences with not more than two entrances. Each camp
and the grounds surrounding it in all directions shall be thoroughly
illuminated by electric arc lamps or other acceptable lights. This illumi-
nation shall be maintained from sundown to sunrise every night during
the occupation of the camp, unless otherwise ordered. Employees may,
so far as practicable, be required to remain within camp when not at
work.

Sanitary Conveniences and Disposal of Excreta—Buildings for the
sanitary necessities of all persons employed on the work, beginning with
the first men employed to build camps or for other preliminary oper-
ations, shall be constructed and maintained by the Contractor in the
number, manner and places ordered. All persons connected with the
works shall be obliged to use these conveniences under penalty of dis-
charge. Unless otherwise directed, the sanitaries shall be provided with
water-tight removable receptacles of suitable capacity. These receptacles,
if used, shall not be allowed to overflow, but shall be removed, without.
spilling, at required intervals, their contents at once treated as directed,
and then promptly taken to a designated place ouside the watershed.
and there disposed of as ordered. If incinerators be used, they shall
be efficiently operated. (Incinerators have been generally adopted; usually
of the McCall type.) 4 ¥

Attendants—The Contractor shall provide a sufficient number of
acceptable attendants to keep all samtanes in satisfactory condition and
compel employees to use them.

Preventing Nuisances.—The Contractor shall rigorously prohibit the
committing of nuisances, within the tunnels, the aqueduct, or othér com-
pleted or partially completed structure, or upon the lands of the City,
about the works or upon adjacent private property.

Medical and Surgical Attendance—~—The Contractor shall retain the
services of acceptable qualified medical and surgical practitioners, to the
number ordered, who shall have the care of his employees, shall inspect
their dwellings, the stables and the sanitaries as often as required, and
shag supply medical attendance and medicine to the employees whenever
needed.

Hospitals—The Contractor shall provide, from approved plans, one
or more buildings, properly fitted for the purposes of a hospital, with
facilities for heating and ventilating in cold weather, and for screening
and ventilating in warm weather. These hospitals shall have an ample
number of beds to properly care for sick or myured employees, and shall
be provided with all articles necessary for giving “First Aid to the In-
jured,” as well as with all necessary medicines and medical appliances

S UBRARTN
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for the proper care of the sick and injured. Another building of approved
design shall be provided and equipped as an isolation hospital, and any
employee who shall be found to have a communicable discase, shall be
at once removed from the camp to this hospital, and there isolated and
treated as directed. Whenever practicable, an employee having a com-
municable disease shall be removed when and as directed to a hospital
outside the watershed.

Medical Supervision of Employees.—The medical supervision of the
Contractor over his employees shall extend to the physical and medical
examination of all applicants for employment, in order to prevent persons
having communicable diseases from becoming connected with the work,
and the Contractor shall employ only persons shown by such examination
to be free from communicable diseases. Whenever, in the opinion of
the Engineer, it is necessary for the protection of the public health or
the health of the employees, the Contractor shall remove any employee
from the work either to a hospital at or near the works or to a more
remote hospital, or shaill remove permanently from the work or any
camp any employee whose presence is believed to endanger the health of
other persons.

Health Reports.—Once each week, or more frequently if required, the
Contractor shall give the Engineer, in such detail as may be prescribed
from time to time, a written report, signed by a ‘physician in regular
attendance, setting forth clearly the health conditions of the camp or
camps and of the employees. If any case of communicable disease bhe
discovered or any case of doubtful diagnosis, it shall be reported at once
to the Engineer, by telephone or messenger, and confirmed in writing.

Domestic Water-Supply—The water furnished by the Contractor shall
include a sufficient supply of drinking water of acceptable quality for
all his employees, to be obtained from approved sources.

Bath and Laundry Facilities—He shall provide ample bathing and
clothes-washing facilities for his employees and sufficient water of accept-
able quality therefor. If any water-supply for domestic uses should
_become contaminated, the Contractor shall promptly provide a new supply
from an approved source and abandon the contaminated supply, or shall
provide works for purifying the contaminated water, when and as ordered.

Disposal of Wash Water and Stable Drainage—All wash water from
kitchens, laundries, and other places, and all drainage from stables, shall
be conveyed by satisfactory means to places directed, where such drainage
shall be treated by the means ordered so as to yield an acceptably innocu-
ous effluent.

Drainage from Camps and Tunnels to Be Filtered—Drainage from
camps and tunnels and from other places yielding water unfit for direct
discharge into a reservoir or tributary thereof shall be conducted in tight
drains or other approved conveyors to filters, septic tanks or other dis-
posal plants of approved construction, at places designated, and treated
as directed to produce an acceptable effluent. Such effluent shall be dis-
charged only in the’manner and at the place or places directed.

Garbage Disposal—Garbage, both liguid and solid, shall be promptly
and satisfactorily removed from the buildings and immediately placed in
approved tight receptacles of sufficient capacity for about one day’s
ordinary production. At least once in every twenty-four hours all such
garbage shall be incinerated or otherwise thoroughly and satisfactorily
disposed of in an approved manner,



CHAPTER IV
PuriricaTioN oF WATER.

WILLIAM PITT MASON, C.E, M.D,
Professor of Chemistry, Rensselaer Polytechnic Institute, Troy, N. Y.

We- use water over and over again. The same drop that
now falls as rain has so fallen before; perhaps not here nor
yesterday, but somewhere at some time. Having fallen it re-
ceives its modicum of dissolved or suspended impurities and
hurries to the ocean only to be again raised by solar heat, leaving
its load behind to be taken care of by the sea. This cycle of
changes goes on throughout the ages, with the result that the
ocean depths grow more shallow and the mountains become
washed down to the level of the plains. It is because of the
operation of this cycle that the sea is salt.

A part of this load carried by the rain, the run-off, the rivu-
lets, streams and rivers, consists of sewage material, of which
we are afraid. All the pollution gets to the ocean eventually,
but before reaching there much of it undergoes great changes
which render it harmless to health, or else it is temporarily sep-
arated from the water which carries it and during such period
of separation the water may be drunk by man.

These changes and separations are brought about by what
we term “processes of purification,” some of which are carried
on by nature, while others are the result of human endeavor.
Let us observe some of Nature’s methods.

Sedimentation—The mere word is full of meaning, the veri-
est tyro being able to comprehend what is meant; and as a mode
of purification sedimentation must take rank as of the very first
importance. We have already noted that extraneous matters
carried by water may be either dissolved or suspended, but it
is of the latter form of material that we entertain the greater
fear. It is true that notable quantities of sundry inorganic salts
in solution will give water medicinal or even poisonous qualities,
but the true pathogenic items are the disease germs held in

71
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suspension and these, having weight, are capable of sedimenta-
tion and consequent removal from the water supply. A very
good illustration of what sedimentation can do in the way of
purifying a river water is to be found in the case of the Illinois
river. During periods of high water the river overflows its
banks and becomes greatly widened, the river flood-plain per-
mitting of shallow flowage over a decidedly large area of land.
Under such circumstances particles of suspended material have
but a short distance to fall before reaching the bottom of the
flooded district, and the beneficial results are to be noted in the
improved character of the water flowing from such area. This
principle of improving a water by permitting suspended mate-
rial to fall but short distances was brought out in a patent some
years ago, whereby water of a turbid nature was greatly im-
proved by passing it in a zig-zag course through a tall vessel
filled with horizontal shelves placed near together. The distance
was so short through which the falling particle had to pass, that
it reached a shelf during the available time interval and re-
mained there. So it is in the case of the overflowed river flood-
plain.

It may be worth while to call attention to the assistance given
by silt in removing bacteria during sedimentation. This point
was pretty thoroughly investigated years ago and there will be
found upon record the great difference in total count of bac-
teria in the upper levels of deep water when the germs were
permitted to sink in clear and in turbid water. Of course, one
will not argue from this, as some have done, that turbidity, per se,
is serviceable even when sedimentation is omitted, because it must
be apparent that swallowing turbidity, germs and all, cannot be
of advantage.

Time.—Time is the other great factor to be counted upon in
natural purification of a surface water. In fact, it is scarcely
too much to say that beyond “sedimentation and time” there is
little more that is worthy of consideration. The two run side
by side, of course, for sedimentation demands time in order to
be efficient, while time is usually, but not always, accompanied
by sedimentation. It is apparent that during long but rapid
stream flow the item of sedimentation might be practically absent.
The value, then, of “time,” with or without sedimentation, is
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that it allows adverse conditions to act fatally upon the germs
of disease, so that they are rendered harmless in the event of
their actually arriving at the point of intake. Even though they
should arrive while yet living, it is very possible that they still
might be harmless, for the reason that, because of their lack
of vigor, their power of producing disease might be readily neu-
tralized by the natural resistance of the human organism.

It may be asked what is the required time for safety, and
the answer to the question is difficult to give, as there are so
many conflicting data. Jordan’s experiments upon the typhoid
germs immersed in the water of the Chicago drainage canal
are classic and go toward showing that those organisms cannot
survive more than a few days under such adverse circumstances.
At any rate the very great majority of them cannot so survive,
which conclusion appears supported by investigations touching
upon bacterial life in the Illinois river.

If it be impossible to say how much longer certain especially
vigorous individuals of the typhoid family might live beyond
the time allotted their more numerous but weaker relatives, we
think, however, that they would not live for long. One thing is
both certain and fortunate, and that is that through the agency
of those two great factors of safety, “time and sedimentation,”
so great a decrease occurs in the number of germs of water-
borne disease that humanity is protected from epidemics that
would otherwise all but depopulate the earth.

It would be well to here point out the wise obsetvation made
by Jordan that the purification of a stream judged from the
chemical standpoint may not take place with the same degree of
rapidity that it would if considered from the bacterial point of
view, for the reason that bacteria may die during a shorter
interval of time than would suffice for the oxidation of organic
matter not bacterial. .

Aeration—Aeration 1is, according to the popular view, the
best form of water purification, unless we possibly except the
action of direct sunlight. As a matter of fact, it is nearly value-
less as a disease preventer, and is efficient only as a destroyer
of taste and smell, or as a means for iron removal. Take, for
example, the water supply of the city of Niagara Falls, drawn,
as it is, from the Niagara river, just above the cataract. No
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better natural aeration could be secured than is manifested in
that instance, and if the sewage of a city like Buffalo could be
disposed of by the aeration of water, then the supply of Niagara
Falls should be rated as safe. The typhoid death rate of the
city, however, is the highest in the State of New York, and one
of the highest to. be found anywhere, and why? DBecause the
sewage of Buffalo is yet in the water and aeration as furnished
by the Niagara rapids has failed to purify.

Aeration has its uses, however. A Western city which I have
in mind is supplied with water from a deep source and the water
smells so strongly of sulphureted hydrogen as to be objected
to by the people. Simply tossing that water into the air shakes
out the dissolved gas and removes all occasion for objection. A
similar condition of affairs obtains at Jacksonville and St. Augus-
tine, Fla., where the deep artesian waters are delivered some
15 feet above the surface of the ground. By simply falling from
that altitude the contained sulphureted hydrogen is removed and
smell eliminated. Again, take the case of Rochester, N. Y. Aera-
tion is resorted to there; not because it is really needed, but for
the reason that the great head under which the water reaches
the city may be reduced by a reservoir fountain, with the result
that a safe pressure is thrown upon the local mains and a de-
sirable attraction is added to the city parks.

As T have already said, the public sets great store by aera-
tion, its operation is always attractive and it often does much
good. Moreover, the public pays the bills. Therefore, although
such a process will not protect against water-borne disease,
nevertheless, because of its attractiveness and because of the
value set upon it by the people at large, it is wise to institute
reservoir fountains and such like devices, provided they can be
established without undue expense.

One additional word may be said here as kindred to this
topic. If a stream should be called upon to carry so great a
load of sewage inflow that the dissolved oxygen became ex-
hausted, then nitrification would cease and a nuisance would
surely result. See to it, therefore, that the natural aeration of
the water be not so lowered as to prevent the stream “taking
care of itself.”
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Light—Light, especially direct sunlight, as was said a few
lines back, is most favorably considered by the public when
water purification is up for discussion. There is no question
of the germicidal action of the direct solar rays, but the trouble
lies in the fact that there is no great power of penetration to
this form of water improvement. Sterilization will take place,
but it will not be carried to practical depths. In other words,
only superficial layers of the water body will be affected bene-
ficially. Of course, we are already familiar with the bacterio-
graphs common to the laboratories of instruction, whereby de-
signs recorded in bacterial growth are made to appear in innocu-
lated jelly after the same has been exposed to direct sunlight;
and it has also recently been reporte¢ by Weinzirl* that “the
results by direct exposure of the bacteria indicate that sunlight
is a much more powerful germicidal agent and consequently a
more important hygienic factor than it has heretofore been con-
sidered ; that the bacteria when freely exposed are killed in one-
fifth to one-twentieth of the time formerly considered necessary.”

All of this being acknowledged, the fact remains
that light is a most uncertain agent of safety upon which to
depend. One thing it does do, however; it tends to improve the
appearance of a colored water if the time of exposure be pro-
longed. We notice this bleaching effect as the result of months
of storage in an open reservoir. It may be said here broadly thaf
light does no practical good at any time and it may do material
harm, becavse if a water become seeded with taste-producing
algee, sunlight will favor their growth, whereas that same water
stored in the dark will remain permanently in good condition.
No one could find a better illustration of this adverse action
of light than the instance of the “asterionella plague” of Brook-
lyn. It may be recalled that the seeded ground water developed
immense numbers of the objectionable growth as soon as it was
exposed to light in the Ridgewood reservoir.

To touch upon another -local instance, I well remember that
it was once proposed to cover the old 42d street reservoir and
utilize the covering roof for some sort of public enterprise. It
was objected that cutting off the sunlight would damage the
water. Water is never damaged by being stored in the dark,

*Science, XXVI., 598.
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and certain waters must be always so stored. There is an easy
rule to follow: “Filtered waters and waters which come from
the dark, such as ground and deep seated waters, must be stored
in the dark. Surface waters may be stored in the dark or light,
whichever is more convenient.”

A much more efficient means of natural purification and one
of which the public knows but little is that of “nitrification and
intermittent soil filtration.” Suppose that a deposit of nitroge-
nous organic material is made in the upper soil. Swarms of
bacteria attack it, the complex nitrogen-bearing molecules are
broken up, processes which we classify as putrefactive are insti-
tuted, more simple molecular structures result, and finally the
nitrogen finds itself as a constituent of some ‘“nitrate” and as
such is available for plant food. This, in the rough, may be
termed the cycle of organic nitrogen. Taken up by the plant,
the nitrogen becomes a portion of its body, as such is devoured
by an animal and is returned to the soil as animal waste material,
to again run its course through the cycle as before.

At one portion of this endless circle of changes we humans
find the nitrogen atom objectionable because of its associates,
while at another point upon the periphery it helps to sustain our
life; and so the change goes on to the end of time.

Intermittent Filtration—You will observe that in speaking
of soil filtration above I interjected the word “intermittent.” It
is most important. If the dose of waste material, which above
we supposed added to the soil, be too great, or if it be too fre-
quently applied, then purification ceases, because the nitrifying
organism which works these changes will quit its efforts if too
much be given it to do. Atmospheric oxygen must follow a dose
of sewage in order that nitrification may proceed with certainty.
A continuous stream of polluting material will pass through the
soil practically unchanged. Now, what do we gain from this?
First, we learn that the beneficial action of soil filtration is im-
niensely strong. Second, that strong though it be, we should not
overtask it. Sooner or later everyone will encounter instances
where an astounding amount of pollution will be taken care of
by a remarkably small quantity of soil lying between the point
of pollution and the water supply, and wonder will be aroused at
the amount of protective power manifested by the intervening
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FIG. 33.—AUTOMATIC PRESSUR FILTER.
(From Mason’s Water Supply.)

FIG. 34—“OPEN” OR “GRAVITY” MECHANICAL FILTER, SHOWING
SEDIMENTATION-CHAMBER BELOW SAND-BED.
(From Mason’s W ater Supply.)
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layer; but beware of all such instances, for it cannot be predicted
when the nitrifying process will quit work and allow an un-
changed sewage to pass the barriers. If I were not afraid of
quoting an old story, I could tell of a celebrated case where
a cesspool delivered a raw sewage to a well during periods of
stormy weather, when the filtering power of the soil was over-
taxed, although at other times purification was complete. It is
worth noting that when the cesspool was closed, the well, which
never failed before, ran dry.

Cold, the effect of freeszing, has been relied upon for its
germicidal power for many a year, and it is interesting to note
the fluctuations of opinion as to its enfficiency. We first believed
it to be reliable and we considered ice as pure, paying little
regard to the source whence it had been collected. With the
advent of bacteriology we changed our views as to this, because
we found that bacterial cultures, which had been exposed to
such low temperatures as that of solid carbon dioxide or even
that of liquid air, continued to grow as soon as ordinary tem-
perature was resumed. Our error lay in basing our conclusions
touching the non-germicidal power of cold upon qualitative
rather than quantitative determinations. By more recent and
more careful investigation we now know that a very high degree
of mortality results among bacteria which are exposed to cold,
nor need it be a very great cold. Smith and Swingle* have shown
that the critical point appears to be somewhere around 0 deg. C.
and that an organism which can pass this point in safety will
probably not be harmed by a much lower temperature. They
conclude that different bacteria are injured by freezing to very
different degrees, behaving in this respect like the higher plants
and animals; fortunately, the bacillus typhosis is destroyed in
great numbers by even short freezings.

From the practical standpoint we now know that ice is much
purer than the water from which it is frozen, this being true
partly because of the mechanical exclusion of floating material
during the process of freezing, and partly because of the gradual
death of bacterial organisms during the months of storage to
which ice is commonly subjected. There is no question but that
ice frozen upon deep water may be counted upon as possessing

*Science, XXI., 481.
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A purification of at least 95 per cent. and usually decidedly more
than that, and, as has been already stated, old ice, such as that
delivered in summer, has a still greater factor of safety.

It would go almost too far to enter upon the question of the
destruction of disease producing organisms by the adverse action
of life native to and commonly found in water, but such action
does take place and is to our advantage, difficult as it may be to
set a value upon its exact amount.

SECTION oranENGLISH FILTER BED.
SQUTHWARK & VAUXHALL WATER CO.

WATER 48 INCHES.

FIG. 35.—(From Mason’s Water-Supply.)

When we come to the consideration of the artificial purifica-
tion of water we open up a large subject, indeed ; one vastly too
great to be disposed of in the space here available. Glancing
then hurriedly over the field let us first touch upon the ques-
tion of—

Slow Sand Filtration.

This is sometimes known as the English filter bed system
and consists of a suitable reservoir, holding a bed of sand
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about four feet thick and efficiently underdrained. Upon
this bed water is admitted to the depth of several feet and
filtration is accomplished at the rate of about three million gal-
lons per acre per day. The system is an old one and it is inter-

Otumiigtiag thr!Vonlred Wit 'es. rove
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FIG. 36.—FILTRATION PLANT FOR THE CITY OF ALBANY. DESIGNED
AND ERECTED FOR THE REMOVAL OF TYPHOID BACTERIA FROM
THE WATER SUPPLY.

(Courtesy of Scientific American.)
esting to observe how confidence in its efficiency has fluctuated.
At the outset, practical results were so apparent that the sand
bed was accorded the greatest confidence. Later, when bac-

teriology was born, it was declared that the objectionable germs
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which we sought to remove were so small as to be able to pass
many abreast through the spaces between the sand grains. There-
upon came serious doubt as to the value of sand filtration. As
further study of the process was pursued, the true action of the
filter became apparent, and we then saw that we were not deal-
ing with a simple strainer, but that each of the sand grains con-
stituting the bed became coated through bacterial action, with
a sticky, jelly-like substance termed “zooglea” jelly, which seized
and retained such material as collided with it, and that through-
out the bed conditions were established unfavorable to the con-
tinued life of pathogenic organisms. The slow sand filter as a
device is, of course, not perfect—few products of human inven-
tion are—but its efficiency is very high and its practical value as
a safeguard against disease is unquestioned. The reduction in
the number of bacteria present in the raw water amounts to
something like 99 per cent. in a well designed and well con-
structed plant, and in view of the fact that harmless organisms
greatly outnumber those of objectionable character, it is simple
arithmetic to show that the element of safety is marked when
ninety-nine out of every hundred organisms of all kinds are
removed.

Of late a number of plants have been constructed possessing
“pre-filters” or “scrubbers,” as they used to be called, and this
with a view of lightening the load thrown upon the filters proper
and increasing the time between cleanings by supplying to them
a water of improved quality. Such a modified plant may be
seen at the Torresdale Station of the Philadelphia works and
an idea of what the “pre-filters” will do may be had from the
recent report, viz.:

Bacteria per cc. in raw water..... 5 daate.s —STOG,
Bacteria per cc. after passing pre-filters.. 3684.
Bacteria per cc. after passing final filters. . 81.

The length of time that a filter will run without cleaning will,
of course, vary with the filter and with the character of the
water it is called upon to purify. Perhaps in the rough it might
be said that during the summer time cleaning will be required
every three weeks or thereabouts, while in winter the life would
be perhaps three times as long. In the form in which the Albany
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filters were first constructed, before the scrubbers were added,
26 days was the average time between cleanings.

So far as the method of cleaning is concerned, it is probably
already generally known that about half an inch of the upper
sand, containing what is technically termed the “schmutzdecke,”
is removed, washed and returned. The old form of accomplish-
ing this by removing the dirty sand with shovels, wheeling it
out, washing it by hand and wheeling it back, has been greatly
modified, and labor-saving devices have been instituted which
greatly cheapen the process. To enter into a consideration,
however, of these changes would carry us much beyond our

SEDIMENTATION BASIN
302'¢ x 600'0°

Bri Canal Sy Ko7 1

FIG. 37.—FILTERS AT ALBANY, N. Y. (HAZEN.)
(From Mason’s Water Supply.)

limited space. So far as the expense of cleaning is concerned,
per million gallons of water filtered, let it be said that in the
Torresdale plant it amounts to 35 cents for the “labor of scrap-
ing and washing sand.” It should be said that the “pre-filters”
of the Torresdale station so improve the raw water as to permit
the final filters to be run at a rate of six million gallons per acre
per day.

It goes without saying that the cost of cleaning will greatly
vary with the character of the material to be removed from
the sand, with the cost of labor, and with sundry other variable
conditions. I remember to have seen one bed in England which
contained material so compacted upon the sand surface that
there was no option but to remove it by hand in the old-fashioned
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way, and as the barrow loads left the bed they greatly resembled
piles of old linen cloth.

Rapid Filtration—I could, of course, take up much time by
detailed description of that rival of slow sand filtration, known
as the American or Mechanical system. Let it suffice, however,
to say that it differs from the older method chiefly in two points:
first, its much greater rate of filtration; and second, the addi-
tion of a chemical. The gain in rate is very great, being about
125,000,000 gallons per acre per day, in place of the 3,000,000
of the older system. It is the use of alum, however, in connec-
tion with this filter that marks its most prominent peculiarity.
The use of this “coagulant,” as it is termed, is a point of objec-
tion with not a few people, they being inclined to oppose the
admission of such material to their food. The readiest illus-
tration that I can think of, and one which I have often used, is
to compare the action of alum in mechanical filtration to the
action of an egg in clearing coffee. The coagulated albumen
of the egg, holding as it does the entangled coffee grounds, very
aptly represents the aluminum hydrate resulting from the decom-
position of the alum, which in its turn holds entangled in its
sticky mass the suspended matters of all kinds present in the
water. The aluminum hydrate, with its load of separated mate-
rial, no more gets into the drinking glass than does the egg albu-
men, with its entangled coffee grounds, reach the cup. In each
instance such material goes to the sewer.

So far as efficiency is concerned, there will not be found
any material difference between these rival systems of filtration.
Well constructed plants of either type will give equally excel-
lent results if properly managed; but there is a choice to be
exercised between them in most instances, and it will be neces-
sary for the person in charge of the case, being governed by
the local conditions, to make proper selection. Should the water
be a heavily stained one, its color will be more readily removed
by a mechanical plant. Should the city be a large one, and the
price of ground be not too high, there are many advantages in a
slow sand bed. The latter form of filter has no alum bill for
which to provide, but again, its interest charge is likely to be
higher. A combination of the two systems is not unknown, and
plants will be found of the slow filtration type fitted with devices
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for the use of alum, or other coagulant, followed by sedimenta-
tion for the partial removal of the coagulated material formed.

Use of Ozone—During the last few years sundry processes
have been patented and exploited for the purification of water
by the use of ozone. In brief, such a process consists of the
preparation of ozonized air by permitting a current of air to
pass through a containing vessel in which an electric discharge
is continually taking place. The ozonized air is then forced
through the water to be purified, the latter commonly entering at
the top of a tall cylinder and out at its bottom, while the ozonized
air bubbles through it in the opposite direction. Unless the water
be clear in character, a filter plant must, of necessity, be an
attachment to the ozone process, because the ozone does not
remove turbidity. One is sometimes surprised, however, at the
improvement which the process will make in the physical appear-
ance of a water, even when the filter is omitted. So far as bac-
terial efficiency is concerned, complete sterility can be secured
if sufficient ozone be employed, but even with moderate doses ot
ozone a favorable comparison can be made with the best filter
plants that have been constructed. The weak points connected
with the use of ozone are, first, its cost, and, second, the liability
of the apparatus to get out of order. These objections will
doubtless be overcome in time, and they are reported by those
interested as being already overcome. What we need is a munici-
pality willing to take the risk of erecting a large plant operated
upon this system. We should all be delighted to study the results
obtained, and we should be glad to congratulate such a city in
the event of success following its venture; we should also be
glad to use the information accumulated, but I question if we
would be entirely disposed to share the expense in the event of
failure. The ozone process has not gone very far beyond the
experimental stage as yet, whatever may be said by those finan-
cially interested, and what we lack is a collection of data upon
a large scale.*

One ozone proposition with which I was recently connected
aimed at passing a turbid river water through a sand bed at a
rate of some 200,000,000 gallons per acre per day before ozoni-
zation, and when I proved to them that such a rate would not

*Since the ahove was writtgn, Paris has concluded large scale experiments and
has contracted for an ozone plant capable of furnishing 100,000 cubic mecters per day.
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remove the turbidity, the company replied, “We can do it by
the use of a little alum.,” That answer would scarcely serve,
because the establishment of such an addition would result in
the erection of a mechanical filter plant supplemented by the
ozone process. Of course, that would mean much additional
money, and the mechanical plant, properly managed, would give
satisfactory results by itself.

On the whole, then, while we admit the efficiency of ozone,
and while we look hopefully towards its practical success in the
future, we cannot but feel that at the present moment its desir-
ability for introduction as a purifier of a municipal supply is very
questionable. »

The Peuch System—It would have been better perhaps to
have considered the *“Peuch” system of filtration a little further
back, as it is a sort of modified sand bed, but just a word about
it here. It consists of a system of gravel and sand beds, through
which the water passes in succession, entering the coarsest first,
containing small stones the size of walnuts, and ultimately leav-
ing the finishing bed of fine sand. It is, in short, an extended
svstem of “scrubbers,” but there is no question about the excel-
lence of the result secured. One writer has compared its action
to the washing of a glass vessel by using successive volumes of
water rather than one washing by the same quantity of water in
one volume. The system is being inaugurated near Antwerp
for the purification of the supply of that city, and it is already
in operation at Magdeburg and sundry other places in Europe.
As yet it has not found its way into this country.

Use of Chloride of Lime—Perhaps the newest method for
water purification which we have before us today is the adap-
tation of something that is decidedly old, viz., the making use
of the well-known germicidal powers of “chloride of lime,” or
“bleaching powder.” It, or a corresponding sodium salt, has been
suggested before, but has always been opposed on the ground
that it was not advisable to “disinfect” a water supply. No one
took that ground more strongly than I did myself, but we were
all entirely unprepared for the discovery that the amount of the
chemical required to do excellent work was in reality well-nigh
infinitesimal. In short, doses so small as .03 of a grain per
gallon, measured as available chlorine, were found to greatly
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reduce the total count of bacteria and to positively kill all those
of objectionable character. In experiments which I conducted
myself I found that in waters seeded with pure culture of bacillus
coli and also waters to which had been added pollution in the
form of human dejecta, there were left no gas forming bacteria
of any kind after a short exposure to the small dose of “bleach-
ing powder” mentioned above. The chemical seems to have a
selective action upon intestinal organisms. We are possessed
of data dealing with the use of this process upon a large scale,
so considerable a city as Jersey City being supplied with water
treated by the “bleaching powder” method. So impressed am I
with the excellent results secured by the use of “chloride of lime”
that I think it no rash prophecy to say that a “bleaching powder”
addition will be made to a large percentage of new filter plants,
so that during periods of threatening danger, if not during the
usual running of the plant, additional safety may be guaranteed.
As a notable instance of what this process will do when employed
upen a grossly polluted water, let me say that in Chicago I saw
the filthy water of “Bubbly Creek,” containing an average of
700,000 bacteria per cc., so improved by the “bleaching powder”
method that the count per cc. fell to 10. Of course, part of
this excellent result was due to the sand filter and the dose of
aium employed. The bleach is added after the alum and before
filtration.

Unusual Methods—To deal here with the unusual methods
of purifying city water is manifestly impossible, but it is inter-
esting to observe that it was actually proposed upon one occa-
sion, by a would-be purifier, to boil every drop of water dis-
tributed to over a million people. The proposition seems odd
enough upon its face, but I think the oddest part of it was the
apparent fact that it could be done for an amount of money
somewhere within fairly reasonable limits. The scheme was,
as one would suspect, to apply the heat at a very localized por-
tion of the flowing stream of water and to cool the heated stream
by allowing it to warm up the oncoming water. Of course, the
plan was discarded, but I am told by the engineer before whom
it came for consideration, that the water left the apparatus only
about 4 degrees F. above that at which it entered and ‘“the ex-
pense, strange to say, was not prohibitive.”
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Softening Water—Water purveyors will be at times called
upon to erect somewhat costly works for the softening of city
water, irrespective of whether it be or be not potable, for a city
water has to serve for other purposes than merely domestic use.
Boilers have to be run. Dye works and bleacheries have to be
provided for, and last, but by no means least, laundry interests
must be protected. It is surprising how quickly the varying hard-
ness of a water will find expression in the yearly soap bill. I
say varying, because waters, especially stream waters, will diffcr
much at different times of the year. When the rivers are low
and much of the water that they contain comes from percola-
tion sources, then hardness increases, while at those periods of
the year when storm waters quickly find their way to the drain-
age channels, volume of flow increases and hardness diminishes.
Cases could be quoted where the owners of deep wells, after
spending much money for their construction, found it cheaper
to abandon the water which they furnished, although they could
get it for nothing, and buy city water at fairly high prices.

One may, therefore, be called upon to erect softening works,
and in such event he will likely make use of the old patented
process known as Clark’s, whereby lime water is admitted to
the supply with the result that the carbonate of lime originally
present, and that which is formed by the process, will together
fall as a white powder which may be removed by sedimentation
or a filter press.

Not many instances of softening plants on the large scale
will be found in this country, although they are common enough
in England. Our waters here do not as a general thing require
softening, or, to put it differently, it is commonly cheaper to go
elsewhere for a softer supply. Should it be asked what amount
of hardness would be tolerated, I should be forced to give a
somewhat unsatisfactory answer, as so much depends upon the
people who are going to use the water. Take, for instance,
sundry city supplies of Massachusetts, whose users reported
their opinions of the waters in definite terms. I found that com-
plaint was registered in cities with so low a hardness as 31 parts
per million, while other towns pronounced their water perfectly
satisfactory, although the hardness ran up to 70 parts per mil-
lion. I fancy that the better way to rate hardness would be to
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call everything below 50 parts per million “soft,” everything
above 100 hard, and to leave the space between 50 and 100 open
to discussion and dependent upon local preferences.

As to the wholesomeness or otherwise of a “hard” water,
we are plunged in a great deal of conflicting testimony, but I
am inclined to adopt the view of English authorities upon this
point, and they do not pronounce against a “hard” water unless
the amount of contained mineral be very excessive.

“Residual Typhoid.”—Manage things how we may, there
seems to be a point beyond which we cannot go in lowering the
death rate from typhoid fever by improving the water supply.
Even should we be able to supply our people with distilled
water for domestic use, there would be yet with us what is termed
“residual typhoid,” which, stated in figures, means 15 to 20 deaths
per year per 100,000 inhabitants. Europe is far in advance of
us in this matter, and for what reason I must confess is a mys-
tery to me. “Residual typhoid” is the amount of the disease yet
with us after the water supply has been accounted for. It is
“non-water-borne typhoid.” Under it must be listed those cases
which come from milk, those which come from filthy habits,
resulting in the direct inoculation of food, and those which are
te be credited to flies or to sources unknown. Why should we
Americans have so high a “residual” rate? As I said before, I
do not know. It is not to our credit that it exists and it behooves
us to set about lowering it.

Advantages of Modern Improvements—Finally, let us con-
sider the question that is often to the fore. Are we from a
sanitary standpoint better off by these so-called modern improve-
ments? Our fathers did without them; why shouldn’t we? In
order to approach a question of that kind we must always seek
for data from large numbers of people. Figures to be good
for anything cannot come from a few scattered instances here
and there, covering but few individuals. No better illustration
can be given of the advantages of filtration than are published
in recent Cherbourg statistics. At the time of the epidemic of
1898 and 1899 the city proper, of a population of 32,000, derived
its water supply from the River Divette, with partial purifica-
tion by an imperfect filter, At the same time the garrison, num-
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bering 8,200, was supplied \yith water from the same source,
but without filtration. The typhoid death rates were:

(Gl P~ wEal R Y 109 per 100,000
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A second epidemic occurred in 1908 and 1909. At that time
the garrison supply was as before, but the city carefully filtered
its water by the “Peuch-Chabal” system (the intake being as
before). The typhoid death rates were:
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There was one barrack within the city and no deaths occurred
therein. Again, in 1855, the typhoid death rate for the city of
Paris was 284 per 100,000. The most modern one which I have
before me is for 1905 and the corresponding value stands 8.8.

Even the total rate for deaths from all causes has markedly
improved. Meuriot studied the general mortality in a small
provincial city of France, selecting three periods of five years
each: 1821 to 1825, 1861 to 1865, and 1901 to 1905, and ex-
cluded deaths under 11 years of age. He found the average
length of life for the three periods in question to be:
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A net gain of over 6 years,

Any municipal undertaking that will aid in producing results
such as those given above must be acknowledged as an improve-
ment which it well pays to make.



CHAPTER V

MiLk.

THOMAS DARLINGTON, M.D,
Formerly President of the Board of Health, New York City.

Of all the foods used for human consumption, milk is the
most important. It is the one food for infant life, largely the
food of invalids and frequently that of old age.

FIG. 38.~THE SEVEN LINKS IN THE HISTORY OF THE CONSUMPTION
OF MILK. ;

Seven Links—There are seven links in the supply of milk
from the time it is produced on the dairy farm to the time it is
consumed in the house. The first link is the dairy. The second
link is the carting of the milk to the creamery or milk shipping
station. The third link is the creamery, where the milk is cooled,
bottled and put in shape for shipment. The fourth link is the
milk train, upon which the milk is transported to the city. The
fifth link is the milk shipping platform, which in cities are large
depots where the milk is arranged for distribution. The sixth
link is the retail store, where milk, either in cans or bottles, is
dispensed to the public. The seventh link is the milk in the
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home of the consumer. Over each of these links the Department
of Health exercises supervision and control.

If milk could be produced and fed direct from the cow there
would be little need of milk inspection and little danger of
impure milk, but this happy condition does not exist in large
cities. Milk sold in New York is shipped sometimes hundreds
of miles and handled several times, hence the situation is far
from being a simple one.

The problem of a pure milk supply can be solved when a
Department of Health can guarantee that all milk sold within
the city limits is drawn from perfectly healthy and normal cows,
housed in comfortable and sanitary quarters, milked by a clean
and healthy person into a sterile container, quickly cooled, trans-
ported and delivered to the consumer in a sealed package. An
approximation of such an ideal requires constant efficient in-
spection.*

The major portion of such a guarantee concerns the health
of the cow and the milker, and the sanitary condition of the
stable and utensils—that is, the “Dairy Farm”—makes the
heaviest demands.

City milk inspection ascertains if the milk contains as much
butter-fat and other solids as required by law, while it is the
duty of the Dairy Inspector to ascertain the conditions under
which the milk is produced.

It is a fraud to adulterate milk by skimming, but this is in-
significant, compared to the evil of allowing it to- become con-
taminated by disease-producing bacteria. There is little doubt
but that more harm has resulted from the use of milk that has
been contaminated through neglect of sanitary precautions than
from the use of watered or skimmed milk. Milk is no longer
declared pure because it contains the legal quantity of butter-
fat and total solids; it must now undergo a searching examina-
tion for filth and bacteria.

*The Department of Health of the City of New York (the writer refers to
this city especially, as he has been closely associated in developing the system which
obtains there) has s7 inspectors of Foods assigned to Milk Inspection work. Thirty-
three of these Inspectors, with one Inmspector in charge, have been detailed to the
inspection of dairies and farms, milk shipping stations and creameries, in a vast area
that for want of a better name we will call the “milk shed.” In 18 months 37,178
Inspections were made, each inspection representing a farm, some located as far as
15 miles from the railroad.

The large territory from which our milk supply is drawn comprises many thou-
sand square miles. There are goo of such shipping points located in eight different
states—Vermont, Massachusetts, Connecticut, New York, New Jersey, Pennsyl-
vania, Maryland and Ohio, and lately milk is being shipped from Canada.
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New York’s great supply of milk is produced in varying sec-
tions with a corresponding variety of methods of production.
The farms are located in eight states, which precludes the like-
lihood of uniform supervision by the various state governments.
The gigantic problen. of inspecting the cows, stables, milkers,
utensils and water supplies used in producing this milk is there-
fore thrown upon the Department of Health of New York City.*

To be ported in all Dairies. Y
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It is, of course, understood that the Department of Health
has no authority outside of the geographical limits of the city,
but the Sanitary Code provides that “No milk shall be received,
held, kept, offered for sale or delivered in the City of New York
-7}ns-“mxlk shed” has been divided into districts, to each of which an Inspector

has been assigned and who is responsible for the character of the milk produced
in that district.
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without a permit from the Board of Health,” and the Board can
withhold or rescind this permit if unsanitary conditions exist at
the dairy or creamery where the milk is produced or handled.
Rules and regulations for the production of sanitary milk are
issued. These rules are printed on good muslin and cover all
points relating to the sanitary conditions of the dairy and the
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FIG. 40.—DAIRY SCORE CARD—FRONT.

health of the cows and the milkers. A copy of these rules
printed on linen is posted in every cow barn in the “milk shed.”
These rules are encouraging the production of sanitary milk and
are making filthy and unclean methods the exception.

With the dairy rules posted, the next step is to see that they
are enforced. An Inspector is assigned to a district, through
which he moves in a systematic way. He first inspects a cream-
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ery and ascertains its sanitary condition, and then inspects all
dairies drawing to that station before passing to the next. Each
inspection is complete in itself and all of the information obtained
is tabulated on a score card and mailed to the office in New
York. The Inspectors average ten inspections a day and they
move from one district to another. With the present force, the
entire territory is covered once a year.
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FIG. 41.—DAIRY SCORE CARD—BACK.

This score card has 75 items and covers the entire condition
of the dairy. Each item has a value so that every place is given
a rating that at once shows its percentage and character* A

*For two years prior to the establishment of the large Dairy Division, two
experienced Inspectors investigated the conditions surrounding the production of the
City’s milk, defined the exact area of the milk district, and brought to light the vast
number of abuses that prevented a clean and unpolluted supply. They made pre-
liminary mspecnons in various creameries, skimming stations and cheese factorics
that sent their entire or surplus milk or cream to New York
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majority of the city milk dealers incorporate the rules and regu-
lations in the contract they make with the farmers for their
milk.*

FIG. 42.—BAD BARN— NOTE HOW LITTLE THE MILKING IS PROTECTED
FROM DUST AND DIRT FROM THE CEILING.

FIG. 43.—~UNSIGHTLY AND OBJECTIONABLE MANURE PILE IN BARN.

*One of the largest up-State companies operating a number of creameries
some years ago published a notice to the farmers stating that their published list



96 MUNICIPAL CHEMISTRY

The very qualities which make milk an excellent and desir-
able food also render it undesirable from another standpoint. As
it is a particularly good medium for the growth of bacteria, it is
essential that milk must not be exposed to dust and filth, and the
surroundings of its production should be of the best.

In some stables apparently no effort is made to remove the
manure, with the result that the interior of the barn fast as-
sumes the appearance of a manure pit. The inference is, when
the interior of the barn becomes entirely filled, the farmer will
move his cows out and build a new stable, and the process

FIG. 44—COW STANDING IN MANURE IN THE BARN YARD.

will begin all over again. In the meantime the cows and milkers
must wallow through this manure, scattering its stench and
filth into the air and into the milk. Inspection improves these
conditions.

A few of these dairies were closed, as the improvements
demanded meant an entire rebuilding of the dairy. It was in
a stable of this kind that the inspector saw a farmer, while

of prices apply only to those farmers whose premises have been scored 6o per cent.
or higher by the Department of Health of New York City, those scoring less will
have a reduced price, and milk from any dairyman whose premises score less than so
per cent. is not desired and will not be accecpted.
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striking a cow, knock a quantity of manure into the milk pails,
then calmly go, strain out the lumps of manure and send the milk
to the creamery to be sent to New York. No amount of filter-
ing or of pasteurization could ever make milk produced in such
surroundings fit for human consumption. In fact, nothing can
atone for filth. Preventive measures are better than corrective
ones, and whatever opinion may be held as to the relative ne-
cessity of wholesale pasteurization, the essential feature of a
pure milk supply is that the milk be produced under clean con-
ditions and that it be kept clean.

FIG. 45.—DIRTY AND UNSIGHTLY DAIRY.

The rules concerning the cows provide that they must be kept
clean and that the manure must not be permitted to collect upon
the tail, sides, udder and belly. These rules, to the clean dairy-
man, would be recognized as an essential, but to the filthy dairy-
man an apparent impossibility and a hardship. Cows should be
cleaned the same as a horse.

The old habit of using the barn as a storage place for dust-
gathering material should not be, and is no longer, tolerated.
A stable, to be a healthy place for a cow, must not only be
roomy and well ventilated, but it should be clean, dry and free
from rubbish. Stables with filthy walls and ceilings, where no
effort is ever made to ventilate or furnish light, are not proper
places in which to produce milk. A

Foul and wet cow yards do their share of polluting milk,
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by maintaining pools of stagnant liquid matter, covered with a
green slime and scum, and piles of manure. Flies breed and

FIG. 46—COW STANDING IN POOL IN THE BARN YARD.
thrive on the manure, solid and liquid, and they make frequent
trips back and forth to whatever milk is handled or stored there.

FIG. 47.—DRIED MANURE IN COW’S HAIR.

The filthy pool is reeking with danger and disease. The
slime gets upon the udders and dries, to be later shaken into
the milk.
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lasting benefit to the dairyman in our milk shed and to the milk
supply in general.

In the illustration we see a stable, dairy house, and privy
clustered together, and in the center we see a well receiving its
full share of filth and disease, transmitting in turn its filth and
disease to the milk. A great many of the abuses here depicted
have been largely corrected or improved.

Milk pails and cans should be exposed in the sun and in
a clean atmosphere, and not exposed in.the shade and within a
few feet of a privy, between which flies can make frequent
excursions. 3

It is wise to show the possible badjconditions surrounding
the production of the milk supply and to warn®the public of
the dangers of unwholesome milk, but it would be unfair not

FIG. 50.—CLEAN, HAPPY COWS,

to tell of the very good, clean and wholesome places in which
a great quantity of our milk is produced. A large percentage
of our milk supply is now drawn from happy, normal and con-
tented cows, which act as foster mothers to hundreds of chil-
dren. In one large dairy barn where some of the best and purest
milk is made, this sign is to be found: “Do unto a cow as you
would that cow should do unto you; be kind and gentle.”

Clean cows must be groomed, the long hairs must be clipped,
and attention must be paid to keeping them clean. Manure is
not so likely to adhere to short hairs, and the manure, if it
should get on, is easily brushed off.















MILK 105
This is done by the addition of cream and sugar or lime water,
or whatever else is needed to adapt the milk to the requirement
of a baby’s stomach.

In the next link we find how the milk is being transported
to the creamery in the typical old-fashioned open wagon with

DEPARTMENT- OF HEALTH

THE CITY OF NEW YORK.

As a condition 1o the issusnce of permits for the sale of MITk in The City of New York, afl places where such Milk s produced o
handled must be open to Inspection by employes of the Department of Mealth of The City of New York

Rules and regulations which must be observed by those operating
Creameries and Stations shipping Milk for use in New York City

The Buildings.

1. The fleors of these bufidings must be constructed of
some material which will render them water-tight. and must
e graded and drained tewards enc or more peints from

Floors

The Milk.

1. MIIK of 2 temperature above 60 degrees must mot be
received at the creamery or shipping station.

2. MUK must be handied as Pttie as possidlc and‘all
€xpasure to the air must be avolfed.

which water must be carried away by
of cement o stene are the best for this purpose.

2. The floors must be drained by waterdight gutters
elther (ate cesspools 30 situated as not 1e be sffensive, of Cone
ducted 1o such a distance as not te couse & Aulsance.

3. The water used for cleaning the palls, cans and other
utenslls must be from a public water supply, or, If drawn
Srom a well or spring, must be approved by this Department.

4. The mifk room must be used for no purpose other than
the handiing of milk, and must be clean and well ventilated.

5. Premises must ol ail times be free from a collection
of water, rubbish or any offensive material. 1

6. Cosling tanks for mik must be tightly constructed of
moa-abuorbing muaterial and frequently cleaned. The water
must be changed 5o frequently as 0ot te become offensive.

7. Walls and cellings must be kept clean.

& Aerators and covlers must be protected from dust and
trom impure air.

The Employes.

1. Ne pergon suffering from a contagious disease or one
in sttendance wpoa such patient shall be employed in the
handting of milk or milk utensils.

2. AU employes who handic mitk and milk utensils must
bs clesnly In their habits. The garments worn by such
employes must be kept In a clean condltion.

3. Spitting in or upon any part of the bullding must be
absolutely prohiblted.

3. Milk must be rapidly cooled 6o a temperature of 50
degrees o less, and so hept until shipped.

4. All piges threwgh which mitk ls allowed e flew mast
e 30 arranged a3 to be casily and theroughly cleaned.

5. Al milk wtensiis, lncluding cans and botties, must be
Kept clean and sterite.

6. Managers of creameries and recelving stations wilt be.
€xpected te refuse to receive mifk from farmers whe do aot
ebscrve the rules of this Department.

RECOMMENDATIONS.
1. 1 additien ta the foregeing reies. the oboervance of
which the Depariment of Mealth demands, the following
o the o ond the

handling of metk are presented:

A Creameries should be well lighted. Ventilation should be
ample, preferably through the rool.

8. Milk should be bandled ia rooms supplied with natwral
wght.

€. Creameries should be 50 arranged that the mitk may
flow by gravity frem the polnt where 1t js received 10
Its final point of handling. Pumps, whick are afways
difficuit 1o keep clean, should mever be used.

D. Outside dust should be preveatsd from entering the reem
where mifk is handied, and files should be excluded.

E. The rooms should be plastered or celied o aveid places
where dust may gather.

F. Frequen] pai-ting er whitewashing s strongly weged.

Q. The recelving tanks, mixing vats, and tanks upen the
bottling tables bhould be provided with covers.

FIG. 59.—CREAMERY RULES.

the farmer’s son or hired man perched on top—the milk is
covered with canvas to protect it from freezing in winter and
from heat in summer.

The rules provide that milk shall be cooled by the farmer
to within 50° F. within two hours after milking and kept below
60° F. until delivered to the creamery. As the milk is drawn
at blood heat, it must be cooled, and kept in a spring or tank
of ice water and protected.
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In every creamery supplying New York City with milk we
find the rules and regulations issued by the Department of
Health, A great many unsanitary conditions and abuses have
been found and corrected.

In the third link we find the creamery, the place where the
milk is received from the farmer, where it is cooled, bottled and
stored until train time. Each creamery is given its percentage
on a score card. The 700 creameries that ship milk to New
York are located on the various railroads running to New York.
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CITY OF NEW YORK
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FIG. 60.—CREAMERY CARD.

The largest milk carrying roads are the New York Central,
Lackawanna, Ontario and Western, and Erie Railroads. One
of the nearest creameries is at Turners, Orange County, New
York, 52 miles out, and the farthest is in Ohio. Some milk
comes from about 400 miles away.

As an instance of the way the orders of the Board of Health
may be enforced, attention is directed to a creamery in the
center of which was a well that received a great deal of the
drainage from the imperfect floors, a condition that was imme-
diately stopped upon discovery. This creamery attracted a
great deal of notice a few years ago. The inspector found also

-~
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that a dangerous preservative was used regularly in this place,
and to give the poor milk the rich, warm color of cream an
injection of coloring was given each can; also all milk was
skimmed and even the water used was from a polluted supply.
From this creamery about 100 cans of milk were being shipped
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FIG. 61.—CREAMERY SCORE CARD.

This shows the number of items on a creamery card. When the various
creameries were first inspected, many abuses were found and corrected. Many build-
ings unfitted from a sanitary standpoint for the handlmg of milk were condemned.

daily. The inspector saw this milk shipped to New York and
followed it, and when it was loaded on the trucks, the inspector,
having telegraphed ahead for a few police from the Sanitary
Squad, had the truck stopped, and the entire supply of milk was
condemned and turned into the sewer.
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As good and bad conditions are found in the dairies, so
good and bad conditions are found in the creameries. Bad con-

FIG. 62.

Here is a fair sample of wrong and dangerous methods found—a young man,
filling milk bottles through a rubber hose, forming a syphon in the hose by sucking
the milk through. The inspector stopped this practice at once. A very limited time
was ﬁn;le.n to the owner of this creamery to have proper equipment for bottling milk
installe

FIG. 63.

. The water beside the tracks is from a spring located in the tunnel. At the time
of inspection there was a gang of about fifty Italians working in this tunnel, This
small stream was used as a sewer and also used as the water supply of a nearb
creamery. Needless to say, this creamery shipped no milk the day this was found,

nor was it allowed to ship any until a new and pure supply of water had been obtained
and usecd.

ditions should be stopped or remedied and good conditions should
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be endorsed and sometimes improved. A good creamery is
well lighted and ventilated and is built in a sanitary manner. It
is roomy and clean, and milk handled in such surroundings is
normal and wholesome.

The milk in a sanitary creamery is bottled on clean tables,
the bottles are sterilized, filled and packed in ice and, put on
the milk train. The interior construction is such ¥that the
floors, side walls and all equipment can stand the 'hc?se;tbeing
turned on them and cleaned. ]

Some of the larger companies ‘“clarify” the milk. This con-
sists of passing all milk through a separator, an invention that
has revolutionized dairying throughout the world. The sep-

_ B

FIG. 64.—~POORLY LIGHTED CREAMERY.

arator is a centrifugal machine, revolving at the high speed of
over 2,000 revolutions a minute. The milk is hurtled around at
this rapid pace, and the cream being the lighter is forced to the
center and the top, and is there scooped off by a small pipe. The
process is continuous. After the separation, the two parts are
immediately remixed. The process of the separation removes
nearly all the foreign matter from the milk.

The aeration of milk simply means that it has been properly
and quickly cooled. This is accomplished by an arrangement









112 MUNICIPAL CHEMISTRY

It is at this link where the City Division of Milk Inspection
appears. In New York there_ are 20 inspectors, with one in

FIG. 68.

Sometimes the milk inspector waits until the milk is loaded on the wagons. Then
his work is a little more difficult.

As the night advances and daylight breaks, we find the inspector stopping large
and small trucks alike, and passing through the milkman’s load of milk, seeking
to detect bad milk. Many a driver protests at the delay, for this is no excuse to the
householder who wants his milk when he wants it.

If the inspector finds any adulterated milk, a proper sample is taken:and the
milk is destroyed.

FIG. 69.

The milk inspector’s outfit is a rather large one, consisting of telescopic dipper,
lactometer, thcrmometer, electric flash-lamp, bottles and seals for taking the samples.
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charge, whose duty it is to see that all milk offered for sale is
of good quality.

The inspector carries books of record and gives a duplicate
sample to the milk dealer, so that the dealer himself can have
his ‘own milk analyzed to see if it agrees with the analysis made
by the Department. The milk inspectors each morning take
their samples of milk to the laboratory, where they are analyzed.
With sometimes as high as a hundred samples being presented
in a day, the chemist and his assistants are kept busy. It is upon
their testimony as to the character of the milk that the prosecu-
tions of the Department are made.*
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FIG. 70.—CITY BOTTLING PLANT.

The Sanitary Code defines adulterated milk as follows:

“Milk containing more than eighty-eight per centum of water or
ﬂlfxii_is, less than twelve per centum of milk, less than three per centum
of fats. ’

“Milk drawn from animals within fifteen days before or five days
after parturition, or from animals fed on distillery waste, or any sub-
stances in a state of fermentation or putrefaction, or any unwholesome
food, or drawn from cows kept in a crowded or unhealthy condition.

*Milk is analyzed by first being tested by the Babcock test. This consists of
adding sulphuric acid to a small amount of milk. This acid dissolves the solids
other than fat. Then the mixture in a bottle is whirled rapidly around in a
Babcock centrifugal machine until the butter-fat is thrown to the center, where,
in the neck of the same bottle, it is seen and registered. Then follow a weighing
of the various solids of the milk and tests for borax, formaldehyde, or other
preservatives.
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“Milk from which any part of the cream has been removed, which
has been diluted with water or any other fluid, or to which has been
added or into which has been introduced any foreign substance what-
ever, or milk the temperature of which is higher than 50° Fahrenheit.”

If the chemist finds any milk testing below 3 per cent. butter-
iat or 12 per cent. total solids, the matter is placed in the hands
of the Assistant Corporation Counsel, who is the prosecuting
attorney for the Department. A warrant is issued for the dealer
or vender of the milk and one more case is added to the calen-
dar of Special Sessions, where every Monday morning milk cases
are tried.*

b WEYER 8o,
INE GRoCERIgsS

FIG. 71.—SELLING MILK ON STREET.

When the public see milk sold on the sidewalk exposed to every whirling gust
of dried sputumn or manure, they should refuse to accept it.

Classed in this link is the City Milk Bottling Plant. Some
of the large dealers are bottling all their milk in the country;
others are shipping it into the city in cans, pasteurizing it and
bottling it, as in this type of City Milk Depot. There are
advantages in both methods. The best method from the public
standpoint is to have it bottled in the country. The best method
from the dealer’s standpoint is to have it bottled in the city.
In city bottling the milk is nearly always 24 hours older, and,
to keep it from souring, it is generally pasteurized.

Some mention should be made concerning pasteurization.
This is a process named after the famous Frenchman, Louis Pas-

*During 1906, 41,395 quarts of adulterated milk were destroyed, 678 arrests were
made and $13,045.00 were collected in fines from dealers and venders of impure
milk; the judges are now showing an inclination to send frequent offenders to
jail without the alternative of a fine,
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teur, and depends upon heating milk to 155° F. for about 30
minutes. If done properly, the treatment destroys all bacteria
and no doubt prevents any form of disease from being trans-
mitted through the milk. The majority of pasteurized milk of-
fered to the public is heated to 155° F. for only 15 to 25 seconds.
If you are using pasteurized milk, I can only suggest that you
use it the same day you receive it, for old pasteurized milk is
generally more dangerous than old raw milk. When raw milk
is old, nature provides a warning in the increase of lactic acid

-

FIG. 72.—TESTING MILK IN STORE.

and it becomes sour. The warning is absent in pasteurized milk,
which has a tendency to putrefy instead of sour.

In the sixth link is the retail store. Here is a type of store
that should not sell milk, since milk with its absorbent qual-
ities is often exposed to contamination. Here is where the pub-
lic must show discrimination and judgment.

In the store is where the milk inspector has his hardest duty
to perform. The entire city has to be covered, and there are
over 12,000 places where milk is offered for sale. A great
many of these stores are on the East Side, where tastes are
so diversified, for the East Side population is a cosmopolitan
one. As an illustration of this, it may be mentioned that there are
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news-stands with five daily papers offered for sale in five dif-
ferent languages. Yet this great, oddly mated population needs
pure milk, and the Department of Health must see that it gets it.

In the better class of store, while inspection does not have
to be so frequent, it should nevertheless be performed with
regularity. The time is not far distant when milk will be sold
exclusively in the Dairy Stores, where the attendants are in
white suits and dispense the milk in sterile bottles on marble
slabs, where everything will be hygienic and scrupulously clean.
It is a condition that must come.

FIG. 73.—INSPECTOR IN A DECENT DAIRY STORE.

Link number seven is milk in the home. An essential feature
of a comprehensive plan for reducing infant mortality is the edu-
cation of the mothers of the poor in the proper methods of
caring for, bathing and feeding their infants. They need to
be taught domestic cleanliness, the proper care of milk, and the
principles of infant hygiene. There is much ignorance in such
matters. The Department of Health must educate and help.
Through its trained nurses and physicians it tries to have the
uneducated understand the nature of milk and how to feed it
properly. So during the hot summer months, the nurses go
from door to door, instructing mothers how best to care for
their babies. The economic necessity for this work is growing
more urgent every year.









CHAPTER VI
Tue Purrose, MErHoD AND EXTENT OF F0oOD ADULTERATION.

HARVEY WASHINGTON WILEY, M.D, PhD., LL.D,
Chief, Bureay of Chemistry, United States Department of Agriculture,

Washington, D. C.

The practice of food adulteration is almost, if not quite,
as old as history. Food, like air, must be had all the time in
order to sustain human life. The only difference is that, de-
prived of air a man dies in a few minutes; while if deprived
of food, he may live a few days, or even a few weeks in ex-
treme cases.

Fortunately no one has ever been able to get a monopoly of
air—although the air has been adulterated—not, however, with
the object of making it cheaper or debasing its character. On
the contrary, food must be worked for, paid for, or surrepti-
tiously obtained, and hence many attempts have been made
from the earliest times to debase its quality, to add injurious
substances to it, and to disguise its labels. Therefore, the pur-
pose of food adulteration is easily apparent. So far as I know,
its sole purpose is illegitimate gain.

The man who produces food, the man who prepares food,
the man who transports food, and the man who sells food, is
cach entitled to a fair profit for his labors. Especially the farmer,
who produces the food, should not be neglected, but just as
important is the charge rendered by the man who prepares the
food, the man who transports it, and the man who sells it.
Hence the price to the ultimate consumer is not only the cost
of production, the cost of preparation, and the cost of trans-
portation, but in addition to this a legitimate profit for each
of these steps.

In general it may be said, when left to the legitimate laws
of supply and demand, that the price of food will vary in propor-
tion as the cost of production, preparation and transportation
varies, assuming that the profits remain practically the same.

119



120 MUNICIPAL CHEMISTRY

Various methods, however, have been devised to increase
the profits. Competition: regulates to a large extent these
profits. The more farmers there are in competition, other things
being equal, the less profit each one will secure. The more
utilities of preparation, other things being equal, the less any
one preparer of foods will secure as a profit. The more lines
of transportation, other things being equal, the less the cost of
transportation and the less the profit to the transportation com-
panies. The more depots of distribution, other things being equal,
the less the profit which any one distributor will secure. It is
evident that competition may be of such a character as to en-
tirely eliminate the margin of profit in all these lines and even
cause a food product to be offered to the consumer at less
than the actual cost thereof.

With this problem, however, food adulteration does not have
to deal. It has to deal, first, with the purpose of its practice.
It is evident without argument that a food product of a superior
quality may be debased without changing its aspect or its name,
and, in so far as ordinary trial can be made, without apparently
changing its nutritive value. If this can be done, it follows as
a logical sequence that this product will obtain the same price
on the market as the genuine article; hence, the purpose of that
species of food adulteration which debases the article. An il-
lustration of this, and a very simple one, is the removal of
cream from milk, or the addition of water thereto. Each of
these practices can be indulged in to a certain extent without
destroying the appearance, or character, or apparent nutritive
properties of the milk. Such milk can therefore enter com-
merce and secure the price of the genuine article. The amount
of increased profit is exactly equal to the degree of debasement
practiced. :

Again, food products are often judged largely by their color.
A cream, for instance, is supposed to be yellow, and a straw-
berry red, and an old liquor a yellow-red color. It is evident,
therefore, that if a cream which contains a small amount of
butter fat can be artificially colored, it may seem to be very
much richer than it actually is; and if strawberry preserves,
which may lose their color on keeping, may be artificially col-
ored, they look fresher than they are; and if a freshly distilled
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product can have the color of age simulated by the addition
of caramel, it will apparently have a virtue which it does not
really possess. Hence, the use of coloring agents for fraudulent
purposes ‘permits the introduction into commerce of articles
which, by this artificial coloring, bring a higher price than they
otherwise would.

Another important illustration of this principle is in the op-
posite direction, where the presence of color is supposed to be
a mark of inferiority, whether it really is or not. Hence, a white
flour is adjudged by most people to be superior to one of a
gentle yellow color, and this has caused the introduction to a
very large extent of artificial bleaching (secured by the use of
peroxide of nitrogen), which discharges its color and makes
a yellow flour look white. In this way, lower grades of flour,
as regards color, are bleached in order to resemble the higher
grades, and mixtures are sold as of higher grade to the prejudice
of the consumer. Hence, the purpose of the addition of color or
its abstraction is to illegitimately increase profits.

There are still other kinds of food products which rapidly
deteriorate and therefore bring on the market a lower price
than when fresh. Various methods have been devised to keep
such products in as fresh a state as possible, and most of these
methods are perfectly legitimate if the consumer is informed that
they have been practiced.

In most cases the appearance and flavor of the -body itself
give the information desired. This is true in the preservation
of meat, where the appearance of the meat, its flavor and odor,
all inform the consumer of the condition of the material.

Again, desiccation will enable a food product to be kept in
a state suitable for consumption which would not keep if it
retained its natural supply of water. The appearance of a
desiccated product, however, is such that the consumer always
understands the nature of the preservative process used.

It is also found that sterilization of perishable food products
and the exclusion of fermenting germs therefrom is a most ex-
cellent method of keeping the product. This method, too, dis-
closes itself to the consumer because such products are kept in
closed vessels, to which the air has no entrance.
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And last of all, cold storage is a most excellent and un-
objectionable method of preserving foods.

All of these methods are to be commended and their use
encouraged just in so far as the food can be kept in a state fit
for consumption and just in so far as the practice of these meth-
ods of conservation are not used artificially to increase prices
by -withdrawing large quantities of perishable food products
from the markets. This, however, is not always the case, as,
for instance, in the spring, when eggs are cheap, the demand
for eggs to be put in cold storage is such that the prices which
otherwise would obtain to the consumer are kept on a much
higher plane, more so perhaps than is compensated for by the
lower price of eggs during the scarce season. But aside from
this, all these methods of preserving have legitimate uses.

There is one method of preserving used which, it appears
to me, has no excuse whatever, and that is the addition of pois-
onous or deleterious substances which destroy or paralyze the
activities which produce decay. Whatever the nature of the an-
tiseptic may be, it must paralyze or kill the germs before it
because it is said that in the small quantities which are used, no
matter what its name may be, must be a poisonous or dele-
terious sybstance. The use of such materials has been excused
because it is said that in the small quantities which are used, no
harmful effects are produced upon human health., The evi-
dence, however, to support this is of a negative character, while,
on the other hand, there is abundant evidence of a positive
character to the contrary. The protection of the public demands,
to my mind, the entire exclusion of chemical antiseptics in food
products.

Often it is charged that these bodies are no more injurious
than condimental substances, such as acetic acid. The futility
of this claim is seen in that in the only form in which it occurs,
vinegar, it is wholly burned in the body, converted into heat
and energy, and in itself is a food as well as a condiment, Pro-
fessor Van Noorden, the most celebrated authority on kidney
diseases in the world, particularly permits the use of vinegar to
his patients, when they crave it, on the ground that it is not
only harmless but in itself a useful substance.
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It follows, therefore, as the natural conclusion from these
facts, that the addition of deleterious substances to food is never
permissible. At the same time, I am not one of those who
would deny to the consumer the privilege of using any one of
these bodies if he sees fit to do so; but he should only have
that privilege for himself and not insist upon it for another.

The purpose of this form of adulteration is also illegitimate
gain because the preservation of foods by chemical antiseptics
is by far less expensive than any other form of preserving
which is employed. Hence, food products thus preserved can
go into the market with those preserved in other ways and
secure a higher profit to their manufacturers and distributors
than otherwise would be the case.

In the above resumé of food adulteration I have also in-
cluded many of its methods, so that the second part of the sub-
ject is largely discussed, necessarily, in the exposition of the first
part.

The methods of food adulterations, to summarize them, are
as follows:

1. The abstraction of some valuable ingredient of the
product. _

2. The addition of a less valuable ingredient.

3. The addition of an ingredient which serves largely as a
filler and has practically no food value at all.

4. The mixing, or powdering, or grinding of a body whereby
its inferiority is concealed.

5. The coloring of an article whereby inferiority is con-
cealed.

6. The addition to a food product of a harmful or dele-
terious substance, which, in the language of the Food and
Drugs Act, may render the article injurious to health.

The above comprise practically all the methods of food
adulteration which are practiced. With the practicing of these
methods, however, and as a necessary condition to their suc-
cess, goes the practice ,of misbranding, which in itself may be
considered an adulteration.

An authority very eminent in such matters, the late Pro-
fessor A. B. Prescott, of the University of Michigan, stated
in evidence before a Congressional committee that in his opinion
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every form of adulteration was injurious to health, that the
changing of any natural food product in any way by the with-
drawing of any of its ingredients or the addition of even appa-
rently harmless substances must of necessity injure health be-
cause it must be, of necessity, disturbing to the normal dietary.

There is a great deal of truth, I think, in Professor Prescott’s
contention. It may be claimed by a manufacturer that ground
peanut shells are harmless substances. That may be to an
animal whose organism is suited to digest a ground peanut hull,
but man is not an animal of that kind. The pouring into a
man’s stomach of a considerable quantity of ground peanut hulls
may result in serious injury, although there is nothing poison-
ous or deleterious in the peanut hulls themselves, and some
animals might eat them with profit and convenience. And what
may be said of a simple, debasing practice like this is more or
less true of every kind that is used; hence, we may say that in
the adulteration of food in the manner which has been de-
scribed above very grave injury may come other than by the
addition of poisonous or deleterious ingredients, but by the
addition of substances which are not in themselves poisonous or
deleterious. >

The question may well be asked: “What are some of these
poisonous or deleterious substances which are used?” The an-
swer is a very simple one—the same kind of material is not used
in all countries. When bodies of this kind are used in a coun-
try, and it becomes known, the legislature is very apt to enact
laws against it. Then the people who desire to use these bodies
are forced to use other bodies. Salicylic acid is one of the
most efficient and, in my opinion, one of the least harmful of
adulterants of this kind which has been used, and it was one
of the first used. Nearly every country, however, has forbidden
or restricted the use of salicylic acid, until now it is rare to
find it in any food product in the United States. Legislation is
directed against it from all quarters.

The same is true of formaldehyde, which is the ideal preserva-
tive for milk. It is forbidden in almost all countries and is
rarely found in this country. Boron compounds were often used
in the United States before the passage of the pure food law
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to a considerable extent. At present the use of these com-
pounds as a food preservative has almost ceased.

The principal preservative which is now used is benzoic acid
or benzoate of soda. Some of the States have forbidden the
use of these compounds in food products, while others tolerate
them. The United States Government expressly permits their
use in unrestricted quantities, but with the proviso that their
presence be declared upon the label.

The third point is the extent of food adulteration. It is al-
ready seen that it is quite impossible to separate the three
problems of this subject. In the above resumé of the methods
of food adulterations I have also largely touched upon the ex-
tent of their use.

As indicated, this extent varies in different countries. The
most extensive adulteration of foods by chemical preservatives
at the present time is in Great Britain. The peculiar situation
of Great Britain has led it to be particularly conservative in
its legislation against antiseptics. Antiseptics are permitted
freely in certain forms of foods manufactured and consumed in
Great Britain.

Among those permitted may be mentioned boron compounds,
which are allowed in meat and butter and in cream to the extent
of from 14 to 15 per cent. Salicylic acid is also permitted in
foods in Great Britain in quantities not exceeding one grain
per pound. Benzoic acid is not very extensively used in Great
Britain, but probably would be subjected to about the same re-
strictions as are applied to salicylic acid.

In Germany the laws against the addition of deleterious
ingredients in foods are more severe. Boron compounds are
prohibited entirely. Benzoic acid and benzoate of soda have
never been used to a very large extent in Germany. Salicylic
acid is prohibited, and so is formaldehyde. Sulphurous acid is
allowed in small quantities in dried fruits and in wines.

In France the laws against antiseptics are also quite restrict-
ive. Salicylic acid, benzoate of soda, formaldehyde and boron
compounds are prohibited. Sulphurous acid is permitted in
wine, not to exceed 350 milligrams per kilogram. Sulphate of
copper is permitted, not so much as a preservative as a coloring
agent, in certain green vegetables, as peas, beans and spinach.
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In the United States I have already indicated what are per-
mitted. In all these countries, however, the use of antiseptics
in strictly fresh foods is not practiced to any great extent. The
other forms of adulteration, such as debasement in the way of the
abstraction or addition of substances, are strictly forbidden by
law and are only practiced surreptitiously until they are con-
demned by the courts. Excessive use over the prescribed amounts
is also severely punished in all the countries named.

As a whole, it may be said that the practice of food adultera-
tion is being gradually restricted in all countries, and certainly
in the United States, where the amount of adulteration in any
form is far less than at the time the Food and Drugs Act became
a law. While there is still much to be done before securing an
ideal food supply, we may be greatly encouraged by reason of
the progress already made.

It may be asked if the restriction of food adulteration will
not raise the price of food. To this I think the answer is un-
doubtedly in the negative. It is true that when various foods
are relieved from competition with adulterated foods, they will
have a fairer and freer market and will bring a legitimate price
subject to the laws of supply and demand. On the other hand,
lower grades of food can be produced without any adulteration
at all and offered to a different class of consumers at a decidedly
lower price than they have ever paid before. The result, it
seems to me, will be beneficial both to the well-to-do consumer
and to those who are in restricted circumstances. I do not be-
lieve, therefore, that any increase in the price of food can be
properly laid to the fact of the restriction of adulteration and
the requirements of the law for a proper branding of all foods.
1f, however, that should be the fact, even then there would be
no reason to repeal these Acts, which have been doing so much
to secure a better food supply for the public and so much to
raise the moral tone of commerce in foods.
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Having in the previous lecture described the purposes, the
methods and the extent of food adulteration, we may now con-
sider the remedy for the evils and the relations of chemistry to
this work.

It is evident, it seems to me, that the very best remedy for
the evils of food adulteration would be the creation of a public
opinion of a character which would regard persons engaged in
food adulteration as without the pale of ethical, moral and polite
society. As long as food adulterators occupy high social and
official positions and receive recognition from what is known
as the best element of society, you cannot expect that the pro-
fession of adulterating food will be looked upon as unworthy of
pursuit. - The fact of the case is that the manipulation of our
foods, although offending every ethical and moral principle, al-
thought depriving the consumer of his money, and although
often injuring his health, has never been classed, at least in
public estimation, with the same sort of offenses known under
other names. The man who defrauds in any way, who obtains
money under any kind of false pretence, or who imposes upon
the confidence of the community by misrepresentation and false-
hood, has never been regarded as a desirable citizen. It is, how-
ever, true that persons who are convicted of crimes of this
kind in foods and drugs do not lose their standing in society
and are not regarded in any ordinary sense as criminals. They
do not even need to have the courage of their conviction, as a
conviction for a crime of this kind does not attach, in the public
estimation, any opprobrium to the name of the convicted. The
case is not unusual of a person convicted of a crime of this kind
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who not only continues in the highest business circles, but is
placed subsequently in a high position of trust and profit by his
fellow citizens. This would not be the case of a man convicted
for the same crime known under another name.

The most important of the remedies, therefore, for food.
adulteration is the creation of a public opinion which will look
upon it and upon its perpetrator with disfavor. To that end, it
seems to me, the education of the community respecting the
nature of food adulteration is of the highest importance. That
education should begin in our schools and be continued in our
colleges. In the family, in the school, and in the college the
young man, or the young woman, receives those impressions
which guide to a large extent his, or her, moral as well as finan-
cial career. I should like to see taught in the public schools the
ordinary ways of food adulteration, the purpose of practicing
it, and the simple remedies for its prevention and cure. This
is already done to a certain extent. The laws of some States
and municipalities require the teaching of certain principles of
physiology or the inculcation of certain facts derived from these
principles in regard to habits. For instance, the children in our
public schools are shown the dangers and undesirability of the
tobacco habit and the alcohol habit, and to a certain extent of
the caffeine habit. The laws of some of the States and munici-
palities refuse the privilege of selling to a minor cigarettes, or
distilled or fermented beverages. It seems to me that laws of
this kind are wise and desirable. It remains to be demonstrated,
in my opinion, that the use of tobacco or of caffeine, or of
alcohol is of benefit to a child or a grown person. On the con-
trary, it is fraught with considerable danger in that there are
many persons of weak wills or with certain appetites, who, with
access to these things, early form the habit of their use which
later becomes a curse to themselves and their friends. To my
mind, therefore, it would be well in teaching the principles of
physiology to the children of our schools and to the young people
of our colleges, to teach them also the dangers of the use of
adulterated foods. They should be taught that to manipulate
natural foods in any way to debase them and then continue
their sale under their own names is not only a moral, but a
dietetic crime; they should be taught that Nature is perhaps
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the best judge of the constitution of a food, and that any change
in its natural condition, unless incident to its preparation for
use, is undesirable and possibly unwholesome and illegitimate ;
they should be taught to believe that the natural colors of foods
are those which should be retained and that no artificial color-
ing of foods for any purpose should be practiced; they should
be taught the danger of using food products mixed with un-
certified coal tar colors, which are very apt, with the ordinary
methods of manufacture, to contain poisonous and deleterious
substances which render them extremely objectionable; and fur-
ther that the use of vegetable colors to imitate or simulate a
natural color can only result in deception, and deception is never
ethical, even if at times diplomatic; they should be taught that
the misbranding of a food product is a species of adulteration
because it conveys to the consumer an idea of the constitution of
the food which is not borne out by the chemical analysis; they
should also be taught that the laws of many of the States and
of the United States require that certain manipulated food prod-
ucts shall bear upon the label a statement of the manipulations
to which they have been subjected, the object of this being to
notify the consumer of the fact that the thing which is pre-
sented to him is not the thing which he would ordinarily expect
it to be. The branding on the label of the fact that the food
has been adulterated, or that it is misbranded, is not, of course,
a drastic remedy for these practices, but it at least brings them
into the public mind and lays the foundation of an education
which will lead the public in some cases to refuse to use these
manipulated articles. If, for instance, a man sells buckwheat
flour and mixes it with other flours, he is not allowed under
State and National laws to use the term “buckwheat” without
limitation, and he is required to state the other constituents.
This is one of the least objectionable practices because the flours
which are mixed with buckwheat, in so far as we know, are
quite as wholesome and nutritious as the buckwheat flour itself,
but it notifies the consumer that the article is not buckwheat
flour, and it is the same article perhaps. which, before the enact-
ment of the food and drugs law, was marked buckwheat flour.
If the children of our public schools and the young people in
our colleges were taught the art of studying a label, it would do
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much to eradicate the misbranding and adulteration which at the
present time exist. There are few consumers who, if they had
their choice, would not take an unsophisticated article or an
unmanipulated one in preference to the adulterated or mis-
branded product. If they did prefer the misbranded or adul-
terated article, it would be solely by reason of its price and not
by reason of any improvement in its flavor or dietetic quality.
Already steps have been taken in this campaign of education
as a remedy for food adulteration. Not only has it been taken
up by the newspapers of the country, but also by the weekly and
monthly magazines. It has been preached even from the pulpit
and very largely from the rostrum. It has been considered by
organized bodies such as State and National medical associations,
associations of women’s clubs, and other clubs formed for civic
improvement and progress. Such an opportunity as I have to-
day to call attention of this large body of young people to this
matter is one of the very means which is most efficient in secur-
ing the remedy for the evil. It is indeed a well established evil
which can withstand the flood of public opinion. Even the high
price of foods had to give way to some extent to public clamor,
and no organized and extensive adulteration of food products
can long resist the condemnation of intelligent public opinion.
In this great work of information, chemistry must play the
leading role. It is the chemist who has to determine whether or
not a food has been manipulated in any way. He does this be-
cause by his researches he finds what are the natural constituents
of a food product, what relation they bear to each other, and
how impossible it is for man, with all his ingenuity, to artificially
disturb these relations without the chemist being able sooner or
later to detect what has taken place. If, for instance, it is in-
tended to abstract a part of the butter fat from milk and to add
another substance, the chemist will tell you that there is no
other fat which Nature has made or man has fabricated which
can so simulate butter fat of milk as to escape detection. If it
is the case of a salad oil, where the difficulty appears to be in-
superable, the same assurance can be given. There are a half-
dozen or more oils of a vegetable character which by look and
largely by taste simulate so closely olive oil as to deceive any
except the professional chemist or a connoisseur, and yet Nature
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has so constructed each one of these oils as to give it certain pe-
culiarities which readily enable the chemist to detect it from its
fellows. Hence, in the campaign of public education in these
matters the teacher must have constant reference to the work
of the chemist and must make use continually of those chemical
constants which the science of chemistry has established thus
peculiarly for each substance.

In the second place: What relation does the science of chem-
istry bear to the remedy for food adulteration other than by
the formation of a public opinion?

In this direction chemistry is supreme. In all countries to-
day the evils of food adulteration are recognized as of such
importance and persistence as to demand remedial legal treat-
ment. Thus we have seen in the last third of a century in
almost all countries of the civilized world, the creation of a
legal code defining food adulteration and providing penalties
therefor. While these laws vary greatly in detail, in the methods
of procedure, to some extent in definitions, and to a great extent
in the kinds and magnitude of penalties imposed, they all agree
in essential particulars. They all agree that any manipulation
of a food product which debases or diminishes its nutritive value,
adds a foreign substance, or causes it to be deleterious to health,
or deceptive in any way to the consumer, is an adulteration. In
all countries it is the chemist to whom appeal is made to deter-
mine the nature and extent of the adulteration. It is true that
many other sciences are also invoked, but chemistry preservesin
all of them its hegemony. Some of the other sciences which
are most called upon are bacteriology, botany, physics and micro-
scopy. All of these sciences are utilized as an aid to the chemist,
and all are valuable in their applications, and I say nothing to
minimize their value, nor in any way unduly magnify the work
of the chemist. I only state what is true in every country—that
the first person thought of in connection with the execution of
a food act is the chemist, and in every country it is the chemist
who 1is given the chief place and who is expected to bear the
chief burdens in the enforcement of the law. I to-day must con-
tent myself with pointing out only a few of the ways in which
the chemist accomplishes this work.
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In the first place it is extremely simple to determine by
chemical examination whether or not any chemical antiseptic has
been added to a food product. No matter how minute it may
be, its presence may be detected, and if in considerable quantity,
its amount. This is true notwithstanding the fact that in many
natural foods traces of these forbidden bodies occur. On cer-
tain soils, especially where grapes are grown, some boron com-
pounds enter into the composition of the grape and are found
in the ash. In other localities traces of arsenic and copper are
found in natural food products, and a few of the organic antisep-
tics in common use are found in certain products, especially the
radicles of benzoic and salicylic acids. Sulphur in some form
is found in almost all food products as a natural and essential
constituent, especially of protein substances, and this must be
carefully distinguished from sulphur compounds added as bleach-
ing agents or as preservatives. The principal thing to be taken
into consideration in this matter is that the quantities which
Nature places in food products of these forbidden bodies is
always extremely minute, entirely insufficient to produce the
preservative effects which are required. Hence, the presence in
any food product of any preservative, no matter what it is, in
quantities which really preserve, shows beyond any question
that it has been added to the food and is not present in its
natural condition. The simple tests of chemistry, therefore, will
at once inform the jury and the court as to the nature of the
bodies which are present and also as to their amount. But this
is only a small part of the service of chemistry in these mat-
ters. It is required in almost all cases in regard to the addition
of these substances to foods that there shall be connected there-
with the idea of injury to health, and the chemist is called upon
to take the principal role in the experimental determination of
this fact. This action of chemistry is one of its principal re-
lations to biology. It is not usually considered that chemistry
is a biological science, and yet there is no science which is so
essentially biological in its character as chemistry. Chemistry
deals with the very foundations of life, as well as with its modi-
fications, and the processes of nutrition are supremely chemical
in character and are controlled by as definite laws as those of
multiple proportions. It is in this field of inquiry that the
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chemist displays his highest qualifications. I will give some
simple problems of this character as illustrations and show how
chemistry is applied to them.

First, suppose we consider a substance, “a,” which is added
to food products and which gives them a certain tint. The
chemist first determines what this substance is—whether it is
a single chemical body or whether it is a mixture, and if a
mixture, whether it is offered in practically the same proportions
at all times. Having thus ascertained the nature of the body,
he proceeds to determine its effect upon nutrition. To this end
the animal life must be utilized, either of man or other animals.
This is also coupled with experiments to determine the artificial
processes of digestion in the presence of these bodies. Thus
we have three different lines of investigation: 1st, artificial
digestion, or, as it is called, digestion in vitro; 2d, experiments on
other animals; and 3d, experiments upon man. These investiga-
tions are usually undertaken in the order in which I have named
them. It is easier for the chemist to determine what effect, if
any, this substance, “a,” has upon digestion in witro than to
ascertain its effects, especially in small quantities, upon health.

It may have no influence whatever upon the process of di-
gestion either in regard to its character or its extent. In this
case a negative conclusion must be formed, that this is a sub-
stance which has no influence upon digestion, good or bad. In
the third place, digestion may be interfered with either in regard
to its proportionate elements or as a mass; in other words, it
is either prevented or retarded. In this case the only conclu-
sion which is to be drawn from the experiment is that the sub-
stance is of a positively bad character. A digestion in vitro, as
is well recognized by physiologists, is not a sole test. What
effect, for instance, would this body have upon the animal it-
self? This leads to the second form of investigation in which
chemistry takes a more prominent part: Its effect upon animal
nutrition. The animals which are employed are kept in as
healthy and sanitary environment as possible and are subjected
to the test in as nearly as possible similar conditions. Often
also a check test is made, that is, the same kind of animals being
employed, using the same foods and in the same quantities, but
without the substance “a.” In the study of animals this way
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two kinds of results are obtained. Tirst, the production of symp-
toms which are observed by a study of the deportment of the
animal, the avidity with which it takes its food, the amount of
excretion which is obtained, both of urine and of feces, and
the chemical and microscopical composition of the excreta.
Meanwhile, there has, of course, been determined, either upon
these animals or other animals, what the normal course of di-
gestion is, so that the normal amount of food has a certain
ascertained relation to the- excrement and the general conduct
of the animal. The chemist is now called upon to determine
whether or not any change is produced in this animal not evi-
denced under ordinary senses. He studies each individual com-
ponent of the food as affected by the animal economy. He
determines whether or not there is a normal excretion of nitro-
gen in normal conditions, or whether, as the case may often be,
there is an increased or diminished excretion of nitrogen. He
does the same for the phosphorus and the sulphur content of
the food. He determines the effect of this added body “a”
upon the digestion of the carbo-hydrates and fats of the foods.
He studies the composition of the feces as compared with their
normal composition. He studies the distribution of the sulphur
compounds of the urine to see whether or not this normal dis-
tribution has been disturbed in any way. He studies the feces
and the urine microscopically to see if they contain bodies
amorphous or crystallized different from those in the normal
urine and normal feces. These studies, of course, must be done
with the greatest care and cover a sufficient time to determine
certainly that variations are produced. They must also be of
such an extensive character as to eliminate the influence of the
idiosyncrasy of the animal, which is often of considerable im-
portance. He determines whether the animal is increasing or
decreasing in weight during the progress of the experiment.
At the end of this investigation he has most valuable data on
which to base his conclusions. One of three results may be se-
cured. The influence of “a” may have had a favorable effect
upon the metabolism, although it is difficult to determine or to
conceive of any favorable effect different from that of natural
metabolism. In the second place, the body “a” may have had
no effect at all upon the metabolic activities, and the whole
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process of nutrition, assimilation and secretion may have gone
on exactly as if “a” had not-been in existence. In the third
place, important variations from normal functional activity may
be observed. The quantity of nitrogen excreted may have been
increased or diminished, and the same is true of the phosphoric
acid and the sulphur. The distribution of the sulphur com-
pounds in the urine may have been changed; the quantity of
urea and uric acid may have been increased or diminished.
Microscopic, crystalline and amorphous bodies in the urine may
have been greatly increased or diminished, etc. In this way we
secure data which are capable of intelligent interpretation. If,
for instance, the body “a” has caused any material variation
from the normal metabolic activity which cannot be shown to
be positively helpful, it must be considered by all the tenets of
logical exegesis as being distinctly harmful.

There is no other branch of science except chemistry that
can compass a work of this kind. Hence there can be no com-
plete study of nutrition and the effects on nutrition of extrane-
ous and foreign bodies except as afforded by the science of
chemistry. What is true of “a,” a coloring matter, is also true
of “b,” an antiseptic, and is also true of “c,” an apparently
harmless filler, and is also true of “d,” the withdrawal of any
natural constituent of the body, and is also true of “e,” an in-
crease in the quantity of any natural constituent, and is also true
of “x” or ‘“y,” that is, any unknown variation of any kind in
a food. If I had time I might illustrate by showing chemical
data which have been collected by numerous investigators all
over the world to elucidate the points which I have brought out,
but these data are not necessary in order that you may under-
stand the supreme importance of chemistry as that branch of
science most indispensable and most useful in restricting and
abolishing the adulteration of food.
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Pure water, pure air, and wholesome, unadulterated food
may be said to constitute the pillars which form the tripod on
which rests the “mens sana in corpore sano.” These require-
ments for human and animal existence were really primarily
recognized ; but with the development of commerce we find the
commencement of food adulteration.j

Although systematic sophistication is an outgrowth of bar-
tering, with its accompanying trickery and deceit, yet it is not
possible in primitive states of society; and even in the semi-
pastoral state commercial frauds of this nature are unknown
or undeveloped. However, the adulteration of alimentary sub-
stances was practiced in the civilized countries at a very remote
date. Pliny refers to the adulteration of bread with a white
earth, and in Athens and Rome wine was much tampered with;
in fact, certain residents of Athens, among them the ingenious
Canthare, so excelled in imparting the flavors of age and ma-
turity to new wines that a special inspector was appointed to
detect and stop these practices. This early record of inspection
is indicative of the attention which the anciént civilized peoples
gave to sophistication, a practice which did not, however, be-

*Mr. Bayard C. Fuller, Chief Food Inspector of New York City, in a lecture
described the procedure in the Department of Health, We are indebted to him for
the selected illustrations which accompany this chapter. Sufficient is presented to
show the necessity of constant supervision, the need of education, especially among
tl;_cnxl)oolrer classes, and the value of able, conscientious, and sympathetic enforcement
o e law.

. tIn general, a food may be considered to be adulterated if anything has been
mixed or packed with it to reduce or lower its quality or strength; or if anything
inferior has been substituted wholly or in part therefor; or if any valuable constituent
has been abstracted wholly or in part from it; or if it consists wholly or in part of
a diseased, .decomposed. or putrid animal or vegetable substance; or if by coloring,
coating, staining, powdering, or otherwise, the inferiority in character is concealed;
or if it contains any added poisonous ingredient” (external preservatives, and unwhole-
some_preservatives and colors).

The object of food inspection is not only to prevent the manufacture, sale, and
transportation of adulterated foods, but also to enforce proper branding and to pre-
vent the sale of naturally deleterious foods.

136
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come frequently corrupt until the Middle Ages. Then it was,
from the eleventh century onwards, an epoch of general low
morality, that the bakers, brewers and vintners were accused
of many nefarious practices. DBread in particular received much
attention from the medieval sophisticator, and in England, as
early as the reign of King John, the sale of the commodity was
controlled by the “Assize of Bread,” which included penalties
for falsification. In France, in 1382, it was found necessary
to promulgate ordinances specifying the proper methods of
bread-making, while in Germany, during the fifteenth century,
the bread adulterator was punished rather severely. In Nurem-
berg almost all foods were regularly inspected, and in all the
cities of Germany there were elaborate regulations with regard
to bread, wine and drugs.

The early attempts to control and punish adulteration, par-
ticularly of wines and bread, are of importance in that they
were the precursors of the protective legal measures which exist
in more modern times. In 1802, the “Conseil de Salubrite” was
established in Paris; it took cognizance of adulteration, and the
work accomplished was so useful that most of the provinces fol-
lowed the example of the capital. It is to these numerous boards -
of health that the French are at present mainly indebted for
what immunity from adulteration they enjoy. In 1874, the
Society of Public Analysts was organized in England. This
society formulated a legal definition of adulteration and issued
the standards of purity to which articles of general consumption
should conform; it was supported in its work by the enactment,
in 1875, of the Sale of Food and Drugs Act.

Battershall has attributed the retardation of early syste-
matic action in the matter of adulteration in the United States
to the “American characteristic of controlling their own personal
affairs and the resulting disinclination to resort to anything
savoring of parental governmental interference.” True, sporadic
efforts to secure legislation were occasionally made and laws of
a specific nature were passed, but all such legislative restrictions
became subsequently dead letters; and the enactment of more
comprehensive laws allowed loopholes through which the of-
fender could escape. The culmination of agitation against food
adulteration, a practice which was becoming unfortunately gen-
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eral, was in 1877, when several of the State Boards of Health
—notably those of New York, Massachusetts, Michigan and
New Jersey—instigated the formulation of laws against adul-
teration, and commissioned chemists to collect and examine sam-
ples of foods; but it was not until 1903 that active measures
were taken by the Government to establish high standards of
purity for food products and to determine what are regarded
as adulterations therein. Through the collaboration of repre-
sentatives of the Official Agricultural Chemists of the United
States and of the Interstate Food Commission with the Agri-
cultural Department, standards of purity for food products were
established; and in 1906 the “Food and Drugs Act, June 30,
1906,” was passed. This Act, one of a protective and compre-
hensive nature, is at present in force, and it has been most ef-
fective in preventing the manufacture, sale and transportation
of misbranded, poisonous and deleterious foods, drugs and
liquors.

The determination as to whether a food is genuine or adul-
terated within the meaning of the law, and, if adulterated,
how and to what extent, rests with the analysts employed by
the Government, States and various cities.* Such analysts pass

*The following list includes the foods most exposed to falsification, to-
gether with the adulterants used :—

Article. Common Adulterants.
Bread and flour. Other meals; alum; ergot. :
Butter. Water; coloring matters (carrotin, etc.);

oleomargarine; other fats; preservatives
(boric and salicylic acids, etc.).

Canned foods. Metallic poisons; products of decomposi-
tion; “soaked goods_”; preservatives.
Cheese. Lard; oleomargarine; cotton-seed oil;

manufacture from skimmed milk; metallic
salts (in the rind).

Cocoa and Chocolate. Cocoa shells; sugar; starch; flour; alkali.

Coffee. Chicory; starch; peas; rye; corn; date
stones ; coloring matters (yellow ochre, tur-
meric, etc.); glazing (egg, sugar, gum).

Confectionery. Dextrin; glucose; starch; artificial es-
sences; poisonous pigments; terra alba;
talc; plaster of Paris; paraffin.

Honey. Glucose sirup; cane sugar; gelatin,

Lard. “Compound lard”; stearin; cotton-seed,
corn, cocoanut, peanut and sesame oils;
water.

Continued on following page.
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judgment on articles of food purchased or seized on the open
market by collectors of samples, and in general the analyst is
not aware of the data of collection nor the name of the person
from whom the purchase was made.
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FIG. 75.—SCENE AT THE PIER OF THE OLD DOMINION STEAMSHIP
COMPANY, NEW YORK CITY, WHERE LARGE SHIPMENTS
OF FRUITS AND VEGETABLES ARE RECEIVED.

Milk. Water; removal of cream; coloring matters
(annatto, azo-dyes, etc.); preservatives
(formaldehyde, etc.).

Mustard. Flour; turmeric; cayenne; mustard hulls;
terra alba; starch.

Olive Oil. Cotton-seed, corn, peanut, cocoanut, and
other fatty oils.

Pepper. Various ground meals; pepper shells;
ground olive stones; buckwheat middlings.

Pickles. Salts of copper; alum; sulphuric acid.

Spices. Pepper-dust; starch; rice; flour; ground
fruit stones; charcoal; sawdust.

Sugar. Dextrin; glucose; organic non-sugars.

Tea. Exhausted tea leaves; foreign leaves

(leaves of the willow, poplar, elder, birch,
elm, and rose); stems and fragments, and
“tea dust” (“lie tea”); added astringents
(catechu) ; and substances used to “face”
the dried leaves (indigo, Prussian blue,
i gypsum, soapstone, and plumbago).

Vinegar. Water; sulphuric acid; spices; caramel;

wood vinegar; metallic impurities.

This list is illustrative of the varied nature and great importance of
the food analyst’s duties.
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The investigation of the adulteration, false labeling, and
false branding of foods is conducted by the Government in the
Division of Foods of the Bureau of Chemistry, United States
Department of Agriculture, and food and drug inspection labora-
tories have been established in Boston, Buffalo, Chicago, Cincin-
nati, Denver, Detroit, Galveston, Honolulu, Kansas City, Nash-
ville, New Orleans, New York, Omaha, Philadelphia, Pittsburg,
Portland, St. Louis, St. Paul, San Francisco, Savannah and
Seattle. A rigorous system of inspection is conducted, and
for the information of the public the principal food inspection
decisions are published. The scope and nature of the regula-
tions governing the meat inspection of the Agricultural De-
partment are of particular interest. According to these regula-
tions, all slaughtering, packing, meat-canning, salting, rendering
or similar establishments whose meats or meat food products,
in whole or in part, enter into interstate or foreign commerce
shall have inspection unless exempted. An ante-mortem ex-
amination and inspection is made of all cattle, sheep, swine and
goats about to be slaughtered; at the time of slaughter, a
careful inspection is made, and only carcasses and parts found
to be sound, healthful, wholesome and fit for human food are
passed; and diseased carcasses and parts are suitably disposed
of. Carcasses affected with tuberculosis, and those showing
lesions of anthrax, blackleg, pyemia and septicemia, are no
longer converted into meat products to feed an unsuspecting
public, and “embalmed beef” is a food of the past.

The food inspection work conducted at the sixty-two Agri-
cultural Experiment Stations located throughout the United
States has been of an important nature. In'1902, however, only
eight States (Connecticut, Illinois, Indiana, Kentucky, Louisiana,
Maryland, Massachusetts and Michigan) and the District of
Columbia had officers charged with the enforcement of their
food laws, although Delaware maintained inspectors of bread-
stuffs, and California, Colorado and Iowa had dairy bureaus.
Later, particularly after the passage of the National Food and
Drugs Act of 1906, considerable attention has been paid to the
examination of food products collected by the stations, and
contributed by health officers, consumers and dealers. In Con-
necticut, for example, 1,594 samples were examined at the
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State station in 1907-8, and excellent work is being carried out
all over the country under the provisions of the various State
pure food laws. The association of State and National Dairy
and Food Departments directly co-operates with the Association
of Official Agricultural Chemists.

As an example of what has been accomplished and-is being
done by city food inspection, the metropolis of the country may
be most appropriately taken. Here food inspection,in all its

FIG. 76.—A MARKET SCENE, SHOWING FRUIT EXHIBITED FOR
WHOLESALE, NEW YORK.

varied forms is of the greatest significance, for every food prod-
uct known to mankind finds its way to New York, and what is
not consumed by the inhabitants is shipped to various parts of
the country. The Division of Inspections of the Department
of Health of the City of New York contains a highly impor-
tant subdivision, that of the Inspection of Foods. Aside from
the examination of the physical condition of food products—
that is, the inspection of fruit and vegetables at the wholesale
markets, and of fish and meat—the department maintains a
well-equipped chemical laboratory, where nearly 4,000 samples
of. food are analyzed annually.-
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The Supervising Inspector of Foods of New York City has
charge of the inspection of fruits, vegetables, and fish in the

FIG. 77.—AN INSTANCE OF FOOD EXPOSURE—NOT BAD FOR THE KIND
OF FOOD, NEW YORK.

Borough of Manhattan and of imported fruit which is landed
in the Borough of Brooklyn. The inspectors under his direc-
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FIG. 78 ~INTERIOR OF A MODERN ABATTOIR IN NEW YORK CITY.

tion carefully examine food products of the above nature, and
in cases wherein a superficial examination will determine the
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quality, the food which is unfit for consumption is immediately
condemned, disinfected, and removed to the city’s dump. Care
is especially taken to see that the final disposition is not that of
consumption. At stated periods the inspectors are changed so
that by a rotary system every inspector becomes familiar with
every district in the city. From the nature of the work, it is
also necessary to assign inspectors to a special kind of work;
therefore, there is one man who is kept at the wholesale market
along the river front for eight months in the year, and this
supervision is maintained during the night time. There are
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FIG. 79.—CARELESS EXPOSURE OF POULTRY—FORMERLY NOT AN UN-
USUAL SIGHT, BUT NOW RARELY SEEN IN NEW YORK.

also others who are detailed to examine the foods offered for
sale in the large stores, by wholesale grocers, importers, supply
houses, and brokers; and an inspector is assigned to take charge
of the railroad yards and the river front. The Borough of
Brooklyn has one inspector; he examines imported foodstuffs
and his territory is limited to the shore front.

The agitation which resulted throughout the country upon
the passage of the Pure Food and Drugs Act in 1906 did not
increase the activity of the Department in food inspection, since
section 68 of the Sanitary Code has been enforced for a num-
ber of years. It did serve, however, to assist in bringing into
close relationship all of the food manufacturers with the Health
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. authorities. When the agitation in relation to the meat packing
industry occurred, all places in Manhattan where sausages were
sold and manufactured were inspected, and as a result the prac-
tice of using borates and coal tar dyes is no longer general. At
present, all slaughter houses, stockyards, and shops are visited
regularly, and the unnecessary and dangerous practice of using
sulphurous acid in chopped meat has been practically eliminated.
The meat which is destined for use in hospitals is always exam-
ined with particular care as to its general condition; and the
disposal of the blood and offal from the “Kosher” meat slaugh-

FIG. 8.—A TYPICAL SCENE IN THE EAST SIDE, NEW YORK CITY.

Exposure of dried fruits in pushcarts. This is against the law and is gradually
being eliminated. g

ter houses requires constant supervision. Meat which is con-
demned is immediately destroyed in the tanks which are used
for the destruction of the offal from the slaughter house.

All of the ice houses and cold storage buildings connected
with the fish markets of the city are inspected regularly, and
in the summer months precautions are taken that only the best
fish go into the freezer. For a number of years the Depart-
ment experienced great difficulty in attempting to remedy the
evils of the Fulton Fish Market. Finally, however, by con-
stant vigilance, care, threats and diplomacy, practically a normal
condition now prevails, and there have been few complaints
from citizens, who formerly had wearing apparel ruined by
coming in contact with fish and fish slime.
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In 19035, the Department examined all of the retail confec-
tionery stores and cellars where candy is manufactured. It
was found that, in many instances, the utensils and conditions
were decidedly unsanitary, and people lived in close proximity
to their work. About 3,500 places of this character were in-
spected, as a result of which nearly 400 notices or orders were
issued. Similar attention was given to the bake shops, macca-
roni manufactories, and retail grocery stores; the practice of
drying maccaroni on the sidewalks was especially discouraged.
During 1908, in all stores where ice cream is manufactured

FIG. 81.—EXPOSURE OF CANDY. >

Glass covers for food pushcarts were required by the Department of Health, but it is
not easy to see that the street venders keep the covers down.

utensils used in the manufacture were carefully examined, and,
when necessary, orders were given either to purchase new or
repair the old utensils. Among the substances used in flavoring
extrdcts, the lemon juice substitutes have been driven out of
the market.

It is the custom of the Department to immediately inspect
merchandise to be used for foodstuffs which may be damaged
by fires, and for this purpose the Department receives reports
from the Phoenix Insurance Company. The New York Mer-
cantile Exchange has elected a representative of the Depart-
ment to floor privileges, and the latter may now come in direct
touch with the dairy interests. In fact, the Department receives






CHAPTER IX

DruGs AND THEIR ADULTERATION.

VIRGIL COBLENTZ, Pu.D,
Professor of Chemistry, College of Pharmacy, Columbia University,

New York City.

The term “Drug,” as interpreted by our Food and Drug Law,
means any medicinal agent, be it of mineral, vegetable or animal
origin, or a coal-tar product. By adulteration in the narrow
sense, we understand the mixing of a drug with one of lower
grade or inert matter, for the purpose of enhancing profit or
meeting competition.

Taken in the general sense of the term that the purchaser
receives something different from that which he should antici-
pate, the subject becomes a very broad one, and this is the
standpoint of the United States Pharmacopceia, our National
Drug Codex.*

Limited space admits a consideration of this important sub-
ject only in general outline, with the citation of typical exam-
ples under the various heads. Understand, however, that adul-’
teration is not as general as might be assumed, for during recent
years much progress has been made in combating this practice
legally as well as through educational channels. 3

Intentional Adulteration—This represents the very worst
phase of the evil since the motives are purely for gain, while
deception and fraud are perpetrated upon the sick and injured,
a crime of the worst type.

Intentional adulteration of medicinal chemicals, excepting

*In response to a general demand, emanating from the College of Pharmacy of
the City of New York, seconded by medical and pharmaceutical institutions, our first
law regulating the importation of drugs and chemicals was enacted in June, 1848.
Up to this time, our country was the veritable dumping ground of Europe for adul-
terated medicinals. It was shown that many of the more important chemicals used
in medicine were entirely substituted by inert ones. The necessity of this law was
demonstrated by the fact that during the first nine months following the enactment
of this act of Congress 90,000 pounds of drugs and chemicals imported were rejected—
very significant figures considering the lax standards of those eariy days. With the
tremendous progress made in the arts and sciences, during the 6o years intervening,
drug inspection is today exacting and accurate, so we are assured of high-grade
goods, if the intent of the law is conscientiously executed.

147
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that of the coal-tar products, is quite rare; in fact, such chemi-
cals as are sold in original containers by our manufacturers are
never adulterated. Such cases as do occur among bulk goods,
may be traced to curb-brokers or other irresponsible parties.
Occasionally we hear of the following: arsenious acid mixed
with gypsum or china clay; litharge (lead oxide) with brick
dust; light calcium carbonate mixed with magnesia carbonate
to increase its lightness and bulk; cream of tartar with alum or
calcium phosphate; borax mixed with or entirely substituted by
sodium bicarbonate ; precipitated sulphur containing as much as
75 per cent. of calcium sulphate.

Criminal is the practice carried out by traveling vendors,
also by firms of many aliases, located in Canada and Switzer-
land, who offer certain well-known medicinal coal-tar products
at lower rates than sold by responsible parties. These remedies
are put up in imitation packages or are sold as being identical
in composition with the genuine. Thus, imitation packages of
sulphonal, trional and phenacetin are filled with acetanilid ; veronal
substituted by malonal, a cheaper but more dangerous succe-
daneum; thymol iodide, an antiseptic, mixed with unclean inert
matter or so carelessly made that when introduced into a wound
causes either infection or iodism. Thymol, an aromatic anti-
septic, is occasionally admixed with paraffin. Vanillin and cou-
marin are frequently mixed with acetanilid. Creosote, the value
of which depends on the guaiacol content, appears frequently
practically minus the latter.

Among the essential oils, adulteration is extensively prac-
ticed, either in the addition of some inferior grade of the oil,
some other similar oil, or turpentine, or through the withdrawal
of a part or all of the most valuable constituent. Such decep-
tions are carried out with skill and are more or less difficult
to detect, owing to the complex character of most of the essen-
tial oils, which consist of mixtures of one or more odor or flavor
carrying constituents and an inert vehicle, a terpene or a mix-
ture of terpenes. Some essential oils have always been adul-
terated so that the public would fail to recognize the pure article
if supplied, as, for example, otto of rose. As examples of oils
from which the flavor-carrying principles are frequently removed,

“we may cite; lemon (citral), anise (anethol), thyme (thymol),
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peppermint (menthol), clove (eugenol), cinnamon (cinnamic
aldehyde), sandalwood oil (santalol), etc. Oils adulterated with
rectified turpentine, alcohol, kerosene or low grade oils, are
cinnamon (rosin, petroleum), eucalyptus (eucalyptus oil with
much phellandrene), juniper berries (turpentine, juniper wood
oil), lavender flowers (from plants), copaiba balsam (gurjun
balsam), anethol (low grade fennel oil), citronella (kerosene,
alcohol, terpenes), bergamot (turpentine, colored lemon oil), lav-
ender flowers (turpentine, rosemary oil, oil from the plants),
otto of rose (geranium, geraniol), etc.

Until the enactment of the Food and Drugs Act, pure pow-
dered spices were rather the exception than the rule. The trash
sold to the public was amazing. Such admixtures as gypsum,
calcium carbonate, brick dust, clay, flour bran, screenings, ground
cocoanut shells, clove stems, pepper shells, powdered olive seeds,
exhausted spices and many others, were very common. With
standards now established by the government, it is only a ques-
tion of enforcement of the law.

Adulteration and substitution have been practiced among bo-
tanic drugs from the earliest times and even to-day more than
in any other line of drugs. It is only recently that any attempt
at a systematic inspection by experts has been made by our
government on drugs entering into our ports. Those indige-
nous in our country pass directly into commerce. Adulteration
in this line is not as readily controlled as in others, because it
requires not only careful training and long experience to be
able to distinguish true from false drugs, but also means of
chemical assay are totally lacking among many of the more
common ones.

Adulteration of drug powders is very common, not only
through the addition of foreign inert matter, but also through
the employment of worm-eaten, inert, exhausted drugs or other
parts of the same plant. The detection of such admixtures re-
quires special training and at times is attended with difficulty.
Such adulterated drugs get into the market through the igno-
rance of the buyer, the carelessness of the collector and cupidity
of some dealers. As instances we may cite the following:

Alstonia constricta (Australian fever bark) is substituted by
or admixed with the A. scholaris, unlike the former, as well as



505" MUNICIPAL CHEMISTRY

by a powdered mixture of wild cherry bark, goa powder and
cinchona; asafcetida is largely admixed with sand. Opium is
mixed with stones, clay, gypsum, litharge, resinous and mucilagi-
nous substances. Hydrastis canadensis (golden seal) is mixed
with any rhizome that possesses the same yellow color. Jaborandi
leaf, an active drug, is not only adulterated with leaves from
other plants which resemble it, but also the practice of substi-
tuting one variety for another has become more common than
the supplying of the genuine leaf. Lobelia seeds are frequently
altogether substituted by the “Mullein Seed”; larkspur seed for
stavesacre; apocynum (Canadian hemp) has been so frequently
substituted by roots of several other species that the genuine
drug has fallen into discredit. According to Rusby* three
totally different plants are called “Pink Root” in our southern
states, hence the official drug (spigelia marilandica) is substi-
tuted, or adulterated, to the extent of 75 per cent. He also
states that less than one-half of the male fern sold is really
genuine, owing to the careless substitution of other species; also
a so-called “French cultivated stramonium” of “Superior Qual-
ity,” was found to be in no way related to stramonium and
devoid of mydriatic properties.

Quoting further from Rusby, “no drug is more certain or
prompt in its action or used more urgently in vital cases, than
strophantus (a heart stimulant), yet more than 75 per cent. of
that used is spurious; one variety is nearly inert, and I could
cite a number of fatal cases resulting from failure to get its
action.”

Beeswax is still attractive to the sophisticator since we meet
such additions as starch, sand, and corn-meal. More difficult of
detection is the substitution of mixtures of beeswax with stearic
acid, paraffin or carnauba wax, or a mixture of the latter three
without beeswax.

Therapeutic Substitution—This occurs quite frequently in
that drugs of similar medicinal properties obtained from other
members of the same family are sold for one another. Usually
the substitute is of inferior medicinal quality. Those who carry

Merck's Report, 1905, 202.
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on this practice are under the impression that the substitution
of a similar drug makes no real difference, and in some in-
stances, when the drug is of harmless nature, as is the case
among the sarsaparillas, there is no real difference in result.
Thus, other varieties and allied substances are frequently sold
as a true kino ; Curacao, Cape and Natal aloes for the Socotrina;
roots of many plants resembling ipecac; one kind of cinchona
bark for another; one variety of cocoa leaf for another. The
substitution of soaps from animal fats for powdered castile
soap is common, as is the substitution of synthetic methyl salicy-
late for oil of wintergreen, cinnamic aldehyde for oil of cinna-
mon, and benzaldehyde for oil of bitter almonds.

Another reprehensible practice is the substitution of chemi-
cals of unknown manufacturers for copyrighted ones, as acetyl
salicylate for aspirin; diacetyl morphin for heroin; acetylamido-
salol for salophen ; various sulphonated hydrocarbons or shale oil
for ichthyol; diethylbarbituric acid for veronal; bismuth tri-
bromphenol for xeroform; dimethylamido-antipyrin for pyra-
midon ; nucleinate of silver for argyrol and nargol; proteinate of
silver for protargol; quinin ethyl carbonate for euquinin, and
SO On.

While some of these substitutions are identical with the
copyright article, yet what protection has the patentee for his
products, when sharks are permitted to flood the mdrket with
what is in many cases an inferior article, after the former has
been to the expense in developing and exploiting his invention?

Deteriorated Drugs.—Deterioration of drugs and chemicals
may be brought about through careless storage, and, while many
are indifferent to such conditions, others are totally ruined.
Thus, simple exposure to the light, although contained in well
stoppered bottles, will cause decomposition to take place in
mercurous iodide, calcium sulphide, iodides of ammonium and
zine, morphine acetate, silver salts, chlorine water, chloroform,
etc. Storage and occasional opening of the containers are suffi-
cient to bring about deterioration of ammonium carbonate, sul-
phites, tablets of nitroglycerin, hypochlorites, hydrocyanic acid,
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hydrogen peroxide, oil of bitter almonds, ethyl and amyl nitrites,
etc.*

Natural deterioration among the more sensitive chemicals
is unavoidable and is recognized by the United States Pharma-
copeeia under restrictions in some instances. Exposure to air
causes a rapid deterioration of such drugs as contain volatile
oils, like cinnamon, clove buds, lavender flowers, peppermint,
etc. The growth of fungi, which readily takes place on damp
drugs, especially leaves, causes rapid deterioration with decompo-
sition of their alkaloids, as with the cactus grandiflora, jaborandi,
stramonium, cocoa and digitalis leaves.

Insects readily attack such drugs as poke root, jalap, rhu-
barb, ergot, taraxacum, aconite, gentian, ginger, burrowing
through them until they are transformed into an unsightly
porous mass; powdered cayenne pepper and paprica are breeding
grounds for a kind of moth which spins webs through the mass.
In this list may be included drugs collected at the wrong time
of the year, as spring collected podophyllum root, which is
worthless ; leaves of hyoscyamus and digitalis of the first, instead
of the second, year’s growth, which are of but little value.

Accidental Adulteration—~This exists chiefly among botanic
drugs and spices, since their collection is mainly in the hands of
ignorant or semi-civilized people. We find stems, twigs and
foreign leaves among leaves, foreign roots and dirt among rhi-
zomes and roots, stems and inert berries among good ones. For
example, Keblert quotes instances of chimaphila leaves mixed
with 25 per cent. of stems; jaborandi leaves with 16 per cent. of
twigs and stems ; cocoa leaves with 18 per cent. of foreign mate-
rial; cubebs with 15 per cent. of stems and 11 per cent. of worth-
less berries yielding 6.4 per cent. of oil instead of 12 per cent.}

*There is no question as to the accuracy of these statements. The important
point of the matter depends upon, first, the ability of the dispenser to recognize such
deterioration; and second, the willingness of the druggist to destroy and not dispose
of such articlées when a pure article is asked for by the purchaser or prescribed by
the physician. The former reflects upon the schools of pharmacy, which are not
now to be found fault with, and the latter exhibits a condition of cupidity against
which all forms of educational activity should and do enveigh, and which should
be freely made known by those competent not only to the community but the official
boards which grant licenses. No words are sufficiently strong to condemn such
ignorance or, worse still, contemptible practices.—C. B.

{Bureau of Chemistry, Department of Agriculture, No. 1.

$The lecturer exhibited a number of such, as well as other, illustrations of adul-
teration. Unfortunately these cannot be shown in printed pages—but “he who runs
may read.”—C, B,
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All crude drugs, good, bad and indifferent, are bought up®
by merchants, who have only a general knowledge in this line.
These then pass through the hands of brokers to the wholesale
drug dealers, drug millers and manufacturers of pharmaceutic
galenicals. The two former classes are generally without anyone
qualified as drug experts, while the latter class is compelled to
exercise more care, since many of their products are subject to
assay. Foreign drugs that pass through the New York port of
entry are now subject to official inspection, resulting naturally in
a great improvement in their quality.*

Convential Mixtures—In order that a drug may be rendered
more attractive in appearance, various practices have been in
vogue since the earliest times. The public, as well as buyers,
have become so accustomed to this unnecessary treatment that
the drug in its original state would scarcely find a market.

The cochineal insect is silver grained by shaking with tal-
cum; the black grained insect would not be recognized by the
public. Ginger rhizomes are bleached and limed to make them
more presentable. Nutmegs were originally dipped in lime
water by the Dutch, either to destroy their vitality to prevent
transplanting, or, more probably, to protect them against the
attacks of insects.

The United States Pharmacopceia has established standards of
purity for the majority of the more important chemicals, and
standards for alkaloidal activity among the potent drugs. There
are, however, many drugs whose activity does not reside in an
alkaloid, glucoside or resin, hence the establishment of stand-
ards for these is a difficult question. It is only a matter
of time until standards of identity for these will be devised,
when an accurate control may be exercised. It remains at pres-
ent for us to secure a more rigid enforcement of the present
standards of the Pharmacopeeia, and to secure in the next revi-
sion a more rational standardization than now appears.

*It is to be hoped that local boards may acquire the power, and exercise it, of

scrupulous inspection of domestic drugs. A few cases of determined guilt with
severe penalty will practically eradicate the evil—C. B.



CHAPTER ‘X
DruGs—METHODS FOR DETECTING ADULTERATIONS.

VIRGIL COBLENTZ, Pu.D.,
Professor of Chemistry, College of Pharmacy, Columbia University, New
York City.

Having considered the various forms of adulteration of
drugs and their substitutes, attention may be directed to means
for determining such. It is quite out of the question to repeat
here the details which are followed, more or less, in making an
analysis of the common, or uncommon, inorganic chemicals.
Those are matters for an expert. This is equally true, to use an
Irishism, of the more difficult kind of analysis, which has to
do with plants and animals with their multitudinous variety
of substances. These are hard to isolate, and when isolated yield
sullenly to methods for their characterization and quantitative
determination. Only the outlines may be indicated, so that
the student, or he who is really interested, may follow the
literature, thus gaining an insight into the difficulties while ac-
quiring a degree of knowledge, which sinks before his recognition
of the need of wide study, and may gain an acquaintance with the
intricacies which attend passing an opinion upon organic drugs.

CRUDE DRUGS.

To distinguish the true from the false, or adulterated, drug
requires an accurate knowledge of the external and internal
morphology and chemical constituents of drugs. This is em-
braced under the study of Pharmacognosy.

The physical and microscopical characteristics of every root,
rhizome, leaf, seed, bark or twig used in medicine, has been so
thoroughly studied that the experienced pharmacognosist rarely
errs in his diagnosis.*

The microscopical study of the morphology of plant organs
has reached a high stage of development, enabling the operator

*It will be impossible here to enter into the physical diagnosis of drugs. The
literature bearing on this subject is referred to at the end of the chapter.
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to not only identify the various crude drugs through sections,
but also in the powdered forni, where the general structure has
been destroyed.

FIG. 82.—FORMS OF CELLS.

A.—Transverse section of the pith of Tradescantia wvirginica: I, intercellular
space; W, cell wall. B.—Transverse section of calamus rhizome showing a large
oil-secretion cell, smaller cells containing starch, and large intercellular spaces (1).
C.—Transverse section of the stem of Phytolacca decandra showing collenchy-
matous cells beneath the epidermis. D.—Longitudinal section of taraxacum root
showing branched laticiferous tissue (L). E.—Transverse section of pyrethrum
root: R, oil-secretion reservoir with oil globules; I, cells with sphere-crystals of
inulin, such as separate in alcoholic material; L, cells containing masses of
inulin, as found in dried material. F.—Longitudinal section of stem of Cucurbita
Pepo: S, sieve-cell with protoplasm-like contents, and transverse walls (sieve plates)
showing simple pores.

(Permission of Prof. Henry Kraemer.)

In order that the uninitiated may gain a general idea of this
subject, a review of some of the chief histologic elements which
form points of identity or distinction under the microscope, is
given,
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Tissues.—Sections of various parts of plants show that their
general structure is made up of a great variety of cells, vari-
ously grouped and shaped. Such cells of similar forms and
functions are classified as: (1) Parenchyma, thin walled cells
of cellulose, isodiametric or elongated, colored blue by chlorzinc
iodine and soluble in Schweitzer’s reagent. (2) Collenchyma
cells are long, thickened at the angles, walls composed of cellu-
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FIG. 83.—LONGITUDINAL-TRANSVERSE SECTION OF LICORICE RHIZ-
OME INCLUDING THE CAMBIUM.

P, parenchyma; T, trachez or ducts; WF, wood fibers; C, cambium; S, sieve;
CF, crystal fibers; BF, bast fibers; MR, medullary ray.

(Permission of Prof. Henry Kraemer.)

lose, and are found beneath the epidermis of herbaceous stems,
petioles and angles of all stems. (3) Sclerenchyma cells are
those with more or less thickened walls composed of ligno cel-
lulose and permeated by simple or branching pores (Kraemer).
(4) Conducting parenchyma assist the diffusion of sap from
one part of the plant to the other. The sclerenchyma cells may
either have their walls thickened by inorganic matter (stone
cells) or may be elongated, and are known as bast or wood
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fibers. When the conducting elements of plants are grouped
into bundles made up of bast fibers, sieve tubes, ducts, etc., we
call them fibrovascular bundles.

FIG. 84
A, potato starch grains showing the excentral and circular point of origin

of growth and lamellz; B, maranta starch grains showing fissured point of origin
of growth, and distinct lamelle; C, wheat starch grains showing indistinct point
of origin of growth, and lamelle; D, corn starch grains, which are more or less
polygonal in outline and have a 3- to s-angled point of origin of growth.

(Permission of Prof. Henry Kraemer.)

If the transverse walls of certain superimposed cells be re-
moved, elongated cells or tubes, called ducts (trachez), are
formed; if there be thickenings in form of horizontal rings, we
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call them annular ducts; if the thickenings are spiral formed or
reticulate or step-like, they are known as spiral, reticulated or

FIG. 85.

Larger grains of various starches as viewed through the micropolariscope when
mounted in oil: A, potato (70-80 u); B, wheat (30-40 u); C, ginger (30-50 p);
D, gdlangal (45-55 u); E, calumba (40-50 ); F, zedoary (50-75 p); G, maranta (35-
50 u); H, colchicum (10-20u); I, corn (20-25 p); J, cassava (20-35u); K, orris
root (30-35u).

(Permission of Prof. Henry Kraemer.)

scalariform ducts. Intermediate between the ducts and wood
fibers possessing bordered pores are the tracheids. According to
their functions and composition, the protecting or outer plant
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cells are classed as epidermal cells or those which form the
outermost layer of the plant; they lessen the rate of evaporation
and protect the inner tissues. The cork cells have thickened walls
consisting of a substance called suberin; their function is to
replace the more tender epidermal cells as a protective covering.

FIG. 86.—CUBEBS.

A, transverse section of the pericarp showing epidermis (Ep), stone cells (Sc),
oil cells (Se), parenchyma (P), collapsed parenchyma tissue (z), endocarp (En) com-
posed of stone cells. B, spike showing bracts (o), young sessile fruits (d), and a
mature fruit with long pedicel (e). C, longitudinal section of mature fruit showing
pericarp (i), union (1) of seed and pericarp, large perisperm (k), small endosperm (m),
which surrounds the embryo (E). D, flower diagram showing the position of the
flower in reference to the rachis (a), bract (D), and pericarp (c), which surrounds
the ovule {S).—After Meyer.

(Permission of Prof. Henry Kraemer.)

Stomata consist of pairs of crescent-shaped cells with an open-
ing between them known as pores or stoma; they serve chiefly
as means of ingress of carbonic acid gas, and by closing prevent
or reduce transpiration, retaining their moisture.

Hairs and glands (secretory hairs) are elongated epidermal
cells to which the velvety appearance of certain leaves and

-
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FIG. 87.
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The cell contents are made up of the living fluid matter
called protoplasm and non-protoplasmic matter, which includes

FIG. 89.—STOMATA AND WATER-PORES.

A.—Transverse section through lower surface of leaf of stramonium: stoma, with
guard cells (G), containing cytoplasm, nucleus and chloroplastids; N, surrounding
cells; A, intercellular cavity usually filled with cell-sap or watery vapor; E, epidermal
ceills; M, mesophyll. B.—Surface section of upper surface of leaf of Viola tricolor
showing four stomata. C.-—Surface section of under surface of leaf of Viola tri-
color showing five stomata. D.—A section through the margin of the leaf of Viola

tricolor showing a tooth with three water-pores, E.—A water-pore of Viola tricolor in
surface scction.

(Permission of Prof. Henry Kraemer.)

the various carbohydrates (starches, sugars), oxalate of calcium,
chlorophyll, aleurone, tannin, oils, glucosides, alkaloids, resins,
gums, etc.

With a knowledge of the morphology of plant organs in addi-
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.—DICOTYLEDONOUS STEM STRUCTURE
ion through menispermum rthi:

FIG. 90.
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tion to their general physical characteristics, the pharmacognosist
is able to identify botanic drugs, their substitutes and adulterants,

Powdered Drugs—Far more complex are the problems to
be solved in the identification of powdered drugs* for the

Yy

X o ‘1\\)’#,& NARAS
-

$552009C NN IO
%, ,"00'126- ‘\" AT 0N f
s Ssanaitoa) P
Bl e o o @ Rl
% o : y ; %t AR \
Ca oo e et
B \\ 5 ““-..:.;g.-“ e G .‘.-,_‘ . @ o S ”?r}égel
RN (7 LD AW il
\. e i
) (AR R0 28000020 @ 31 A ::x
A \g\xze\‘i‘;%efgﬂgﬁgvtf 195705
e ~

AN
oy f{l}%’j
Z

I
BTy
Sl

oAt
LA 74l]
V/’;

W

FIG. 91.—CIMICIFUGA.

Transverse section of the central part of a mature root in which the secondary
changes are completed: a, parenchyma; b, endodermis; ¢, cambium zone; d, trachez in
secondary xylem; e, broad, wedge-shaped medullary ray; f, outer portion of one of the
primary xylem bundles; g, parenchyma beneath the endodermus; h, inter-fasicular
cambium.—After Bastin.

(Permission of Prof. Henry Kraemer.)

process of grinding, powdering and sifting destroys to a great
degree of morphologic characteristics of the drug; the finer the
degree of comminution, the more difficult is the task of identifi-
cation. It frequently happens, however, that long grinding fails

*See descriptive note at end of chapter,
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to separate adjacent cell layers, as is usually the case with pow-
dered fruits and seeds (spices). Thin walled parenchymatous
cells are usually broken by fine grinding, permitting their con-

(9052
s

FIG. 92.

A, transverse section of red cinchona: K, cork; Ca, cryptocrystalline crystale of
calcium oxalate; P, parenchyma containing starch; L, latex cells containing gum, resin
and tannin; MR, medullary rays; BF, bast fibers; S, sieve. B, longitudinal section
of same showing two bast fibers surrounded by parenchyma cells.

(Permission of Prof. Henry Kraemer.)

tents to escape. This sometimes misleads the investigator, be-
cause of the presence of isolated starch grains and calcium
oxalate crystals. Fibers and tracheids are often broken into
small fragments, yet each still retains its characteristics suf-
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ficient for identification. Another great aid in microscopical
identification is a knowledge of the structure of starch grains,
which is characteristic for each and every variety of starch.

S
llu.u.)*/

FIG. 93.

A mixture sold as ground black pepper: A, stone cells of olive endocarp; S, corn
and wheat starch grains; B, stone cells of pepper hulls; C, fragments of seed coat
and pericarp of cayenne pepper; L, crystals of calcium sulphate which separate on
mounting the specimen in 25 per cent. sulphuric acid.

(Permission of Prof. Henry Kraemer.)
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FIG. 94.—POWDERED GINGER CONTAINING FOREIGN TISSUES.

The following are the typical elements of ginger: F, scleren-hymatous fibers
which vary from o.3 to 1.3 mm. long and from 20 to 30 p in diameter, the walls
being somewhat undulate, about 3 p thick, slightly yellowish, non-lignified, and
having slender, oblique, simple pores; T, reticulate tracheae varying from 30 to 60 n
in diameter, the walls consisting mostly of cellulose, and with phlorogiucin, giving
but a faint reaction for lignin; SC, secretion cells, the walls of which are suberized
and the contents of which in the fresh rhizome are oily and of a light yellow color,
changing to golden yellow with sulphuric acid, whereas in the older commercial
specimens the contents are yellowish, or reddish brown, balsam-like or resinous, be-
coming of a deep brownish black on treatment with sulphuric acid; K, cork celis
which on an average are about 60 u long and 25 u wide; S, starch grains which
vary from 20 to 60 m in length, the largest being found in Jamaica ginger, have
indistinct lamellz, and do not polarize well unless mounted in a fized oil, as almond
or olive; W, swollen starch grains; L, small, swollen, altered starch grains; P,
parenchyma cells; H, F, hyphae and spores of a fungus, which are usually present
in African ginger and easily detected in mounts prepared with sulphuric acid. In
Calcutta ginger occur a large number of spherical starch grains resembling those of
wheat, whereas in Japan ginger there are numerous compound grains. Adulterated
ginger may contain fragments of tissues of Capsicum (Y), stone cells of endocarp
of olive (N), or tissues of coap bark.

(Permission of Prof. Henry Kraemer.)
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In addition to the usual methods of identifying starches based
on the arrangement of concentric layers and their deportment
towards various reagents, the application of polarized light with
the microscope has become of great value in locating the posi-
tion of the hilum. Thus, in granules with a certain hilum, the
dark lines intersect, forming a cross; with an eccentric hilum
the dark lines intersect so near one end as to form a V-shaped
marking. '

Valuation of Drugs by Chemical Methods.—Since the medi-
cinal activity of all potent drugs resides in well-defined proxi-
mate principles, chemical assay methods enable us to accurately
gauge not only their comparative therapeutic value, but also
their quality—that is, in a measure, their freedom from admix-
tures. 3

These active principles are usually present in the drug, com-
bined with a tannin or organic acid peculiar to the plant. TFor
example, strychnin and brucin occur in combination with igasuric
acid, aconitin with aconitic acid, cinchona alkaloids with cincho-
tannic acid, the 20 alkaloids of opium are combined as sulphates
and acid meconates, cocain with cocatannic acid. It is therefore
necessary, in the extraction of an alkaloid or glucoside from a
drug, to employ an alkali in conjunction with a suitable (usually
volatile) solvent, in order to liberate these principles from their
natural combinations. The solution thus obtained contains al-
kaloids or glucosides, in addition to coloring and extractive
matter. The separation of such crystalline principles in a state
of purity, from the accompanying impurities, renders the opera-
tion slow and tedious. Quite a variety of assay methods have
been proposed, but all are based on the same general principles,
differing chiefly in details of manipulations. Most commonly
employed is the method of Prollius, which consists in exhaust-
ing the powdered drug with a mixture of ether, chloroform,
ammonia and frequently alcohol. This extract is then washed with
several small portions of a diluted acid for the removal of the
alkaloid, most of the coloring matter and extractive remaining
with the volatile solvents. This acid solution, after making
alkaline, is washed with ether or chloroform until all of the
alkaloid has been extracted, then finally, after distilling off the
solvent, the residue is estimated by residual titration, employing
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decinormal acid and centinormal alkali V. S. The valuation of
fluid or solid extracts or tinctures may be conveniently and ac-
curately carried out by Lloyd’s method, or its modified form
proposed by Lyons.*

A
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FIG. 95—CRYSTALS FROM EXUDATIONS AND EXTRACTS.

. A, crystals found in the residue after treatment of catechu with water; B, long
prisms of catechin (d) found on treatment of gambir with chloral solution, the crys-
tals soon dissolving, and prismatic plates (e) usually seen in glycerin mounts of
gambir; C, crystals from aloes, including aloin (a), broad prisms (b) from Barbadoes
aloes, and plates (¢) from Cape aloes; D, crystals of benzoic acid obtained by sub-
liming benzoin on a slide or in a watch crystal.

(Perntission of Prof. Henry Kraemer.)

The extract (ether, chloroform, or petroleum) of the drug is
washed with acidulated water until all of the alkaloid has been
removed; after washing the acid extracts with ether for re-

*Merck’s Report, 1900, p. 61. For details consult “Handbook of Practical Assay-
ing of Drugs and Galenicals,” by A. B. Lyons, Nelson and Baker, Detroit.
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moval of colors, this solution is finally made alkaline and
the precipitated alkaloid extracted by shaking with ether or
chloroform. The mixed washings may be weighed after evapo-
ration of the solvent or, more usually, estimated by titration.

FIG. 96.—FORMS OF CALCIUM OXALATE CRYSTALS.

A, transverse section of rheum showing rosette aggregates of calcium oxalate
in three of the cells and starch grains in some of the others; B, longitudinal section
of scilla showing raphides; C, longitudinal section of quillaja showing large mono-
clinic prisms and pyramids of calcium oxalate and also some starch grains; D, trans-
verse section of belladonna root showing one cell filled with cryptocrystalline crystals,
the remaining cells containing starch.

(Permission of Prof. Henry Kraemer.)

The Essential Oils.*—Whether used in perfumery, by the
confectioner, or in medicine, the volatile oils are first and usually
judged by appearance, odor and taste. Since, however, such

*Guildemeister & Hoffman, “Die Aetherische QOele,” Springer, Berlin. Also English
Translation; *“Chemistry of Essential Oils and Artificial Perfumes,” Parry, London.
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standards of the experts are indescribable and must vary with
the individual, a great variety of physical and chemical tests have
been introduced. With the introduction of the latter classes of
tests, many difficulties have been encountered, because of the
complex nature of the majority of the volatile oils, the flavor or
odor residing in two or more principles, and also variations due
to influences of climate, season, soil, cultivation, relative hu-
midity, etc., which cause qualitative and quantitative differences
from year to year. Finally, there are changes due to exposure
to light and air. As a result of these unavoidable fluctuations,
considerable latitude among the physical constants and tests must
be expected and permitted. As a result of this, adulteration is
extensively and so skilfully practiced, that at times the expert
is at a loss to distinguish the adulterated from the true. In some
instances, the detection of adulteration is almost impossible; as
the presence of methyl salicylate in oils of wintergreen or birch,
benzaldehyde in oil of bitter almond, or geraniol in otto of rose.
Such crude additions as oil of turpentine or kerosene or the oils
from other parts of the same plant are readily detected through
the usual chemical and physical tests.

Another practice extensively employed consists in withdraw-
ing the odorous or flavor-bearing constituent, partly or entirely,
from an oil, as is the case with such oils as anise, fennel, lemon,
sassafras, thyme and peppermint. Sufficient of such constitu-
ents are left in the oils to impart the necessary odor or flavor.
The detection of this practice is carried out by a duantitative
estimation of the active constituent.

The following tests are of general application:—specific
gravity at 15° or 25° C., optical rotation, fractional distillation;
congealing point determined by the Beckmann cryoscopic appar-
atus, and noting the maximum rise of the thermometer upon
crystallization, applicable among the oils of the umbelliferae;
solubility in alcohol of 90, 80 and 70 per cent. (vol.). Accord-
ing to the relative percentage of terpenes present in the oil, the
solubility varies; thus, if an oil which is soluble in a certain
volume of alcohol under normal conditions does not dissolve, it
is possible to draw conclusions as to the nature and quantity of
the adulteration present. In this manner, additions of oil of
turpentine, or an oil rich in terpenes or kerosene, may be de-
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tected. “Solubility value”* is determined by dissolving 5 cc.
of an oil in 10 cc. alcohol of sp. gr. 0.799 and diluting with
water until the solution becomes turbid, then on multiplying the
number of cc. of water by 100 the “solubility value” is ob-
tained. The “acid number” expresses the numbers of mgm. of
potassium hydroxide required to neutralize the free acid con-
tained in 1 g. of the oil. The “ester number” expresses the
number of mgm. of alkali required to saponify the ester con-
tained in 1 g. of the oil. Special methods adapted to the quan-
titative valuation of oils cover a wide field since they embrace
the estimation of most every class of organic bodies. As ex-
amples of these classes, we may cite the determination of alde-
hydes in oils of lemon, citronella, cinnamon and bitter almond;
alcohols in oils of citronella, sandalwood, Indian geranium and
peppermint; phenols in oils of clove, allspice, bay and thyme;
esters in oils of bergamot and lavender; esters in oils of anise,
carraway, fennel, and so on.

Since the majority of essential oils represents complex mix-
tures of hydrocarbons and oxygenated compounds, of which
there are a great variety, and also since these oils differ essen-
tially from one another qualitatively and quantitatively, each in-
dividual presents a problem in itself. Hence, aside from the
general methods detailed above, the more accurate assay pro-
cesses must necessarily differ according to the chemical char-
acters of the constituents of the oil in question.}

Pharmacologic Valuation of Drugs.}—Under Pharmacology,
we understand the study of changes induced in the living or-
ganism by the administration, in a state of minute sub-division,
of such unorganized substances as do not act merely as foods
(Cushny).

Medicinal substances produce a specific pharmacologic action
because of their chemical affinity for certain kinds of protoplasm.
“Since the functions of the various parts of the body depend
upon the lability of the protoplasm of the cells composing them,
we naturally infer that when some other substance combines

*Dowzend, Chem. & Drug., LIIL., 749.

tMethods of assay are detailed in the U, S. Pharmacopeeia; Guildemeister and
Hoffman; and the *Semi-annual Reports,” issued by Schimmel & Co., Leipzig
(Fritsche Bros., New York).

$“Pharmacologic Assay of Drugs.” E. M. Houghton, Merck’s Report, 1900. 315.
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with this protoplasm, the normal physiologic processes will be
altered.” Thus, small doses of strychnin increase the reflex ex-
citability of the central nervous system, while large doses may so
excite the activity of the nerve cells that the slightest stimulation
is followed by tetanic convulsion. The greater the dose, the
greater is the deviation in the functional activity from the nor-
mal. The function of a given organ is altered in degree but not
in kind, when under the influence of a drug—that is, the action
of drugs is quantitative and not qualitative. The physiologist
who studies the effect of medicinal agents upon healthy animals
can therefore furnish very accurate data relative to the action
of these on various organs. The practicing physician, with
such data, can intelligently prescribe drugs and expect results.
The next question from the prescriber is, “How can I combat
disease if I am furnished with preparations of drugs which are
not of uniform pharmacologic activity?” Also, can all botanic
drugs and their preparations be standardized? Chemistry has
solved this question but partially. Many drugs owe their medi-
cinal action to certain well-defined alkaloids or glucosides, as
opium, nux vomica, cinchona or coca, and in such instances a
quantitative assay carries with it a guarantee upon which the
physician may depend. On the other hand, there are many
other drugs in which an assay is of little value owing to the lack
of means whereby we may distinguish potent and inactive forms
of the active principles, as exemplified in the aconites, digitalis,
ergot and veratrum viride, etc. Some of these contain several
active principles, and the physiologic action of one may be
antagonistic to the other; thus digitalis contains several gluco-
sides, crystalline and amorphous. One found in the aqueous in-
fusion of the drug is a diuretic, while others, present in the alco-
holic extracts, are heart stimulants; while still others are more
or less indifferent.

In certain plants, as, for example, ergot, cannabis indica and
strophanthus, a chemical assay is of little or no value owing
to the sensitive nature of the active constituents which un-
dergo decomposition when treated with the reagents necessary
for their extraction. In certain other drugs, whose activities
reside in one or more crystalline, non-crystalline or resinous
principles, as rhubarb, taraxacum and sarsaparilla, grindelia,
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senna, phytolacca, pomegranate and many others, an assay is
of no value. Therefore, a physiologic standardization is the only
solution of this problem when chemical assay fails.

As this subject is so complex that a wrong-.mpression inight be given by a too
abbreviated account, those who are interested may consult the works of reference
here given. Before arriving at any opinion, however, it would be always safe to take
the advice of one trained by long erperience in this kind of work:

Pharmacognosy and Botany. U. S. Dispensatory, Lippincott Co., Philadelphia.
Botany and Pharmacognosy, Kraemer, Philadelphia, 1907. 5
Introduction to Pharmacognosy, Jelliffe, Philadelphia, 1904.

Pharmacognosie des Pflanzenreiches, Flueckiger, Berlin, 1896.

Pharmacognosicher Atias, Moeller, Berlin, 18g2.

Leitfaden zu Mikroscopisch-pharmakognostichen Uebungen, Moeller, Wien, 1901.

Anatomischer Atlas d. Pharmkognosie, Tschirch, Leipsiz, 1900.

Angewandte Pflanzenanatomie, Tschirch, Leipzig, 1889.

Vegetabilischen Nahrungs und Genussmittel, Vogel, Berlin, 1889.

Die Rohstoffe des Pflanzenreiches, Wiesner, Lepzig, 1903.

Microscopy of Drugs and Foods.

Microscopy of Vegetable Foods, Winton, New York, 1906.

Microscopical Examination of Food and Drugs, Greenish, London, 1903.

Anatomical Atlas of Vegetable Powders, Greenish, London, 1904.

Grundlagen, Methoden fiir Microskopische Untersuchung von Pflanzenpulvern, A.
Meyer, Jena, 1901.

886Ivlikroskopi¢: der Nahrungs und Genussmittel der Pflanzenreiche, Moeller, Berlin,

I .

Valuation of Vegetable Drugs and Foods, Kraemer, Merck’s Report, Jan., 1900.

et seq.

Analytical Scheme for Microscopical Examination of Powd. Drugs, B. E. Nelson,

Merck’s Report, 1900.

Reagents and Microscopical Technique.

Behrens, Guide to the Microscope in Botany, Boston, 188s.

Chamberlain, Methods in Plant Histology, Chicago, 1901.

Zimmerman, Botanical Microtechnique, New York, 1g01.



CHAPTER XI
HaIT-FOoRMING AGENTS.*

LYMAN F. KEBLER, PhC, M.D,

Chief, Division of Drugs, Bureaw of Chemistry, United States Depart-
ment of Agriculture, Washington, D. C.

Notwithstanding the fact that legislation, federal, state and
territorial, adverse to the indiscriminate sale and use of opium
has been enacted during the past decade, and most physicians are
using greater circumspection than formerly when prescribing
opium, its preparations and derivatives, the amount of opium
{exclusive of smoking opium, which is now denied entry into this
country), consumed in the United States per capita, has been
doubled within the last forty years. Not only has there been this
increased consumption of opium, its preparations and derivatives,
but large quantities of other habit-forming agents, introduced
chiefly for medicinal purposes, have been used. For example, “co-
cain”t (cocain hydrochloride) has been used for about 25 years,
and the amount consumed at present is estimated at approxi-
mately 150,000 ounces per annum. In addition, it is well known
that large quantities of acetanilid, acetphenetidin, antipyrin,
phenacetin, caffein and chloral hydrate, and smaller amounts of
codein, dionin and heroin are consumed. It should be noted that
the amount of opium imported into the United States so far dur-
ing the present decade indicates that the amount per capita is
about the same as for the preceding ten years. Deterrent factors
are undoubtedly anti-narcotic legislation and publicity.

There are at present at least 100 sanatoriums advertising
treatment for drug addiction, and it is well known that many
thousands of cases are treated annually by physicians in private
practice and general hospitals. The writer knows of at least 30
so-called mail-order “drug-addiction cures,” some of which ap-
parently have a large patronage. The manager of one of these
mrmission of the U. S. Department of Agriculture, Washington, D. C.

+The words “cocain,” *‘codein” and “morphin,” as used in this chapter, refer to
the salts of the respective alkaloids.
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treatments stated that his company had 100,000 names, including
alcohol addicts, upon its books. The number of drug addicts in
the United States is variously estimated by those who are con-
versant with the situation at from 1,000,000 to 4,000,000; the
latter number is probably excessive.

During the last ten years the writer has examined hundreds of
preparations containing one or more habit-forming agents, ex-
clusive of alcohol. It was not an uncommon practice in former
days to represent to the consumer that such agents were absent,
when as a matter of fact the very drugs named in the disclaimer
were present. The reason for this subterfuge is plain. Normally
no one desires to take preparations containing known habit-form-
ing agents, which are frequently responsible for the use of, or
demand for, the preparations containing them. During the last
few years both Federal and State laws have been enacted requir-
ing a declaration on the label of the quantity or proportion of
certain habit-forming agents when present in remedies intended
for the treatment, mitigation or prevention of disease in man or
animals, but the consumer in many instances is not sufficiently
conversant with the deleterious and harmful nature of these
agents to avoid them. Again, these pernicious drugs are present
in products which may not be classed as medicines within the
meaning of the above definition.

It is our purpose here to consider (1) representative prepara-
tions, which, in all probability, dispose to habit formation; (2)
preparations known to produce drug addiction; (3) nostrums
laden with habit-forming agents to be used in treating drug ad-
dicts, including those addicted to the tobacco habit; (4) those
who are primarily responsible for their sale and use; and, lastly,
(5) some measures which will minimize or tend to eradicate the
evil. The several classes of products will be considered as nearly
as practicable in the order in which they are used, from infancy
to old age. Limited space and a desire to speak only from posi-
tive knowledge admits consideration of only the most commonly
used and known products of each class.

Soothing sirups naturally occupy the first place in such a list,
which includes baby sirups in general, “colic cures,” “chil-
dren’s anodynes,” “infant’s friends,” teething concoctions, etc.
It has long been known to the medical profession that these
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products as a rule contain habit-forming agents, but the major-
ity of mothers have been and still are, ignorant of this fact,
although some degree of publicity has been given the matter
during recent years. Lest any suspicion or fear should be
aroused in the mind of the mother by the fact that the pres-
ence of opinion, morphin, chloroform, cannabis indica, or some
other harmful agent is declared upon the label, the manufacturer
or dealer endeavors to allay such fear by statements of the fol-
lowing character: “Contains nothing injurious to the youngest
babe”; “Mothers need not fear giving this medicine to the
youngest babe, as no bad effects come from the continued use
of it.” Statements of the following character were also made
in connection with preparations containing morphin or opium,
or both, before the Food and Drugs Act went into effect: “This
valuable remedy does not contain any opium, morphin, laudanum
or paragoric,” and “It is free from all harmful agents.”
Statements of this character have been largely eliminated,
but in some instances they still appear in modified form either
on the package itself, in the accompanying circular or in masked
form in newspaper advertisements. Notwithstanding the fact
that these representations have been eliminated or modified so as
to comply with the letter of the law, mothers, because of past
representations and the fact that the false impressions left by
them have not been corrected, believe that these soothing reme-
dies are neither harmful nor- habit-forming, and therefore give
them with a certain feeling of security, with the result that in
some instances the baby is put to sleep never to awake again.
Numerous cases of this character are on record. In some in-
stances, in which the remedy is freely used and the child does
not succumb, there is developed a case of infant drug addiction.
As soon as the effects of one dose passes away, the child becomes
irritable and fretful, with the result that another dose is admin-
istered, the craving is met, and the child is quieted, a condition
which is analogous in every respect to drug addiction among
adults. Sometimes these children look plump and healthy, but
as a matter of fact their flesh is soft and flabby and they with-
stand attacks of illness very poorly. The chief active agents of
soothing sirups are well known to be opium, morphin, heroin,

/\,&'B'RARY
4 or THE
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codein, chloroform and chloral hydrate in some combination.*

It is hardly believable that anyone, for the sake of a few dol-
lars, would concoct for infant use a pernicious mixture containing
cocain, but several such mixtures have been found during the
last year. One was offered for importation, under the name of
“Espey’s Syrup for Children’s Dentition,” which contained one-
half grain of cocain hydrochloride to each bottle of about 1 ounce.
The injuriousness of this product was sufficient ground for pro-
hibiting its importation into the United States. Another element
of danger in the use of soothing sirups is the fact that nurses
often use them, unknown to mothers, for putting children to sleep.
Several well-known soothing sirups, it is reported, have been
introduced largely by nurses in this manner.

Soothing sirups containing habit-forming agents, used with-
out discrimination, undoubtedly leave their impression on the
delicate organisms of infants and induce tendencies which under
unfortunate circumstances in future life may be aroused to activ-
ity and develop an evil habit of one form or another. The ques-
tion arises : How is this condition to be met? The signs of the times
point to two ways, namely, education and the withdrawal of the
dangerous articles, both measures appearing to be necessary. At
present there are on the market, intended to be used for children,
several mixtures free from the customary habit-forming agents,
but they apparently do not give satisfaction as formerly, as man-
ufacturers are constantly receiving calls for the “old kinds.”

During the last twenty years a large number of soft drinks
containing caffein and smaller or greater quantities of coca leaf
and kola nut products have been placed upon the market. Prepa-
rations of this class, on account of insufficient information, were
formerly looked upon as harmless, but they are now known to
be an impending evil. Centuries before cocain was introduced
as a remedial agent, wonderful accounts of the energy-creating

*The following are representative of this class:

Children’s Comfort (morphin sulphate).

Dr. Fahey’s Pepsin Anodyne Compound (morphin sulphate).

Dr. Fahrney’s Teething Syrup (morphin and chloroform).

Dr. Fowler’s Strawberry and Peppermint Mixture (morphin).

Dr. Groves’ Anodyne for Infants (morphin sulphate).

Hooper’s Anodyne, the Infant’s Friend (morphin hydrochlorid).

{)adway's Elixir for Infants (codein).

r. James’ Soothing Syrup Cordial (heroin).

Kopp’s Baby’s Friend (morphin sulphate).

Dr. Miller’s Anodyne for Babies (morphin sulphate and chloral hydrate).

Dr. Moffett’s Teethina, Teething Powders (powdered opium).

Victor Infant Relief (chloroform and cannabis indica).
Mrs. Winslow’s Soothing Syrup (morphin sulphate).
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properties of coca leaves were chronicled. The phenomenal en-
durance attributed to the Peruvians and others was often ascribed
to the stimulating effects produced by the chewing of coca leaves,
and this idea has been widely exploited. It is believed to some
extent at present that the use of cocain taken internally pro-
duces a sense of exhilaration, and the amount of muscular and
mental power appears to be temporarily increased. Impetus was
given to this belief by the enthusiastic reports of the virtues of
this drug, published not only in medical literature but in the secu-
lar press as well. Cocain is one of the most insidious and dan-
gerous habit-forming drugs at present known. Many lives have
been wrecked and many crimes have been committed as a result
of its use, and strenuous efforts are being made to curtail its em-
ployment. The amount present in certain soft drinks is small,
to be sure, but such an insidious, habit-forming drug certainly
has no place whatever in these products. The presence of tropo-
cocain, an ally of cocain, has also been established. Not only is
it most pernicious to add cocain to soft drinks in any quantity
(usually in the form of coca leaf extract), but even the use of
coca leaf extract so manipulated as to reduce the amount of
cocain, or eliminate it altogether, must still be looked upon as a
questionable practice, because any product or name which would
suggest the presence of cocain or its allies, by taste or otherwise,
must have a baneful influence. It is known that -very small
amounts of morphin or cocain, or even a suggestion as to their
presence, will tend to destroy the equilibrium of reformed addicts
and bring back the former craving.

The cola nut was prominently brought forward about twenty-
five years ago as an agent for the relief of fatigue, but in this re-
spect it has been a disappointment. For some time it was thought
that the nut possessed some peculiar substance which accounted
for this characteristic, but searching investigations showed
that its chief active agent is caffein. Whatever virtue the drug
possesses, therefore, appears to be due largely, if not solely, to
this constituent. In fact, at present mixtures of caffein and burnt
sugar are extensively used in preparing various caffein-bearing
soft drinks, instead of the kola nut and its extracts. The caffein
used is derived chiefly from waste tea leaves. The virtues of
coca leaves and kola nuts have been exploited together, and it
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was only natural that they should be combined in preparations
which would represent the purported virtues of both. Such com-
binations were made with the result that quite a number of so-
called soft drinks now on the market contain both of the habit-
forming agents, cocain and caffein. It is not uncommon to find
persons-addicted to the use of medicated soft drinks. It is also
a well-known fact that many factory employees, stenographers,
typewriters, and others subject to mental or nervous strain spend a
large part of their earnings for drinks of this character. In pass-
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FIG. 97.—EXAMPLES OF MEDICATED SOFT DRINKS.

ing it may be of interest to note that life insurance companies
are considering the status of soft-drink habitués as future risks.*

Various arguments have been advanced in justification of the
use of caffein and the extract of coca leaves, treated or otherwise,
in soft drinks. It is well known that parents, as a rule, with-
hold tea and coffee from their children, but having no knowledge
of the presence of cocain, caffein or other deleterious agents in
soft drinks, they unwittingly permit their children to be harmed
by their use.

*A partial list of medicated soft drinks containing caffein, extract of coca leaves,

extract of kola nut, etc,, will be found in Senate Document No. 644, page 372, of
the Sixtieth Congress, second session.
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On account of their frequency, prominence and difficulty of
satisfactory treatment, diseases of the nose and lungs have re-
ceived special consideration, not only by the best medical talent
but also by charlatans entirely ignorant of the subject. The
number of remedies concocted for the treatment of these afflic-
tions is legion. Their vaunted values are, as a rule, dependent
upon the presence of certain powerful drugs, such agents as
cocain, chloral hydrate, codein, heroin, morphin, opium and
tobacco being present. Most prominent among the diseases for
which such remedies are offered are asthma, catarrh, colds,
coughs, consumption and hay fever.

FIG. 98.—CATARRH “CURES” CONTAINING COCAIN.

Previous to the enactment of State and Federal laws requiring the declaration
of cocain, these concoctions enjoyed large sales.

The exact cause of asthma is not definitely known by the med-
ical profession at present. There is no known treatment which
will eradicate the disease. The sufferer, however, is anxious to
pay any price within his power to be freed from his infirmity,
or at least to be relieved, which is the most that can be done by
the most skillful physician. Notwithstanding this fact, numerous
preparations are on the market which have in the past been repre-
sented as “cures,” “infallible cures,” “positive cures” and “spe-
cifics” for asthma, and these misrepresentations are still used in
literature apart from the package, and most advertisements in
newspapers, magazines, etc. Most of them consist of well-known
substances in various proportions, among which are belladonna,
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stramonium, lobelia, potassium nitrate, potassium iodide, etc.
There are, however, a goodly number exploited at present which
have as their basic agents cocain, morphin, opium or chloral
hydrate. An example of the cocain type is “Tucker's Asthma
Specific,” which consists of a solution of cocain, and is sold
throughout the United States as a result of extensive advertising
and personal recommendation. The “Asthma Specific” consists
of a bottle of medicine containing cocain, to be used as a spray
with an atomizer. The price of the latter is $12.50. Recent
investigations show that the amount of cocain purchased by the
promoter of this remedy from a single manufacturing house
during four months varied between 256 and 384 ounces a month.

It is true that the amount of cocain introduced into the nose
by means of a spray is small, but it is well known that exceed-
ingly small amounts are required, when used in this manner, to
produce constitutional effects. In fact, this is the popular man-
ner in which cocain is taken by those addicted to its use. They
are commonly known as “sniffers” or “coke sniffers” because
of the fact that the cocain is sniffed into the nose.

Another instance brought to the writer’s attention was the
selling of cocain for the same purpose by a registered physician,
who maintained that he had the right to send his treatment, as
he called it, consisting essentially of cocain hydrochloride,
into interstate commerce to asthmatics and other persons simi-
larly afflicted, without in any manner indicating upon the label of
the package the fact that the preparation contained this injurious
habit-forming drug.

Under existing laws, it is practically impossible to reach physi-
cians engaged in practices of this character, provided they de-
clare the presence of certain habit-forming drugs on the label
and refrain from making false or misleading statements, for the
reason that the State laws are so worded as practically to exempt
physicians, and unfortunately there are a considerable number
engaged in such dealings. If physicians of this type do not
actually engage in the practice, they affiliate with some company
or institution which is engaged in the business and in this way
shift the responsibility and thus relieve themselves from liability
under the present laws.
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“Ascatco,” an opium-arsenic preparation, represented as an
Austrian product, is also largely used as a remedy for asthma and
similar afflictions and enjoys a large sale. Another interesting
treatment is known as “Davis’ Asthma Remedy,” put on the mar-
ket by a dealer in real estate. The active agent of this com-
modity is chloral hydrate, of which each dose contains from 1 to
8 grains. According to the directions: ‘“Dose can be increased
or diminished or taken as often as needed. If necessary, take
as many as three doses all within fifteen minutes. Adults can re-
peat as many as eight times in succession.” On the label appears
the following: “Tell others how it benefits you after using it.”
The conditions here are most propitious for the formation and
spreading of the chloral habit. These examples give an idea of
the character of the remedies at present being exploited for
asthma.

The remedies offered for asthma are, as a rule, advertised for
the treatment of catarrh also, but certain special remedies have
also been devised specifically for the treatment of this condition.
These contain the same habit-forming drugs, the usual one being
cocain. Previous to the enactment of State and Federal laws
requiring the declaration of cocain when present in a commodity,
such products as Dr. Birney’s Catarrh Powder, Dr. Agnew’s
Catarrh Powder, Dr. Cole’s Catarrh Cure, Crown Catarrh Pow-
der, etc., enjoyed large sales. A number of States, however,
passed laws forbidding the sale of this class of mixtures except
on physicians’ prescriptions. It should be noted in this connec-
tion that the “catarrh cures’” enumerated are, from the names,
ostensibly devised by certain physicians, but there are good
reasons for believing that no doctor of medicine has ever been
connected with the introduction or promotion of these remedies.
Several States required these concoctions to be marked “Poisons,”
which had a certain deterring effect. Many of the laws, however,
were violated through some technicality, or rendered ineffective
in other ways.

One of the conditions defeating the enforcement of the State
laws was the fact that these pernicious products could be shipped
in interstate commerce, without any information relative to the
presence of cocain, to the addicts themselves or any other irre-
sponsible person. When the federal Food and Drugs Act was
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passed, it was apparent that products containing cocain or cocain
derivatives must bear a statement on the label of the quantity or
proportion contained in each ounce of the material, if shipped in
interstate commerce or manufactured and sold in the District of
Columbia or in territory subject to the jurisdiction of the United
States. The result has been that most of these cocain-laden mix-
tures have been either taken off the market, sold locally, or
shipped in interstate commerce by and through irresponsible per-
sons. In some instances they are sent directly to the drug habi-
tués by so-called reputable dealers. For example, a clergyman
interviewed the writer some time ago as to the possibility of
taking action against a certain firm supplying his communicants
with a “catarrh powder,” formerly known under the name of “Dr.
Agnew’s Catarrh Powder.” He stated that the use of the powder
was ruinous to some of his congregation and furnished the writer
with the name of a large wholesaler in an adjacent State who fur-
nished the remedy. A letter was written to this firm asking
whether it would furnish Dr. Agnew’s Catarrh Powder; and if
so, what the charges would be. The firm was also advised that
the reason for making the application was that the laws of the
District of Columbia were so stringent and so rigidly enforced
that it was exceedingly difficult, if not impossible, to purchase any
cocain or cocain preparation in this jurisdiction. The firm in
question responded to the effect that the desired article would
be sent at a certain price. The amount named for three packages
was transmitted by postal order and three packages of Dr.
Agnew’s Catarrh Powder were duly received.

Another case was that of a boy who had contracted the co-
cain habit. His father made inquiry as to whether it was possi-
ble for the federal authorities to interdict the sale of this com-
modity. He stated that in his home city the article was freely
sold, and his son being known as a habitué, it was offered to him
continually. The boy, about 18 years of age, stated that it was
simply impossible for him to resist the temptation, and in order to
save the family from disgrace he requested that he be sent into
a country where cocain could not be purchased. He was ac-
cordingly sent to Germany, where he was at the time of the
father’s interview with the writer. It was also stated that the
habit was contracted by the injudicious use of cocain in the treat-
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ment of catarrhal conditions by a reputable and well-known
specialist. The father was anxious to bring his boy back to
America, but was afraid to do so, owing to the ease with which
this dangerous drug could be obtained.

The medical profession, state boards of health, pharmacy
boards, and others interested in the public welfare have instigated
what might be considered a crusade against the indiscriminate
sale of cocain or mixtures containing it, but, owing to the fact
that there are many individuals in the country who are more in-
terested in the dollar than in the welfare of mankind, there are
many ways found of evading the laws. For example, the drug-
gist is not restricted in his purchases of cocain, and there is no
law except in a few States requiring him to keep a record of the
amount of cocain he handles in any given period of time. The
result is that some druggists surreptitiously dispose of cocain
to persons known to be addicted to its use, or others introduced
to him by “cocain sniffers.” These victims are well aware that
if they give information of any character relative to their source
of supply it will be cut off immediately, and the result is that the
druggist can sell the commodity in this way with comparative
security. Men who do this are in the same class as saloon-keepers
who sell liquors to confirmed drunkards.

Another source of difficulty is the so-called “morphin and
cocain doctor.” The laws permit the prescribing of these agents
by doctors in their regular practice and to known drug habitués
at their discretion or as the case may demand. The result is that
in some cases there is little conscientiousness exercised in giving
these prescriptions, and some doctors will write a large number
of them for 25 cents each.

The ingenuity and cunning of peddlers of cocain is astonish-
ing. For example, one was discovered carrying about a supply of
morphin and cocain in a book hollowed out for the purpose.
The edges of the leaves and one of the covers were glued to-
gether, and the body of the pages cut out, thus leaving a book-like
box, which was innocent looking and well adapted for the
business.

Colds and coughs are among the most common ailments of
childhood and youth, and many special mixtures have been de-
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vised and placed on the market for treating them. These con-
coctions usually contain one or more habit-forming drugs.*

The same habit-forming agents are offered to the public in
the form of confections under such names as cough lozenges and
pastiles.{

FIG. 99 FIG. 100

FIG. 99.—BOOK-BOX FOR SURREPTITIOUSLY PEDDLING MORPHIN
FIG. 100.—VIEW OF THE INTERIOR OF THE SAME.

Efficient cough and cold remedies can readily be prepared
without the use of pernicious drugs. The legion of ubiquitous
headache mixtures are also exploited for these ailments.

The exploiting of so-called consumption cures has apparently
always been an inviting field to quacks. Promoters of these
remedies are lavish in advertising them as positive and infallible
cures. From the nature of the disease and the general informa-
tion available to the public, it is only natural that persons so
afflicted should grasp at the last, or any, straw. These remedies
as a rule contain one or more of the well-known habit-form-
ing agents, the action of which is to benumb the sensibilities and
thus make coughing and some of the other symptoms less promi-

*This is clcarly shown by the following examples:

Acker’s English Remedy (chloroform).

Adamson’s Botanic Cough Balsam (herein hydrochloride).

Dr. A. Boschee’s German Syru‘: (morphin).

Dr. Bull’'s Cough Syrup (morphin, later codein).

Dr. Fenner’s Cough-Cold Syrup (morphin).

g\::ckson‘s Magic Balsam (chloroform and morphin).
e ';Jhlcr's One-Night Cough Cure (morphin sulphate, chloroform, and cannabis
indica).

Van Totta’s Cough Pectoral (morphin and chloroform).

tLinsced, Licorice and Chlorodyne Cough Lozenges (chloroform and ether).

Linseed, Licorice an¢ Chlorodyne Pastilles (morphin, chloroform and ether).

Pastiles Paneraj (morphin and codein).
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nent and distressing, leading the victim to the belief that the
medicine is actually bringing about the results claimed. The rav-
ages of the disease are, however, neither checked nor abated, in
spite of the fact that the patient appears to feel better. The most
disastrous feature of the scheme is that the unforunate sufferer is
robbed of valuable time which could be utilized to advantage
in restoring his strength and health. It is well known that if
treatment is begun early the diseass can be arrested, but not by
using these worthless and deceptive nostrums.*

Headache mixtures are advertised as cures or effective treat-
ments for many ills of mankind, ranging from cholera morbus in
infants to “brain fag” and exhaustion due to drunkenness. They
have been the cause of many deaths and hundreds of cases of
poisoning.

The amount of acetanilid, acetphenetidin, antipyrin, caf-
fein, etc., used in preparations of this class of habit-forming
remedies is very large. Until recently it was claimed by some
that these agents were harmless and did not belong to the habit-
forming group. Later investigations, however, clearly show that
this position is unwarranted. The medical profession for some
time fondly believed that the depressing effects of acetanilid
were counteracted by caffein, which is present in most headache
mixtures, but pharmacological experiments have shown that the
assumption is erroneous. The caffein in these mixtures may
stimulate the heart to greater activity for a short period, but the
depression induced by the acetanilid is persistent and increases
in proportion to the amount used. Several preparations of this
class, in addition to the usual ingredients, contain codein, a drug
which is replacing opium and morphin to some extent.t

One of the most pitiable and intractable diseases of mankind
is epilepsy. There is no drug or mixture of drugs known to the

*Some of the well-known remedies of this class are the following: “Piso’s Cure,
a Remedy for Coughs and Colds,” formerly known as “Piso’s Cure for Consump-
tion”” (cannabis indica and chloroform); “Shilokh’s Cure,” formerly known as
“Shiloh’s Cure for Consumption,” Dr. Brutus Shiloh (heroin and chloroform); “Prot.
Hoff’s Consum?tion Cure” (opium); “Yonkerman’s Consumption Cure,” called
“’l;ugerc;llozyne’ (heroin); and “Gooch’s Mexican Consumption Cure” (morphin
sulphate).

{Representative products of this class are: ‘“Royal Headache Tablets,” *‘‘Anti-
kamnia and Codein Tablets,” ‘“Ammonal with Codein and Camphor,” and “Sal Codeia
Bell.”” The subject of headache mixtures has been treated extensively elsewhere. (U
S. Dept. Agr., Bureau of Chemistry Bull. 126, entitled “The Harmful Effects of Aceta-
nilid, Antipyrin and Phenacetin,” and Farmers’ Bulletin 377, on the “Harmfulness of
Headache Mixtures,” and the only object in referring to these remedies here is that
none of the important links in the drug-addiction chain may be missing. These rcme-

dies in general simply benumb or stupefy the senscs, but do not remove the cause of
the trouble.
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medical profession which will eradicate the disease. The best
that can be done for its victims is to diminish the frequency of
the attacks by giving certain medicines and regulating the diet.
The various mixtures on the market contain one or more of the
bromides, but a number contain, in addition, morphin or opium,
the primary purpose of which is to create a demand for the
remedy. ;

There are quite a number of so-called tobacco-habit cures
on the market. All of them are ineffective, and some contain
cocain in one form or another. Instead of eradicating what is
commonly believed to be a comparatively harmless habit, there
is grave danger of fastening a pernicious drug habit upon the
user. ¥

With the exploiting and advertising of medicines containing
habit-forming agents it is but natural to expect that drug addic-
tion would result. It is only surprising that the number of cases
is not greater. The reasons for this probably are, first, that the
average individual is horrified to think of becoming a drug ad-
dict ; second, the secret of many of the habitués dies with them;
and, third, the most common cases, i.e.,, those using cocain,
morphin, and opium, are short-lived, most of them dying within
ten years after contracting the habit. The craving for the drug,
with rare exception, cannot be controlled or overcome as long
as the drug is obtainable.

There are at present “mail order express treatments” for all
kinds of drug addiction. All correspondence and transactions
take place through the mails except the sending of the “dope™
itself. It is usually represented by the exploiter that the habit can
be successfully treated at home, by the particular treatment he is
interested in, and its composition is a profound secret, known to
him alone. As a rule, these treatments are composed of well-
known drugs. In most instances they contain the very drug or
drugs for which the treatment is advertised and sold. For ex-
ample, one physician furnished a treatment to a supposed mor-
phin addict, containing, according to his own statement, 22 grains

*Examples of preparations of this character recently examined and found to
contain cocain and cocain derivatives are Coca Bola, Tobacco Bullets and Wonder
Workers. The Coca Bola is marketed by Dr. Charles L. Mitchell, of Philadelphia,
and the Tobacco Bullets by the Victor Remedy Company, now the Blackburn Remedy
Company, of Dayton, Ohio, while the Wonder Workers were prompted by George S.
Beck, of Springficld, Ohio.
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of morphin to the fluid ounce, and in addition 4 minims of fluid
extract of cannabis indica in the same amount.*

There are at present at least thirty of these treatments sold
throughout the United States. They are sent indiscriminately
into any home, although some of them contain sufficient poison to
kill a dozen men, and in only one instance has the writer observed
a statement of warning relative to their poisonous character.
Some of the promoters themselves have little knowledge of the
dangerous character of the mixtures they are handling. For ex-
ample, it was found that one of these treatments, handled by a
groceryman who had neither medical nor pharmaceutical knowl-

FIG. 101.—TYPICAL “TREATMENTS” FOR DRUG-ADDICTION.

edge, was distributed to anyone asking for it. In some instances
these men organized into firms or corporations and employed doc-
tors to assist them in their nefarious business. The chief reason
for employing a physician in this connection'is to evade the vari-
ous State laws, because a business of this character would prob-
ably be construed as practicing medicine, and such practice is

*Another “doctor” supplied a mixture containing on the average 14.2 grains
of morphin sulphate to the ounce. A package sent out by the James Sanitarium for
the treatment of a supposed morphin addict contains 24 grains of morphin to the
fAuid ounce. A treatment of Habitina, Supplled by the Delta Chemical Company,
according to the label on the package contains 16 grains of morphin sulphate and
8 grains of diacetyl morphin (the chemical name for heroin, a derivative of mor-
phin) to the fluid ounce. An interesting practice in vogue is the sending of a supply
consisting of a number of bottles marked from 1 to 18 inclusive, or whatever number
there may be. In one instance, for example, 10 bottles were delivered marked “first
supply,” numbered from 1 to 10, inclusive, and every one bore the same inscription,
namely, “Dionin 22%; gr., morphin 4 gr. per fluid ounce. » Each bottle held about
4 ounces of fluid, which means that it contained 16 grains of morphin and about
10 grains of dnomn, a morphin derivative.
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denied to persons not legally qualified as medical practitioners.
These physicians very well understand that there are at present
no substances known to the medical profession which can be used
successfully in the treatment of drug addicts without the careiu]
supervision and restraining influence of the medical man himself
and the constant attendance of a nurse acquainted with drug ad-
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FIG. 102—ONE OF THE “GRADUAL REDUCTION TREATMENTS” FOR
DRUG ADDICTION

diction cases. It is well known that the drug addict is incapable

of treating himself. The chief object of this practice seems to be

to extract money from the unfortunate victims, who in many

instances continue the treatment over a period of years.

In other instances the gradual reduction treatment is resorted
to, but the reduction is very gradual, being in some instances at
the outset 1 grain per month, when as much as 12 grains were
used at the time the treatment was begun. In other cases no at-
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tention is paid to the progress of the patient, and if a second or
third supply is ordered it is sent without question as long as the
price is paid. This feature was clearly demonstrated by ordering
from various institutions and individuals their various treatments ;
after a lapse of time, without giving any information as to the
progress of the case, the second treatment was shipped without
question or inquiry as to the patient’s condition. Furthermore,
in some instances the amount of opium or morphin present in
the second supply is even greater than that present in the first.

Another very interesting feature brought out in connection
with this business is the fact that the demand for the treatments
is greater in States having stringent anti-narcotic laws; for exam-
ple, the laws of Texas or California or of the District of Colum-
bia, Virginia, etc., relative to the sale or disposition of opium,
cocain, and morphin, or preparations containing the same, are
rather stringent and rigorously enforced, with the result that the
demand for these drug treatments is greater in these jurisdictions
than in certain other sections of the United States. In some in-
stances even physicians evolve and operate the schemes. Some
State laws contain a clause making it illegal for a physician to
prescribe indiscriminately to'habitués, but in cases of the char-
acter under consideration, where most of the material is shipped
out of the State, little attention is paid to the business by the local
authorities. It is obvious that unscrupulous physicians are the
prime transgressors in fostering the perpetuation of these .fraud-
ulent so-called drug-habit cures.

There are various remedies on the market used from infancy
to old age containing habit-forming agents which can be pur-
chased almost ad libitum by anyone. Many of the mixtures are
concocted, directly or indirectly, through the aid of unscrupulous
physicians, so called. Some illicit sales of cocain, morphin, etc.,
are also made by druggists, both wholesale and retail. A few
physicians take advantage of the authority intrusted to them for
the proper using of these habit-forming agents and prescribe for
all requesting them, regardless of the health and welfare of the
public. Physicians often are not circumspect enough in the writ-
ing and safeguarding of prescriptions containing these drugs.
With these conditions obtaining, drug addiction has become a
great evil, and the question naturally arises, how can it be mini-
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mized or eradicated? There is a great diversity of opinion on
this point, but the following are the lines along which results can
be expected :—

First: Educate the public through the press and by pamphlets,
lectures, etc.

Second: Enact laws forbidding the sale of all pernicious
habit-forming drugs, such as cocain, morphin, opium, heroin,
etc., and their derivations and preparations, at retail, except on
prescriptions of physicians, dentists, or veterinarians.

Third: Require a permanent record to be kept, subject to
State and federal inspection at all times, of all transactions in
such drugs, whether wholesale, retail, or through the use of
. prescriptions.

Fourth: Enact laws forbidding the handling of any of these
products except by manufacturers, wholesale and retail drug-
gists, and others legally qualified.

Fifth: The State boards of health, or other governing bodies,
should be empowered to withdraw the licenses of physicians who
prescribe or druggists who sell these articles for other than
legitimate medicinal purposes.

Sixth: A federal law should be enacted forbidding the ship-
ment in interstate commerce of habit-forming drugs or prepara-
tions containing them, except through the customary channels of
trade, and then only when complete records of all transactions
are kept.



CHAPTER XII
STREETS AND THEIR CONSTRUCTION.

ALLERTON S. CUSHMAN, Pa.D,,

Acting Director, Office of Public Roads, United States Department of
. Agriculture, Washington, D. C.

In dealing with the subject of streets and their construction,
I shall not confine myself to a discussion of purely municipal
problems, but will construe the word “street” as being in its purer
sense derived from the root “stratum” or “strewed away.” For
do we not read that in the fifth year after the Roman conquest
of Britain there were four great streets which crossed the island,
of which two ran lengthways and two crossed it ?*

The art of road building is undoubtedly of great antiquity,
and it requires but little flight of the imagination to suppose
that even paleolithic man, who learned how to chip out weapons
of stone, had also learned to pass more conveniently over bog
and slime by the use of the same material. Coming down, how-
ever, to the safer ground of history, we find records of the art
of road building which excite our wonder and even tax our
credulity. Herodotus tells us of the great Egyptian road on
which King Cheops, about 4,000 years before the birth of Christ,
employed 100,000 men for many years, and to the east of the
great pyramid there still remain the vestiges of this great stone
causeway. This road was constructed, we are told, though we
may well doubt it, of massive stone blocks ten feet in thickness,
and over it was transported the materials of construction for
the great pyramids. Strabo tells us that the streets of Babylon
were paved about 2000 B. C., and that great constructed thor-
oughfares connected that center of civilization with the important
cities of Memphis, Susa, Ecbatana and Sardis. Again, Herodotus
is our authority for the fact that not only stone but natural
bitumen or asphalt was used as a material of construction nearly
2,000 years before Christ.

*“Watlinge Strete, TFosse, Hilkenilde Strete and Erminge Strete.”—Guest,
“Origines Celticae”, II., z18.
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Prescott, in describing the extraordinary prehistoric civili-
zation of the Incas, the ancient inhabitants of Peru, reminds
us that the traveller still meets with memorials of the past, re-
mains of temples, palaces, fortresses, terraced mountains, great
military roads, antiquities and other public works which aston-
ish him by their number, the massive character of the materials
and the grandeur of design. Most curious of all are Prescott’s
and von Humboldt’s descriptions of the character of construc-
tion represented in the wonderful system of highways builded

FIG. 103.—PYRAMID ROAD.

by the Incas. They were, it seems, for the main part built of
heavy flags of freestone, and in some parts at least covered with
a bituminous cement which Prescott tells us time has made
harder than the stone itself. Prescott further relates that a
certain Spanish priest known as Father Velasco, who played a
part in the conquest of Peru, is in raptures with “an almost
imperceptible kind of cement” made of lime and bituminous
substance resembling glue, which was incorporated with the
stones so as to hold them firmly together like one solid mass,
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yet left nothing visible to the eye of the common observer. This
glutinous composition mixed with pebbles made a sort of mac-
adamized road much used by the Incas, as hard and almost as
smooth as marble.

When we consider that the civilization of the Incas reached
its highest development, as shown by the remains of their build-
ings, fully four hundred years before their discovery by the
early Spanish invaders, we are indeed left to wonder at the
way history repeats itself, for it is only of comparatively late
years that our own civilization adopted the use of bitumens as
binders in road construction.

FIG. 104—THE APPIAN WAY, NEAR ROME.

The ancient Romans are said to have learned the art of mak-
ing paved roads from the Carthaginians, and about 300 years
before Christ the construction of the great military highways
of the empire was at its greatest hight. The celebrated and
well-known Appian Way was commenced by Appius Claudius
while holding the office of censor in 312 B. C. In the construc-
tion of this as well as the other great military highways the
Romans adopted a system of engineering which could not at the
present time be used or even remotely imitated. Composed of
at least four layers of largely solid masonry glued together by
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lime cements, these roadways have withstood all the ravages of
time. Besides the main military highways built upon these solid
foundations, the Romans had also learned a cheaper form of con-
struction for outlying roads, which were treated or strewn with
gravel and stone detritus. A French scholar named Nicholas
Bergier, writing in 1728, on the history of the great roads of the

FIG. 105.—THE APPIAN WAY. OLD FRENCH ALLEGORICAL ENGRAVING
SHOWING CONSTRUCTION IN PROGRESS.

Roman Empire, shows conclusively that many practices were in
vogue among these ancient peoples that we have always been in-
clined to believe discoveries of our own times. This author,
for instance, gives us an account of the use in road building of
the puzzolan cements made from the Vesuvian lavas. But
perhaps most curious of all is the statement based upon the
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authority of contemporary historians that in order to render
this species of paving stronger and more resistent, they were,
in some cases, mingled and covered with a certain varnish, which
was described as rendering the roadways resistent to all the
injuries of time, and this varnish was composed of lime tempered
and mingled with linseed oil. In view of the fact that this and
similar methods of mingling various types of oils with cement
have been made the subject of research in the laboratories of the

-
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FIG. 106.

office which I represent, the reference to the ancient use of bind-
ers of this nature becomes a matter of great interest. The words
of the contemporary writer quoted by Bergier are as follows:

“Et crustis istiusmodi constat si lotura calcis aspergantur, si
oleo linaceo oblinantur, importari duritiem quamdam vitream,
et contra tempestates illaesam.”

Once more we are led to reflect that there is indeed nothing
new under the sun.

With this brief review of the ancient contributions to the
art and science of road building, we may pass rapidly over the
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intervening years of the dark ages to the beginning of what
may -be called the modern era. This properly begins with the
French systems as commenced by the great Napoleon and after-
wards inculcated and laid down by Tresaguet in 1775.

With Tresaguet begins the era of broken stone road construc-
tion which was afterwards developed by the famous Scotchmen,
Macadam and Telford. The contributions of these two eminent
engineers may be said to have builded for their names imperish-
able monuments in broken stone. The more recent experiences
of highway engineers who have to study the relation of the road
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FIG. 107.

to modern traffic conditions would, however, appear to show that
the macadam type of road is more perishable than the name
that it perpetuates. An eminent authority on road building,
Mr. Austin B. Fletcher, has recently said:

“Macadam’s road is a thing of the past. In fact, a road of
the kind built by the Scotchman and named in his honor, has
been obsolete in this country for so long a time that the road-
makers of the present day have almost forgotten what it was
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like. Except that it was made of fairly small broken stones,
it bore little resemblance to the carefully built broken stone
road adopted for State highway constructions of the present
day. Macadam knew nothing of machine-broken stone, and
he did not dream that a broken stone roadway could be made as
smooth as a billiard table immediately on its completion, by the
use of steam road rollers, and it is probable that his roads,
even if the traffic had consolidated them, would not be smooth
enough to please our motoring friends when operating at their
usual speeds. Macadam methods of construction would be con-
sidered wasteful to the extreme, considering the present day’
prices of labor.”

But now it appears that even the carefully built broken stone
roads of the present day that Mr. Fletcher speaks of are no
longer suited to withstand the intensive traffic represented
by the combination of horse-drawn and motor-driven vehicles. A
few figures may be of interest which bear upon the growing
intensity of modern traffic conditions. The Massachusetts High-
way Commission has recently completed a census of the summer
and autumn travel on the roads under its jurisdiction, taken
from about 240 different stations. It appears that about 42
per cent. of the traffic last summer on the State roads of Massa-
chusetts was self-propelled. It is estimated that at the present
time there are nearly 40,000 automobiles using the roads of the
United States, and that the manufacturers of the country are
busy supplying the demand for these vehicles at the rate of
from 10,000 to 12,000 machines per month. Now, let us See
what effect this growing use of the automobile has had upon
the horse. In 1896, when the automobile era began, the census
statistics show that there were in the country about 16 million
horses, whose average value was about $33 per head. In 1909,
in spite of the growing use of automobiles, the number of horses
had increased to nearly 21 million, and the average value had in-
creased to about $95. From the same source we learn that in
1896 there were nearly 3 million mules in the country, while in
1909 these had increased to over 4 million, and at the same
time the average value of these animals had increased from
$45 to $108.

The growing use of self-propelled vehicles has made it ap-
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parent that even the best form of ordinary macadam construction
is unfitted to stand the disruptive action of rapidly moving rub-
ber-tired wheels. It is from this point on that the engineer has
been obliged to turn to the chemist for information which will
aid him in devising new forms of road building and new methods
of treating the surfaces of roads already constructed. Some 12
or 15 years ago there came a rumor out of the far West that
in California the ordinary earth and shale roads were being
treated with oil, and that the results obtained were satisfactory.

FIG. 108.—SPREADING TAR BY HAND, WESTWOOD, MASS.

Gradually the impression became prevalent that a universal
panacea for bad and dusty roads had been found. In many places
oil was purchased and scattered on the roads with direful effects.
Following these failures there grew up in certain localities a very
natural prejudice against the oiling of roads, and, since to the
average layman every treated road is an oiled road, this prejudice
included every sort of bituminous product which was proposed.
Then followed, first in England and France and afterward in
Germany and the United States, experiments with the use of
tars as paint coats to be applied to the surface of old macadam
roads. It was at this point that the chemist may be said to have
first joined hands with the engineer as a road builder. Through
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the co-operation of the chemist it was soon found that there is a
wide difference in both tars and natural oils in their suitability
for road treatment. Oils, even from the same field, vary in the
quality of the base or residue which is left after the lighter con-
stituents are evaporated. In addition to this, the practice in the
United States of transporting oil in pipe lines leads to unknown
mixtures, and an uncertain character or quality of oil, however it

FIG. 109.—SHOWING DUST RAISED BY AUTOMOBILE ON MACADAM
ROADS.

may be graded or whatever it may be called. Some oils yield a
high percentage of so-called asphaltic base while others leave
residues which partake of the nature of paraffin or vaseline. It
would seem that the oils of the former nature would be the only
ones that should be used for road purposes, but even these differ
so widely from each other and so little is actually known at the
present time in regard to the subject, that the problem of fram-
ing entirely satisfactory specifications for all kinds of road oils is
taxing the best efforts of engineers and chemists who have been
making a special study of this subject.
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Tars also and other products are not standard substances,
and some of them are undoubtedly quite unfit for road building.
High temperature coal tars, made by modern methods of gas
manufacture, are to some extent cracked or burned. The per-
centage of free carbon in such tars is usually high and it is be-
lieved by some engineers that this is a disadvantage and should
be covered by specifications. On the other hand, other engineers
and chemists believe that reasonable amounts of free carbon,
even up to 0 per cent., are not injurious, and they point out that

FIG. 110.—PRAED-AITKEN TAR SPREADER IN OPERATION.

this free carbon may act a part of a filler in the use of the
material.

Tars also vary in their nature in accordance with their source,
so that a by-product coke oven will yield a tar which differs to a
considerable extent from a modern gas-house tar. In many
cities of the United States water gas is used to enrich or mix
with coal gas. Water gas, which is known to the chemist as a
mixture of hydrogen and carbon monoxide, is made by passing
steam through a glowing bed of coke or anthracite coal. This
gas burns with a pale bluish flame and in order to give it illumi-
nating properties it is enriched with hydrocarbon oils, usually
petroleum distillates. Water gas tar, which is obtained as a by-

-~
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product of this process, is very different in its nature from coal
tars. The varying processes of refining are also often respon-
sible for the great differences which are found to exist in tie
properties of the various bituminous products which are now
being presented to the road builder. DBefore they can be satis-
factorily employed as road materials it is necessary that most of
the crude oils and tars be refined. This is usually accomplished
by distilling them in large cylindrical iron stills, the operation
being quite similar for both kinds of material. In the distillation
process two general classes of products are formed which are
known as distillates and residues. The former are almost inva-
riably thin, oily liquids of little or no use for road treatment, as
they possess no binding value. Residues, on the other hand, are of
considerable value for this purpose, providing a suitable material
is distilled in the proper manner.

When moderate temperatures are employed during distilla-
tion, a mechanical separation of the constituents or fractions of
the oil or tar is effected and the process is said to be a purely
iractional distillation. In such cases the distillates consist only
of the more volatile portions of the original material while the
residue represents a concentration of the binding base, if this
was originally present. By controlling the amount of distillate
removed, it is possible to obtain a residue of any desired consis-
tency greater than that of the crude product, from liquid to solid.
The fluid residues are of value in the surface treatment of Toads
and should be applied cold or hot, according to their viscosity
at ordinary temperatures. The semi-solid and solid residues are
mainly of value in the construction of bituminous bound roads.

Any inert, non-volatile material, such as free carbon, which
was present in the original bitumen, will necessarily be found in
greater proportion in the residue obtained by distillation, and this
fact has to be considered with regard to the possibility of produc-
ing a suitable road binder from any given raw material.

If excessively high temperatures are employed during distil-
lation, certain of the hydrocarbon molecules are broken off or
cracked into two or more compounds, one of which is consider-
ably richer in carbon than the original; and if these reactions are
pushed to their ultimate conclusion, free carbon is deposited in
the residue as coke and the process is said to be a destructive dis-
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tillation. Badly cracked residues are of inferior quality for road
purposes and their use should be avoided.

If in the preparation of a residue it is desired to remove
certain constituents which under normal conditions would be
cracked before their boiling point is reached, recourse is had to
distillation in vacuo or to the use of a jet of steam. In the first
method the boiling points of the oils which are to be removed are
lowered to a point below the cracking temperature, and in the
latter these oils are to a certain extent mechanically dragged over
into the distillate by the excess of steam at a temperature below
their cracking point. '

In certain cases where it is desired to thicken or increase
the consistency of a fluid residuum, air is blown through the hot
residuum. This results in the formation of certain oxidized
products and also in the formation of hydrocarbons known as nu-
cieus condensation products. The latter class of compounds are
produced by the removal of one or more hydrogen atoms from
two hydrocarbon molecules with the formation of water and the
joining together of the molecules which have been deprived of
hydrogen.

The consistency of blown products is largely dependent upon
the extent to which the material has been blown. Providing the
operation is not carried too far, blown tars and oils possess cer-
tain desirable properties which may not be found in the ordinary
residues. Thus the susceptibility of the bitumen to temperature
changes is usually decreased by this means, but, on the other hand,
its adhesiveness may also be lessened to some extent.

In the study of these problems the chemist is now co-operating
with the highway engineer and the inclusion of this topic in a
course of lectures on municipal chemistry is, therefore, both ap-
propriate and timely.

For the construction of city pavements experience has taught
that up to the present time only four or five classes of material
need be seriously considered. These are stone in the form of
blocks or cobbles, asphalt, wood block, or brick, all of which are
or should be laid on a concrete foundation, and, lastly, concrete
itself. The type of pavement best suited to urban conditions
must, of course, depend to a large extent upon climate and the
intensity of traffic. In the selection of material for city pave-

J——
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ments many important questions have to be considered, among
which we may enumerate noiselessness, slipperiness and general
appearance. In the long run, however, other things being equal,
economy, which includes at the same time the original cost and
average length of service under given conditions, should be an
important factor.

The wood block, well sanded or gravelled in wet weather,
has found favor in many of the great cities of Europe, more espe-
cially in London. In most of the cities of this country the mod-
ern asphalt pavement appears to be preferred. According to
Tilsen, in 1900 seven principal cities of the United States, ex-
cepting Chicago, had 850 miles of asphalt pavement against 13
miles of wood block. Chicago, however, had 763 miles of wood
block as against 79 miles of asphalt. During the last 10 years
great changes have been made, and though asphalt still holds the
predominant place in most big cities, the use of wood block, brick
and special types of bituminous macadam has been much ex-
tended.

Country Roads.—After these brief general remarks on city
pavements, in which it may be noticed the drawing of definite
conclusions has not been attempted, I may perhaps be permitted
to seek the purer and more salubrious air of the country. There
are something over 2,000,000 miles of public highways in the
United States outside the corporate limits of the cities, and it is
with the up-building and up-keeping of these rural highways that
we are now mainly concerned. 4

The relation between the public road and the public good is
closer than is generally realized by those who have not made 2
special study of the subject. Although it is my present object
to set forth some of the modern technical aspects of the road
problem, I may perhaps be allowed to digress for a moment.
Education, agriculture, commerce and labor are all deeply de-
pendent upon the means and modes of transportation which
inevitably begin upon the public road. On one of the great
public libraries of our country is printed the legend: “The
Commonwealth demands the education of the people as the
safeguard of order and liberty.” This is a splendid sentence,
but in the Commonwealth of our States there are those in which
the impassability of the roads during a considerable portion of
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the year prevents attendance at church and school. To cite one
instance taken from statistics compiled by the twelfth census,
one State with less than 2,000,000 inhabitants contains more
than 175,000 native white adults born of native parents who
can neither read nor write. To decide whether bad roads and
public shiftlessness are due to lack of education, or vice versa, is
like trying to divorce the horse from the cart, but undoubtedly
statistics point directly to the fact that road improvement and
extension of education move forward hand in hand.

FIG. 111,.—COUNTRY SCHOOL HOUSE ON GOOD ROAD NEAR
KNOXVILLE, TENN.

.

If we turn to agriculture we may well inquire to what extent
the high cost of living may be affected by the condition of pub-
lic roads. It has been computed from carefully gathered stat-
istical information that if our corn crop of 1905-6, which mar-
keted 40,000,000,000 pounds of corn, was moved in wagons hold-
ing about 2600 pounds each, an average haul of seven miles to
the railroad or market place, then that crop was hauled more
than 100,000,000 miles on the public roads.

Leaving the question of the bearing of bad roads upon the
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commercial and educational development of our country, I may
take up the subject from the standpoint which will particularly
appeal to a modern audience. The public roads of a Common-
wealth are legitimately intended to be used for pleasure, for the
development of social intercourse, for the broadening effects of
travel and intimate knowledge of our own country, and for
enabling us to pursue the beautiful and picturesque in nature.
The automobile, without any doubt, has done more to develop
the usefulness of the common roads from this point of view
than all other influences combined. Unquestionably the auto-
mobile has brought up new problems to be confronted by the
road builder and engineer. The systems of construction of stone
roads developed by the great engineers whose names will ever
live in the history of engineering, Tresaguet, Telford and Mac-
adam, were not designed to carry the heavy shearing traction
of seli-propelled vehicles. To this shearing force developed by
the driving wheels of the mechanically impelled vehicles are due
the rapid disintegrating effects which have become a matter of
common observation wherever automobiles are used to a large
extent. You are undoubtedly aware that following this observa-
tion a hue and cry has been raised throughout the length of
the land condemning the automobile and agitating for legislation
which will have the effect either to some degree of preventing
the use of these vehicles or by some method of taxation making
the automobilists responsible for the expenditures which fall
upon the public treasury to maintain the roads in good condition.
Fair-minded students of this condition have, however, concluded
that, though the automobile is to a certain extent a road de-
stroyer, it is at the same time doing more than any other influ-
ence to bring about a correction of the evils which have followed
in its wake. Engineers all over the world are turning their at-
tention to methods of construction which will meet the modern
condition, and that successful results have already been obtained
and are constantly being pushed further, I need not remind you.

The dust problem did not begin with the introduction of the
automobile, although it has undoubtedly been accentuated by
this mode of travel. There are sections of our country at this
present time where the roads have been rendered practically
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dustless, and neither horse-drawn vehicles nor automobiles can
now deposit the dirt of the highways in the gardens and houses
of abutting property owners. This condition of affairs did not
exist before the introduction of the automobile, but has been
arrived at in answer to the demand which has followed its use.
In short, there are many suburban communities in which life
to-day is far more agreeable, pleasurable and possible than it was
before automobiles came into use. That dust is a disease carrier
there can be do doubt, and it is necessary that we should expend
all of our energies towards its suppression. It should be remem-
bered that the automobilist is not a dust maker, but he is a dust
raiser, and therefore it is especially incumbent upon him that
he should co-operate in every possible way, bringing all his in-
fluence to bear to encourage the suppression of this dangerous
nuisance.



CHAPTER XIII.

MopeErN Roap CONSTRUCTION.

ALLERTON S. CUSHMAN, Pu.D.,

Acting Director, Office of Public Roads, United States Department of
Agriculture, Washington, D. C.

The inclusion of the topic of Modern Road Construction in
this course of lectures on Municipal Chemistry may appear to
require some justification. This is, however, not far to seek.
One of the very many great civic problems of modern times is
the dust nuisance. In a paper presented to the American Civic
Association, the writer said :

The dust nuisance, like most of the problems of modern
time, must be considered as having a double aspect. There is
always the point of view of the producer, as well as that of the
consumer, to be considered. In the dust problem, however, the
consumer does not demand the product, and the producer does
not desire to provide it. The problem is further complicated
by the fact that, to a vety large extent, the producer is also the
consumer. There are 2,151,270 miles of public roads in the
United States proper, outside of all municipalities, and these
may be fairly considered to constitute at least one of the great
National dust factories. It is always entertaining to juggle with
figures, and while it may be admitted that this is often a danger-
ous practice, it sometimes enables one, by adopting a factor
of safety, to conservatively emphasize the magnitude of the
existing evil, and thus arouse the civic sense to the necessity of
its suppression. Allow me, therefore, with this object in view,
to indulge in a somewhat arbitrary juggling of statistical in-
formation, which I will endeavor to make err on the safe side
of the argument.

That a vehicle moving rapidly along one of our highways in
dry weather raises into the air, and is followed by, a cloud of
dust, I need not remind you. Provided that there is at the same

209
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time a draft of air moving, and there generally is, this material
will leave the roadway and settle upon the surrounding country
and objects. If we assume that each cubic yard of this dust
cloud which follows the moving vehicle would be found to con-
tain one-half an ounce of material, were we able to collect and
weigh it, and this is certainly a conservative estimate, it would
appear that in traversing a distance of one mile on the public
road a single vehicle would have removed 880 ounces, or 55

FIG. 112.—SHOWING DRIFT OF DUST TO ROADSIDE.

pounds of dust. Ten such vehicles following each other over
the same mile would remove, therefore, about 550 pounds to
the mile. As there are few miles of the public roads in the
United States, if we take them on the average, over which ten
vehicles do not pass in the course of one day, we can see at
once that, at a conservative estimate, the public roads of the
United States are losing certainly as much as 1,000,000,000
pounds of material every dry day in the year. A billion pounds
of material are equal to 500,000 tons.

If we assume that there are 100 dry days in the ycar,
we may well ask ourselves what is the economic bearing upon
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our national and civic life of the annual movement, from places
where it is needed to places where it is highly undesirable, of
50,000,000 tons of material. If all the 2,000,000 miles of public
roads were macadamized, the construction engineer could soon
calculate the cost in money, as he knows only too well that this
same dust, in the form of stone or screenings, rarely costs him
less than $2 per ton on the road. What shall we say, however,
of the effect of these moving dust clouds upon the public health,
ot the public discomfort, of the beauty-destroying effects?

When all the traffic which passed over macadam roads was
steel tired and steel shed, a sufficient amount of dust was con-
tinually worn off from the stone aggregate to supply that which
was lost from the road owing to natural agencies, such as wind
and rain. Those who have studied the art of road construction
know that the fine dust acts the part of a binder upon the
coarser stones which make up the main body of a macadamized
road. As soon as the dust is removed by any agency whatsoever,
the coarser stones loosen and the road soon ravels to pieces.
Under a grinding traffic, therefore, it is apparent that, although
a certain amount of dust is being lifted and removeéd from the
road, more dust is continually being worn off to take its place.
With the advent of pneumatic rubber-tired vehicles a new con-
dition arose. These soft inflated tires grind no dust from the
stones to replace that which is removed by the agencies already
spoken of.

It has been very generally believed that the pneumatic tires
on motor driven vehicles actually suck the dust from between the
coarser stones due to the action of a partial vacuum, which is
supposed to be due to the continual deflation and inflation of the
rubber at the bearing point of the tire. Although it is probable
that this action does take place to a slight extent, it is not the
main cause of the rapid destruction of macadam road surfaces
by automobiles. Automobiles differ from animal-drawn ve-
hicles in the fact that they have a very high tractive force, which
exerts a continual shearing upon the bonded surface. The Office
of Public Roads has made a special study of this subject, and
has conducted a series of tests. The inspection of instantaneous
photographs made of rapidly moving, high-power cars passing
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over macadam surfaces invariably shows that the great damage
is being done, not by the front wheels, but by the rear wheels
alone, upon which the tractive force is exerted. In whatever
way the damage is done, however, there can be no doubt but
that highway engineers are confronted with a new and very
serious problem in maintaining macadam road surfaces. Various
measures are being adopted, as yet, however, mainly in an ex-
perimental way, to overcome this difficulty. About a year ago
there sat at Paris an International Road Congress called under

FIG. 113.—AUTOMOBILE GOING 80 MILES AN HOUR, SHOWING SHEAR-
ING EFFECT ON ROAD SURFACE.

the auspices of the French Government for the particular pur-
pose of studying this problem and collating the information of
highway engineers from all civilized countries, and this coming
summer* another session of the Congress will meet in Brussels to
carry on and perpetuate this work. All this shows how im-
portant the problem appears to the older European countries.

The suppression of dust is not, however, the principal object
of these deliberations. Far more important is the question of
the life of the road, for the money value involved in construction
must necessarily overbalance every other aspect of the problem.

*1910.
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England is said to expend about $80,000,000 annually on about
150,000 miles of public road, while the United States expends
and largely wastes about the same sum on her 2,000,000 miles.
The principal difficulty experienced by the modern highway en-
gineer lies in the fact that he is called upon to devise ways and
means for constructing and maintaining road surfaces which will
withstand a combined horse-drawn and motor-driven traffic. The
old and well-tried system of macadam construction had proved
itself to be adequate to horse-drawn traffic, but with the advent
of the automobile a new problem appeared, and it has become
increasingly evident that entirely new forms of road construc-
tion and treatment must hereafter be adopted. This end may be
sought by new construction or by penetration methods, which
consist in applying bituminous or other liquid or semi-liquid sub-
stances to old macadam or other road surfaces. The use of
various by-products of manufacture for road material is par-
ticularly interesting in view of the fact that by such adaptation of
waste substances we not only conserve material, but we may
lengthen the life and add to the attractiveness of the road.
Moreover, from our present point of view this phase of the
subject will be of special interest, because for the first time it
introduces the chemist as an important factor to the success of
modern road construction. Among the by-products which have
been to a considerable extent used or experimented with we may
mention oil residuums and tars, crude or refined, furnace slags,
concentrated waste sulphite liquors from the paper mills, calcic
chloride from the caustic alkali manufactories, and waste molasses
or black straps from the sugar refineries. We have already in
the preceding chapter considered some of the properties of bitum-
inous substances, such as oils and tars, which particularly adapt
them for road building. Probably the best method of using ma-
terials of this nature is in the original construction of the road.
Broken stone or sometimes slag is coated with a properly selected,
hot bituminous substance and rolled down on a prepared sub-
grade or base. It is not my intention to discuss the various
specifications that have been drawn by ‘engineers for carrying
out work of this kind. As a matter of fact, the subject is com-
plicated in this country by the fact that certain patents have
been granted which appear to be construed by the holders, as
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well as to some extent by the Court, as covering very generally
the field of bituminous macadam, provided the mineral aggre-
gate is so mingled as to reduce the percentage of voids to a
rational minimum, thereby obtaining the highest degree of sta- -
bility in the road. In some cases, however, where mingled stone
aggregate is not used, or where evenly screened stone is coated
with the bituminous cement and rolled down in layers, very
excellent results have been obtained. The opinions of highway
engineers vary widely as to the best specifications for use in bi-
tuminous macadam construction, and as this is a problem for
the engineer rather than the chemist, I shall take no time for
its further discussion. The penetration methods have been
largely used in Europe and to a lesser extent in the United
States, and have led to some very excellent results, as well as
to a considerable number of serious failures.

Probably the penetration method which is most used in this
country consists simply in sweeping the surface of old macadam
roads in dry weather and then applying the bitumen either hot
or cold as a sort of paint coating, allowing the road surface to
absorb as much of the material as it can. The excess of bitumen
on the surface is then sprinkled with rock screenings, sand or
sweepings, and the road opened to traffic. When the macadam
road has been recently finished or resurfaced and the bitumen
properly selected, some very excellent results have been obtained
by this crude method. . On old macadam surfaces which have
been thoroughly consolidated, very little penetration is obtained,
and the bituminous covering is apt to lift and peel in a compara-
tively short time. In Europe and to a less extent in this coun-
try special tank wagons have been devised in which the hot
bitumen is sprayed or atomized under pressure on to the swept
road surface, thus expediting the work and obtaining far better
penetration, The quality and specifications of the bitumen for
work of this nature have to be very carefully considered, and
in this work it is absolutely necessary for the engineer to have
the co-operation of a chemist experienced in the examination
of bituminous materials. The bitumen must have a base or
residue which has a high binding or cementing value, as the ap-
plication of oily material of a purely greasy nature may lead to
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expensive and disagreeable failure. If it were possible to state
definitely in a few words the specifications which a material
should have in order to insure successful results, they would
be included here, but this is not possible. The effect of climate,
the nature of the road and the kind of stone, gravel or soil of
which it mainly consists, are all important factors which have
to be taken into consideration. In addition to this, the subject has
only recently been a matter of investigation and study by high-
way engineers and chemists, and is therefore at the present
time in a somewhat chaotic condition in which very considerable
differences of opinion exist even among the most expert work-
ers in the field. This has already been to some extent shown in
the preceding chapter. One State specification, for instance,
calls for not less than 10 per cent. of iree carbon in a road
tar, while another will not allow more than 17, and still an-
other specifies not less than 12 or more than 21 per cent. Spe-
cial committees of the American Society for Testing Materials
and the American Society of Civil Engineers are now study-
ing these questions, and it is hoped that order will shortly be
brought out of chaos.

Somewhat more than 20,000,000 tons of furnace slags are
produced annually in this country, but up to the present time
they have not been very generally used as road material. A
special study of this subject has been made in the laboratories
of the Office of Public Roads in Washington. From these in-
vestigations it appears that slags can be divided into distinct
classes as far as their value for road building is concerned. It
appears that as a rule the basicity of a slag affects its stability
under the action of water, and therefore the more acid slags do
not bind, but gradually powder up to dust. This is in accord
with previous work done on rock powders, in which it was
shown that the binding power of siliceous rocks could be in-
creased by the use, in conjunction with them, of basic rocks
such as limestone and dolomite. We may arbitrarily define acid
slags as those which contain more than 40 per cent. of silica,
intermediate with from 30 to 40 per cent. silica, and basic slags
with less than 30 per cent. In a general way it may be stated
that the acid and intermediate types include the by-products of
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the blast furnace and smelter, while the basic slags are derived
chiefly from the basic open-hearth furnaces. Just as in the
case of rocks, the binding power of the more acid types can
be improved by suitable mingling with basic material such as
limestone. If some form of bituminous slag macadam is to be
constructed, the natural binding power of the material under
the action of water is not a factor, and as a matter of fact may
even prove a disadvantage. In England very excellent roads
have been built by coating crushed and screened slag with a
suitable bitumen, such as refined coal-tar pitch, and rolling the
mixture down on a prepared subgrade.

FIG. 114.—SLAG ROAD NEAR YOUNGSTOWN, OHIO.

Another promising line of investigation for the chemical en-
gineer who is interested in road building problems is the possible
use of waste liquors from paper pulp mills as a road material.*
In 1907 about 4,000,000 cords of wood or 2,000,000,000 board
feet, valued at $30,000,000, were converted into paper pulp in
88 pulp mills of the United States and Canada. One-half of
this wood is wasted in the sulphite liquors, which are in great
measure thrown into the streams and rivers, polluting the waters
and killing the fish. According to a statement in the annual
address of the retiring president of the American Chemical
Society, in three months one of the great New York daily news-

*The first suggestion in regard _to the possible use of these liquors as road
material was made to the writer by Mr. J. S. Robeson, of Au Sable Forks, N. Y,
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papers will consume a forest as large as Central Park, 843
acres, while a single one of its Sunday issues would require 15
acres of forest. The sulphite waste liquors as at present thrown
away have a specific gravity of about 3° to 5° Beaumé. When
concentrated to 15° to 30° Beaumé these liquids have an ex-
ceedingly high binding power. Experiments carried out in the
laboratory appear to indicate that they act as binders on rock
dusts not only on account of their glutinous nature, but also
because they induce the hydrolytic reactions on which the cement-
ing value of a rock dust depends. This observation is in line
with Acheson’s process for strengthening the bond of clays by
infusions of straw or tannic acid. The difficulty, however, with
the use of these liquors as road binders is to some extent similar
to that encountered with molasses. The bond is not entirely
unacted on by water, and disintegration of the bonded surface
may be anticipated. It may therefore be necessary to emulsify
these binders with petroleum oils. All these problems mean
work for the chemist in co-operation with the engineer. If
these wastes are made available as road materials, a threefold
benefit will result. River pollution with its attendant evils will
to a large extent cease, the now wasted portion of the wood
will be made useful, and the roads will be improved.

Calcic chloride, which is a by-product in the manufacture of
caustic alkali, has been to some extent used as a dust layer, and
therefore as a road preservative. The incorporation of a hygro-
scopic substance with the surface of a road will naturally keep
it to some extent damp, and traffic does not, therefore, raise and
disperse the material so rapidly over the surrounding country.
Materials of this nature have the advantage of being very
casily applied, as they are always readily soluble in water and
can be sprinkled on the road wherever watering carts are avail-
able. For that portion of the road surfaces where sprinkling
carts are not to be had, the manufacturers are now putting on
the market the granulated form of calcic chloride which looks
very much like popcorn. This material is scattered or sown on
the road by hand or from spreaders, and very soon takes up
moisture from the air and incorporates itself with the road
surface. As dust layers these materials are undoubtedly efficient,
but the work is required to be repeated from time to time, as
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rain water will naturally remove the soluble salts, so that the
road will eventually dry out and become dusty. It will readily

FIG. 115.—ROAD RECENTLY TREATED WITH CONCENTRATED WASTE
SULPHITE LIQUOR IN AGRICULTURAL DEPARTMENT
GROUNDS, WASHINGTON, D. C.

be seen that such a method as this should be classed as a palliative
rather than a remedy for dust prevention or as a means of
ultimate road preservation.



MODERN ROAD CONSTRUCTION 219

In the neighborhood of the great sugar refineries of the coun-
try, both in the cane and the beet-sugar areas, there is a con-
siderable quantity of a by-product known as “black-straps,”
which contains a certain amount of uncrystallizable sugars and
the resinous extractive matters from the plants. When mixed
with lime, these materials form calcium sucrates and resinates
which are well known to have high binding power. They are
not, however, perfectly insoluble in water and are therefore
gradually disintegrated under the action of moisture. In order
to overcome this tendency towards disintegration, the Office of
Public Roads has carried on experiments in which the waste
molasses was mixed with lime and an asphaltic or semi-asphaltic
oil residuum. The whole mass emulsifies readily and can be
coated hot on to broken stone or other road material and rolled .
down on a properly prepared subgrade. About two years ago
an experimental road of this nature was laid on rather a steep
grade on Prospect Street in Newton, Mass., and having been
through two winters and sustained a considerable amount of
traffic, is now reported as being in good condition and as hav-
ing given complete satisfaction. The binder was prepared in a
large mortar box by first slaking 320 pounds of quicklime with
108 gallons of water. As soon as the lime was completely slaked,
92 gallons of molasses were added and thoroughly mixed, after
which 50 gallons of the semi-asphaltic oil were stirred in. While
the preparation was still hot it was mixed with the graded,
crushed stone in the same manner as is used for coating with
ordinary bituminous mixtures. Eighteen gallons were applied to
every 1,310 pounds of stone, and the concrete thus produced was
hauled to the road and laid as soon after mixing as possible.
When rolled it produced a firm and resilient surface, upon which
heavily loaded teams left no wheel marks one-half hour after
it was laid. Under the action of the roller a small portion of
the oil came to the surface, so that a light application of stone
chips was required to put the surface in first-class shape. The
idea of using molasses as a road binder usually excites derision,
and undoubtedly the chief difficulty with this form of con-
struction will naturally be the expense, and for this reason it
can only be considered as practical in the immediate neighborhood
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of sugar refineries, .where the waste material can be obtained
for a reasonable figure.

In this brief review of the use of by-products as road ma-
terials, it has been shown that from a small beginning the work
of the chemist in modern road construction has grown and will
continue to grow to be a matter of great importance to every
civilized community. In our own work our young civil engineers,
who are being trained in modern methods of road construction,
are given a thorough course in the chemical laboratory to the
end that they may not only become thoroughly posted on the
nature of road-binding materials, but that they may also act in
the capacity of analysts and investigators as occasion arises.

FIG. 116.—MIXING MATERIAL FOR “CANDY” ROAD, UTILIZING REFUSE
FROM SUGAR REFINERIES.

In concluding these lectures I desire to take the opportunity
to emphasize the fact that American roads are suffering more
than the roads of other countries, not because the original meth-
ods of construction are in any sense inferior to those used
abroad, but because it has not been the custom in this country,
up to the present time, to devise any systematic method of main-
taining the roads which we construct. The French patrol sys-
tem, under which the public roads are divided into sections and
put under the charge of a trained workman, who is held re-
sponsible for the general condition of the surface under his
charge, and is supplied with a sufficient amount of material for
making repairs and means of transporting it from one point to






CHAPTER XIV.

STREET SANITATION, WITH SOME SPECIAL REFERENCES TO
New York.

WILLIAM H. EDWARDS, A.B,
Commissioner of Street Cleaning, New York City.

The story of the Department of Street Cleaning should be
frequently told citizens, so that when they criticize, as inevi-
tably they will, they may criticize intelligently. We expect criti-
cism, we want it, and we certainly get it. When one stops to

FIG. 117.—~MORNING ROLL CALL AT A SECTION STATION IN THE DE.
PARTMENT OF STREET CLEANING, NEW YORK CITY.

consider that 6,500 men start out every morning on the big task
of cleaning New York City’s streets, each to do his individual
share in cleaning and making them more sanitary, that the De-
partment of Street Cleaning in New York is responsible for the
cleaning of the surface of about 1323 miles of streets, and re-
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moving ashes, rubbish and street sweepings from the entire
Boroughs of the Bronx, Westchester, Riverdale and other out-
lying towns in that neighborhood, the Borough of Manhattan,
and all Brooklyn, Williamsburg, Brownsville and Sea Gate, he
may realize the vastness of the proposition. These forces are
like nothing more nor less than doctors doing their share of
keeping the death rate down. It might be interesting to the
reader to know that the death rate in New York City during
the past year was the lowest on record. It may be claimed with

FI1G. 118.—LOCKERS IN SECTION STATION, STREET CLEANING DEPART-
MENT, NEW YORK CITY.

due modesty that the Department of Street Cleaning played no
small part in producing such results.

The streets of our cities are used for a variety of purposes.
They not only serve as arteries of travel, but also as places at
which people of the most varied ages, inclinations and disposi-
tions congregate for business, inspection, amusement, and a num-
ber of other reasons, all of which are the outcome of desire
and need. Then, too, city streets are intimately joined to every
household; the residents, of necessity, traverse them; they carry
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dirt of the streets into their homes; and they secure their food
and air through the streets. Both food and air are frequently
contaminated. These contaminating matters consist of pulver-
ized excreta and rejecta of animals and men, the factory wastes,
and, to quote Soper,* “the product of the ceaseless wear and
tear of everything perishable in the city.”

FIG. 119.—DISTRICT ORGANIZATION, DEPARTMENT OF STREET CLEAN-
ING, NEW YORK: SUPERINTENDENT, FOREMAN, ASSISTANT
FOREMAN, DRIVER AND SWEEPER.

The effects of city dirt are, in fact, perceivable everywhere.
Ground by vehicle, animal and human contact into a powder, it
is raised from pavements by the wind to be partly suspended
in the air and partly to be distributed promiscuously. The dust,
including soot, in suspension, discolors our bodies and clothing,
and evidences of its deposition are found on stone monuments
and buildings; it is this dust which blackens the snow, and in
a penetrative form it enters offices, homes, schools and hospitals.

The streets of our cities are also the natural outlets for filth
and refuse, organic and inorganic, of every conceivable nature.

*“Modern Methods of Street Cleaning,” 1909, p. 7.
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To be brief, street refuse may be conveniently classified as fol-
lows: Animal manure; excreménts
Pavement dirt; detrltus from wear.
Droppings from carts.
Materials from building constructlon.
Street sweepings. / Leaves and remains of fruit.
Paper and rags.
Wood, leather and rubber.
Bottles, glass, and crockery.
Dead animals. Sweepings from buildings, etc.
Soot and general air dust.
Snow.

FIG. 120.—STREET SWEEPER WITH WINTER CAP AND STORM SHIELD,
: NEW YORK CITY—A “WHITE WING.”

The sources of street sweepings are likewise of a varied
nature. Dust emanates from windows and doors when rooms
are cleaned; rugs and carpets are beaten on roofs and on the
pavements; human beings and animals cast their excreta on
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the thoroughfares; and various refuse is thrown out into the
gutters and streets.

. The litter carelessly thrown on the streets amounts to much
more than the ordinary individual appreciates. It is estimated
that this addition to the work costs not less than $40,000 per
annum. It is illegal, but, more than that, it is inexcusable. To

FIG. 121.—SWEEPER DEPOSITING SWEEPINGS IN GUTTER (OLD
METHOD), NEW YORK CITY.

this litter is added the refuse dropping from vehicles transport-
ing all kinds of materials. Frequent warnings do not seem to
‘correct this useless offense, but occasional arrests of the of-
fender prove more or less salutary. To obviate this nuisance
the Department places cans at frequent intervals for the recep-
tion of all such materials, and frequent appeals are made to
the citizens for help.

Each building which is wrecked or erected adds to the
street dirt; each conveyor of building materials and refuse
contributes materially; and the sidewalks and pavements give
up their share of eroded, worn and torn material.

The greatest amount of street dirt which becomes scattered
upon sidewalks and pavements is caused by the movements of
vehicles and the contributions of horses; these are constant
sources of street dirt which cannot be avoided. In fact, the
quantity of horse dung which may be deposited on a mile of
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city streets is quite large, and the residue of this excreta is a
large ingredient of city street dirt.*

The physical appearance of street dirt is very variable. Some
of the components are rejecta which may be removed by hand
tools (shovels, push scrapers and brooms) ; paper, manure, wood,
bottles, etc., belong to this class. Other portions and constitu-
ents of street dirt exist in too fine a state of division to permit
of hand removal; ashes, sand, coal dust and manure residues
come under this head, and such finely divided material is the
most difficult and expensive variety of street waste to handle.

FIG. 122.—SWEEPERS WITH BROOMS AND BAGS (NEW METHOD).

This material forms a mud in wet weather; and when it is
dry and windy, it is variously transposed in the form of annoy-
ing dusts. It is, therefore, desirable to get rid of this material.
The method of doing this is fairly simple, provided sufficient
funds are available; but such is rarely the case, and then it is
indeed a problem.f It is dependent upon the nature of the

*One thousand horses will, in every working day of eight hours, deposit about
500 gallons of urine and 10 tons of dung upon the pavements. “On the Utilization
of Stable waste,” see Birchmore, Journal of the Society of Chemical Industry, 1900,
vol. XIX,, p. 118,

1For cleaning all the boroughs of garbage, ashes, refuse and street sweepings the
Board of Estimate and Apportionment allowed an appropriation of $7,418,299.20 for
1909, and this amount was divided among the boroughs, Manhattan receiving
$4,230,441,70; the Bronx, $560,371.30; DBrooklyn, $2,492,481.20; and for General
Administration, $135,00s. 4
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. pavement, the quantity of dirt to be handled and disposed of,
the uses to which the street is put, the water supply, labor con-
ditions, and the sewerage system, which subjects are discussed
in other chapters.

There are two general methods for disposing of street dirt;
namely, it may be picked up, swept up, or shoveled up, and
then hauled away, or it may be washed into sewers through the

FI1G. 123.—STREET CAN FOR LITTER.

" agency of water, or there may be a combination of these meth-
ods.* As a rule, a considerable portion of the dirt is conducted
away by sewers during rain storms. Some cities have espe-
cially constructed their sewers with the view of conducting off
all dirt which can be reasonably emptied into them; in fact, it
may be said that many municipal engineers consider that the
sewerage system of a city should be constructed in such a way

*The three following chapters deal more specifically with the problems of wash-
ing the streets and utilization of the wastes.
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FIG. 126,~CITY OF WESTMINSTER. ORDERLY WITH HANDCART—
PICCADILLY, (Courtesy of Dr. Soper.}
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FIG. 127.—HAMBURG, GERMANY. STREET CLEANER WITH HIS APPAR-
ATUS ABOUT TO EMPTY A HANDCART FULL OF STREET SWEEP-
INGS INTO A TEMPORARY STORAGE PIT BENEATH THE
SIDEWALK. (Courtesy of Dr. Soper.)

FIG. 128.—SWEEPER WITH FULL EQUIPMENT, NEW YORK.
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New York at about $35,000 per inch of snowfall. This large
expense in New York is due in part to the dumping points being

FIG. 129.—WAGON FOR CARRYING SWEEPERS’ CANS, NEW YORK.

FI1G. 130.—IN NEW YORK CITY THB TRACTION COMPANIES CLEAN
THEIR TRACKS OF SNOW BY SWEEPING IT TO THE
SIDES OF THE STREETS.

restricted, and the Sewer Bureau not allowing it to be dumped
into the manholes. The sewers will take this material, we know,
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and, if not, they should be so constructed as to take it; we
hope to have aid in this direction when next winter sets in.

a o z . . ¢ ,""‘

FIG. 131.—FIVE-WHEEL SNOW PLOW, NEW YORK.

FIG. 132.—FOUR-WHEEL SNOW PLOW, NEW YORK.

Many devices for melting the snow on the streets have been
proposed, but so far no effective machine or method has ap-
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peared. In Paris, 474 ounces of common salt per square yard
have been used for a fall of two inches. Here is an excellent
opportunity for some chemist to do good and also become
wealthy.

4L o

Y

FIG. 134.—AUTO SNOW TRUCK, NEW YORK.

Local topographic conditions must largely influence the meth-
ods applied to keep a city clean. It is wise to spend money in
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experimental work in seeking the best solution. There is no
other way to clean the streets except by water or suction, which
removes all dust from the surface of the streets. The dust pest
is surely a great nuisance which must be got rid of.  Suction
is out of the question on account of the expense, so to make
the streets cleaner the use of water seems to be absolutely neces-
sary. Through the instrumentality of power machines, water has
been found to be the real effective agency. New York City has

FIG. 135.—EMERSON VACUUM STREET CLEANER.

made the most exhaustive tests of these machines, and after
testing 35 machines for 100 consecutive days at a cost of $60,000,
it is believed that we are in a position to systematize such meth-
ods as to improve conditions 100 per cent. and benefit the health
and increase the happiness of all.

Especial attention should very properly be given to the clean-
ing of the streets over which parades or pageants are to pass in
order that no unsightly appearance of the street will detract from
the pleasure of those participating, either as actors or spectators,
and that the comfort of all may be promoted. Incidentally, the
public takes much pride in the display and places less obstacles
in the way of the Commissioner who is carrying out big plans
for the welfare of the citizens.



CHAPTER XV.

MEeTHODS OF STREET CLEANING AND WASTE DISPOSAL OF THE
City or NEw YORK.

EDWARD D. VERY, CE,
Sanitary Engineer, Department of Street Cleaning, New York City.

The problem of disposal of city wastes, exclusive of sewage
and dead animals, is one which deserves a most careful atten-
tion and the best efforts towards solution.  This problem has
always existed and yet up to the present time very little effort
has been made to arrive at a proper solution, but the various
municipalities have allowed the matter to be handled in a slip-
shod and unbusinesslike and uneconomical manner. Spasmodic
efforts have been made by municipal officers in isolated cases,
such as that of Colonel Waring in New York City; but the
matter has not been followed up in a systematic way, and even
here we have neither progressed nor improved on the original
primitive methods. The subject has two sides: the sanitary and
the economic. The sanitary side is taken up principally by the
putrescible wastes; the economic includes the non-putrescible.

For convenience Colonel Waring divided the wastes of New
York City into three classes, viz., ashes, garbage and light refuse,
and rubbish. In other places the word garbage is indiscrimi-
nately applied to the whole, and there is, therefore, a primal
confusion in the misunderstanding of terms. Therefore, for our
purposes I shall use our New York classification.

Ashes are defined by the Sanitary Code as “cinders, coal and
everything that usually remains after fires;” but for the general
convenience of the householder and the city work, the Depart-
ment of Street Cleaning includes in this class: ashes proper,
sawdust, floor sweepings, street sweepings, bottles, broken glass,
broken crockery, tin cans, and oyster and clam shells. Garbage
is defined by the Sanitary Code as “swill and every accumulation
of both animal and vegetable matter, liquid and otherwise, that
attends the preparation, decay and dealing in, or storage of,
meats, fish, fowls, birds or vegetables”; the Department of Street
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Cleaning classes under this head: kitchen or table wastes, vege-
tables, meats, fish, bones, fat and fruit. Rubbish is defined by
the Sanitary Code as “all the loose or decayed material and dirt-
like substance that attends use or decay, or which accumulates
from building, storing or cleaning”; the Department of Street
Cleaning classes under this head: paper, pasteboard, etc., rags,
mattresses, carpets, old furniture, oilcloths, old shoes, flower
stems, leather and leather scraps, tobacco stems, straw and ex-
celsior. Because of the methods adopted by the Department,
these materials are separated by the householder and are col-
lected separately by the carts of the Department or by private
carts engaged in this work. This matter of separation is neces-
sary when utilization of the ashes and rubbish and reduction of
garbage is resorted to. Where destruction or cremation is the
method, mixed materials are not only unobjectionable, but rather
necessary.

It is rather a criticism on the general lack of thought of the
people served that the question of disposition is considerably
affected by the fact that people do not want to separate their
wastes. If one considers the small amount of time and trouble
necessary to separate the various materials at the house, it is
hard to understand why the subject should be made so much
of in the way of objection. Yet one of the hardest parts of the
Department work is to enforce the proper separation by house-
holders. This is particularly true in what is commonly known
as the tenement house district, where one can for refuse is
used by many families in common. The tenants are blamed, but
from my observation I find that the owner is more to blame, as
he is required by the law to provide sufficient receptacles for a
thirty-six hours’ receipt from his building.

There is a system of private cart collection which takes up
part of the wastes from parties who do not care to comply with
the Department rules as to time and place of putting materials
for collection by regular service, or else who have materials
which the Department will not collect, but which will be re-
ceived at Department dumps. These private carts are given
permits to dump their materials at the regular dumps and are
under the rules of the Department as to separation and classi-
fication.
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In 1909, the Department received at the dumps of the various
Boroughs, 2,497,779.75 cartloads of ashes, containing approxi-
mately 4,255,868 cubic yards and weighing approximately 2,340,-
727 tons; of garbage, 332,764.50 cartloads, approximately 565,~
702 cubic yards, and weighing approximately 311,136 tons; of
refuse, 320,264.50 cartloads, approximately 2,401,984 cubic yards,
and weighing approximately 160,132 tons. These data show that
the receipts are proportioned approximately as in bulk: ashes 59
per cent., garbage 8 per cent. and rubbish 33 per cent.; and in
weight: ashes 83 per cent., garbage 11 per cent. and rubbish 6

per cent.*

The amounts of the different materials carried by the pri-
vate cartmen proportioned: ashes 26 per cent.,, garbage 5 per
cent. and rubbish 5 per cent.; which left the Department service
as carrying: ashes 61 per cent., garbage 10 per cent. and rubbish
6 per cent. Of the materials carried under the head of ashes
the best estimate seems to give the bulk of the street sweepings to
be about 20 per cent., so that the true classification for Depart-
ment work should be reduced to 49 per cent. ashes, 12 per cent.
street sweepings, 10 per cent. garbage, and 6 per cent. rubbish.

The ashes proper are divided into two classes, viz., house-
hold ashes and steam ashes. Household are such . as are
given off from the ordinary heating and cooking operations,
steam ashes from large heating and power plants. There is no
definite knowledge of the proportion of these two classes, and I
find that it has been generally assumed that the materials carried
as ashes by private carts are steam ashes. This, however, is not
the fact, as private cart service is extended to ordinary house-
holders as well as large apartment houses and factories. An
estimate might be made if all the steam ashes were delivered to
the dumps of the Department, but the use of this material in
building operations leaves an undetermined quantity which makes
calculation impossible.

By a test made by the Department it was found that in 1,000
cartloads of ashes there is an average of 10 tons of tin cans,
2,400 pounds of paper, 3,000 pounds of rags, 11,000 bottles, 55
barrels of broken glass, 300 empty barrels, 2 tons of old iron,

*The month of March gives the maximum monthly amount of ash receipt, viz,,
256,915 tons; August the minimum amount, viz., 138,095. For garbage August has the
maximum monthly receipt, viz., 32,750 tons, and February the minimum, viz., 17,005

tons. For rubbish July has the maximum, viz., 14,887 tons, and February the
minimum, viz.,, 10,024 tons.
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and 836 pounds of rubber and miscellaneous metals. Steam
ashes are clean and free from fine ash. Household ash is com-
posed of about 45 per cent. of fine ash, 30 per cent. of clinker and
coarse ash, and 25 per cent. of unburned or partially burned coal.

The street sweepings on the average are composed of 37
per cent. moisture, 31 per cent. of organic matter, and 32 per
cent. of inorganic matter.

Garbage is on the average composed of 70 per cent. moisture
and 30 per cent. solid material. In the nature of things garbage
varies considerably in its composition, due to seasons and the
habits of the people.

Rubbish is composed of the assortment which is listed above
and a test for some time gave an average result for 1,000 cart-
loads: 9 tons of tin cans, 80 tons of paper, 16 tons of rags, 9,600
bottles, 47 barrels of broken glass, 3,000 empty barrels, 9 tons
of old iron, 1,700 pounds of rubber and miscellaneous metals.
There have been attempts to find the average waste per capita
in each class of material, but such an average cannot be ob-
tained with any degree of accuracy because the wastes are not all
received at the dumps. As has been stated, the steam ashes
during the building season are used elsewhere; as to household
ashes, when they are mixed with garbage they are taken to
private dumps, and the record is lost. Then, too, where hauls
are excessive it is cheaper to pay for their deposit on private
scows than to take the time to ride to Department dumps. The
garbage of hotels and restaurants and large apartment houses is
sold to swill men, who ride it out of town, and there is no
record of amounts. Rubbish is gathered by junkmen and by
charitable associations, and no method has been found to ap-
proximate the amounts of materials so disposed of.

The story of wastes having been recited, the reader will be
impressed with the fact that this is far from being an exact
science. If one gets the reports made by city officers, commis-
sioners and others who are investigating this problem, he will
find that the quantities and qualities are so varied in different
localities that a special study of each case is absolutely neces-
sary. Where data are being compiled, the compiler asks of others
information of such a general nature as to make the compilations
practically useless, and the resulting conclusions are valueless
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because of the failure to take into consideration all the facts
which affect the nature of the question. By a study of the
various sections of the Borough of Manhattan this variation is
strongly brought out, and one engaged in the work here early
learns to avoid general statements. However, the matter is being
garbled continually and reports are made in technical papers
with incomplete data. City officials only too often take these

FIG. 136.—ASH AND GARBAGE CART WITH CANVAS COVER, NEW YORK.

facts as presented, invest in expensive plants, and fail. All of
which goes to show that there is often a distinct need of legiti-
mate reform.

For the purpose of administration of the Department work,
the Boroughs are divided into Districts, which are subdivided
into Sections; each District is in charge of a District Superin-
tendent and each Section is in charge of a Foreman. Manhat-
tan is divided into 11 Districts and 59 Sections; the Bronx has
2 Districts and 5 Sections; and Brooklyn has 8 Districts and
40 Sections. The force of sweepers employed in cleaning the
streets is approximately 2,650, and they have routes which vary
according to the conditions of the traffic and the habits of the
inhabitants. The area cleaned per man varies from 8,000 square
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yards to 14,000 square yards. The area kept clean is extended
over 1,359 miles of paved and macadamized streets, having an
approximate area of 23,918,400 square yards. These men are
equipped with a broom, scraper, can carrier and shovel, and they
remove the litter and street dirt, deposit them in the cans which
are placed along the sidewalk, and later the contents of the cans
are dumped into carts and taken to the ash dumps.

FIG. 137.—RUDBISH CART, NEW YORK.

As an adjunct and for the purpose of obtaining more efficient
work, the Department uses horse-drawn sweeping machines pre-
ceded by a sprinkling wagon, hose flushing and machine flush-
ing. The sweeping machines will average 70,000 square yards
in a day of 8 hours at an approximate cost of 32 cents per 1,000
square yards; hose flushing averages 25,000 square yards in a
day of 8 hours at an approximate cost of 65 cents per 1,000
square yards; machine flushing is done by machines which are
tank wagons so constructed that air is compressed in the in-
troduction of the water during the operation of filling, which
air, when the water is released, causes a pressure which forces
the water so as to effectively scour the pavement. This is more
effectively done by the use of a nozzle so designed as to shape
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the stream in a chisel form. These machines will clean about
30,000 square yards in an 8 hour day at an approximate cost
of 39 cents per 1,000 square yards, with the use of approxi-
mately 400 gallons of water per 1,000 square yards. There is also
an effective machine to be used on smooth pavements known
as the “‘squeegee,” which is composed of a tank wagon with a
spiral rubber scrubber attached; the machine sprinkles and

FIG. 138.—CHARLOTTENBURG, NEAR. BERLIN. HOUSE REFUSE CART
WITH CAN OF REFUSE BEING EMPTIED BY A MECHANICAL APPLI-
ANCE WHICH PREVENTS THE ESCAPE OF DUST AND ODOR.
(Courtesy of Dr. Soper.)

scrubs the pavement and delivers to the side a windrow of
material which can be collected later; this machine will clean
approximately 50,000 square yards in an 8 hour day at an ap-
proximate cost of 21 cents per 1,000 square yards, with the use
of approximately 200 gallons of water per 1,000 square yards.
With the use of flushing machines, squeegees and hand labor com-
bined there would be reason to believe the condition of the streets
would be greatly improved, and such a system is now contem-
plated by the Commissioner.

There is a natural fouling of the street surface and -an un-
natural fouling. The natural comes from excrement from ani-



METHODS OF STREET CLEANING 243

mals, detritus from wear of pavements, soot and dust from
the air, leaves from the shade trees, and the grindings from tires
and shoes. The unnatural, or, rather, ‘avoidable causes are:
refuse thrown or swept upon the streets from buildings, refuse
thrown by careless users, and refuse spilled from vehicles carry-
ing materials through the streets. The latter causes are sup-
posed to be prevented by the operation of ordinances which are

FIG. 139.—COVERED WOODEN CART USED IN BERLIN, GERMANY, TO
COLLECT HOUSE REFUSE. THIS CART IS INTENDED TO BE DUST-
LESS AND ODORLESS. (Courtesy of Dr. Soper.)

honored in the breach, and these causes result in the greater
cost of cleaning, as the sweeper has considerable work in col-
lecting litter before attacking the dirt, and the material is bulky.
Owners of buildings are supposed to place their sweepings with
the ashes in the proper receptacles. The Department places at
frequent intervals large cans for the deposit of paper and like
refuse and fruit skins, but with poor result, as they are over-
looked by the average person.* Vehicles carrying loose materials

*All of which serves to emphasize the need of constant education in regard
to the simplest of matters.



244 MUNICIPAL CHEMISTRY

are supposed to be so loaded as to avoid spilling the contents,
Lut the endeavor to carry large loads results in the division of

FIG. 141.—HAND HOSE FLUSHING, NEW YORK.

the carter’s labor with the Department force, to the detriment of
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the Department’s work. The amount of this avoidable ma-
terial varies in the different sections of the city, but the average
is large in comparison with the unavoidable. With the advent

Section of
Carriage and
Rollers.

© Collar for
“oo fastening Leather
=~ Hose to Pipe.

FIG. 142—HAND HOSE AND METAL PIPE ON ROLLERS USED TFOR
FLUSHING STREETS, WASHINGTON.

FIG. 143.—SQUEEGEE IN OPERATION, NEW YORK.

of the automobile traffic there is a considerable addition to the
ordinary wear, as material is drawn under and then spread.
The construction of high office buildings, with the consequent
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~ large heating plants, is causing a large addition from soot and
~ dust from the chimneys.
The wastes are collected in carts of a pattern found best

’

TFIG. 146.—STUDEBAKER FLUSIHING MACHINE WITH GASOLINE ENGINE
AND PUMP.

FIG. 147.—SAND SPREADER.
applicable to this city’s needs. The ashes and garbage are col-
lected in metal carts and the refuse in wooden carts. The force
engaged in this work is approximately 1,200 men, Each driver
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has a route on which he collects daily, beginning with a load
of ashes; he collects ashes until the people put out their garbage,
which he collects, and then returns to his collection of ashes. The
average haul per cart is about two miles, and the average num-
ber of trips per day is five. Street sweepings are collected with
the ashes as the driver goes over his route. The materials are
taken to the Department dumps in Manhattan and the Bronx,
and in Brooklyn to the dumps of the contractors for final dis-
position* In Manhattan and the Bronx there are 13 dumps

FIG. 148—DUMPING INTO SCOWS, CANAL STREET, NEW YORK.

*For the five years previous to 1909 the removal of ashes, rubbish and stceet
sweepings was done by the American Railway Traffic Company which, in conjunction
with the Brooklyn Rapid Transit Company, operated fifteen inland railroad rubbish
stations. The company handled all matter delivered at these stations for 34 cents
per cubxp yard, transporting all the refuse (after salables had been removed) to prop-
erty which the company was filling in on the outskirts of the Borough. On the call
for bids, the American Railway Traffic Company increased its bid to 44 cents, while
the Borough Development Company submitted a bid at 3414 cents per cubic yard.
The Cqmmissioner took the matter up with the Borough Development Company, and
also with the Board of Estimate and Apportionment, and the company was awarded
the contract. Not only the price per cubic yard was considered, but also the location
of the different dumping stations which the Companv offered with regard to the
hau'l. It was appreciated that the cost for cartage would be more under this contract,
as it called for an increase of 68 in the number of carts in Brooklyn, but even with
this addition the cost of ash disposal is not so great as it would have been under a
continuance of the contract with the American Railway Traffic Company at the
advanced price. There are now three inland stations, seven waterfront stations, and
six railroad stations. Two companies have the contract for removing ashes and
sweepings from th~ water front dumps of Manbattan and the Bronx for filling in
Riker’s Island. There are five different sizes of scows, the load carried by the
smallest of which costs the city $68, and that carried by the largest $10s5, the
average price being 17 cents per cubic yard,
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along the water-front, located from 34 of a mile to 474 miles
apart. In Brooklyn there are 10 water-front, 6 railroad and 3
inland dumps. The water-front dumps are designed so as to
allow the material to be deposited in the center of the scow, so
that it may be drawn to either side to trim the scow, assuring
floating on an even keel. This is done by making a cantilevered
platform, which is 3 feet less than the width of the scow. In
the railroad dumps the material is dumped directly into the cars

FIG. 149.—SCOW LOADED WITH RUBBISH.

without any overhang. In the inland dumps the material is
dumped on a belt which conveys it to an overhead bin, from
which it is dropped into large relay trucks, which carry it to
the water-front dumps.

For the final disposition of the garbage in the three boroughs
a contract is let, the terms of which are for five years. The
contractor furnishes the scows and receives the material fron.
the tail of the cart, transports it to the reduction plant at Barren
Island in Jamaica Bay and there disposes of it by the Arnold-
Egerton process of reduction, which will be described in the next
chapter.
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In Manhattan and the Bronx the ashes and rubbish are re-
ceived on scows furnished by the contractor, but loaded and
trimmed by the city. The loading and trimming is done under
a contract, by the terms of which the contractor furnishes the
labor necessary to perform the work, and he is allowed to reclaim
any valuable or salable materials and appropriate them to his
own use; for this privilege he pays the wages of his labor, the
salary of the inspector, and in addition a cash payment of $1,71%7
per week.

FIG. 150.—CART DUMPING IN COVERED DUMP, BROOKLYN.

The contractor for final disposition takes the loaded scows
away and unloads them. From 50 per cent. to 60 per cent. of
the material is taken to Riker’s Island, where it is put into a
fill to enlarge the area of the island. This island was originally
87 acres in area, to which we have added 63 acres, and at present
we are adding 173 more. The remainder of the material is the
property of the contractor, who puts it in land fills outside of
city property under contracts with private owners.

In Brooklyn the contractor furnishes the dumps and dumping
places and all the plant for handling the -materials, which be-
come his property from the tail of the cart. He picks the sal-






CHAPTER XVI.
WastE DisposaL By UTILIZATION.

EDWARD D. VERY, CE,"-
Sanitary Engineer, Department of Street Cleaning, New York City.

In the final disposition of municipal wastes other than sew-
age, those engaged in the work are divided in opinion as to
the better method, i.e., utilization or destruction. In this chapter
the utilization of city wastes will be considered.

While in the manufactures it has been found profitable to
utilize the wastes, or by-products, to great financial advantage,
there seem to be but few who can appreciate the possibilities of
the utilization of cast-off or waste products from households
or from the furnaces of manufacturers. And yet those who
have delved in this subject at all are amazed at the boundless
opportunities which have been overlooked altogether or but
slightly entered into. Sentiment has attached to the disposition
of garbage (used in this case to cover all the wastes) but one
method, and that is destruction. The average person only con-
siders the waste as a noxious material which must not be re-
handled, but which must be destroyed to prevent disease breed-
ing. But the official who finds the expense attached to the dis-
position to be a continually increasing burden on the community,
longs to find some economical method of performing his duty
which may decrease the expense. Here enters the utilitarian,
who pushes aside the curtain and discloses the various methods
whereby money may be returned to the fund by a sensible use
of the valuable portions of the wastes, and that valuable por-
tion is growing larger and larger as the investigations are carried
on.

Ashes are divided into two classes, the household ash and
the steam ash. Household ash is the product of the kitchen
range or the ordinary heater. Analysis of this material by an
average sample shows the following composition: moisture,
0.83 per cent.; volatile combustible matter and fixed carbon,
35.44 per cent.; and true ash, 63.73 per cent* Here we have

*From analysis made by Mayor’'s Commission on Street Cleaning and Waste
Disposal, New York City, 1907.

252
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35.44 per cent. of combustible material which can be reclaimed
for use as a fuel. Now, when we put this figure into tons dis-
posed of in 1909, we find it will give us about 673,533 tons of
this usable fuel which may be reclaimed. For the reclamation
of this coal a process has been devised which includes the wash-
ing to bring out the coarse materials from the fine and then
the passing of the coarse materials through a series of screens,
which allows of the separation of the good coal, partially burnt
coal and the clinker from each other so as to give the three
grades separately. Tests of the heating value of this reclaim-
able coal have given the following results: With new coal having
an average unit heating value of 11,000 B.T.U., where 20 per
cent. of the ashes was reclaimed as combustible, there was found
an average unit heating value of 8,000 B.T.U., and where 35
per cent. was reclaimed the test gave the average unit heating
value of 5,000 B.T.U.* The inventor of this process claims that
the cost per ton for this work, including interest charges, de-
preciation, operation, etc., will be not to exceed $2 per ton. So
we find that our 673,533 tons of reclaimed coal, having a heat-
ing value of 50 per cent. of new coal, cost less than 50 per cent.
of new coal. Now we have left 63.73 per cent. of an original
material which is a true ash. This fine ash, with the addition
of lime and other constituents, may be made into a merchantable
Portland cement. This process is now being developed and tests
of the resultant product have proven the material to be of a
high grade, and from the experiments it is believed that the
cement may be made at a very reasonable cost. The coarse ash, -
of course, may be reduced to fine ash by grinding. The mixture
of this fine ash with the lime, etc., would seem to be a difficult
operation, but it has been found that an intimate mixture is
obtained with reasonable ease. Then, too, this fine ash may be
used in combination with common brick clays, which, when
burned, gives a slow vitrifaction which makes the resultant
brick an excellent quality of paving brick at a reasonable cost.
Tests of brick made by this process have given an average water
absorption of 1.3 per cent., and an abrasion test of 1,800 revolu-
tions in a 20 x 28 inch foundry rattler at 28 to 30 revolutions per
minute showed a loss of 16.7 per cent. in weight. When it is

*Morse, “The Collection and Disposal of Municipal Waste.”
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remembered that the standard test is 3 per cent. for water ab-
sorption and 20 per cent. for abrasion, these tests show a fa-
vorable result. Ornamental tile, too, have been made from this
material, though I am not aware that this line is being pursued
at this time. Chemical analysis"of an average sample of ashes
shows that it has the following: phosphoric acid, 1.25 per cent.;
potash, 1.64 per cent.; and nitrogen, 1.85 per cent. High grade
commercial fertilizer should have phosphoric acid, 9 per cent.;

FIG. 151.—CHUTES TO DIGESTERS AT GARBAGE PLANT, NEW YORK.

potash, 10 per cent.; and nitrogen, 4 per cent.; low grade should
have phosphoric acid, 8 per cent.; potash, 2 per cent.; and nitro-
gen, 2 per cent* Now, ashes have an absorbing power of
approximately 125 per cent. This, then, gives a good base for
a fertilizer, so that with the addition of the necessary chemicals
in some convenient form a fairly cheap plant food is obtained.
There is a scheme for taking the cesspool materials of small
communities, and by mixing and drying the resultant, the sew-
age disposal is properly accomplished and the fertilizer that is
made will assist materially in making the cost very reasonable.

#*United States Dept. of Agriculture, Bulletin No. 44.
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The steam ash or coarse ash from power plants is of use in
the building trades. It comes into play from forming a base
to the sidewalk construction, which gives a nearly perfect drain-
age, through the filling of sound and fireproof walls and arch
filling, to the making of floor slabs in reinforced concrete con-
struction. Its use for these purposes is no longer speculative,
and to-day in this city we find that not enough of this material
is at hand to meet the demand. It must be clean and free from
the other waste products to be usable, and when so clean de-

FIG. 152.—GREASE BASIN AT GARBAGE PLANT, NEW YORK.

mands a good price in the market. Its use is endorsed by build-
ing experts and fire underwriter rules, and its standing as
building material is assured.

It would seem that street sweepings would make a good fer-
tilizer ; but experiments have shown that this form of waste is
without profitable fertilizing value. This material used to be
put in bags and shipped to the farmers in the vicinity, but they
found the material so poor in quality that they even refused to
pay the freight on it. A chemical analysis of this material
shows as follows: phosphoric acid, 0.79 per cent.; potash,
0.73 per cent.; nitrogen, 1 per cent. Now, this shows a low
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grade of fertilizing value; and when we remember that 31 per
cent. of the material is inorganic matter composed of dust, grind-
ings from pavement, and iron filings from horses’ shoes and
vehicle tires, it is easy to see that the fertilizing value is greatly
offset. If the system of washing the streets with flushing ma-
chines and keeping them fairly free of inorganic dust is put in
force, there is reason to believe that the street sweepings col-
lected in the regular cleaning of the streets will have a much
larger value as fertilizer because of the predominance of manure.

FIG. 153—~HYDRAULIC PRESS FOR GREASE RECOVERY AT GARBAGE
PLANT, NEW YORK.

The paper and rags separated from the ashes or found in the
rubbish have a class by themselves in the paper-stock trade, and
there is a fairly steady demand for them, as they are extensively
used in making paper-board. Tin cans are de-tinned and de-
soldered for the reclamation of tin and solder, though of late
the improved methods of manufacture of tin cans is reducing
the tin and solder to such an extent that this saving is producing
less and less valuable material. The cans are now rolled into
sheets of tin from which buttons are punched out and used as
washers in nailing down tar or building paper. The residue is
melted down and used in making sash weights. The sheets
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are frequently used in making filling for walls in fire and
burglar proof safes. This gives a material hard to drill through
on account of the number ot laminations.

The registered bottle, such as milk and beer bottles, are of
considerable value and are the property of the persons o1 firms
whose names are blown in the glass, but they must pay a con-
siderable price for their reclamation. The other bottles and
broken glass, if of a good color, can be re-melted and re-blown;
if not, they are broken up and used in making artificial stone or

FIG. 154—SEA DUMPING. =

tile. Empty barrels usually return to commission merchants to
be used in distributing vegetables. Old iron goes into low grade
castings. The other miscellaneous materials are used in as
many ways as they have classes.

Garbage, the swill or food waste, is a putrescible waste which
must be at least sterilized within a few days of its receipt for
disposal. It has been used as a very crude form of fertilizer
by spreading, in the raw state, upon farming lands and then
ploughing it in. Burial in large holes is also resorted to. In
both these operations it is found that the material does not
become destroyed within any reasonable time—the absence of
air results in failure to break down the structure of the ma-
terial. Not long ago an excavation made in the vicinity of
Rome, which was on the site of an offal dump of some 3,000 or
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4,000 years ago, brought forth such an effluvia from the putrid
but undigested offal that work had to be stopped. We have
found, where the material is mixed and used as land fill, that
unless the ground cracks open it does not consume, and where
trenching for sewer or water construction is made there is
almost invariably a resultant epidemic of disease in the neighbor-
hood. Where the earth does crack open, the steam from the
consuming fire is very noxious.

After an exhaustive examination of the subject, Col. Waring,
who was then Commissioner of Street Cleaning, decided that

FIG. 155.—DIRTY BEACHES FROM SEA DUMPING.

the best interests of the city would be served by the reduction
of this material by one of the existing processes. The processes
which were satisfactory then have been kept up to date by the
adoption of improved machinery in the operation, and the work
is done economically, quickly and in a sanitary manner without
offense or nuisance. The average garbage is composed of 70
per cent. moisture, 3 per cent. grease, 20 per cent. fibrous ma-
terial, and 7 per cent. refuse and rubbish. The process of
reduction is performed as follows: The material is loaded into
large tanks or digesters holding from 8 to 10 tons each; when
loaded, these tanks are tightly sealed by bolted caps and steam
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is introduced at about 70 pounds pressure, and the material is
cooked in this manner usually about 8 hours (the time is varied as
the character of the material may demand) ; when thoroughly
digested, this material has about the consistency and appearance
of apple butter. The next step varies as the different methods
of reclaiming the grease demand. If pressure is used only, the
material is emptied from the digesters into a large tank and
from there into forms made up by building up. layers of the
digested material enclosed in burlap sacking upon slatted hori-

FIG. 156.—CLEAN BEACH (SAME AS FIG. 155); NO SEA DUMPING.

zontal partitions formed of lath-shaped wood built square and
by crossing the slats; this structure is built on a car, and when
of the workable hight is run under a hydraulic press, pressure
is applied, and the moisture and grease are forced out through
the coarse sacking slowly and the fluid falls into a sewer, which
carries it to large basins in which it slowly passes through par-
titions having baffling boards; in this slow travel the grease
gradually separates from the water and rises to the top. When
this process is completed, the grease is pumped off the top of
the water into receiving tanks, from which it is put into barrels
for shipment. Where the naphtha process of grease reclama-
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tion is used, the material from the digester is run into long cylin-
drical dryers, where by direct heat or steam jacket heat it is
dried by the driving off of the moisture only. From the dryers
the material is carried into large drums so constructed as to
permit of rotation and agitation in such a way as to cause a
dissemination of the naphtha; naphtha is then introduced and
allowed to percolate slowly and thoroughly through the whole
mass; in this percolation the naphtha takes up the grease and

FIG. 157.—UNLOADING GARBAGE ON OUTBOARD CONVEYOR AT GAR-
BAGE PLANT, NEW YORK.

carries it along to another receiving tank, where, by heating,
the naphtha is separated and taken off as a gas, later to be con-
densed and re-used. The grease is tanked and later barreled;
the remainder of the digested material, which is the fibrous
component of the garbage, is now dried and screened, and the
result is a fluffy coffee-colored product which has a high ab-
sorbing power and contains a small amount of the plant food
chemicals; this material is a good low-grade fertilizer or a base
for a high-grade fertilizer. The grease reclaimed is in the
shape of a brownish oil which is used in the soap-making
industries. It consists of fatty acids, stearic, oleic and palmitic,
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combined with glycerine, the proportions of its constiuents be-
ing somewhat variable, as discovered by frequent analysis. This
grease is mostly shipped to Europe, where it seems to be used
to better advantage, as the users there understand it better than
in this country, though I am told the Cleveland reduction plant
disposes of its output in this country.

Plants for utilization of garbage through the reduction process
have been heretofore operated by private firms under contract,
and only lately has a municipal plant been designed and oper-

FIG, 158.—UNLOADING SCOWS AT RIKER’S ISLAND, NEW YORK.

ated by a municipality, that in Cleveland, Ohio. Opponents of
this system have criticised private operators for not giving the
details of their operation and result. The description of meth-
ods has been freely given and the results have been given out
as fairly as the variableness would permit, and the reports from
the municipal plant have done little more than prove the cor-
rectness of that which has been known. If the same reticence
has been practiced by those who have introduced other methods
of disposal, the information would have been more valuable be-
cause of its reliability, and many municipalities would have
been saved large sums of money by the avoiding of devices
which were based on theory with a lack of knowledge of the de-
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tails, and with final condemnation and relegation to the scrap
heap.

There have been attempts to make gas from garbage burning,
both illuminating and producer gas, but I have no details which
would prove of value as to how these results may be attained or
at what degree of economy.

In summing up the discussion of the reduction process a
writer on the subject has epitomized as follows :*

FIG. 159.—UNLOADING MACHINE, RIKER’S ISLAND, NEW YORK.

“ADVANTAGES:

“1. The organic or putrescible matter of the garbage is ex-
tracted into compounds which are harmless—as grease and tank-
age (fertilizer base).

“2. It thus saves those components which have a material
intrinsic value,

“3. The garbage is cared for in a sanitary manner. The
cost is about $1.80 to $2.00 per tont to the city, and no revenue
from the grease or tankage.

*H. de B. Parsons, “The Disposal of Municipal Refuse.”

4This price as stated is excessive, as the reclamation offset by the contractor in
his bid must be noted.
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“4. As the works are situated at some distance from the
city, the haulage is only on garbage.

“5. When properly designed and carefully operated, the
process need not be a nuisance, and its adoption adds a new
manufacturing industry.

“DISADVANTAGES :

“1. The first cost is high. Expensive machinery and ap-
paratus are required. The cost of renewals and repairs is
large.

FIG. 160.—MAKING LAND WITH GARBAGE AT RIKER’S ISLAND,
NEW YORK. :

“2. The odors and smells that are apt to be given off, and
the expense to prevent such an annoyance.

“3. The distant location of the plant from the city, :n order
that the odors may be least objectionable.

“4, Being a manufacturing plant, it should be erected and
operated by private interests. Civic authorities often do not
succeed in an economical management of business enterprises.
Being operated for profit, there is danger that the works may
create a nuisance.
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“5. Requiring skilled labor, there is some danger of strikes.

“6. The garbage must be separately collected. There will
always be some foreign material, tin cans and the like, which
must be sorted at the works.

“7. There being but one plant, the system would be crippled
by fire or by any cause stopping the plant. The plant cannot be
divided, as small plants do not pay.

“8. The process cares for the garbage only, leaving the re-
maining refuse to be otherwise treated.”

FIG. 161.—BELT CONVEYOR USED IN MAKING LAND WITH STREET
REFUSE AT RIKER'S ISLAND, NEW YORK.

I submit this summary to the reader for his consideration
without at all endorsing the statements it contains.

For aid in your consideration I submit the following facts:

The average cost to the city, under the contract, for haulage
on scows and final disposition of the garbage at the present
time in New York City is approximately 60 cents per ton.

Odors and smells are creating no nuisance and have been
obviated by a simple addition of a high chimney or stack. In the
city of Rochester, N. Y., the plant is located in approximately
the center of the city.

The city of Cleveland is operating its own plant, and the
authorities are satisfied with their in