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INTRODUCTION

Industrial communities that consume large quanti-
ties of bituminous coal suffer more or less from what has
come to be called the “smoke nuisance,” and in many of
them steps have been taken by private or public agencies
to abate it. In the fall of 1911 Professor Robert Kennedy Dun-
can, Director of the Department of Industrial Research of the
University of Pittsburgh was provided by a Pittsburgh busi-
ness man with a fund for making an investigation into this sub-
ject with particular reference to Pittsburgh. Prominent citi-
zens had frequently expressed themselves to the effect
tha. the smoke problem is the greatest single civic prob-
lem confronting Pittsburgh. The donor of the fund was
actuated by the belief that a thorough investigation would
reveal not only the nature, extent, and precise causes of
the smoke nuisance, but also the remedies that would
make its abolition possible and practicable

At the present time the investigation is being carrie
on by a staff of twenty-five specialists, six of whom are

giving their entire attention to this work, while the re
maining nineteen have been entrusted with the prepara-
tion of special reports concernit particular phases of
the subject

The investigation as a whole may he divided roughly

into two parts,—the analytical or
constructive or remedial part. Under
be grouped the Meteorological, the
ical, the Physical, the Architectural,
Medical, and the Economic researches, as well as ¢
sections of the Engineering and of the Legal and Admin
trative imvestigations, Under the second
grouped the LExperimental and Educatior
the staff, as well as the more important phases of the
Engineering investigation and of the Legal Administra
tive investigation
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\part from these two main divisions of the work,
provision has also been made for a bri
Smoke Nuisance in Europe and in the U
for an exhanstive Bibliog

f History of the
raphy of the subject surpassing
in scope and thoroughness anything hitherto attempted
in this line




SMOKE AND THE WEATHER

Dr. H. H. Kimball, of the federal \Weather Bureau
at Washington, D. C,, has been entrusted with the task
of determining the effects of smoke and soot upon fogs,
winds, temperature, sunlight and weather conditions gen-
erally, with particular reference to soft-coal communities
like Pittsburgh. Inasmuch as similar investigations, both
official and unofficial, have been made in a number of
European countries, this investigation will, for purposes
of comparison, be based upon similar methods wherever
these methods are found to be scientifically satisfactory
The main topics covered by this section of the investiga-
tion are:—atmospheric gases; suspended particles in the
atmosphere: dust layers of the atmosphere; the surface
dust layer; quantity of soot in the air of cities: limits of
visibility ; meteorological effects of the smoke cloud; ef-
fects of smoke upon condensation; city and country fogs;
effect of smoke upon fog dissipation; duration of sunshine
in cities: intensity of sunshine in eities; quantity of day-
light in cities: effect of smoke clouds upon city temper-
atures: effect of smoke clouds upon maximum and min-
mum temperatures: effect of smoke clouds upon the range
of temperature.

Data have been obtained from the records of the
Government Weather Bureaus at Pittshurgh, Harrisburg,
Philadelphia and Williamsport, regarding the reduced at-
mospheric transparency caused by soot. Observations are
being made at several stations in Pittshurgh and vicinity,
and will be continued for a vear, to determine the intensity
of daylight, more especially, on cloudy days when the
sunshine recorder furnishes no information on this sub-
ject. These observations, made by chemical and photomet
rical methods, in the clear country air, as well as in the
smoky atmosphere of the city itself, will not only be of
scientific significance in themselves, but will provide part
of the basis necessary for calculating the increased cost
of artificial illumination in Pittsburgh due to smoke in
the atmosphere, and will be of value to the physicians of
the staff in their study of eve-strain in smoky cities

HOW 1S VEGSETATION AFFECTED BY SMOKE
AND SOOT?

The answer to this important question involves first
of all & botanical survey of the “Pittshurgh District,”




ith a view of determining by observation what plants
thrive in Pittsburgh and what plants can be grown here
under the present difficulties. It includes, furthermore, a
study of the physiologic response of plants as a whole and
a determination of the reasons why plants that ought
to grow here cannot be cultivated successfully.

This work, which is in charge of J. F. Clevenger,
botanist of the Pennsylvania State College, will also com-
prise a series of laboratory experiments so arranged as
to determine the effect of definite quantities of soot, of
varying composition, upon the seedlings of plants which
seem to be most influenced by soot, and upon the seed-
lings of the hardier plants

Investigations made elsewhere have indicated that
the factors in air pollution which prejudicially affect veg-
etation are :—the smoke clouds limiting the available sun-
light: the tarry matter coating over the leaves and chok-
ing the stomata: the presence of free acids in the air,
tending generally to lower the vitality of the plant: the
effect of the free acids falling upon the soil and limiting
the activity of the soil organisms, principally those of ni-
trification, The measurement of these forms of effective
damage to vegetation by smoke, with particular reference
to Pittshurgh, will prove of convincing interest to those
who are interested in the defoliation and ruin of gardens,
trees, flower-beds, and public and private pleasure-
grounds.

THE CHEMISTRY OF SMOKE AND SOOT

What is the nature of soot? In view of the agita-
tion against smoke and soot, begun in England as early
as 1810, when Parliament appointed the first Special Com-
mission on Smoke Prevention, it would seem that we
ought now to know a great deal about the precise com-
position of soot. This, however, is not altogether true,
for comparatively few scientific investigations have been
made into this phase of the subject. Moreover, the analy-
ses of soot which have been made from time to time by
different experimenters show great variations in composi-
tion, \When one considers the very different conditions
under which coal is burnt it is obvious that the character
of the soot must vary. For soot is a praduct of incomplete

combustion, and is formed partly by the mechanical re-
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moval of ash by the chimuey draught, and partly by the
decomposition of the volatile portion of the fuel which
is formed by the process of destructive distillation. Hence
there are noteworthy differences in the relative amounts
of ash and tar contained in soot. Again, the character of
the soot varies with the distance, from the grate, at
which it has been deposited as well as the temperature
of the furnace, amount of air, method of firing, ete.

For these reasons, the different varieties of soot pro-
duced in Pittsburgh are heing subjected to careful chem-
ical analysis, under the direction of Dr. Raymond C
Benner.

THE PHYSICAL PROBLEMS OF SMOKE

It is important to know not only how much carbon,
tar, oil, water, etc., exists in collection of smoke, but also
the shape and size of the smoke particles; how the proper-
ties of the different particles vary: what constituents are
in the solid, the liquid, or the occluded gaseous conditions
whether the smoke particles are electrically charged; what
effect temperatures have upon the nature of the smoke
particles: and how these particles form nuclei for the con-
densation of fog and rain

The combustion of coual consists of the union of the
combustible portions of the coal with the oxygen of the
air. The smoke particles are born, so to speak, wherever
incomplete combustion takes place. These smoke part-
icles are usually electrified and subjected to intense forces
that result in their aggregation into larger particles. There
are three main periods in the life of the products of com-
bustion.  The formative and adolescent period of the
smoke particles is followed by a comparatively quiescent
period of maturity, during which they float in the air or
unite with mist particles or rain drops. Finally, in their
next stage, they are deposited on our clothes, on buildings,
on plants ard animals, or on the ground

The nature of these processes is being investigated
by Dr. W. W Strong, who will determine, by the use of
the ultra-microscope, and by the photometric and elec-
trical methods, the physical properties of the smoke in
furnaces and flues, in the air, and on the ground. The
facts thus ascertained will be of value to those in charge
of other phases of the investigation. They will, more-
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over, furnish a basis for certain preventive devices to
which reference will be made later on

DETERIORATION OF BUILDINGS AND BUILD-
ING MATERIALS

The acids contained in soot attack mortar, mz

wood-work, metal-work and building materials genera-
ally In many European cities it has been specifically
charged that soot causes the rapid disintegration of stat-
uary and public monuments,  The damage done to inside
decorations appears to he no less important than the ef-

onry,

fect upon the exterior of buildings

T'he numerous and varied aspects of this branch of
the inquiry are being studied by a group of five architects
and experts in building materials,—Messrs. E. B. Lee,
Richard Hooker, C. T. Ingham, Richard Kiehnel and
Carlton Strong. With particular reference to Pittsburgh,
these gentlemen are engaged in the preparation of reports
on the following topics: The effect of smoke and soot on
sandstone, limestone, marble, terra cotta and other build-
ing materials; the effect on outside and inside painting,
on wall paper and on interior decorations; the effect on
sheet metals, copper, galvanized iron, etc.; modifications
in electrical work and in the distribution and maintenance
of light because of smoky and sooty atmospheric condi-
tions ; the effect on cleaning and on the costs of mainten-
ance of buildings; skylights, their use and arrangement as
affected by smoke and soot; the influence of the above
factors on architectural design in exterior and interior
work.

This part of the inquiry involves numerous experi-
mental features. Various kinds of stone and building ma-
terials have been exposed to smoky atmosphere, after
being examined and photographed. After a year's ex-
posure, they will be again examined and photographed
to discover the amount of soot and dirt taken up by the
different materials, and the effect of this soot and dirt
upon them. The samples will then be cleaned by various
recognized methods, for the purpose of revealing the cost,
difficulties, and effects of different cleaning methods.

An expert in paints, Mr. Karl K. Stevens, is engaged
in gathering comparative data regarding the effect of
smoke and soot upon different colors and compositions of
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pamnts, and regarding the dur;
burgh and certain other cities
mosphere

1-
vanized iron, plain iron, aluminum, brass, lead and tin
plate. have been exposed to the weather in different parts
of Pittsburgh in order to determine the

\ number of different metals, including copper, g

corrosion due to
the acid gases occelude in the soot

SMOKE D DISEASE

The effect of sme and soot on human morbidity
and mortality has p s received more attention than
any other phase of t bject. To determine as accurate-

ly as may be possil I with especial reference to Pitts
burgh, the influences that these kinds of air-pollution act-
vally have upon certain forms of disease and upon the death
rate of the population, the Department has secured the
co-operation of the following Pittsburgh physicians: Os-
kar Klotz, \W. L. Holman, 8. R. Haythorn, E. \\. Day,
W. W. Blair, B. \. Cohoe, W, C. White and R. T. Miller.

No matter how much one may be convinced of the
deleterious effects on health produced by breathing a smoke-
laden atmosphere, ordinary medical statistics afford little
definite information. Inasmuch, however, as many cities
have for years collected and published statistics of mortal-
ity, a careful analysis of these figures will be made, in the
hope that they may throw some light upon the relation-
ship, first, between the death-rate and air-pollution, and,
secondly, between air-pollution and smoke. Although the
testimony of specialists is somewhat divergent on this
subject, it is noteworthy that an over-whelming majority
of investigators both in this country and abroad have
reached the conclusion that smoke and soot are injurious
to the respiratory organs, injurious to the eyes, and re-
sponsible for a lowering of human vitality and an increase
in the death-rate.

The available information will be interpreted from two
points of view, Dr. C. W. White giving his attention to
the effect of smoky and sooty air on tuberculosis and its
treatraent, and Dr. W. A, Cohoe devoting himself partic-
ularly to the effect on acute respiratory diseases, including
pneumonia,
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fe: of the problem affect every man, woi
cl he ommunity n the guise of larger _
bills and bills for dry-cleaning clothes, in the form of great
er wear 1 n clotl urtains, wall-paper
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To determine, as nearly as may be possible, the econ
omi gnificance of all of the above iten expressed in

dollars and cents, and of elements that make the smoke
juisance an economic burden to Pittsburg is the task
that has been assigned to Dr. C. W. A, Veditz and Mr

['hey will also seek to interpret in economic terms

the loss of fuel and of power involved in the present meth
ods of power-production used in Pittsburgh, as revealed

by the mquiries made

by the engineers of the staff into the
mechanical conditions of smoke-production ['he econ-
omic inquiry will necessarily be comparative throughout
its entire scope. For it will be necessary to obtain data
not only from Pittsburgh but also from other cities that
have less or no smoke, in order that a more correct ap-

praisal may be made of the several items under consider-
ation

been estimated t!l

smoke nuisance costs
1 $6,000,000, Cincinnati $8,000,000, and Chicago

$50,000,000 per annum. Herbert W, Wilson, of the United
States Geu.og 1

1l Survey is authority for the statement
that the country as a whole suffers a loss of over $500,-
000,000 eacl damage done to merchandise, de-
facemen tarnishing of metals, injury to hu-
man life life, the greatly increased labor and

cost of housekeeping, and the losses of manufacturers due

to mmpertect con

bustion of coal. The economists of the

Pittsburgh invest

ating staff are endeavoring, by means

of more accurate methods than have been employed else

where, to determine the total loss suffered by Pittsburgh
on this score

WHO MAKES THE SMOKE?

The relation of mechanical engineering to the problem

of smoke abatement is in some respects the most im-
ortant branch of the entire inquiry, for the question




whether smoke is industrially necessary or not is after all
a question of mechanical engineering. Therefore, the
plans for this branch of the investigation are somewhat
elaborate, both as regards the study of causes and the
study of remedies.  The plans for this part of the work
now being carried out by Mr, A, B. Bellows and Mr. O, R
McBride, include the following main lines of study: A
geographical and topographical survey of Pittshurgh and
the “Pittsburgh District”; an account of its principal in-
dustries,—their nature and relative importance; a classi-
fication of the fuels employed, together with a statement
of the amounts used and the cost of each; an inventory
of the industrial establishments producing smoke; a study
of the nature and extent of locomotive and steamboat
smoke; the determination in detail of the causes of smoke
production by the principal offenders; a careful inquiry
into the installation, operation, fuel economy and power
production of plants that have ceased to produce smoke
or that have succeeded in the noteworthy abatement of
smoke-production; and a brief treatise on the subject of
combustion and a descriptive discussion of smokeless fuels
and of various fuel-burning devices now in use, with par-
ticular reference to smokeless combustion in boiler, metal-
lurgical, and other furnaces using bituminous coal.

In ascertaining the sources of smoke, the engineering
inquiry distinguishes (a) the business section of the city,
(b) manufacturing plants, (¢) railroads, (d) river steam-
boats, (e) residences, and (f) miscellaneous plants,—such
as contractors’ hoisting engines and steam rollers, which
make smoke in the streets and discharge it at low levels
near doors and windows,

The plants investigated will be graded as follows:—
(a) Those producing no smoke: (b) those which produce
smoke in quantities within the limits permitted by the
present city smoke ordinance, or which can be brought
within the city ordinance by proper operation; and (c)
those producing smoke, but which cannot be brought with-
in the city ordinance without alterations or new installa-
tions. In the case of the smoke-producing plants, a study
is being made of the precise causes in each case, of the
changes in equipment or operation that will remedy the
evil, and of the cost of these changes,
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without smoke, unless it offers a substantial monetary
saving more than sufficient to cover the initial outlay
Nevertheless, reputable mechanical engineers, both in
this country and abroad, now contend that in at least a
large number of instances the introduction of smoke- con-
suming devices and more scientific methods of stoking
would result in a saving of fuel and a more economical
production of heat and power, sufficient to equal in a rela-
tively short time the entire original cost of these changes
Abundant and convineing practical demonstration of this

contention is furnis by the achievements of the Ham-
burg Manufacturers’ Smoke Abatement Society and the
London Coal Smoke Abatement Society

The abolition of the smoke nuisance, therefore,—un-
like many other social nuisances against which an outery
has been made,—would result in direct and immediate
gain both to the public at

rge and to those chiefly re-
sponsible for the nuisance. For this reason, it may be said

that the mechanica! engit f the staff are engaged in
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In these cases an active and intelligent public opinion,
that subjects the offending parties to public opprobrium,
may help to accomplish the desired end. At all events,
the formation of an enlightened public opinion upon the
smoke problem is one of the principal objects of the whole
investigation. Should it be found, for example, that cer-
tain diseases are less frequent and more easily cured in a
smoky atmosphere than in a clear atmosphere, that fact
will be made public property. Again, should it be dis-
covered after careful inquiry that no way has yet been
devised to prevent the emission of black smoke from cer-
tain classes of metallurgical furnaces, save at an expendi-
ture that would greatly increase the costs of production,
this fact will likewise be made known. But if, on the
other hand, both of these supposed conclusions are un-
founded, it will be none the less necessary to publish the
facts. 'Too often a public demand for certain reforms has
been based upon imperfect knowledge or upon a mistaken
notion of the factors involved.

Should the work and conclusions of the staff be known
to the investigators themselves, they will prove of little
practical avail. It has therefore been decided (a) to make
a systematic cf

Tort to enlighten civic and business organ-
izations on this subject, and to arouse them to combined
action; (b)* to organize a stafl of lecturers prepared to
address these organizations in Pittsburgh and elsewhere;
(¢) to secure the co-operation of the public press; and (d)
to publish in book form the results of the entire inquiry

THE QUESTION OF LEGAL REGULATION

Should the intelligent seli-interest of manufacturers,
combined with an insistent public demand for smoke abate-
ment, fail to result in an adequate improvement in condi-
tions, then the public authorities h: not only the right
but a positive duty to interfere and to enforce more drastic
measures. Dut the legal appeal should be the last appeal.
If, however, such an appeal is made it should be made
effectively. The mere enactment of a smoke ordinance is
not sufficient. Such an ordinance must be both enforce-
able and enforced. Based upon the information obtained
from other cities and countries, the legal expert of the

*A leaflet concerning these lectures will he sent on request
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Introduction

The present bulletin contains the papers representing
the work done by the physicians and laboratory investi-
gators on the Staff of the Smoke Investigation,

Much difficulty was experienced by the physicians
in arriving at definite conclusions, because the present
state of our knowledge does not admit of satisfying and
positive pronouncements of the relation of smoke to dis-
eases of the eye, ear, nose and throat and other diseases
requiring surgical intervention. The psycological aspects
of the problem have been discussed by J. E. W. Wallin,
Ph. D. in Bulletin No. 3 of this series.

Doctor Cohoe has prepared his resume of the litera-
ture especially for this bulletin. The papers of Doctors
Klotz, Holman, Haythorn and White have all been pub-
lished or read elsewhere in scientifie circles,

Doctor Cohoe’s paper gives a review of the history
of the thoughts and work of men leading up to our present
knowledge and attempts no decision of the vexed problems,

The work undertaken by Doctor Klotz deals with the
gross pathological changes which arise from the excessive
inhalation of a carbon-laden air. Whereas the presence
of small quantities of smoke has no harmful effect upon
the tissues, it is shown that the continuous accumulation
of carbon may act quite differently. This feature alone
in our problem deserves further attention.

The work of Doctorg Haythorn and ITolman are both
very valuable contributions to this subject, containing the
results of original research that aid greatly our search
after the truth of the relation of smoke to health. Doctor
Haythorn’s paper brings out some suggestive points in
indicating the histological changes induced by smoke and
their relation to pneumonia.

It will be seen in reading all of these papers that prac-
tically all investigators whose opinions are based on
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grounds other than theory, are agreed that smoke has a
tremendous influence in increasing the incident severity
and mortality of acute diseases of the air passages. It
would appear that this increased susceptibility is, in part,
the result of the lowering of our natural body resistance.
In simple terms, the smokier the atmosphere, the more the
colds and bronchitis, and the more money paid to doctors.

On the other hand, the relation of smoke to tubercu-
losis is one of greatly divided opinion and the burden
of proof is that if smoke has any influence at all, it is not
a harmful one. The work of Doctor Klotz and of Doctor
Haythorn offers some explanation of this probability. If
this be the truth and tuberculosig is not influenced by
smoky atmosphere, it is time to stop the utterance of this
popular fallacy which can do naught other than harm in
sacrificing the confidence of the public in those who should
guide them.

We feel very sure that a careful perusal of this bulle-
tin will fully repay every reader of it.

Wn. CuarLes \WHITE.
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EFFECT ON HEALTH

~

The Relation of
Atmospheric Smoke and Health

B. A. Conor, AB., MD.
Pittsburgh, Pa.

INTRODUCTION.

In the present paper an attempt has been made to eull
from scientifi¢ literature the evidence, pro and con, which
hag been adduced by varions scientists whose opinions
would seem to merit consideration, concerning the role
played by a smokeladen atmosphere upon the bodily
health of the community.

Thanks to the trinmphs of the modern science of sani-
tation, a successful assault has been waged against such
water-borne diseases as typhoid fever and cholera by a
close surveillance of the water supply and sewage disposal
within onr cities, while, more recently, the efforts of the
Publie Health Burean have rendered it possible for our
citizens to obtain pure food stuffs, free from adulteration,
Meanwhile, strangely enongh, the problem of pure air has
received but scanty consideration.

This omission appears the more astounding when re-
garded in the light of a fact stated by Cohen that every
man and woman breathes about two thousand gallons of
air in twenty-four hours, or about thirty-four pounds in
weight, as contrasted with a daily intake of five and one-
half pounds of liquid and solid foods. Or, in other words,
the weight of the air inhaled daily is more than six times
the weight of the daily consnmption of food.

Fortunately, within recent years, largely owing to the
organization of Smoke Abatement Leagues, an agitation
has bheen begun advocating an examination of the air in
a manner comparable to the careful serutiny now required
for our water and food supplies and of the sewage disposal.
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In a survey of the various factors which tend to con-
taminate the atmosphere of cities, smoke is conceded by
all to be the greatest source of pollution. The Smoke
Abatement Leagues, in their efforts to purge the air of
this menace, have encountered numerous obstacles, nota-
bly an apathetic public and a certain antagonism on the
part of manufacturers against any attempt to curtail the
amount of industrial smoke. The lethargy of the publie
in regard to the smoke evil doubtless has arisen from the
cirenmstance that, until recently, the opinion has pre-
vailed in the minds of the laity, and indeed of physicians
as well, that a smoky atmosphere is not only not injurious
but at times even beneficial to the public health. This
supposition gained favor from an observation, largely er-
roneous, that coal miners are not prone to contract tuber-
culosis,

A helief in the antiseptic qualities of smoke has been
entertained by many physicians for several centuries. It
is a matter of historical interest that during the Plagne
Year in London fires were kept burning in the hope of sup-
pressing the epidemice for “it was alleged that the sul-
phurous and nitrous particles that arve often found to bhe
in the coal, with the bituminons substance which burns,
are all assisting to clear and purge the air and render it
wholesome and safe to breathe in.”

Quite apart from any mooted question as to the ulti-
mate effect on health, the citizens of Pittshurgh have, for
many decades, been keenly alive to the bodily discomfort
resulting from the omnipresent smoke pall in the com-
munity. As early as 1804, General Neville, the then Dur-
gess of Pittshurgh, is quoted (O'Connor) as having stated
with reference to the smoke nunisance “that not only the
comfort, health, and in some measure, the consequence
of the place, the peace and harmony of the inhabitants,
depend upon speedy measures being adopted to remedy
the nuisance.” Nor, indeed, were visitors, then as now,
slow to observe the baneful influence of the smoke upon
the inhabitants for, in 1818, Eswick Evans wrote that
“owing to the exclusive use of coal here, both by the man-
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ufacturers and by private families, the whole town pre-
sentg a smoky appearance.  Even the complexion of the
people is affected by this cause.”  Major Forman noted
in 1797 that *“the coal smoke is such as to atfect the skin
of the inhabitants.” Another writer of note who corrob-
orated these observations was Henry Bradshaw Fearon, a
London surgeon, who, in 1817, remarked of Pitishurgh

that “the smoke is extreme, giving to the town and its

inhabitants a very sombre aspect.”

Such casual observations, extending over a period of
more than a century, only serve to emphasize a deplorable
degree of apathy on the part of the citizens in tolerating
a nnisance whose injurions effects have been so long and
g0 clearly proclaimed. Yet Pittshurgh fares no more ill
than many of the large industrial centers of the world
with respect to the smoke evil,

In the present resume of the literature, the aim has
been to present an analysis of the vital statistics, special
investigations, and experimentations bearing upon the
problem of the relation of smoke and health, and no at-
tempt has been made to deduce other than a few gener-
A

special study of the loeal conditions and vital statistics

alizations concerning local conditions in Pittshurel

from a viewpoint of the status of smoke as a possible

factor in increasing the local death rate has been reserved

for another bulletin of the present series.
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EVIDENCE FAVORABLE TOWARDS SMOKE.

In a general survey of the literature concerning the
role of smoke in the causation of disease, it is not sur-
prising that an expression of doubt concerning the harm-
fulness of smoke in the community shonld be enconntered
in certain quarters, nor, indeed, that certain scientists
shonld entertain a sentiment favorable towards smoke.
While the smoky atmosphere of an industrial center con-
tinues to be the index of the prosperity of the town, the
('HIIIIIIIHI‘Il.\ is Iil\v!.\ to overlook the discomfort and danger
of the same and foster any attempt to defend its antiseptic
qualities.  In an impartial weighing of the evidence, pro
and con, regarding smoke such favorable opinions, coming
from observers whose authority cannot be overlooked,
merit consideration,

The popular idea that smoke does not act injuriously
on health, but u!||.\' |HH'1|I1||‘(IIl;lM}'. has served to retard in
no small measure the work of smoke abatement. Our
standard works on hygiene take little or no cognizance of
the harmful effects of smoke. Many authors, who do not
regard smoke as injurious, attempt to establish their ¢laim
by a citation of the low death rates of certain industrial
towns. At the Manchester meeting of the Smoke Abate-
ment League of Great Britain, 1911, a deleeate made the
assertion that his town (Coatbridge, a smoky industrial
town) was one of the healthiest of towns, admitting, how-
ever, that the smoke was at times very annoying. The
reason for his defense was obvious in his statement that
“furnaces did make smoke and to prohibit the making
of smoke wounld prohibit the making of puddled iron.” A
writer in the Revue Industrielle (November, 1899) voices
the same sentiment in stating: “In spite of the abnndance
of smoke, people are no worse off in Leeds than elsewhere,
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IPacades of houses are soiled but the inhabitants do not

suffer. Are we going to lexrn one of these days that smoke,

thanks to its antiseptic properties, contributes to making
the atmosphere healthful?”

The medical profession, indeed, has at times given
utterances to similar opinions. At a conference held in
the IFranklin Institute, Philadelphia, a few years ago a
physician is quoted as saying: “I do not mean to intimate
that the smoke nuisance injures health in ordinary
sense; on the contrary, I am inclined to think that the
f free
carbon in the air, is rather healthful than otherwise.”
Similarly, following a discussion of the smoke evil at a

essence of this, which is always a minute amount ¢

meeting of the Philadelphia Connty Medical Society, 1906,
it was recorded, “that the nose, throat and eyes are direct-
ly injured by smoke was admitted beyond a doubt, but
whether the presence of soot in the human Iangs is an
indifferent matter, or an injury, was left undecided, There
is little evidence to show that the presence of smoke in
the air increases the morbidity or the mortality of the

community

In a study of anthracosis as a factor in the eausation
of Tung diseases, Trotter has commented upon the ravity
of pulmonary tubereulosis among miners, and from his

observations he was lead to regard coal dust as productive
of little, if any, harm to the organism. IHis conclusions
would seem to show that coal dust renders miners more

r less immune to tuberculosis.

L. Coal dust may remain imbedded under the skin
for years without producing any irritation what
ever,

2. The death returns from phthisis in a colliery
district show a greater proportion of deaths
among females than males

3. Colliery surgeons almost invariably state that
phthisis is not so common in mining as in other
districts
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4, In the majority of phthisis cases which do occur,
there is a strong family history on one or both

sides.

So popular has been this faney that coal dust acts
beneficially in pulmonary tuberculosis that it has been
for years a common custom for persons affected with this
disease to resort to coal mines, or {o build fires and inhale

fect a enre, on the quasi-

the smoke, 'llv|»i:|'_:' thereby to af
seientific snpposition that the inhaled carbon promoted
healing.  As will be shown later, more carefnl recent in-
tion has demonstrated the fallacy of this supposi-

vestiga

tion and has placed a revised interpretation on the appar-

ent low death rate of minerg from tuberculosis.
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IT.
EVIDENCE OF A DOUBTFUL NATURE.

In a second grouping can be assembled the opinions
of a number of scientists who, while they would be con-
strained to regard smoke as a cause of ill health, yet in
a spirit of scientific conservatism consider the case as
not proven. The study of the problem of the eflect of
gmoke upon health presents many complicating factors,
which render judgment difficult,

Among these, Mehl states that “no one has vet shown
that smoke and fog are injurious to health,” but the same
writer proceeds to demonstrate by means of statisties that
the inereased death rate from respiratory diseases, in large
industrial centers, must be referred to the influence of
smoke and dust.  Cohen, one of the most active workers
in the crusade against industrial smoke, while realizing
that it is quite true that pulmonary disease is much
higher in towns than in the country, concedes that “we
cannot single out smoke as the cause, hecanse the prob
lem is complicated by so many other factors.”

Another writer, Glinzer, while regarding smoke as
truly injurious to health in a degree not as yet deter-
mined, appreciates its twofold qualities. Smoke, he be-
lieves, possesses excellent germicidal and disinfecting
properties.  “Obnoxious vapors and other harmful prod-
ucts ecarried by the air are absorbed and retained by the
material elements of smoke, and are finally carried away
harmlessly by the rain, so that smoke, on the contrary, can
he stamped as a purifier of the atmosphere and a bene-
factor of the human race. In my opinion, this is doubt-
less trne; it is only a question of which influence is the
stronger. T believe we can safely depend on onr instinet,
and this tells us decidedly that smoke does not agree
with us.”
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Another careful investigator who regards the proof
as incomplete is Rubner. He believes that while there
can be scarcely any doubt of the possibility, perhaps even
the probability, that the smoke content of the air is an
important element of injury to health; a matter of the
coincidence of bad air and disease is another matter.
“Such a proof can scarcely be attained even by the stand-
ard of very exact etiological investigations. If there is
an entire lack of knowledge as to how the pollution of the
air by smoke is distributed in the country in general, and
as to whether the regions with impure air coincide to
some extent with those of more frequent lung diseases,
there is still further lack of proof as to whether the con-
dition of the air is alone responsible for the injury, or
whether the remaining within doors does not also con-
tribute to it. The injuries resulting from a pollution of
the air might also be traced to climatic influences.”
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IIT.

EVIDENCE OF A POSITIVE NATURE.

Passing over the foregoing evidence, which is more
or lessg equivocal in kind, we come to the evidence of a
more positive nature, which has heen gleaned from the
many monographs appearing in the literature dealing
with the smoke problem, in which the authors have at-
tempted to establish proof concerning the pernicions in-
fluence of smoke and its constituents upon the individual
and public health. In this connection, the significant fact
is revealed that the more exhaustive the investigations
undertaken by the varvioug scientists, from the viewpoint
of sanitation, vital statistics, and animal experimentation,
by s0 much the more do the conclusions evolved attest the
deleterious effect of smoke on health, Such observations
have been made from many angles—the effect of smoke
as a whole, and the effect of its varions ingredients, as
well ag what may be regarded as the direct primary effect
together with the more remote secondary effects of a
smoke-laden atmosphere, Dealing first, therefore, with
the opinions promulgated as to the general effect of smoke,
or the influence of smoke as a composite entity upon the
health of the community, we shall pass to the evidence
obtained as to the effect of the varions constituents of
smoke, such as carbon, soot, and gaseous elements npon
the human organism, and finally, to the indirect effects of
smoke in impairing the health of a community.

(A) TuEe EFFECTS OF SMOKE AS A WHOLE,

The general effects of a smoky atmosphere upon the
health of inhabitants have been broadly summarized by
Wainwright, who states that smoke interfercs with the
welfare of a community—

1. By conducing to the formation of fog and rain.
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o

By shutting out sunlight and depriving us of
certain qualities of light of great importance in
regard to changes in organic matter.

3. By depositing soot and rendering houses or

their contents dirty.

Moreover, with respect to the individual he believes
the acid content of smoke and the irritating particles
suspended in it are harmful to the tissues of the nose,
throat and eyes, and especially the lungs and air passages
whether these be in a healthy or other condition. He
further indicts smoke as a menace indirectly to the sick
of a community, averring that “it aggravates to the dis-
comfort of those suffering from all forms of heart trouble;
increases the distress of those who have nervous com-
plaints; lowers the tone of general health; is a peril to
the aged; diminishes buoyancy of spirit as well ag redue-
ing still further an already lowered resistance to disease.”

Valuable evidence has been presented by a number
of Medical Health Officers of smoky industrial cities con-
cerning prevailing health conditions. This is especially
true of the city of Manchester which may well be selected
as a type of smoky towns. Concerning local conditions
in the city, Dr. Niven, M.ILO., has written: “Manchester
is still conspicuous for its high mortality, and it is espe-
cially conspicnous for its excessive death rate from
phthisis, pnenmonia, bronchitis, and heart disease. All
forms of septic disease are unduly prevalent. The win-
dows of houses and factories are closed on account of the
dirt which enters by the open window. Less attention is
paid to cleanliness than is needful for health. Fresh
air is needed not only in the treatment of eonsumption,
but is equally necessary for the raising of healthy chil-
dren. * * * There has heen a great advance in the
physical well-being of the population, but the death rate
is still among the highest prevailing in great towns. Man-
chester, like other towns, exhibits an immense improve-
ment as regards some diseases, more especially smallpox,
enteric fever, and scarlet fever. * * * The mouth
breather is at a much greater disadvantage in Manchester
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and the large towns than he is in the country and it is
important that adenoids should be attended to.”

The report of Dr. Tatham, M.H.O., in 1890, speaks
even yet more strongly of the local conditions in Man-
chester. This writer states that the working life of the
people in central Manchester is curtailed by ten years, To
quote from his report: “Our people lose 309 of their lives.
* * * The acids of smoke and carbon particles operate
upon the lungs for years before they finally destroy them.”

If the criterion of physical fitness for army service
may be taken as an index of the health of the citizeng of
a smoky city, the statistics for Manchester, according to
Horsfall, reveal an appalling condition. This author
writes: “In Manchester in 1899 of 11,000 men who wanted
to enlist only 9% were found to be physically fit for the
regiments of the line, and at the present moment the Navy
could only accept 14% of the boys belonging to all grades
of society who wanted to join. There are no figures among
races of the world comparable with these in their revela-
tion of physical deterioration.”

Among the numerous investigations which have been
undertaken to determine the direct effect of smoke as a
source of ill health, it is not surprising to find that the
burden of proof has been sought in the relation of smoke
to diseases of the respiratory organs, since the lung tissue
is necessarily first invaded by the smoke content of the
air inhaled. Accordingly, the majority of observers have
based their studies upon the incidence of lung disease in
smoky industrial cities. While vital statistics may not
furnish, perhaps, the ideal criterion of the health of a
community, they afford without doubt the most readily
available standard of comparison.

In reference to the irritating effect upon the lung
tissue of the constant breathing of a smoky atmosphere,
Reed writes: “The slight morning congh with the equally
slight expectoration of black mucus is an experience fa-
miliar to denizens of a smoky town, but an experience
which, to the medical mind, suggests a persistent although
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slight irritation of the upper air passages that are thus
made hospital avenues for tuberculous infection.”

Supile, another observer, corroborates the opinion of
the former writer in saying: “Climate has much to do
with the effects of smoke on health. Southern cities, with
warm climate, do not suffer so much as those in the north.
Cities lying in the valleys suffer most. The acids given
off in fumes provoke a hypersecretion of the mucous
glands of the trachea and bronchi. In time, one accommo-
dates oneself to the new conditions and one apparently
feels well.  And herein lies the great danger, as one
ceases to congh and outward symptoms no longer appear,
the injurions effects remain.”

According to statisties cited hy Wainwright, the death
rate from diseases of the respiratory organs in Manchester
was in 1874, 7.7, and in 1893, 23.2 per 1,000 of deaths from
all eanses; and in Westmoreland, England, the death rate
from the same diseases was but 2.29 in 1888, and 13.7
in 1803, These increased death rates he char
creased consumption of coal and consequent smoke.

tussell has utilized the following comparative tahle
to show the extreme frequency of death due to lung dis-
eases occurring in and about the smoky atmosphere of
Glasgow in the year 1880:

'8 to an in-

Contagions TLung  Other
Diseases Diseases Diseases Total

Rural Districts 289 e 996 1.639
City of Glasgow 773 1,024 1,232 3,029

Thinly populated part
of Glasgow
(36 persons per acre) 450 600 870 1,920
Densely populated part
of Glasgow
(512 persons per acre) 1,020 1.860 1,600 4,480

Similarly, a table compiled for Manchester reveals a
strikingly high incidence of deaths from respiratory dis-
eases, The death rate in different parts of Manchester
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per 100,000 for the year ending the third guarter of 1891
was as follows:

Contagions Lung  Other
Diseases Diseases Diseases  Total
Thinly populated part 241 ol (Y| 1.729
Densely populated part 510 1,541 1,798 3.752

C'oncerning southeast Lancashire, a smoky industrial
center, Dr. Brown states that the death rate in that dis-
frict from respiratory diseases is very considerably higher
than in the southern and western parts of the country

IFar and away the most comprehensive study of the
direct effect of smoke npon the respiratory organs has
been made by Dr. Louis Ascher of Konigsherg, e has
|||1Mixln-<l several lnnnugr;lph\' dealing with the subject
both from the standpoint of vital statistics and animal
experimentation. His conclusions, while not universally
accepted, have been drawn from the most careful scien-
tific investigation of the problem of smoke and health yet
presented. His work merits more than a passing snrvey,

In pursuing his observations, Ascher utilized the
statisties of the Tmperial Health Buorean of the German
Empire. Respiratory diseases he separated into two main
groups, the tuberculous (designated T) and the non-tuber-
culous (NT). In some instances the German statistics
were compared with those of other countries, as England
and America. A study of these statistics, dating back to
1875, lead him to conclude that sinee 1875 there has heen
an increase in acute inflammatory diseases of the respira-
tory organs. The possible bearing of a diminished power
of resistance, or of climatic or infections canses, as con-
tributing to this increase was considered by the anthor,
but each of these in turn were found not to bhe a factor in

the increase of acute lung diseases. Was this increase

confined to Prussia during this period? An examination
of the mortality tables gave a negative answer and revealed
a similar increase in the whole of Germany, as well as in
England and America. In the latter countries he found
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an increase in the death rate from pnenmonia befween
1890-1900 of 186.9 to 192 of every 100,000 of the popula-
tion. He made a study of conditiong in agricultural dis-
tricts where he found a lowering of the death rate from
tuberculosis and a rise in acute lung diseases. His con-
clusion from his earlier statistical studies was as follows:
“The increase in the mortality of acute lung diseases must
be the result of some harmful factor which, it is true, is
found in agricultural communities, but with a much
higher increase in industrial centers. This factor is not
limited to the places of industrial work but is also found
in the homes, as proven by the mortality tables for infants
and old people. The caunse of this increase can only be
the smoke of the coal fires.”

Ascher was fully cognizant of the opposition that such
conclusions might engender on the part of the critics. The
lethargy of the public in regard to the smoke problem
has been due, he believes, to the fact that smoke has not
been considered harmful. The reasons why smoke has not
been regarded ag a menace he summarizes as follows: (1)
Coal smoke does not act as an irritant, cansing discomfort
or inflammation on the bhody tissue with which it comes
in contact, as does ordinary dust. And since there is rela-
tively little coal dust in the air, it is inconceivahle that
it shonld have much pathological effect. (2) The re-
searches of Arnold tended to show very slight harmful
effects from coal dust in comparison with other forms of
dust. Tn answer to these contentions, Ascher asserts that
the action of smoke cannot be represented as an inflamma-
tory one due to mere physical ingredients. Since smoke
consists in the greater part of chemical ingredients, the
effect upon the human lungs is rather an indirect than a
direct one, due to the fact that the normal constituents
of the air are replaced by abnormal ones. In order to
obtain relevant statistics concerning the effeet of smoke
upon health, it is necessary to assume that smoke belongs
to the same category of harmful agents which have an
indirect predisposing effect, such as alcohol, unsanitary
dwellings, ete.




EFFECT ON HEALTH 21

Another reason which has been urged against the
harmfulness of smoke hag been the fact that coal miners
ghow an especially favorable death rate from tuberenlosis
According to statistics, very few miners die from tubercu-
Josis,  Ascher elaims that an explanation of this can he
found in the fact that they die of acute lung discases. The
death rate among minerg from acute lung diseases is much
hicher than among other inhabitants of the =ame age in

sxia, Again, he states, every miner hecomes within

vears an invalid and is then no longer considered
i statisties, F'rom this apparvently low death rate from
tuberenlosis amongst coal miners has arisen the belief that
coal dust, smoke and soot were not only not harmful bhut
even heneficial to health,  Ascher has compiled the follow
ing table to show the fallacy of this view:

TABLE I.

Fiery-FIrrin ANNUAL REPORT OF THR REGISTRAR GENERAL
orF THE UNITED KINGDOM.

Death Rate per 10,000

T NT.
Laborers in Agricultural Districts 188 18.6
Coal Miners 14.10 32.6
Chimney Sweeps and Soot Merchants 37 13.1
CCoal Heavers 29.7 6o.6

Here it ig apparent that, while the death rate from
tuberenlosis appears low among coal miners, it is not low
among other laborers working in coal dust and smoke,
Coal carriers, chimney sweeps, and soot handlers show a
high mortality both from tubercunlosis and non-tubercu-
lons disease.  Ascher maintains that the low mortality
from tuberculosis among coal miners is due to the choice
of picked workmen, selected for hard work, and who earn
a higher scale of wages and live under good social condi-
tions. Hence, the better physical and economic conditions
of coal miners serves to explain the low death rate from
tuberculosis.  These same conditions ought to reveal a
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lower mortality from non-tuberculous lung diseases, but
as a matter of fact the death rate from such diseases
among miners is far above the average,

From German statistics, Ascher found a similar state

of matters among coal miners.

TABLE II.

Death Rate per 10,000.

i NT.
Workmen in Prussia (15-60 yrs. of age) 28.8 16.5
Coal Miners in the Ruhr District 13.1 39.2

Here, again, Ascher explaing the low death rate from
tuberculosis among miners as due to the fact that they
are very robust and earn high wages. The high death rate
from non-tuberculous lung disease is again very striking

Statistics of the mortality from tuberculous and non-
tuberculous lung diseases for the whole population of
Prussia are given in the following table:

TABLE TIII.

Death Rate per 10,000 of Population,

NT
1875-1879 16
188()-1881 20
1885-1889) 22
1890-1894 22
1895-1899 26
1900-1904 27

This table shows for Prussia a striking decrease in
the death rate from tuberculosis and an increase in other
acute lung diseases.




but
ases

tate

NT.
16.5

39.2

‘om
hey
ate
ing.
on-

of

in
her

EFFECT ON HEALTH 23

e further compared the death rate of infants in agri-
cultural and industrial districts of Prussia:

TABLE 1V.

East Prussia Silesia Rhine Province
(agricultural) (industrial) (industrial)

NT S&M D NT S&M D NT S&M D

1876 4.0 3.1 13.7 3. 10,9 4.4 3.7 21 28

188081 1.6 4.7 349 5.0 8.7 b5 6.4 3. 3.6

188586 3.4 182 303 13 78 86 122 2.6

189001 4.2 9.9 250 10.7 41 79 153 2.3

120599 59 T4 139 152 39 32 1067 2.2

190001 6.9 7.1 105 194 64 27 212 1.6

S. (Scarlet Fever.) M. (Measles.) D. (Diphtheria.)

An analysis of the death rate of infants under one
year of age for the period 1876-1901 in certain roral dis-
tricts and industrial districts of Prussia showed the fol-
lowing:

Death Rate per Hundred Under 1 Year of Age.
Scarlet Fever,
Measles,
Diphtheria,
NT. Croup.

In six rural districts of East Prussia 4.3 29.8
In six industrial districts of Rhine-
land 12.6 6.2

He points ont here that the contrast beiween acute
Iung diseases and contagious diseases among those who
are most subject to them, viz., children under one year of
age, ig very great. This table proves that the higher death
rate from acute lung diseases in the Rhenish districts is
not due to worse economical conditions nor a more un-
favorable climate, for the six districts of East Prussia
have a considerably poorer population than the six indus-
trial districts of Rhineland. The former also have a
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longer and harder winter and a climate subject to great
variations of temperature, whilst the six Rhenish districts
have a mild and even temperature. Here, he states, we
see a rapid rise of NT diseases, both in the Silesia and
the Rhine industrial districts, an increase of from 500%
to 6007 during a period of 25 years. That such increase
is not merely an expression of increased opportunity for
infeetion is clearly proven by the varying behavior of the
death rate from the infections diseases, scarlet fever,
measles and diphtheria, the death rate from the latter
being highest in the agrienlinral regions of Bast Prussia
and much lower in the industrial regions,

The death rate of infants in rural and urban districts
is again compared in the following table:

TABLE V.

Acute
———NT.——  TInfectious Diseases
Male Female Male Female
Country 6.24 5.19 25.37 23.81
Small Town 12.61 10.52 18,10 17.75
Medinm Sized Town 17.23 15.34 11.26 11.48
Large City 26.30 23.34 10.52 10.52

This table shows significantly an inerease in acute
Iung diseases and a decrease in infeetions diseases,

The mortality of infants from acute lung diseases for
a period of years in the whole of Prussia ig shown in the
following :

TABLE VII.
Death Rate per 1,000.

Male Female
1876-1879 83 6.9
1881-1884 11.6 9.6
1885-1889 13.1 10.9
1890-1894 173 14.5
1R95-1899 20.2 16.2

1900-1909 22.10 1.7
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This constant increase in the death rate among in-
fants Ascher believes can be attributed to the inerease in
smoke. Smoke and soot in small quantities decrease the
resistance, especially in weakened individuals, i. ¢., infants
and the tuberculous,

For the purpose of comparing the rates of death for
tuberculous and other acnte lang discases, Ascher has
taken some statistics from England:

TABLE VIII,

Deaths in England for Every Million of Population,
Years 1850-4 18559 186G0-4 1865-9 1870-4 18759
Tuberenlosis — 3655.0 34180 3367.6 3326.0 3013.4 20903.0
Acute Lung

Diseases 2769.0 3155.2 3109.2 3415.4 3607.2 3981.0

T 3 XY L34 109 089 097 081 075
Another table for a later period shows:

TABLE IX.

1881-85 188690 189195
Tubercnlosis 1830 16.24 14.63
Bronchitis l
Pnenmonia 32.09 33.22 23.63
Plenrisy ‘
T BT 0.57 0.49 0.43

Both tables show a progressive decrease in the ratio,
a lowering of the death rate from tuberculosis, and an
increase in acute lung diseases.

Ascher’s next step was to undertake a comparison of
the death rates in smoky and textile districts. e cites
the work of Finkelburg, who showed that the mortality
from affections of the bronchial tnbes is more than half
as great again in towns ag in the country and. moreover,
that it rises to an unusual height not in textile towns, but
in places where coal is burned. Ascher’s own investiga-
tions corroborated the findings of Finkelburg. He con-
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trasts the statistics obtained for Krefeld, a typical textile
town, and Essen, a smoky town.

TABLE X.

Krerern (Textile) EssEN (Smoke)

T NT T:NT T NT T:NT
1876 5.92 0.61 9.7 470 1.18 4.0
1880-81  4.87 1.48 3.2 4.21 3.37 1.2
1885-86  5.37 1.49 3.6 3.66 412 0.9
180091 3.83 2.81 1.4 298 448 0.7
189596 3.10 249 1.2 2.12 3.79 0.6
1900-01 237 2.50 0.9 1.91 5.05 0.4

He concludes from this that we always find tubereu-
losis in textile districts and acute lung diseases in smoky
districts.

He has employed the following table, taken from sta-
tistics of the Royal Prussian Oflices, to show that the mor-
tality from acute lung diseases is 30% higher in smoky
than in textile districts:

TABLE XI.
Mortality per 1,000 of Population.
. NT T-NT T:NT

Textile Districts 1.83 2.23 4.06 0.82

Smoky Districts  1.77 2,93 4.70 0.62

A selection of a group of non-industrial and indus-
trial districts hag offered a striking contrast of the fre-
quency of non-tuberculous and tuberculous mortality in
the two classes. The statistics are taken for the period
1898-1907.

TABLE XII.

Death Rate per 10,000.

Non-Industrial Area Industrial Area
NT T NT T
Amsberg 2819 2! Dortmond 36.88 14.99
Meschede 2699 27.35 Bochum 35.80 13.78
Brillon 24.50 29.36 Gelsenkirchen 37.35 15.20
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In analyzing this table, Ascher points out that the
three industrial districts are wealthier and, for that rea-
son, presuppose a lower death rate from tuberculosis, but
they also have a more smoky atmosphere and therefore
a higher death rate from acute lung diseases,

For the purpose of establishing the fact that this
pernicious influence of smoke is active at all stages of
life in increasing the death rate from acute lung diseases,
he has compared the statistics from two equally large
towns, situated in close proximity, in the industrial dis-
trict of Westphalia. These towns are built in the same
style and differ only in the amount of coal smoke in the
air. The town of Hamm, which lies easterly, receives coal
smoke only from the west, while Gelsenkirchen, situated
centrally, has an atmosphere constantly charged with
smoke.

TABLE XIII.

Death Rate per 10,000 during years 1900-1902.

Hamm Glesenkirchen
Pop. 32,435  Top. 37,834
30.6 NT 574 NT
According to age

0-1 years 228.9 258.9
1-5 i h7.1 131.1
510 « 6.5 17.3
1015« 1.8 2.6
15-60 « 10.7 347

60 140.7 210.2

The influence of smoke here in raising the death rate
from acute lung diseases is quite apparent. A similar
cause, he believes, serves to explain the increased death
rate found in the industrial regions of Westphalia and
Upper Silesia, as noted in the following table:
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TABLE XIV.
Death Race per 10,000, Years 1905-1909.
Death rate from acute lung diseases in all German
towng with 15,000 of a population or more 214.0
In equally large towns of Rhenish Westphalia (in-
dustrial area)
In the industrial districts of Silesia

A study of urban and industrial districts in England
yielded a similar result. The average death rate from
acute lung diseases for the industrial urban districts was
fonnd to be 26.5 per 10,000, and for the rural counties
only 17.5

The later studies of Ascher have disclosed a signifi-
cant fact in regard to the relation of smoke to tubercun-
losis. Ie has demonstrated that tuberculons patients,
both male and female, die at an earlier age than formerly.
For the year 1876, of every 100 persons dying of tubercu-
losis in Prussin, 36.64 male and 32.64 females were over
fifty years of age Later, in 1901, only 2820 tuberculous
males and 23.54 females survived the age of fifty. Rahts
has similarly shown that of every 1,000 persons of all
ages dying of tuberenlosis, in the city 112, and in the
country 206, have passed the age of sixty. These figures
would seem to justify the conclusion that with increasing
industrial activity and a thickening of the population,
there arises a greater deterioration of public health, not
necessarily an inerease in the mortality but an earlier age
of death. Since the mortality from tuberculosis and other
Inng diseases is dependent inversely upon the resistance
of the individual, the earlier age of death in industrial
districts is not to be attributed to an earlier opportunity
for infection, but to a lowering of the power of resistance,
The factor which caunses a lowering of the resistance,
Ascher believes, lies in the presence of smoke from coal
fires.

Again, Ascher maintains that the tubercnlous lesion
per se does not canse the death of the individnal, since the
tendency of such a lesion is always towards healing, a
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fact readily demonstrated by pathological investigation.
The fatal results are due to the secondary infection of
the lungs with other micro-organisms, such as the strep-
tococcus, pneumococcus, or influenza bacillus.  There-
fore, he states, “we can easily imagine that a harmful
factor which inereases the disposition towards acute lung
diseases causes a quicker course in tuberculosis.” A proof
of this was secen in the influenzal epidemic in Germany in
which the tuberculous patients died very quickly. From
these facts, Ascher concludes that smokes causes a predis-
position towards acute lung disease and hastens the course
of tuberculosis.

Ascher hoped to confirm his statistical studies by
means of pathological examinations of human subjects. e
was unable, however, to obtain sufficient material and was
obliged to forego this line of investigation. Iis animal
experimentations were more successful. The points he
sought to elucidate were:

1. Does smoke cause a disposition to acute lung dis-
ease in rabbits, 4. e., are rabbits which have breathed smoke
for some time seized by acute lung disease, and are animals
not so exposed less liable to contract such disease?

9

Does smoke cause a more rapid course in pul-
monary tuberculosis, i. e., do rabbits which have been in-
noculated with tuberculosis die more quickly if they have
inhaled smoke than if they have not?

In order to investigate these questions, ten rabbits
were innoculated with tubercle bacilli and these, together
with ten control normal rabbits were exposed from 90 to
120 days, 10 hourg daily, to a smoky atmosphere. The in-
noculated animals died on the average of 53.9 days, while
the tuberculous control animals lived almost double the
number of days, or an average of 90.3 days. In addition
to tuberculosis of the lungs, other conditions which de-
veloped were bronchitis, purnlent pnenmonia, and perito-
nitis. Nor was the smoke, indeed, quite devoid of effect
on the entire organism. Some of the rabbits exposed to
smoke showed eczema, loss of hair, and scaling. The
amount of coal dust in the lungs was small, as a rule,




30 THE SMOKE INVESTIGATION

except in unaffected parts where, at times, it was found
in abundance. e also found that moisture combined with
smoke intensified its effects.  Similar, but less distinet
results were obtained by causing animals to breathe soot.
The same predisposition to acute lung disease and a
quicker course of tubercunlosis was demonstrated.

From these statistical and experimental stndies, as
yet the most comprehensive found in the literature dealing
with the smoke evil, Ascher has drawn the following gen-
eralized conclusions:

1. The mortality of acute lung diseases is certainly
inereasing, especially among children and old people. The
cause of this increase is due to the impurification of the
air by smoke because, in the first place, the increase is
greatest in industrial centers and not in agrienltural dis-
tricts. Since 1875, the mortality from such diseases among
rursing infants has increased as much ag 600%,

2. Within industrial districts a difference in mortal-
ity can also be noted, the death rate from acnte lung dis-
eases, in districts with a strong smoke development, being
higher than in other industrial centers, e. g., textile dis-
tricts.

3. The mortality among coal miners from acute lung
diseases is a much higher one (135%) than among the
other male popunlation of the same age. Here also differ-
ences can be observed in that in distriets with a larger
native popunlation the mortality from acute lung diseases
is a higher one than in districts where the miners have
lately moved from agricultural districts,

4. The conclusion already noted, that the impurifica-
tion of the air hy smoke canses a predisposition to acute
Inng diseases and hastens the conrse of tuberculosis.

As was to be expected, Ascher’s conclusions have
elicited more or less eriticism in certain quarters. Indeed,
Ascher himself admits that not all donbts as to the assump-
tion of smoke per se being the one factor in causing an
inerease in the mortality from acute lung diseases, and
in hastening the course of tuberculosis, have heen eradi-
cated. Tt is conceivable that there may be other contrib-
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uting eauses which future scientific studies of the probiem
W i[liln- able to demonstrate,

Liefmann is an investigator who has reviewed
Ascher's work and corroborated much of it. e further
points out that the small industries are more culpable
than the larger ones where special attention is apt to be
paid to smoke consumption. He regards the supposition
that smoke breathed is a menace to health as difiicult to
prove, and concerning the statisties of Ascher writes:

“Fyen though the statistical results woald scarcely
be in a position to give infallible proof the harmfulness
of smoke, when considered along with other evidence, they
have considerable weight, The high mortality from acute
lnne diseases among miners should cause serious reflee-
tion."”

tenk is another investigator of note who would seem
to regard the effects of smoke upon health as general rather
than specifie,

Bartel and Neumann obtained resulis comparable to
those of Ascher in a series of animal experimentations,
In experimental inhalation of tuberele bacilli hy guinea
pigs, these authors found that guinea pigs which had in-
haled a moderate amount of smoke on account of their
being kept in a large city, died from palmonary tubercu-
losis in less time than those which showed smoke-free
lungs.

The Sixty-sixth Annual Report of the Registrar Gen-
eral of England discloses the fact that there was an in-
crease in the mortality from bronchitis and pnenmonia in
England during the quinquenninm 1891-18035, and a con-
siderable deerease since then. In connection with this fact
Chubb has observed that eighty ecities, London, Man-
chester, Liverpool, et al., have reported a decrease in smoke
gince that time,

Very few observers have attempted to explain the
manner in which air polluted hy smoke and dust acts in-
juriously upon the body tissues. Bachman is one of the
few who has offered an explanation. He helieves that the
blood of people living in cities with vitiated air hecomes
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impoverished, resulting in an anaemia (or better, dys-
aemia). This, he states, is apparent in the skin of the
city dweller. The effect is not due to a local action upon
the skin, but to an admixture of such air in the blood of
the lung capillaries. The presence of carbon dioxide, sul-
phurie acid, ete., in the air inspired acts as a protoplasmic
poison interfering with cellular activity and causing an
inhibitory action on the ciliated cells of the respiratory
tract. When the function of these ciliated cells is inter-
fered with, only coughing and hawking can clear the
bronchial tubes so as not to plug up the bronchioles. The
organism has, he states, a further protection in the lym-
phatics and lencocytes, but eventually these auxiliary aids
are insufficient to cleanse the air and the whole lymph
system becomes flooded with the taking up of poisons. The
lymphatic glandg constitute the third protection against
the dust particles. In this condition of chronic impurity
of the blood, the organism suffers and is rendered predis-
posed to infection with pathogenic germs. The author be
lieves that arteriosclerosis may result from this chronie
poisoning. “By breathing impure air we render the body
fluids impure, and this leaveg the body more prone to dis-
ease.”

(B) THE EFFECT OF THE INDIVIDUAL CON-
STITUENTS OF SMOKE UPON HEALTH.

Smoke is composed of solid carbon particles, or soot,
and certain volatile gases such as carbon dioxide, sulphur
dioxide, sulphuric acid, and other compounds. We shall
consider seriatim the more important of these.

Soor.

In the literature, thig term is employed with more or
less latitude, at times more broadly as synonymous with
coal dust, and at other times as referring simply to carbon
particles. Concerning the nature of soot, Cohen defines
it as consisting mainly of tar and mineral matter ash, to-
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gether with small quantities of sulphur and nitrogen com-
ponnds, and frequently possessing an acid character. Vari-
ous analyses show considerable variation in its composi-
tion.  Noot is a product of incomplete combustion, and
domestic soot, as l'lllll]v:l!‘wl with boiler soot, is said to be
picher in carbon and the volatile products such as tar,
ammonium chloride, and sulphate, and poor in ash. Rus-
sell. of London, first observed that soot contains sulphurie
wid, the quantity, as estimated by Cohen, varying from
02851629, According to Ascher, soot contains about
210 of mineral particles, principally silicates and iron.

The question of the fate of the inhaled carbon par-
ticle has been one that has evoked much discussion. Tt
has been generally believed that it may enter the lung
either by inhalation or by absorption from the intestinal
tract and the lymphatic system.  Since Villaret in 1862
snggested the probability of an intestinal origin of pul-
monary anthracosis, many investigations to establish or
disprove his claim have been made, Ilis assertion that
soot gets into the blood stream through the intestines has
not been corroborated.  As a result of a series of experi-
ments, Arnold admits the presence of carbon particles in
the interior of the intestinal tract, hut never in the intes-
tinal wall or in the lymph vessels and mesenterie glands,
except in isolated instances, where barvely a few pigmented
cells conld be seen in the intestinal tissue and in the mesen-
terie glands.  Aschoff, Schulze, Cohen and Beitzke, in ex-
perimenting with China ink introduoced into the abdom-
inal cavity, found that this was absorbed by the Iymph
duets of the mesenterie glands and of the diaphragm, the
thoracic duct, the vena mammaria interna, and the blood.
Thence they found it entered the bone marrow, the spleen
and the liver, but not the lungs. The evidence of these
authors wounld appear to prove that anthracosis of the
lungs is caunsed directly by inhalation, Calmette, Guerin,
von Behring and others, from experimental data, believe
that particles absorbed in the intestinal tract may be car-
ried by the lymphatics to the lungs. Oliver inclines to the
latter view as a possibility “but that on this account the
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intestinal canal should be regarded as the mode by which
the insoluble dust more frequently reaches the lungs,
rather than by direct inhalation, I am not prepared to
admit, The engagement of the lymphatics in the deeper
gtructure of the bronehi and around the blood vessels sug-
gestg the possibility of an intestinal source of infection,
but the changes observed in the alveoli of the lungs in the
early stages of anthracosis points to the irritation of the
epithelial lining by direct contact with dust.”

Oliver further points out the danger from continual
exposure to dust as a factor in producing stractural
changes in the lungs, such as the replacement of the normal
spongy tissne by fibro-connective tissne. He regards pul-
monary fibrosis in the early stages as due solely to the
irritation by dust. Von Behring believes that pulmonary
tuberculosis in such fibrosed lungs frequently develops
from the lighting up of disease long latent in the lym-
phatie glands as a resnlt of a probable intestinal infection '
contracted during childhood. Oliver cautions persons who
are employed in dusty occupations and to whom, as a re-
sult of exposure to dust, the ciliated epithelial cells of the
trachea are lost, carefully to rinse their nostrils with warm
water before leaving the factory.

The manner in which the carbon particles penetrate
into the lung tissne after being inhaled is another mooted
question. The earlier observers helieved that the individ-
ual coal particles, because of their inherent hardness and
angularity, bored into the tissue, while a later view is
that the dust particles are drawn into the tissue hy the
migrating dust cells. Knauff believes that the dust pen-
etrateg the tissue hoth free and attached to cells. Ruppert
maintains that the greater part of the dust enters the
tissnes withont being attached to cells, since he found no
evidence of inflammation around pigmented areas. He
does not regard it as ]»I‘ulv;llnh- that coal, in the form of
soot particles, has the physical strength for borine into 1
the tissues, althongh thig might be a possibility for other
forms of dust.
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Ruppert conducted a number of animal experiments
in the Polytechnic Institute, Heidelherg, upon dogs and
rabbits for the purpose of elucidating the following points:

1. What changes are cansed by the inhalation of the
dust in the epithelinm of the air passages in the deeper
tissnes of the organ of respiration?

2. How does the dust penetrate into the tissue, in a
free state or enclosed in cells?

3. What passage does it use in entering?

£, What forces impel it forward in the process?

From the results of his experiments he writes: “So
little injurions was the soot to the respiratory organs of
the animal that even weak animals can be exposed to the
smoke for weeks withont suffering particularly. In
order to force a sufficient amount of oot into the respira-
ages, he was obliged to tracheotomize the ani-

tory pas
mals. He believes that when dry coal dust is in the form
of soot it is less irritating than other forms of dust, e, g.,
stone dust.  When, however, it is snspended in a fluid, as
in the experiments of Slavjansky, it has an important ir-
ritating effect.  The latter found severe acute pneumonia
in many cases, but such changes rarely occenr except when
large quantities of dust have been inhaled. From Rup-
pert’s experiments the conclusion may be drawn that soot
is less harmful in its effects on the respiratory organs
than the variong forms of mineral dust,

Other writers express a similar opinion, that soot,
per se, is not especially harmful, and the fact would seem
to be fully well substantiated that non-carbonaceons dust
(mineral and other) is more serions in its effects upon
health than is carbonaceons.  Sir James Crichion Brown
states “that of all mineral dust carbonaceous dust seems
to be the least injurious to the human organism. * * *
Besides being in some degree antiseptic, carbon dust is
less irritating and searifyving than many other indnstrial
dusts, and it is really by their irritating and scarifyving
power that the lethal effects of dusts are to be measured.”
Dr. Evans of Chicago writes: “Smoke carbon is prohahly
as little harmful as any solid which can be taken into

¥ T
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{he human body. It is quite inert chemically. Physically,
it irritates but little. The harm that it does is that it
transports bacteria and secures entrance for them where
alone they would be repulsed.”

The question as to whether soot and coal dust pos-
sess active antiseptie properties has long been a subject
for dispute. Formerly, soot and coal dust were believed
to have an inhibitive action on the growth of the tuberele
bacillus and tuberenlous lesions.  An evidence of this be-
lief is found in the fact, cited by Jacobi, that the metal
grinders of Sheflield had, until twenty-five years ago, the
habit of going into places filled with coal dust after having
been in the metal dust all day., The majovity of such
artisang confracted “Grinder's Asthma,” which at present
is regarded ag tubereulous.  This belief in the protective
power of soot is now known to be largely erroneons, and
Mendelssohn, as early as IS8R5, stated that he had met
many persons dying from tuberenlosis whose symptoms
never showed themselves until they worked in coal dust
and smoke

Oliver thinks that soot acts in a manner different
from coal dust, “Soot,” he states, “inereases the action
of incipient tuberenlosis, whereas coal dust has an un-
favorable effect on the tubercle bacilli.  Soot has only a
mild action in preventing infection by tuberculosis, where-
as coal dust is active in its immunizing qualities. The
acid elements of the soot are not only an irrvitant, hut
an aid to tnberculons development. * * * [t is a com
mon experience that the course of pulmonary tuberenlosis
is hastened by living in a smoky atmosphere.  Also that
smoke }»I':'u]i\[m«‘\' to acute lange disenses Soot differs
from coal dust in being a spongy material capable of ab-
sorbing sulphurie acid and hydrochlorie acid up to 10¢
hesides retaining other free acid gases and certain oxida-
tion prodncts of a tar-like nature.”

According to Lehman (cited by Oliver), the sulphur-
dioxide containeq in soot is absorbed hy t{he nasal mncous
membrane and the particles of carbon are carried further
info the respiratory passages, and are finally deposited in
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the lung tissue, having meanwhile in their descent given
up to the bronchial mucons membrane and the lining mem-
brane of the lungs some of the acids which they retained.

Cornet, by means of animal experimentation, dem-
onstrated that soot did not contain any qualities which
would stop or inhibit the tuberenlons process.

A number of pathological conditions in the respira-
tory organg have been attributed to the deposit of soot and
coal dust in the Tungs by different observers. True it is,
that the burden of Gpinion, until recent years, has heen
that anthracosis was a cordition productive of no specifie
phenomena of disease, and that lung lesions were inde-
pendent of the inhalation of dust, and further, that coal
miners were almost always immune to tuberculosis, Of
late, these older views have heen questioned. One condi-
tion that has been aseribed by Seltmann and others to a
deposit of coal dust in the lung is that of dyspnoea. As
quoted by Schlockow: “Seltmann came to the conclnsion
that a deposit of coal in the lungs, as soon ag it reaches
a certain degree, diminishes the gaseous exchange by de-
creasing the breathing surface, checks the formation of
blood, and so causes anaemia and dyspnoea.” Croque
similarly attributes the dyspnoea of miners to anaemia
which he regardg as due to the faulty aeration of the blood
in the lung capillaries around which the deposits of coal
press upon the vessels so as to interfere with the flow of
blood. He offers no explanation of the fact that many
cases of anthracosis are not accompanied hy dyspnoea.

Chronic bronchitis and emphysema are two further
associated conditions towards which the inhalation of coal
dust and soot is believed to exert a predisposing infln-
ence. The frequency of chronie bronchitis among coal
miners is a well-known fact. Hirst believes that the in-
haled particles of coal dust clog the bronchial secretions.
Tobold states that the carbon itself of smoke ig deposited
in the nose, throat and bronchi in a fine form which acts
as an irritant causing morning congh. The ciliated cells
are no longer able to cope with the deposit of carbon and
a chronic inflammatory condition of the mucons memhbrane
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results. It is commonly observed clinically that emphy-
gsema follows in the train of chronic bronchitis. Merkel
explains thig as due to the fact that during spasms of
conghing the glottis becomes compressed and the air is
forced through the lower bronchi, causing distention of
the alveoli and ultimately of the thorax as a whole.
Schlockow regards the dust in the air of mines as
especially well adapted to produce emphysema, since cer-
tain parts of the lung tissue, due to the deposit of coal
dust, are thrown out of function either temporarily or
permanently. This entails increased function in the re-
mainder of the lung tissue and, as a resnlt, an abnormal
distension of the pulmonary alveoli., Ultimately, as this
phenomenon is repeated, the pulmonary vesicles lose their
elasticity and become permanently distended. Racine as-
serts that coal dust may cause emphysema directly through
this excessive inspiratory distension without the initial
factor of chronic bronchitis, Every inspiration of dust
laden air entering the aveoli tends to obstruet them. Each
following inhalation introduces more air which, on account
of these partly oceluded alveoli, must find other air space.
Gradually, the open air cells have an increased function
thrust npon them and permanent distension results. As a
proof of his view, he cites the case of two healthy yvoung
miners in whom dyspnoea developed, due to their nsing
lamps produeing an unusual amount of soot. After leav-
ing the mine, the dyspnoea gradunally disappeared but
within a year in each of the miners emphysema developed
withont the presence of any previous bronchitis.
Concerning the incidence of chronie bronchitis and
emphysema among the miners in his district, Racine has

compiled the following tables:
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TABLE XV,
Among a total of 870 miners there were the following
reports of illness for the years 1880-1882:

1880 1881 1882
From all
canses 221,0r 27.8% 242,0r29.8% 273, or 27.1%

Chronie

Bronchitig 16, or 7.27 15, 0or 6.29% 18, or 6.5%
Emphysema 18, or 8.1% 19, or 7.9% 23, 0r 8.5%

The average for these yvears was
For Chronic Bronchitis 6.6
For Emphysema 8.1%

The deposit of coal dust in the lung tissue has bheen
regarded as the exciting factor in the causation of plenrisy.
The occurrence of a dry fibrinous plenrvisy is frequent
among coal miners.  Racine, along with Merkel, believes
that this may be due to a rather large deposit of coal dust
in the neighborhood of the lung periphery, acting as an
irritant,

A more remote injury to lung tissne dependent upon
the presence of coal dust in the lungs, as observed |l.‘y'
Seltmann and Eulenberg, is the production of small cay
ities, following a localized pnenmonia or a limited gan
grenous process within the lung tissne.  They fonnd that
snch areas presented the appearance of an inky fluid and
at times contained pus.  Racine helieves that the limited
necrosis is due to the pressnre exerted by the deposit of

large amonnts of coal dust, exciting inflaimmatory changes
which result in the formation of abscesses and cavities
Regarding the disputed question of the inhibitive
action of soot against a tuberculous process in the Inngs,
Racine's views are somewhat at varviance with those of
Ascher.  He states:  “My own observation leads me to
ascribe to anthracosig of the Iungs a protective influence

against tuberenlosis.”  He believes that soot has consid-




40

THE SMOKE INVESTIGATION

erable disinfecting power, and that its presence is deter-
rent against the growth of bacteria.

Coullard has made an exhaustive study of the effect
of smoke upon the health of firemen, and his observations
are of interest in their bearing upon the problem of indus-
trial smoke and health. He deseribes the following symp-
toms arising from the inhalation of soot:

-

Effect upon the eyes. Redness and congestion of
the conjunctiva, accompanied by copious tears
and a sensation of prickling, ag of a foreign hody
in the eye. In cases of severe irritation, the cil-
iary glands, and the lachrymal glands also, may
be inflamed; or still more serious ailments (in-
cluding a hypersecretion),

Effect upon the nasal passages. The carbon par-
ticles or heavy vapors, inhaled through the nose,
cause a rapid inflammation of the nasal mucous
membrane. This congestion is accompanied by
hypersecretion and is frequently complicated
with the frontal sinus. This inflammation is the
frequent cause of frontal headaches.

Effect upon the pharynx. Very frequently in
firemen, enlargement of the tonsils is found,
which Dr. Henning of Leipzig doeg not hesitate
to attribute to the irritating effect of smoke. Red-
ness and congestion of the pharynx are very fre-
quent,

Effect upon the respiratory organs. Irritating
smoke canses inflaimmation of the larynx which
may even develop into oedema, or swelling of the
glottis, the irritation being most often betrayed
by a dry, spasmodic, and very painful cough. The
vapors and particles of smoke penetrate into the
trachea and the bronchial passages, and in indi-
viduals subject to emphysema, or congh, bring
on asthmatie symptoms. In extreme cases, bron-
chial pnenmonia and lobar pneumonia may result,
but most often pnenmonia, in the case of firemen,
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is attributable to the cold caused by the great
quantities of water poured upon the fire.

This anthor further employed animal experimentation
in pursuing his gtudy concerning the effect of smoke, From
the results of his experiments he concludes that the earbon
particles play a large role in the production of serions
symptoms. He helieves that a certain number of slight
disorders, frequently observed in firemen, are due to the
action of carbon particles upon the mucons membranes,
but he states “although it is true that animals poisoned
by filtered smoke (e. g., smoke from which soot has been
withdrawn by filtering) return to life more easily than
those which have been subjected to common smoke,” he
vet maintains that the poisonous gaseg of the smoke are
responsible for the grave symptoms produced by the in-
halation of smoke among firemen, rather than the soot.

Apart from its more obvious effect upon the respira-
tory organs, soot has for many years been more or less
fancifully believed to ereate a predisposition towards the
production of cancerous growths among workmen who are
bronght into contact with it. Only recently Sir Thomas
Oliver has again called attention to this possible relation-
ship. While the handling of coal itself is not apparently
attended by any risk from cancer, there is some evidence
for the belief that working with soot does seem to pre-
dispose towards it. To quote from Oliver: “In Great
Britain we are familiar with chimney sweeps’ cancer.
Something, therefore, is present in soot in a chemically
active form which irritates the skin and leads to cancer.
That the serotal cancer of chimney sweeps is the result of
irritation caused by soot is confirmed by the youthful age
and occupation of its victims. Years ago, Earl published
notes of three cases of cancer oceurring on the hands of
gardeners, who had been distributing soot among plants.
All the men were under the age of thirty. Earl's father
described a case of cancer of the serotum in a boy eight
vears of age who was a chimney sweep, and Sir James
Paget observed the disease in the ears of workmen who
had carried sacks of soot on their shoulders. Mortality
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figures show that in England and Wales cancer among
chimney sweeps is twice as frequent as in occupied males
generally. The comparative mortality figures for cancer
among chimney sweeps between the ages of twenty-six and
sixty-five was, for the three years ending 1903, 133, as
compared with 63 for occupied males at the same ages.
We must therefore admit that the chimney sweeps’ occu-
pation is a cause of cancer.” It is scarcely conceivable
that the amount of soot in the air of industrial towns is
sufficient in amount to be an exciting caunse of cancer, as
it may possibly be in the case of the chimney sweep.

EFFECTS OF THE GASEOUS CONSTITUENTS
OF SMOKE UPON HEALTH.

The gaseous components of smoke, which are believed
to exert a baneful influence npon health, include earbon
monoxide, carbon dioxide, certain sulphur and arsenie
compounds, and nitrons and c¢hlorie vapors,

CarzoN MONOXIDE.

Carbon monoxide is a product of combustion, which
is known physiologically to act ag a poison on the human
organism if inhaled in sufliciently large amounts. Accord
ing to Gruber, an atmosphere hecomes dangerous when it
contains 0.057% of carbon monoxide, while Haldane he
lieves that symptoms may be cansed by as small an amount
as 0.029% . Kinnicut and Sanford state that air containing
0. of the gas canseg death, 0.29 very dangerons ~_\||||‘n—
ice will quickly show the effects of the
gas when the air contains only 0.00577 . The smoke from

toms, and that 1

iron furnaces, it is stated, may contain as much as 25%-
35% of carbon monoxide gas.  When present in lethal
proportions the principal symptoms produced arve severe

headache, vertigo, a vagne feeling of illness, marked

muscular weakness, and frequently nausea and vomiting.

If the amount of gas be greater, drowsiness and loss of

conscionsness and death may result,
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Gautier made an analysis of air taken from the open
street and found that only 1 part in 500,000 of carbon
monoxide, a proportion presumably inert in regard to
health. He believed, however, that the air near factories
would contain a sufficient amount of this gas to prove a
menace to health. Very few estimations of the amount of
carbon monoxide in the air of industrial towns have been
made.

Fodor, from the results of animal experimentation,
concludes that human beings are much more sensitive to
the effects of this gas than are the lower animals,  “If
present,” he states, “in greater quantities than 0157 it
is dangerous to health, especially if hreathed continually,
and when present in quantities of 0.05%, or even perhaps
as low as 0,023, it pl‘ml\ll'v\‘ a bad effect.” One of the
results of long continued hreathing of carbon monoxide
is the production of a severe anaemia. So violent, he writes,
is the action of carbon monoxide that even when an animal
has recovered consciousness, after poisoning by ecarbon
monoxide, the danger is not passed; the animal, and like-
wise the human being, may pay the penalty with his life,
althongh the inhalation of earbon monoxide has ceased
The affinity of carbon monoxide for the blood, or converse-
1y, of blood for carbon monoxide, is such that carbon mon
oxide is taken into the organism and into the hlood ciren
lation when the atmosphere containg no more than 001
or 1/25000 part.,” TFor the reason that such minnte
amounts are harmful, Fodor doeg not helieve that any min-
imal quantity is permissible in the air, and he maintains
that to be perfectly healthy an atmosphere shonld contain
no trace of carbon monoxide.

Tobold helieves that, while the amount of earhon mon
oxide in onr dwellings is not appreciable ordinarily, small
quantities of it may canse headache and indisposition.
Sambere regards the determining factor of the effect upon
the human organism as the proportion of carbon monoxide
to the oxygen hreathed, rather than the absolute amount
f carhon monoxide.

ol
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Conllard states that the effects of carbon monoxide
and carbon dioxide inhalation by firemen are not, as a
rule, very serious. The symptoms produced in firemen are
mainly headache, weakness, nausea, and vomiting, faint-
ing, dyspnoea, and a rapid pulse, coldness of the extremi-
ties, profuse perspiration with pallor of the face, diar-
rhoea, neurasthenia, and the development of tuberculous
lesions. Practical trials prove that a robust ma’, enter-
ing a smoky atmosphere which contains 1%-1.5% of car-
bhon monoxide, is affected by asphyxial disorders only very
slightly serious if he does not remain in this atmosphere
more than ten or fifteen minutes. For carbon monoxide
to produce very rapid effects, Coullard estimates the gase-
ous mixture inhaled must contain at least 15% of it—ten
times as much as is contained in ordinary smoke.

CARBON DI10XIDE.

According to Renk, normal air contains about .03%
and city air about .03%-.05% of carbon dioxide. The air
of factories, during the daytime, has about an average of
10.1 volumes per 10,000 of the gas, while at night, when
the gas is burniny, it has been estimated that there are
about 17.6 volumes per 10,000. TIn an atmosphere in which
oxygen has been redunced to 1.5% or 3%, a proportion of
12%-15% of carbon dioxide produces fatal results

Schaffer states that in London 100,000 tons of carbon
dioxide are poured into the air each day as smoke. Every
ton of completely burned coal gives rise to about three
tons of carbon dioxide and monoxide. According to
Tobold, carbon dioxide in a proportion of 1:10 acts as a
poison, cansing headache and shortness of breath, while
if present in a proportion of 307, death may result, Evans
believes that we can stand a much higher percentage of
carbon dioxide than is ever found in the outside air, and
that while carbon monoxide is directly toxie, carbon di-
oxide is only depressant and remotely toxic and is never
fatal in “one whiff in any concentration.” But, as he
wisely adds, “neither does a child get a complete education
in five minutes in a grammar school.”
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Coullard studied the poisonous effectg of carbon di
oxide in observing the effect of smoke on firemen.  He
states that a smoky atmosphere is sometimes extremely
poisonons, due to the presence of quite large quantities of
carbon dioxide rather than to a deficiney of oxvgen.  The
fact that Pettenkofer was able to pass several hours in
an atmosphere containing 197 of earbon dioxide withont
being made ill by it lead Conllard to regard this gas as not
especially poisonous.  Another observer breathed without
difficulty for ten minutes an atmosphere in which therc
wis 4% of earbon dioxide.

The effect of earbon dioxide inhalation may he ex-
]vl.lilll'l] as follows, according to Bert (eited by Conllard ) :
“From the accumulation of carbon dioxide in the hlood
there results a progressive abatement of the oxidation
within the organs, and from this as a consgequence, a con
siderable lowering of the temperature of the bhody, The
central nervous system in the general action upon the
organism first manifests that it is affected hy the loss of
reflex transmission, first to the limbs, then to the eves
then finally to the respiratory center, from which death
results without any agitation or convulsive movement.”

While the air of smoky towns does not contain earbon
dioxide in a proportion sufficient to produce the foregoing
resnlts, nor, indeed, to prove instantly a menace to health,
ver it is altogether probahle, as has heen sngeested, that
“amall amounts of execess earbon dioxide, continned for
long periods of time would, within limits, tend to have
the effects somewhat similar to the effects of laroe amounts
hreathed for a short period of time,”

SULPHUR.

The sulphur compoundg fonnd present in smoke ocenr
mainly in the form of sulphur dioxide and sulphnric acid
The amount of sulphur, in this form in a smoky atmos
phere, is at times so great that it cannot be disregarded
as a probable exciting canse of i1l health. Tt has been
estimated that in London 981,792 pounds of sulphur are
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poured into the air each day, or over 500,000 tons in the
conrse of the year. In Glasgow and Manchester, it is
stated, twenty tons escape each day in the smoke.  Accord-
ing to Rideal, the quantity of sulphur found present
in the air of London, from different analyses, is from
0.015-0.77 grams per 100 cubic feet. At Kew, as much as
2% of sulphur was found in an analysis of dust from an
exposed surface. According to Nicholson, one half ewt. of
sulphuric acid is deposited over every square mile of Man-
chester, and in Chelsea very much greater deposits.

There is much unanimity of opinion regarding the
deleterious influence of the sulphurous gases upon health,
Concerning the action of sulphur dioxide on the human
organism, Cushny states that 5 parts in 10,000 acts as an
irritant cansing sneezing, coughing, and lachrymation, and
that, in somewhat greater concentration, it becomes en-
tirely irrespirable; still smaller quantities in the air cause
bronchial irritation and catarrh when inhaled for some
time. Lehman believes that sulphur dioxide in amounts
as small as .0017% (0.1% being fatal) causes discomfort,
and that 3 parts in 100,000 renders some persons decidedly
ill after a few minutes. It is the opinion of Harrington
that sulphur dioxide affects the digestive tract rather than
the respiratory organs.

According to a theory expressed by Markel, sulphur
is possessed of a somewhat ferment-like action in the air
in its tendency to automatic renewal. This author states
that sulphurous acid coming into contact with iron is im-
mediately oxidized into sulphurie acid which, in turn,
reacts upon iron forming ferrons snlphate and iron oxide,
The latter drops off as rust and begins a new sulphur
cyele. Tt is also commonly known that sulphur dioxide
possesses certain disinfectant properties, being germicidal
in the proportion of not less than 92 grams of snlphur per
enbie metre.  The presence of moisture enhances this dis-
infecting action and at the same time, it ig helieved, in-
creases the injurious effect of sulphur dioxide upon the
hhmman organism.
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It is probable that sulphurons fumes are the most
deadly of all the gaseous constituents of smoke. 1In this
connection Evans states: “Sulphur compounds are very
obhjectionable and probably more harmful than carbon
n’ulH]ulllllil\ Probably before long our dense smoke ordi
nances will be changed so as to add to the carbon control
other provisions which will control snlphur compounds
PPossibly, also, the combustion experiments will likewise
he directed more to the solution of the snlphur problem.”

Coullard’s studies among firemen did not lead him
to regard the inhalation of sulphurous acid fumes as
productive of any very serious disorders.  Opposed to
this, is the opinion of Schaefer, who has made a special
stndy of the effectg of sulphur gases on health, and who
attributes lasting and serions results due to the inhalation
of these gases. Sulphur fumes, he helieves, play a large
role in the etiology of asthma. To quote him: “The im
portance of sulphur dioxide as an impurity of the air of
onr cities and its injurious effects upon the organs of
respiration is a subject that has not vreached the atten
tion, in works on hygiene, that it demands. The wriler
has heen studying the noxious effects of sulphur dioxide
as an impurity of the atmosphere for the past ten vears,
and he hag arrived at the conclusion that it is one of the
most potent cansal factors of asthma.'

Ascher has cited experimental work done hy Kim
ball on rabbits which demonstrated the fact that. hy cans
ing rabbits to bhreathe small quantities of sulphurie acid
fumes, tuberculons infections were increased. The same
anthor states that other experimental work has shown
that snlphur inhalation canses a decrease in the hacteri
cidal action in tuberculous Iungs and a lowering of the
power of resistance

ARSENIC
It has been found that most varieties of coal contain

small quantities of arsenic, probably in the form of
arsenical pyrites. Cohen and Ruston believe that the
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arsenic which ig found present in the air and water comes
from the smuts of coal smoke. Traces of arsenic have
been found in household dust (0.0109%—0.004% ) and an
analysis of rain water in London showed 0.003 parts per
million of arsenie.

According to Delepine, “the large amount of arsenie
in soot causes a marked arsenical contamination of the
air in Manchester and may acconnt for the bad effects of
air on vegetation.” In regard to the effect upon health,
he writes: “I have a suspicion that soot from towns where
arsenical coal is used is fap more irritating to the lungs
than pure coal dust,  The reason why I say so is that I
have noticed there is generally more fibrous tissne pro
duced in the ITnng in town anthracosis than when the coal
is inhaled as dust, for instance in the case of coal miners.
Lungs of coal miners may be as black as soot without very
distinet evidence of inflammatory reaction whilst, on the
contrary, in towns, where the amount of earbon collected
in the Inngg is smaller, there are frequently capsules of
fihrons tissne in the Iangs around small masses of earbon
which have acenmulated, indicating some irritating action
on the part of soot.  All town dust, as well as town air,
is never free from arsenie.”

In connection with the influence of arsenic inhalation
upon health, Cushny's statement concerning the miners
of Reichenstein, who are constantly exposed to arsenie
owing to its being contained in laree quantities in the
ore, is of interest,  Concerning these, he writes: ““These
people are deseribed by Gever as shortlived, very snhiect
in childhood to severe rickets and in adult life to dropsies
and respiratory diseases; they offer little resistance to
microbial infection and frequently present the skin and

nervons symptoms of arsenie Imi.\'nnin-_r"
NITROGEN AND CHLORINE (FASES

These gases ocenpr mainly in the smoke of industrial
ly in the fumes from factories using

centers, CSH

nitrate of mercury and from chemiecal works where sul

—
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phurie acid is manufactured. They probably play a minor
role in the effect of smoke upon health. Coullard has
called attention to the manner in which they appear to
act injurionsly. The nitrous vapors act, he states, (1)
by powerfully irritating the bronchi and the small pul-
monary vessels to the point of producing centers of apo-
plexy, and (2) by producing a special impairing of the
blood.” The chlorine fumes, he believes, while slightly
irritating, do not caunse serious disorders except through
prolonged inhalation, in which case it is not uncommon
for a tuberculous process to become lighted up.

As a general resume of the effects of the varions con-
stituents of smoke upon health, the following note of
Mehrsten's is clarifying.  This author writes: “It is not
even the dust only that is injurious, but it is the invisible
products of combustion escaping from the chimney in the
form of gases, of which we need to take into consideration
only carbonie acid, nitrogen, carbonic oxide, and sulphur-
ous acid.  The first two, which are heavy gases, can prob.
ably be regarded as injurious only when they are driven
directly into dwellings and this cannot happen unless the
chimneys are not high enongh. The earbonie oxide, which
is extremely poisonous, is usually present in such slight
quantities that it becomes greatly diffused as soon as it
escapes from the chimney. On account of its lightness
it also arises rapidly and is lost in the higher strata of
air; but, on the other hand, the gaseous sulphuric acid
(sulphur dioxide) generated from the sulphur contained
in the coal, which is considerably heavier than the air, is
such an injurious gas that first of all our efforts must he
directed toward preventing it from doing harm, all the
more as it is not only the human organism that is in-
jured but also, in a positively destructive manner, the
vegetation, soil, and bunildings. These facts show that
any smokeless furnace with a direct comhustion has little
value for the public as far as the purification of the air
is concerned unless the dust and the sulphurous acid are
retained at the same time.”
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INDIRECT EFFECTS OF A SMOKY ATMOSPHERE
UPON THE HEALTH OF THE COMMUNITY.

IFoGs

It is a fact long well known that a smoky atmosphere
predisposeg towards fogs. When an atmosphere laden
with snspended particles becomes charged with moisture
a fog is precipitated. Aeccording to Nicholson, over 25%
of the fogs are cansed by smoke.

Not infrequently, following a fog period, there is a
sharp rise in the death rate of a community, the rise heing
due mainly to the great increase in deaths from diseases
of the respiratory organs. Scientific observers of vital
statistics have here once again placed varying interpreta-
tions npon this increase, a few authorities regarding the
increased mortality as dependent upon the alterations in
the temperature and other factors, while others maintain
that the fog, per se, is the exciting cause of the increase.
Among the former class of conservative writers is W. .I.
Russell of London, who, in commenting upon the effects
of London fogs, writes: “By far the greater number of
fogs oceur when there is a great fall in temperature, and
clearly this is followed closely after a few days by a great
increase in the death rate; but how much of this is to be
atfributed to the fog and how much to the fall in tempera-
ture may be difficult to determine, but we have evidence
that when fogg ocenr withont fall of temperature they do
not appear to be followed by any remarkable increase of
the death rate, for on December 15, 1889, there was a
dense fog and the temperature was even above the average:
under the conditions, the death rate remained far above
the average. On December 13 and 14 of the same year
there was a dense fog, an average temperature, and only
an average death rate; and the same thing happened on
Febrnary 4, 1890, when, notwithstanding a dense fog, the
death rate remained low, and last winter on November 13
and 14 there was a dense fog, a high temperature, and an
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average death rate.  With these four exceptions, depres-
gion of temperature goes with fog. There is no case of
depression of temperature not followed by increase of
death rate.  That many people suffer, hoth physically and
mentally, from the effects of fog there can be no doubt,
hut so far as I can interpret these retnrns of the Registrar
General, they do not confirm the popular impression that
fog is a deadly scourge; at the same time, it is beyond
doubt that an atmosphere charged with soot dust and
empyreumatic produets is an nnwholesome atmosphere to
breathe; but T think that the principal canse of the great
increase of deaths when fogg ocenr is attributable rather
to the sudden fall of temperature than to the fog itself
As to bacteria—the experiments of Dr. Percy Frankland
show that fogs do not tend to concentrate or nurture them,
for he fonnd that there were remarkably few bacteria in
London air during a time of fog.”

In the opinion of Rollo Russell, while cold is donbt
less a contributing factor in raising the mortality during
a fog period, the most potent canse lies in the smoke con
stitnents of the foggy atmosphere. He writes: “Great
cold combined with fog is not productive of much illness
in the conntry. In smoky towns, the case is far different.
Thus, in London, the death rate was raised in a single
fortnight, from January 24 to February 7, 1880, from
27.1 to 48.1 per thousand. The fatality and prevalence of
respiratory diseases were enormonsly increased.  The ex-
cess of deathg over the average in the three weeks ending
February 14 was 2994, and in the week ending Fehrnary
7 the deaths from whooping cough were unprecedently
numerons, 248, and those from bronchitis numbered 1,223,
At least 30,000 persons must have been ill from the com-
bined effects of smoky fog and cold. * * * The large
excess of carbon dioxide, sulphurous acid, and of micro-
organisms and effete organic prodncts was partly con-
cerned in these ill effects, but the factor of greatest import-
ance was the finely divided and thickly distributed car-
bon, or carbonaceons matter, which irritated the hreath-
ing passages and lungs. The results corresponded rather
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closely with the gradual ill effects of the dusty trades. g
o « = After a fortnight of dense fogs, the deaths in

2 2, exceeded

London for one week ending January 2,
by 1,484 the average number, being at the rate of 42 per
thousand. Increases took place in the following diseases : ]
Measles, 114% ; whooping cough, 173% ; phthisis, 42% ;
old age, 36% ; apoplexy, 58 ; diseases of the circulatory
gystem, 106% ; bronehitis, 170% ; pnenmonia, 111% ; other
respiratory diseases, 1357/ ; accidents, 103%. These re-
gults are in the main attributable to the concentration of
the ordinary London air with moisture and intense cold
to help their deadly work. The majority of the fatal
cases were weakened constitutions, thongh many were
among the robust. The experience of large towns is that
the power of recovery after illness is less within their
confineg than in the country. 1In fog, the evil influences
of town air are many times multiplied.” The same writer,
in another place, contrasts the influence on health of a
country and a London fog by quoting statistics of the
death rates of Croyden and London during the great fogs
of 18R0. 1In Croyden, the number of deaths rose from
35-36 in three weeks, while in London the number rose
2,994 above the average during that time.

Ascher attributes the baneful influence of fog to the
fact that the fog concentrates great quantities of smoke
which ig inhaled into the lungs in much larger quantities
from the damp air of foggy weather than from dry air.
This, he claims, has been proven experimentally. More-
over, he studied the mortality tables of Manchester in
relation to fog, and drew the following conclusions: “We
see that the mortality from respiratory diseases and
phthisis increases during a period of fog, while the inci-
dence of contagions diseases is not affected hy it, a fact
that has been known in England a long time.” He was
of the opinion, however, that it would not he jnstifiable
to draw an unqualified conclusion regarding the influence
of fog since other attendant conditions might also inerease
the mortality from lung diseases, e. g., the sudden fall in
temperature. which nsually precedes a fog.

—_
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Des Voeux studied the effects of two fog periods in
Glasgow upon the subsequent death rate.  In the autumn
of 1909 there occurred two periods of smoke fog in that
city, each of several days' duration but separated by an
interval of a few weeks. The death rate rose suddenly
during the first period from 18 to 25 per thousand, and

during the second week to per thonsand, while the
death rate in the rural environments of the city was in-
cereased only very slightly, Tt was estimated that 1,063
deaths could be attributed to the fogey weather

Niven has made a similar study concerning the in-
fluence of fog periods npon the death rate in Manchester
ITe found that when fog periods were charted ont and
the number of deaths from phthisis and other forms of
respiratory diseases talmlated, an unmistakable vise in

hin a few

death rate conld be demonstrated ocenrring wit
davs from the onset of the foe ITe helieves that an in
crease of micro-organisms ocenrs dnring foos and that
thereby a diffusion of bhronchitis and other diseases find
ing entrance to the langs is facilitated hy fogs.  The fol
lowing tahles showing the hearing of fogs npon the death
rate are taken from his report,

Table T.  Showing deaths from phthisis in each six
weeks preceding, and in each of gix weeks containing or
for the twenty yvears 18911910, added, the

fogs not heing of longer duration than six days

following a foe,

Weeks lu'w't‘t”ll‘_’ foes:
6Gth 5th {th 3d 24 1st

2192 2040 2019 2135 2161
Weeks of fog and following:

1st 2d 3 ith Hth Gth

2,377 2,468 2,960 2239 2,234 2,399

“It thus appears that there is an increase in deaths,
greatest in the first three weeks but continuing into sub-
sequent weeks,  The greatest number of deaths is in the
week after a fog.”
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Table IT. Showing deaths from Pnenmonia during
weeks similarly disposed to fogs, in the same manner for
the years 1897-1910, added.

Weeks preceding fogs:

Gth 5th 4th 3d 2d 1st

1,380 1345 1442 1442 1494

Weeks of fog and following:
1st 2d 3d 4th bth 6th

1,672 1,638 1,657 1,710 1,631 1,589

'ly marked influence on mortality
eatest in the fourth week follow-

“There is here a cle:
ascribed to pneumonia
ing the fog and nexi greatest in the third week. The ef-
fect on pneumonia is clearer than that on phthisis and

ites maximum intensity is differently disposed, as if time
were required for the development of the pnenmococcus
and the course of the disease.”

Table TII. Showing deaths from bronchitis during
weeks similarly disposed for the years 1897-1910.

Weeks preceding fogs:

Gth Hth {th 3d 2d 1st

1,317 1,301 1,330 1,526 1479 1,627
Weeks of fog and following:

Ist 2d 3d 4th oth 6th

1.808 1,864 1,848 1699 1,729 1,749

“Here the maximum effect is manifested in the first
three weeks following, the greatest effects being produced
in the second week as in phthisis. The increment ob-
served in the different forms of respiratory diseases hefore
the occurrence of fog is due to the fact that the different
fogs interfere from the proximity to each other. Thus,

—_
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while the effect of the individual fog is diminished, the
total effect in producing an increase in mortality hecomes
more conspicuous. The increase in mortality from bron
chitis, like the increase from phthisis, follows more closely
on fog than does that from pnenmonia. The processes are
probably different. In the case of phthisis and bron-
chitis, fogs cause congestion; in the case of pneumonia,
they probably light up pneumonia. When the fogs are
of longer duration than six days, the numbers are com-
paratively small.”

Table IV. Respiratory diseases, other than Phthisis,
for the years 1891-1905.

Weeks preceding fogs:

Gth Hth ith 3d 2d 1st
304 312 289 300 363 389

Weeks of fog and following:

1st 2d 3d 4th Oth 6th
394 184 417 398 375 392

“No effect is observable under phthisis. The effect
of fogs in producing mortality from respiratory discases
is unmistakable.”

DIMINUTION OF SUNLIGIT

That a smoky town means diminished sunlight in
the community is a fact universally conceded, even by such
as may be skeptical concerning any direct influence of
smoke on health. TIndeed, some authorities are inclined
to attribute the evil effeets of smoke to this decrease in
sunlight rather than to its irritating action on the organs
of respiration. Tn this connection, Kister writes: “Thae
development of smoke and soot has without doubt a bad
effect upon the daylight and sunshine of a place, and, be
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canse of the hygienie significance of sunshine, is inimical
to our physical, or at least our psychical, weifare,  Dut
it is not easy to prove such a direct injurious effect of
smoke npon our respiratory organs.”

The precise manner in which a diminution of sun-
lieht acts injurionsly on health is a subject more or less
under dispute, Tt is well known that sunlight is germi
cidal.  Tuberele haeilli quickly sueenmb to the action of
direct sunlight, a few hours® exposure suflicing to destroy

their vitality, althongh they may live indefinitely in dark

ened snrroundings Quite apart from this bactericidal
action there are apparently other factors, in decreased sun-
light, which militate against health., Liefman has gronped
these harmful influences under three headings.  “IF” he
sgtates, “we group all these oxperienceg in the significance
of lieht for our life and health, and concentrate them
upon the problem which here interests ug, we shall he led,

in my opinion, to the conclnsion that a darkening of the

atmosphere of our great s is injurions to health in

three wavs: (1) An exciting impulse which influences

oy of metaholism,
Wl (2)

The illumination and warming of the earth, the water,

onr disposition is weakened and the ene

especially ag it coneerns respiration, is dimini

and ‘he air within the precinets of onr great cities is
diminished and in this wayv a series of hygienically im-
portavt processes is influenced or depressed (3) The
chemieal and bacterieidal effect of the sun's ravs is de-
ereased and thug hacteria, especially the pathegenic ones,
are permitted to thrive,

Sir William Ramsay regards smoke as harmful hy
virtue of its power directly to absorb light, and hy its
effect in the formation of ¢londs and fogs which, he states,
are peculiarly fitted to absorh the blue, the violet, and
nltra violet rays, these being the rays that arve especially
germicidal.  In this manner a diminution of sunshine
canses an inerease of bacteria, both pathogenic and non
pathogenie, in the atmosphere., The same writer believes
that sunlight has a direct influence on the human skin
as well as upon mental states,




In order to ascertain the possible bearinge of dimin

ished sunshine on the mortality returns f sp

diseases, Niven has compiled the f ) o statisties fo

the industrial cities of Man ster, D ringham, ef
field and London .t
RELATIVE MORTALITY FROM RESPIRATORY DISEASES AND RECORD OF SUNSHINE ;
Man n.r:.“ - Man Birn M Bir w
Year chester ingham Shefliell London chester ingham Sheflield Lond s | lon ter ingham Sheflield london <
1901 2 1.7 17 7 1 =
1 2 1 2 8 &
1904 R 1 7 2 &

- ;
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It is difficult to draw any exact conclusions from
this table, the evidence presented being, on the whole,
gsomewhat equivocal. A more or less general decrease in
respiratory diseases (with the exception of a slight rise in
n London and Sheflield) may be noted but it

pneumonia
cannot be demonstrated that this general decrease is con-
current with an increase in the number of hours of sun-
ghine in the four cities. London and Sheflield show a
glight increase in the number of hours of sunshine; Birm-
ingham and Manchester present a continuously decreas-
ing number of sunlight hours.

Some statistics of Kister for the city of Hamburg,
one of the smokiest of German towns, are comparable
with those of the English towns. The following table
is taken from a report of this writer on the Investigation
on Smoke and Soot in Hamburg :

OF THE RESPIRATORY ORGANS
For THE Crty or HAMBURG.

(Diphtheria and Whooping Cough are not included.)

Under 1-1 15-30 30-60 60-70 Over ¢ of
Year 1y yrs yr yrs yrs 70 Dead
1894 4 ( 17 143 258 173 1208
18¢ ) 10 ) 153 280 14.50
1896 500 3 14 152 324 14.03
189 117 279 20 149 246 12.37
18¢ 0 18 139 255 13.51
1899 ) 103 7 1 348 13.74
1900 327 114 20) 18 1318 16,50
1901 I8 105 19 156 324 14.49
1902 144 203 21 169 342 14.55
1903 390 333 33 177 322 1619 1299
1904 441 310 22 1 313 1614 1337
1905 422 315 1 32 4 1762 1409
1906 358 44 296 322 1778 i4.24
1907 466 262 62 41 429 1918 1537

The comments of the anthor upon this table are, in

part: “If we collect the figures for ilamburg, the follow-
ing (the table) shows a decrease or perhaps an increase
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in recent years from other diseases (non-tuberculons) of
* * * PEven though this fact
cannot be referred, without further investigation, to the

the respiratory organs.

development of smoke, it is one of the phenomena that
must be taken into account in the question of the hygienic
effect of smoke.”

OTHER REMOTE EFFECTS OF SMOKE UPON
HEALTIH.

The psychological aspect of the smoke nuisance has
been dealt with at length in another Dulletin of this
series,  The present day recognition of the importance of
the mental influence of mind upon bodily health is a
hopeful sign of the times. It is doubtful whether the
maximum of mental acumen and bodily efficiency may for
long be preserved in a smoke laden atmosphere,  Troe it
is that, at times, certain minds can rise above their en
vironments, but whether the sum total of the mental efli

cieney of the community can be equal to that of a com
munity living within cleanliness, aeriai and environ
mental, seems searcely conceivable.  Not infrequently one
hears the complaint of the casual visitor to a smoky city
with respeet to a feeling of mental depression provoked
by the smoky atmosphere,  Certain physicians have pro
nonneed themselves npon this aspect of the problem.  Dr,
Evans of Chicago writes: “It (smoke) serves to lower the
general tone of a community A spotless town is morg
apt to be moral than a dirty town. Tt is useless o try
to get a spotless town and leave the smoke. If the air
is dirty it is very hard to get the streets, the yards, the
clothes, the people ciean.” €. A, L. Reed speaks in a
similar strain: “Physical dirt is closely allied to moral
dirt and both lead to degeneracy. It is too much to expect
the best results in the public schools that exist heneath
the sombre shade of smoke, Tt is difficult to imbue the
voung with a sense of the heautiful when the heanty itself
is bedanbed with soot.” Jacobi believes “that a clean com-
munity has the bhetter chance to avoid degeneracy,” and
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Des Voenx assertg that “dirt and darkness are the twin

Idren of smoke, and to them are closely related poverty,

drunkenness and crime.”

quite obvious factor which renders a smoky

town m thy is the necessary curtailment of free house
and factory ventilation, To open a window carries with
it the certain penalty of soiling a curtain, a rug, or a
conunterpane. The zealous housewife accordingly is prone
to gnard the cleanliness of her house at the expense of
fresh air.  Out of door sleeping porches arve, for a similar
1 on by their absence in smoky towns, in
conti nereasing use in more cleanly modern
Citle he fine shower of soot detracts from the comfort
of sleeping in the open air and speedly soilg the bed linen
N more or less universal avoidanee of fresh air mili
tate trongly against the health of the community and pre

1

disposes its inhabitants to tuberculous and other diseases
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04 THE SMOKE INVESTIGATION

Pulmonary Anhracosis—A Community Disease

By Oskar Krorz

(From the Pathological Laboratories, University of
Pittshurgh.)

Pittsburgh, Pa

Definite observations npon the presence and nature
of pigment within the lung substance and its associated
Ilymphatic structures are of relatively recent date. Never
theless, as early as 1717, Ramazzini discussed the presence
of carbonaceons material within the lung and indicated
an association with definite pulmonary diseases. His ob
servations were made upon varions laborers who, through
the inhalation of angular stone particles, became predis
posed to asthma and tuberculosis.  His observations, how
ever, did not snggest that any of the foreign material con
tained within the lung consisted of a carbon deposit

Not until Pearson in 1813 studied the problem and
applied the term anthracosis or coal miner's lung, followed
by a report by Laennee in 1819, wag a more acote atten
tion attracted to the subject.  Pearson indicated that in
dividual coal particles when inhaled became deposited in
the lung tissue and upon the accnmulation of larger
quantities of this pigment, the lung gave macroscopic evi
dence of its presence

This contention was further supported by Gregory,
who in 1831, described the pigment in the lungs of a coal
miner with definite tissne changes within the organ. Other
English anthors ( Thompson, Simpsgon and Stratton) made
similar observations and indicated the importance of an-
thracotic deposits as a type of occupational disease

printed from the American Journal of Public Health, 1914
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Although Pearson’s views were accepted in England,
they were strongly combatted in Germany, partienlarly
by Koschlakoff, as well as by Virchow and Henele, who
regarded the coloring matter in the lung snbstance and
in the lymph nodes of haematogenous origin Virchow
did not believe that the lung substance could bhe pene
trated by inert foreign particles.  As late as ISS5, Bar
thelmess discussed “pulmonary melanosis™ as a progres
sive pigmentation of the lung resulting from repeated
haemorrhages and inflammation.  Subsequently, however,
Pearson’s observationg were confirmed in Traube's elinie
(1860) where some carbon pigment, presumably having
its origin from charcoal, was demonstrated in the lung
substance. Since then the deposition of carbon from
gmoke has been amply confirmed by studies upon human
lungs as well as by animal experimentation. The first
confirmatory animal experiments were carried out by
Knanff (1867) and repeated by Konradi (1869)

In the earlier discussion upon the inhalation of dust,
inclnding the carbon particles of smoke, it was indicated
that as every one inhaled more or less of it during his
lifetime, little pathological change, other than the storage
of pigment, occurred in the lung tissune, It was, however,
recognized that the inhalation of different foreign sub
ratory organs.

stances had a varying effect upon the respi
It was deemed that carbon pigment had the least harmful
effect and, hence, the deposits which were found in the
adult lungs, could bhe disregarded as having anv associa
tion with respiratory diseases or clinical symptoms during
life

With the admission that the black pigmentation of
the Tung was the result of the inhalation of earbon par
ticles contained in the air, a considerable controversy
hegan concerning the manner in which the foreign ma
terial made its entrance into the tissnes, It was not un
commonly observed that the sputum of individuals work
ing in smoky atmosphereg would, for considerable periods
of time, contain black pigment particles. Some of this
foreign material was free, while some was contained with
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in cells. Knauff believed that these cells were desqua
mated epithelial structures of the bronehi, which had lost
their cilia. 1t was thought that with the active desqua
mation of the epithelial lining that a more rewdy access
for the pigment to the deeper structures was possible
Sikorsky and Klein both believed that foreign particles
were able to pass between the uninjured epithelial cells
and dire Il.\ enter the IA\ I||p|l:llir~‘

On the other hand, Arnold and Schotteling opposed
the view of the direct migration of the pigment into the
tissues and elaimed that the transport was accomplished
only throngh the agency of cellular activity, This phago
cytosis they believed could be accomplished by the bron
chial epithelinm, lymphoid wandering cellg and by the
alveolar epithelium.  Traube thought that the acieular
nature of the carbon particles wonld account for their
tendency to pierce the delicate alveolar walls and then
to migrate to other parts hy the lvmphatie channels, Rind
fleisch acceepted this latter view, laid stress npon the gritty
hardness of the particles and believed that throngh the
impact of the air enrrent the particles may be driven
throngh the superficial tissues. He furthermore pointed
out that when these foreign particles had entered the
Iymph spaces they not uncommonly hecame incorporated
within eells having phagoeytie properties

The theory of the phagoeytie transport of the foreign
particles continued to gain ground but there was no agree
ment concerning the nature of the active cell, Slaviansky
and Ins believed that the lencoevtes were most active,
while Ruppert, Schotteling, and others believed that the
alveolar epithelinm picked up the carbon from the air
saecs.  Arnold wag divided in his views, considering that
bhoth types of cells were capable of carryving out this fune
tion, while, furthermore, he believed that under certain
conditions migration of pigment might oceur in the ab
gence of phagoeytie cells.  Even to the present time, ob
servers are not in unison concerning the taking up and
storage of the pigment which reaches the lung. The exact
nature of the phagoeytic cells, and these seem to be the

—— T —
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active |u:|l'li\‘i|»;lm~ in the accumulation of earbon pigment
in the pulmonary structures, is still in debate.  In a recent
study, however, it appears to us that Haythorn has con
clusively shown that although pigment may appear in a
variety of cells, the important cell acting as a carrier from
the air sac to the interstitial tissue and the Iymphatics
of the lung, is an endothelial cell

Although, in the early days of cellular pathology
(1858) the finding of extensive pulmonary anthracosis
wag nnusual, the sitnation has changed much in the pres
ent day. Then, a8 now, the most intense examples of pig
mentation of the lung were found among the coal miners,
and it was particularly to these that PPearson, just a cen
tury ago referred, when he first applied the name anthra-
cosis to the pulmonary condition.  Apparently, early in
the last century, in the conrse of ordinary life the acenmn
lation of pigmented dust bodies within the lung was
hardly sufficient to attract the attention. At that time,
the use of coal was less general among the housekeepers
imd the combustion of wood was relatively complete, with
but slight pollution of the air. Then, too, coal was not
in as general use in industrieg nor had the use of the steam
engine found a definite place in manufacture

To-day the use of coal forms the main sonree of energy
for the remarkable industries, which bhegan in the middle
of the nineteenth centur: We need not indicate hy fig
ures or statisties the extent to which our progress is de
termined by the nuse of coal. Nor is it within om provinee
to indicate the enormons losses entailed in the incomplete
combustion of coal. The main fact stands hefore ns to-day
that in every city where honseholders nse coal or in which
manufactures of any capacity are located, the air shows
a greater or less pollution by carbon particles, To-dav it
ig almost possible to gange the extent of the mannfactures
within a eity by estimating the quantity of carbon in the
itmosphere.  In other words, what, not so many vears
ago was a rather unusnal aerial condition, to-day forms a
constant finding and has added a nuisance which affects
the well-being ol the community. No longer may we re




gard the presence of carbon in the air of large cities as a
harmless factor And furthermore, the gradual acenmn
lation of this foreign material within the respiratory tract
has o definite effect upon the tissnes in reducing their fund
tional activity and in possibly leading to secondary dis
turbances affecting onr general bodily health

The following observations have heen made upon a
geries of antopsies, in which the deposit of carbon pig
ment within the lungs was partienlarly noted.  These ob
gervations were made npon civilians not engaged in coad
mining.  The majority of them had been residents of the
Pittshurgh district for the greater part of their lives.  We
were nnable to acconnt for the great variation, which o
enrred in the intensity of the pigmentation among the
different individuals, partienlarly when their respective

lation to the amount

occupations appear to have had no re
of the pigment deposit in the lungs. Thus one of the most
markedly pigmented lungs was obtained from a peddler
in whose history we conld find no partienlar association
with a sooty atmosphere or indnstry. It is possible that
the tissnes of different individuals store the foreign par
ticles from the air with different degrees of activity
Admitting that but few individuals to-day ean escape
the accumulation of carbon particles in the respiratory

gystem, it may be snggested that the condition should be

looked upon as a normal process. This attitude has heen
the dominant one in the disenssion of pulmonary anthrace
osis,  As, however, we must to-dav freely admit that indi
viduals living under different circnumstances and in differ
ent communities suffer unequally from the quantity of
inhaled dust, it is impossible for us to designate all of
these as normal conditions. That a small amount of an
thracosis of the lungs is not incompatible with good health
is ohvions to all who have observed the condition in many
autopsies. That, however, certain communities are snbject
to greater pollution of the air by smoke than others, and
that the individuals in these communities snffer in an
equally greater degree from the inhalation of soot and
smoke is also obvions to those who have had an oppor




tunity of comparing the Inngs from different localities
The ].LHIII)|<IQI~I has no difficulty in recognizing lang speei
mens from large manufacturing cities

Thus we are able to observe variations from the al
most non-pigmented lung tissue obtained from those living
far distant from cities, to the more intensely pigmented
lungs, the coal miner's lung illustrating the extrome de
gree of carbon deposit.  There is, however, some difTerence
between the deeply pigmented coal miner's lung and that
obtained from the city dweller. The carbon dust as in
haled in the coal mines is considerably coarser than the
fine particles of soot found in the city air. Moreover, the
dust in coal mines is made up of fine angnlar and rongh
particles, while soot is a mixture of a very fine amorphoys
carbon and ash

ANATOMICAL CONSIDERATIONS

The deposition of carbon pigment in the lungs from
the dust-laden air is dependent npon the respiratory fune
tion and the activity of the lyvmphatics. The inhaled air
with its carbon particles is carried to varying depths into
the lung tissue. The major amount of the foreign material
adheres to the moist walls of the respiratory passages and
never reaches the lung tissue proper. It is possible, and
microscopical analysis seems to confirm this, that the for
eign material that adheres to the mucous membranes of
the nose, pharynx, trachea, and larger bronchi is but
rarely carried into the tissnes of these tracts, hut lving
in the secreted mucons, ig carvied npwards and is eventn
ally expelled. The relatively lesser quantity of dust and
carbon which reaches the lung alveoli also becomes ad
herent to the moist surfaces of the alveolar saes and then
by the activity of certain cells which have heen studied
and deseribed by Haythorn, these particles are eventually
carried into the lvmphaties of the alveolar wall where
they are disposed of hy the lvmphatiec system of the part
The subsequent distribuntion is to a great extent deter
mined by the site of absorbtion within the lnng. Thus
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the carbon particles which have found their way into the
air sacs near the surface of the lung, gradually accumn
late within the lymphaties of the visceral pleura, while
the carbon which is collected from the more centrally
placed alveoli, accnmulates about the lymphatic channels
which drain that particular area. The tendency of this
absorbed carbon is to pass from the finer lymphatic chan-
nels of the alveolar walls to the larger passages, eventually
reaching a lvmph node where the onward progress of the
particles is impeded by the filtering action of this stroe
ture. In the main, the lymphatie drainage of the entire
lung converges at the hilns and passes into the peri-hron
chial glands located in thig part

The lymphatiecs of the visceral plenra form an intri
cate network of channels which snrronund each lobule. The
Ivmphaties upon the plenral surface of these lobnles ean,

at times, he recognized by the naked eve. Many anas

tomoses ocenr and the larger channels drain towards the

hilus. Communications between the surface lyvmphaties
and those within the organ have also heen demonstrated

A somewhat similar svstem of Ivmphatic channels

have been demonstrated about those lobules which lie
within the lung. Not only is ther system of lvmphatic
channels about the lohules, but simall passages «xtend into

the individual alveolar walls. Sikorsky, ag well as Wit

tich, claimed to have demonstrated small patent communi

cations between the lvmphat channels in the alveolar
wialls and the air sacs. By this means, it was sneeested,
that foreign materials within the air saes conld find a
ready passage into the interstitial Ivmphatic system. 1In

ISTR Rindfleisch suggested similar passages for the en
irance of coal pigment into the lung tissnes. He believed
that the fine dust particles counld pass directly from the
air sac into the interstitial Ivmphatic channels withont
the intervention of phagoeytic cells.  He did \ppreciate
the role of phagoeytosis in the snbsequent transportation
and storage of the foreign material. Tc wonld appear, how
ever, with the most recent studies that the migration of
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the dust particles from the air sacs occurs only through
the agency of certain wandering cells

To thoroughly appreciate the progressive pigmenta
tion of the lung substance by the inhalation of carbon
particles, the general mechanism of respiration as well as
the efficient lymphatic drainage of all the air sacs must
be understood.  The important conelusions of Beitzke and
Most, that the lvmphatics of the lung and visceral plenra
have no direet communication with those of the head, neck,
or abdomen, and the fact that carbon particles are rarely
found in the cirenlating blood, indicate that pulmonary
anthracosis is developed through the activity of the res
piratory functions alone. Tt is, therefore, quite out of
place, here to disensg the claims of Calmette, and his
issociates, for the origin of pulmonary anthracosis in the
tlimentary tract. A more extensive review and study of
the relation of intestinal absorption to anthracosis is
given by Montgomery This anthor from hig own experi
ments concluded that the respiratory route alone was the

mportant one leading to pulmonary anthracosis

DISTRIBUTION OF PIGMENT BENEATH THE
VIRCERAL PLEURA

At first sight, when the lnng is examined externally
the distribution of the deposit of carbon pigment seoms
to be irregnlar and withont anv association with the ana
tomical straneture of the lung.  The pigment is deposited
in small granular masses, which, in their becinning, o
enpy areas less than of pin-head size. Rometimes it wonld
appear that the deposit is in the nature of lines which
however, on slight magnification are found to be the coales
ence of numerons small granular points

As the deposit becomes more extensive, the pigment
is found to follow a definite arrangement and the ana
tomical strnetures which, in the non-pigmented long are
not visible, are mapped out by the deposit,  Thus the suh
plenral pigmentation is fonnd to pick ont the septa divid
ing the lobules of the Tung.  This geographical marking is
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more particularly evident in the early stages of the pig-
mentation prior to the diffuse deposition of the pigment
with the consequent obliteration of the early linear mark
ings. Whereas in the early stages of the deposit, the septa
of the lobules show fine linear deposits of pigment, the in
ereasing acenmulation of the earbon leads to an irregular
thickness of these lines and the conversion of them into
small chains of nodules or to the development of flat or
shot-like masses in the sub-plenral tissnes. Gradoally the
deposit extends from the septa into the tissues of the
lobules until blotches of pigment become prominent.  All
gradations, from the finest hairlike lines in the septa,
to diffuse pigmented areas in which the rormal color of
lunge substances can not be recognized, are not uncom
monly seen in the same lung

The macroscopic appearance of the sub-plenral tissnes
is a very good gange as to the actnal amount of earbon
pigment contained in the lung. That is, with ihe deposit
of such an obvious pigment no diffienlty is experienced in
distingnishing its presence or in ganging the amonnt pres
ent in each portion of the tissne examined. Tt is well,
however, to recognize that the amount of earbon pigment
on the surface does not necessarily indicate the extent or
distribution of the pigment in any part of the lung tissue
There are factors arising with each lung and within each
lobe which tend to modify the amount of pigment within
the tissune

Although the pigment follows the septa of the lung
lobules, the distribution npon the surface is by no means
uniform. Tt has been repeatedly observed that the amount
of pigment in the different lobes as well as in the different
portions of the same lobe varies very considerably. The
distribution of the pigment in the snb-plenral tissnes is
dependent npon the conrse of the lvmphatic stream.  But,
as hag been indicated by 8. R, Havthorn, the presence of
carbon pigment within the Iung may have a marked effect
npon the subsequent condition of these lvmphaties. Thus,
a8 we shall diseuss later, the deposition of carbon pigment
resulting through the activity of certain phagoeytic cells




has a tendency to stimulate tissne changes which modify
the architecture of the organ. Tt ig most probable that by
this means the deposit ocenrring in the lung tissue does
not always appear in the same characters, but according
to the particnlar tissue reaction (fibrosis) a modification
of the lvmphatie svstem leads to an altered physiological
process in which the amount of deposit may Lo inereased
or decreased

In the examination of a series of langs it soon hecomes
evident that there are certain areas in the normal organ,
which become involved earlier than others, and which nsn
ally show the most intense pigmentation in the later
stages of the process. Thus in voung adults, who show
no evidence of other disease processes in the lung, the pig
ment is more prominent in the apex of the npper lobe,
the anterior border of the npper lobe, and the posterior
horder of the upper and lower lobes. Even in these three
areas the distribution of the pigment is by no means uni
form, for in different individuals the gradeg of intensity
of the deposit differ somewhat within these locations

It is the usnal observation that the least pigmented
portions of the plenral surface of the lung are the dia
phragmatic and the interlobar surfaces. It is not uncom
mon, however, to observe a sharp line of pigmentation sep
arating the outer surfaces of the plenra from the inter
lobar areas. At the border of each lobe as it lies in ap
position to its fellow, there is a marked pigmented zone,
more intense than the deposit upon the free surface, and
gerving as a bonndary between the pigmented plenra and
the non-pigmented interlobar surfaces

The distribution of pigment in the apex of the lung
varies according to the shape of the part and to the char
acter of the dome of the chest cavity A% has been pointed
ont by Schmorl it is not uncommon to have an unnsnal
prominence of the upper ribs and irregular foldg of the
parietal plenra forming bands which divide the otherwise
round dome of the chest cavity into several smaller com
partments.  These abnormal ridges are yery common, hnt
are not constant in their disposition.  Not nneommonly
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they pass from behind inwards and forwards, crossing the
dome in an arched and rather spiral direction, the an-
terior extremity passing towards the hilus of the lung.
At other times, folds of parietal pleura pass from behind
upwards and forwards, crossing the highest points of the
plenral sac. When these folds are marked a definite de-
pression is left upon the lung surface, particularly if the
lung is unduly distended by emphysema or pneumonia.
This depression is observed in the nature of a groove look-
ing not unlike the vertical grooves seen over the right
lobe of the liver (Liebermeister’s groove). These grooves
become more marked and more permanent with the age of
the individual.  Not only do they present depressions in
the soft and spongy tissues of the organ, which, in the
early years of life, can easily be obliterated, but in the
course of years they remain as definite areas of retraction
where the lung substance does not expand nor develop
equally with the rest of the tissne. Thus in the apical
grooves the lung tissne is inhibited in itg growth and its
functional activity is hindered by obstructing bands.
Moreover, the lung tissne opposite the depths of the
grooves is prone to become fibrosed or to develop adhesions
to the parietal pleura.

These apical grooves are also to be recognized in the
variation of the deposit of the pigment. The grooves when
well marked attract the attention by showing a lessened
amount of pigment than the surrounding tissue. When
several well marked grooves occupy the apex of the lung,
then this part of the lobe appears to contain decidedly
less pigment than other parts. Yet on closer examination,
although the apical pleura may appear to contain less pig-
ment than the other plenral areas, this is due to the ab-
sence of pigment in the grooves themselves, and not to the
variation of pigment in the parenchyma of the lobe,

The ridges bounding these grooves usually show an
unusual pigmentation. The extent, however, of the de-
posit on the borders of the grooves, is not uniform in that
it is not uncommon to observe one border deeply pig-

T i




EFFECT ON HEALTH 75

mented while its fellow on the opposite side contains but
little carbon.

The infensity of the pigmentation along the posterior
border of the upper and lower lobes ig commonly the most
marked in the entire organ. From the early beginning of
a tortoise shell marking indicating the division of the
lobules, the condition progresses until the pigmentation
produces one diffuse coloration of the pleural tissnes.

Furthermore, there are two important considerations
respecting the localization of anthracotic pigment in the
plenra. The first of these ig the relation of the pigment
deposit to the position of the intercostal spaces and the
ribs. The second is the relation of the pigment deposit
to the opposed pleural surfaces between the neighboring
lobes.

In respect to the relation of the pigment to the ribs
and intercostal spaces there have been a number of views
expressed.  As above stated, our attention has bheen par-
ticularly attracted to this question through the observa-
tions of Schmorl upon the apical grooves of the Tung. Sim-
ilar rib impressiong are found in adults upon the surfaces
of hoth the upper and lower lohes. Schmorl in 1901 indi-
cated that the nppermost ribs produced individual impres-
sions upon the lung substance which were easily recog-
nized at antopsy. Schmorl found these depressions in chil-
dren, but noted that they tended to disappear with ad-
vancing age. He believed that the depressions were the
result of the undeveloped chest pressing upon the Inng snb-
stance and that with the development of the thorax, in the
normal individual, the pressure nupon the lung was muoch
relieved, He noted, however, that in those individuals,
whom we are prone to look upon as possessing the ana-
tomical character of a tuberculong subject, the flat chest,
these grooves or rib depressions upon the lung remained
permanently. Thus he believed that the anatomical char-
acteristics of the chest altered the relationship of the lung
to the plenral cavity which in the undeveloped condition
was prone to bring about those anatomical changes of the
lung, inviting tuberculosis.
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The grooves in the lung tissue had the effect of com-
pressing both the lymphatic and blood vessels. Likewise
a certain interference might bhe produced in compression
of the bronchial tree. These pathological conditions
tended towards a stasis of the circulation of the part, per-
mitting a more ready development of the tuberculous
process.

It has, furthermore, been shown that not only do the
ribs in the uppermost portion of the thorax leave their
impression on the lung tissue, but that such marks may
be distingnished for the entire series of ribs down to the
eight or ninth. These rib markings or impressions are
more readily followed by observing the deposit of pigment
than by the actual depressions produced upon the lung
substance.

As one will readily appreciate, the intensity of the
impressions of the ribs upon the lung varies in different
individuals, Not uncommonly, the thorax is of such di-
mensions or its capacity bears such a relation to the lung,
that little or no effect of rib pressure is to be noted. Under
those conditions in which the volume and consistence of
the lung is increased, as in lobar pnenmonia, the rib de-
pressions are temporarily more decidedly marked.

Peiser has studied a series of cases and finds that the
rib grooves are not well marked in the infant. 1In this he
differs from Schmorl. He believes that the rib grooves
increases in their depth as the individual assumes the up-
right position and the thoracic wall sinks. As the thorax,
with increasing age, gradually assumes its new level, the
upper ribs become more prominent on the inner wall of
the thorax. These then produce depressions upon the lung
surface. Not only does the sinking of the thoracie wall
lead to the prominence of the rib margins, but the respira-
tory movementg are altered, there being a diminished res-
piratory activity established. This in its turn has the
effect of producing a pulmonary stasis and a lessened elas-
ticity of the lung. Peiser believes that with the altered
condition of the respiration, the character of the lung sub-

- ——
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stance changes so that the rib grooves are more readily
produced.

Further observations have recently been made by
Orsos. He studied the mechanies of vespiration as regards
the rvelationship of the expanding thoracic wall to the
spongy lung substance within, He indicates that the
thorax, constituting a closed cavity, has its walls made up
of parts which are of different composition. In part, the
wall consists of solid structures, the ribs, while in other
places soft portions, make up a part of the active walls
He points out that the effect of these two types of tissne
upon the lung substance is different.  The solid ribs, he
believes, are more active in producing a suction by the ex-
panding chest and a compression by the contracting chest
wall, This greater activity in relation to a part of the
chest wall has its effect upon the lung substance in that
the tissue immediately opposite the firm ribs is function-
ally more active during the respiratory movements, The
inactivity of the intercostal spaces ig not only to be ob-
served in the smaller alveolar spaces, but also in the more
sluggish lymphatic drainage leading to the greater deposi-
tion of the insoluble carbon particles. Thus in the adult
the intercostal spaces become more richly marked by the
deposit of anthracotic materials. .

In discussing the views expressed by Orsos, an op-
posite stand was taken by Marchand, Aschoff and Beitzke,
in that each of them expressed his belief that the greater
deposit of pigment occurred in the areas mapped ount by
the ribs.

In our own observations, we mnst, in the main, agree
with the findings of Orsos. Some difficulty is experienced
in determining which portion of the lung lay opposite
the ribs, particularly when there have been no marked de-
pressions, while the deposit of pigment is quite decided.
There can, however, be no doubt, as to the depressions op-
posite the first, second, or third rib, and in these situa-
tions, the grooves which are very decided contain less pig-
ment than the high points of the ridges. At this point,
however, it is necessary to introduce a word of explana-




78 THE SMOKE INVESTIGATION
tion in discussion of the pigment deposit in and about the
costal grooves. It is hest to study those lungs which are

moderately advanced in the anthracotic process, and
which are not altered by the presence of adhesions. In-
flammation introduces a factor which modifies the normal
distribution of pigment so that we can no longer ascribe
our findings to the influence of the costal grooves alone,
We shall discuss the effect of inflammation upon the de-
posit of coal pigment at another place.

It is, furthermore, to be indicated, that the deposit
of pigment along the intercostal areas is not nniform. Al
though the margins of the grooves ag well as the inter-
costal spaces contain the greater amount of the pigment
while the depth of the groove is almost always free, it is
impossible to make a common statement as to the exact
ontline of the deposit for each groove. No doubt, the in-
tensity of the pigmentation is determined to a certain ex-
tent, by the individnal characters, snch as the prominence
of the rilig, the corresponding depth of the groove, and the
local pressure upon the lvmph and blood vessels.

Tn support of the views of Orsos that the cavity of
the grooves exhibit less pigmentation than the surronnd-
ing portions, is the fact that the natural depression as
well as the opposed plenral surfaces between the lohes
have the same characters as the rib grooves in heing less
piemented than other parts. Tt is the common ohserva-
tion to find a pale non-pigmented pleura on the interlobar
surfaces while the external visceral plenra is mottled hy
a pigment deposit. The same is true of the diaphragmatie
snrface. Here, too, a lesg amount of pigment accumulates.
This variation in the distribution of the pigment upon the
pleural surfaces is not dependent upon the difference of
the respiratory function of the lung alveoli heneath these
parts, nor is it due to a difference in the character of the
distribution of the lvmphatic channels which surronnd the
Inung alveoli, but it is dependent upon outer influences of
pressure which modify the capacity both of the alveoli and
Ivmphatics. Tn the normal Tung these influences of pres-
sure are to be observed mainly in the rib grooves, the
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interlobar and diaphragmatic surfaces. It is possible that
the presence of points of pressura upon the lung tissue
has the quality of massaging the parts during respiratory
activity and thus driving the particles of pigment more
rapidly to other parts. We are inclined to believe that
this quality of massaging the part by intermittent frie-
tion, plays the important role of preventing the accumu-
lation of carbon pigment in the given regions of the lung.
As we shall point out later, the lack of flow in the lym-
phatic system does not prevent the accumulation of for-
eign particles. Stasis of the lymphatic system, although
preventing the fluid within the channels from flowing with
normal rapidity has little effect upon the migration of the
cellular elements, which are the main means by which the
foreign material is transported. Thus, althongh stasis
prevents the proper flow of the serum through the lymph
channels it permits the wandering of phagocytes into the
obstrueted region where these may accumulate in undne
proportion. These wandering cellg with their pigment
burden are the chief causes for the pigmentation of the
given areas of lung tissue.

INTERSTITIAL PULMONARY ANTHRACOSIS.

The nature of the distribution of carhon pigment in
relation to the pulmonary alveoli within the lung is very
similar to that observed upon the plenral surface. We do
not, however, have an opportunity of viewing the pigment
in the game manner. Thus in a cross section of the lung
we do not have the opportunity of observing the surface
of the lobunles, but see only cross sections of the partitions.
Thus for the most part our attention is attracted to the
deposition of pigment at the points where the partitions
meet. In these sitnations we ohserve small nodular de-
posits not uncommonly the size of pin heads. At first
sight, it would appear that the amount of pigment within
the lung is relatively less than that ohserved on the sur-
face. Nevertheless, it can be observed that the total
amount of pigment within the lung tissue bears a rela-
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tion to the quantity observed on the surface. In the
normal lung, however, the distribution within the tissue
is more uniform than the distribution of carbon in the
pleura and there is not the macroscopic variation in differ-
ent parts of the lobes, save at the hilus where the paren-
chyma is more pigmented on account of the greater ac-
cumulation in small lymphatic channels and nodes,

Furthermore, the unequal distribution of the pigment
ag it is observed upon the plenral surface has no direct
relation to the deposition within the organ. The lack of
pigment upon the interlobar surfaces and in the rib
grooves is only a superficial condition and does not affect
the deeper underlying lohules. The earliest deposits of
coal pigment are to be looked for mainly in the perivascu-
lar lvmphatics of the smaller branches of the pnlmonary
artery, subsequently, pigment appears in the regions of
the small bronchi and venules. In all of these situations
its presence becomes more marked with the increasing
quantities of soot that are constantly inhaled.

As the accumulations of pigment gradually inci2ase,
they not only form lines along the septa of the lobules
and the vascular channels, but nodular collections appear
at the points of junction of the various lymph channels,
where small receptacula are formed. These nodules be-
comes so prominent that they are readily felt by the finger
and at timeg the conrse of the lymph channel can he de-
tected by the feel.

Tissue changes may or may not accompany these
larger depositions of pigment. In the majority of in-
stances, however, a process of fibrosig, not accompanied
by any inflammatory exudate, makes its appearance and
surronnds each pigmentary nodule. Tnese can he detected
by the naked eve, while the larger ones, which are shot-
like and gritty, are commonly spoken of as “anthracotic
nodnies.”

In none of our specimens were we able to observe any
uniform variation in the deposit of the anthracotic pig-
ment within the lung of normal individuals. The greater
quantity of pigment along the various channels has been
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indicated above, but no unequal distribution of pigment
has been observed which would in any way correspond to
the unequal distribution beneath the pleara, True it is,
however, that certain pathological processes in the lung
tissue may modify the distribution of the pigment to a
very great degee. We have, however, failed to find any
evidence of excessive deposit in the deep tissnes at the
apex of the upper lobe. In fact, in our experience more
pigment was found toward the hilus than at the periphery,
regardless of the plenral distribution. Furthermore, the
more marked areas of pigment deposit in the pleura are
confined to this superficial layer and do not involve the
underlying parts.

In several specimeng of lungs from elderly individuals,
who showed a moderate amount of emphysema in portions
of the lobes near the surface, it was ohservedq that an un-
equal distribution of the anthracotic pigment was present.
Those lobules showing emphysema contained less pigment
than elsewhere. Thig condition was not only apparent hy
the greater area occupied by the emphysematons tissnes,
hut was real, in indicating less carbon in the affected tis-
sues.  When such emphysematous areas occnpy the surface
alveoli and when these lie upon the ridges of the costal
markings, it is then found that the horders of the grooves
contain less pigment than the surronunding areas. Thus
the contention of Marchand and others that the ridges he-
tween the intercostal grooves acenmulate less pigment may
have its explanation in the presence of these emphyse-
matong alveoli.

THE MODIFICATION OF ANTHRACOTIC DE-
POSITS BY OTHER FACTORS.

Tt is evident from what we have said, that every in-
dividnal has a greater or less quantity of carhon accumn-
lIate in the lungs, and that thig accumulation varies in the
normal lung according to the amounnt of carbon in the
inspired air. With advancing age, the quantity of pig-
ment continues to increase until a relative standard for
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the community in which he resides is reached. This pig-
ment in the normal lung becomeg deposited, through the
ageney of phagoeytic cells, within the lymphatics and its
particular location beneath the pleura of the ung, is de-
pendent upon the distribution of the lymph channels and
the relationship of the opposed pleural surfaces which
varies to some extent in all individuals. The distribution
within the normal lung substance appears to be entirely
determined by the circulation within the lymphatics.

Whereas under normal conditiong we may look for
certain common features in the anthracotic deposits in
the lungs, there are also pathological processes which
bring about a modification of the deposit. Thus we find
that certain disturbances within the lung tissue have an
effect of inducing greater deposits of pigment within lo-
calized areas. And it is probable that thig new condition
of excessive pigment deposit brings about further changes
instituting a vicious circle.

A. LOCAL PLEURAL INFLAMMATION.

Tt is not an infrequent observation to find a greater
qnantity of pigment in the immediate vicinity of a bhand
of plenral adhesions. By some it has heen snegested that
these adhesions are the resnlt of the unusnal deposit which
leads to an excessive irritation in the surrounding tissues.
When, however, we study the development of plenral ad-
hesions we find that the fibrous bands in children show
little or no difference in the deposit of pigment from other
parts of the lung. With advancing age, however, the ac-
cumulation of earhon at the point of attachment of the
adhesion to the lung becomes greater. A difference is
noted, too, in the character of the adhesions, for those
which have only a superficial attachment and do not in-
duce a fibrosis of the neighboring lung tissne, show less
deposit. Tt is obvious that we munst differentiate those
pigmentary processes associated with primary plenral ad-
hesions from those that we associated with primary lung
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disturbances (tuberculosis), in which adhesions may also
be present. Of this latter type, we shall speak again.

The best example of plenral adhesiong for study are
those developing between two surfaces which are in con-
stant frictional contact, as well as the hands of adhesions
which sometimes follow fibrinous pleurisy in early life,
Of the former type we meet with adhesions at the apex
avising from a rib groove which, under ordinary cirenm-
gtances, is non-pigmented. Iere a firm band of adhesion
hinds a portion of the lung to the chest wall. The fibrous
band not alone attaches itself to the surface of the visceral
pleura but bands of tissne enter to a greater or lesser ex-
tent the fibrous layer of the lung covering and the infer-
stitial septa, and alveolar walls. The fibrosis spreads dif-
fusely through the tissne surronnding the blood vessels
and encroaches upon the loose tissne of the lymphaties.
Some of the lymph channels become completely obliter-
ated, others are altered in their conrse.

Tt is probable that some of these bands of adhesions
develop without the presence of an acute process and like
the presence of milk spots of the heart, induce a progres-
give fibrosis which alters the relationship of the snrround-
ing tissues. The pleura with its vascular tissues is altered
to a sclerosed structure in which the Iymph channels are
reduced to mere clefts. In thig condition not only is there
a stasis of the fluid within these channels, but there is
also a filtering out of the phagoeytie cells which are con-
stantly wandering from the alveoli towards the larger
lymphatic system at the hilus. Gradually the accumnla-
tion of cells is sufficient to show the increased quantity of
pigment within the part. Tt would appear according to
Haythorn, that these migrating cells may live for a con-
siderable period with the pigment within their protoplasm.
Other phagocytes probably liberate their conter which
become deposited in the interstices of the fily areas.
It is probable that the liberated carbon remains in the
clefts between the cells and does not enter fixed tissue
cells.
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If the opportunity for the absorption of carbon pig-
ment from the alveoli be great, then the accumulation of
this foreign material in the vicinity of adhesions becomes
very marked. Nodules are formed which are hard and en-
croach upon the lung tissue. The lung alveoli are sur-
rounded by a progressive fibrosis containing much carbon.
It is more than probable, that when such excessive quanti-
ties of pigment are deposited that these again act as irri-
tants, inducing greater adhesions. We do not belic « that
the inhalation of carbon in the normal lung wi' induce
pleural adhesions unless some other factor witlh' or upon

the lung acts as a primary exciting cause, V' Ive upon
repeated occasions observed the lungs of mill workers and

coal miners in whom the lung tissue had become intensely
black through carbon deposit without there being any evi-
dence of pleural adhesions.

We have never observed acute pleurisy to alter the
deposit of pigment in the pleura. Tt has been ohserved
that in acute inflammatory processes where the lymphatic
channels of the pleura are filled with migrating and
phagoeytie cells that a considerable amount of pigment
may be removed from the pleura to other parts. The exact
bearing which this inflammatory migration might have
upon the total pigment content could not be determined.
The changes, however, were insufficient to produce any
difference in the amount of pigment to be noted by the
naked eye.

On the other hand, the chronic processes of the pleura
not uncommonly had an effect similar to that observed
associnted with individual tags of adhesions. In cases
where there were universal fibrous adhesions, the effect was
not observed in the quantity of pigment deposit except
where denser bandg had developed. The diffuse and veil-
like adhesions were without change in the vicinity of their
attachment to the lung. A study of these indicated that
the fibrous tissue of these adhesions had only a superficial
attachment and did not involve the deep layer of the
pleura. Where, however, the intensity of the chronic ad-
hesive pleurisy was not uniform and where irregular bands
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were attached to the lung substance at various points, here
a more marked pigment deposit was prone to form.

In all instances where the more intense deposit of
carbon pigment was associated with bands of adliesions,
the process remained fairly superficial and localized.
There was no invasion of the deeper parts by the continu-
ous accumulation of pigment.

B. INFLAMMATION OF THE LUNG SUBSTANCE,

Much has been indicated to associate pneumokoniosis
with acute and chronic respiratory diseases.  As early as
1717, Ramazzini drew attention to certain air borne occu-
pational diseases, and since then the greatest attention has
heen paid to diseases associated with inhalation of dust.
Naturally, much interest has centered abont the effect of
inhaled dust of various kinds upon the lang and more
particularly the velation, if any, that existed hetween these
changes hronght about by the deposits and inflammatory
processes induced hy hacterin.  The manner in which thia
relationship was established has not been entirely clear.
By many (Ascher and others), however, tuberculosis has
heen looked upon as a process secondary to the deposition
of the dust.

On the other hand, the relative infrequency of pnl-
monary tuberenlosis amongst those who are engaged in
work associated with much coal dust, has heen poinfed
ont by a number of authors (Ogle, Sommerfeld, Hirvt), In
the statisties, tnbereulosis appears rather rare among coal
miners, Tt would, therefore, appear that the inhalation
of coal dust does not predispose to tuberculosis, The ex-
planation for this appears to depend npon the morpho-
logieal characters of the dust particles. On the other hand,
Knborn, Villaret, Versois, and others helieve that the con-
tinned contact with coal dust leads to a troe immnnity
against tuberculosis.  Racine believed that coal contains
substances which ave antiseptic and disinfectant and that
this quality inhibits the growth of the tuberele baeilli,
and Holman has shown similar disinfectant qualities in
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goot. Another (Idel) believed that the porous coal dust "
absorbed the tubercle bacilli and rendered them inert,
while Wainwright and Nichols thought the partially sol-
uble caleinm salts contained within the coal gave the ani-
mal body protection against these organisms. The indi-
cation that the presence of coal dust within lungs had a
favorable effect upon respiratory diseases, led Guillot to
use the inhalation of coal dust for therapeutic purposes.
As early as 1793 Beddoes established a sanitarium near
Bristol where he treated chronie diseases, as asthma and
consnmption by the inhalation of charcoal. The patients
were placed in a dusting box where by mechanical means
the charcoal was distributed into the air. However, it was
later shown by Papasotiriu that coal dunst had no influence »
upon the growth of the tubercle bacilli upon glycerine
agar enltures, while Cornet was unable to protect animals
against air horne tubereulosis by means of the inhalation
of earbon dust, Tt has been indicated hy Bartel and Nen-
man that anthracosig inereases the virulence of tubercu-
losis in experimental animal infection.

It is more than probable that the infrequent presence
of tuberculosis amongst those developing extensive an-
thracosis has its explanation in certain anatomical changes
in the respivatory system and it is possible, as is indicated
by Fraenkel and admitted by Racine, Wainwright and
Nichols, that the infrequence of progressive tuberculosis
among the coal miners is due to tissue obstruction of the
lymphatic channels bronght about by the anthracosis.

Ascher's observations that the extensive inhalation of
smoke as well as soft coal increases the mortality in tuber-
enlosis, is not in agreement with other general findings.
It has, however, heen shown hy Hart that there is a differ-
ence in the composition of smoke particles and coal dust,
and that the former containg some of the products of coal
distillation. Again it has been shown by others that la- }.
borers engaged in atmospheres containing much coal dust,
such as stokers, coal heavers, and chimney sweeps, are just
as immune as coal miners to tuberculosis (Markel, Ver-
sois). Lewin found that 92.3 per cent. of chimney sweeps

W . I
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who had followed this occupation for more than 10 years
were free from respiratory diseases,

Our own observations have concerned themselves in
determining the influence of the pigment npon the lung
tissne as well as its relation to the tissue changes in acute
and chronic processes within the lung. We can offer no
statistics which show the relation which the pigment de-
posit has to the occurrence of infections of the lung. This
study also deals with the effect of certain respiratory dis-
easeg upon the subsequent deposition of carbon pigment,

Asg it has been shown that the anthracotic material
owes its presence to the activity of certain phagoeytic cells
it is evident that an interesting problem confronts us in
determining what role similar cells stirred to activity by
a bacterial irritant will have upon the foreign materials,
as carbon pigment, which are already present in the inter-
stitial tissues,

In the study of Inng tissues showing acnte pnenmonia
one is confronted with the picture of a lesser pigmenta-
tion in the areas involved in the pneumonia.  The appear.
ance is quite decided and a fairly sharp line of demarca-
tion separates the pnenmonic area from the more healthy
tissues.  Within the consolidated portion of the lung the
carbon pigment is seen only in the more prominent nodn-
lar deposits while the pigment observed alone the inter-
Tobular septa in the normal lung can no longer be traced.
The diffuse pigmentary deposit in the alveolar walls is
also overshadowed by the color of the exudate. be this erey
or red. However, when viewing the lnng from its pleural
surface no change in the amonnt of pigment deposit is
observed in the superficial portions,

Althongh a decided diminution of pigment within the
consolidated area is apparent, the fact that pigment is
actually removed from the tissue involved in the inflam-
matory process can not be demonstrated in the lnng after
its recovery from pnenmonia. We have not heen able to
define the areas of consolidation after recovery from the
disease, by the amount of pigment in the tissues.

I
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It does seem, however, that some of the pigment in
the lung tissue becomes dislodged during the active migra-
tion of cells, During the late stages of pneumonia, the
Ivmphatic channels contain a greater number of pigment
bhearing cells than are observed in the uninvolved lung.
Tt may be that, due to the stagnation of the Iymphatic sys.
tem in anthracosis, these pigment bhearing cells do not
have an opportunity of migrating from the pulmonary
strnetures, but remain stagnant in the dilated lymph chan-
nels.  The maeroscopic appearances of a diminntion of
carbon pigment doring the acnte stages of the pnenmonie
process is more apparent than real and is due 10 the over-
ghadowing of the normal lung structures by the cellular
exndate of the inflammation,

On the other hand, we have repeatedly ohserved that
in isolated areas of fibrosis of the lung where no evidence
of tuberenlosis wag fonnd that the amonnt of anthracotic
piement was muneh inereased over that present elsewhere
in the same Tune,  We ean, however, hardly offer this as
an indication that the sequel to an acnte inflammatory
process, ending in fibrosig is associated with an exeessive
piementary deposit.  Tn a single case of well advanced
organized pnenmonia we ohserved some increpse in the
amonnt of macroscopie piementation within the fihrosed
aren as w I‘Il as ")il"'”‘«'""l‘u' oy i“l""li'l‘ uf \”"]Y i”l"('.""“ ']I‘-
posit, Naturally, it is diffienlt to estimate the exaet vari-
ations from the normal deposit in different parts of the
same lang.

In no instance has the examination of pnenmonie
Inngs shown that the presence of the anthracotic deposit
has in any way modified the distribution of the aente

process, Tt ean not be shown that the more intensely pig-
mented tissues are more readily subject to pnenmonia than

the other less involved areas. Tt hasg, however, heen sng-
gested by Mavthorn that aside from the loeal pigmentation
in the vieinity of the individual air sacs, the anthracotie
process of the Tung has a definite effect npon the lvmphatic
gystem and particularly the lymphatic channels. These
channels, which become narrowed and partly obstructed,

——
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are less efficient for carrying off the debris which aceumn-
lates in the acute inflammatory process. This stagnation
impairs the process of resolntion with the result that
proper repair of the lung following pnenmonia does not
take place. Conditions of unresolved pnenmonia and gan-
grene of lung are more common in lungs with marked
anthracosis than in the less affected organs,

We have in many examples made observations npon
the anatomical relationship between the anthracotic de-
posit and tuberculosis. Tt is immediately apparvent that
in the diseussion of such a rvelationship we mnst elearly
define the type of tnbereulosis,  Naturally, the effect of
the distribution of the tuberculons process upon the an-
thracotic deposit will he different in acute miliary tuher-
enlosis than in chronie loealized tubherenlons lesions, and
similarly the reverse relationship, if sueh exists, will also
differ with the varions forms in which one meets the tnher
culons process.  Individnally hoth processes are depends
ent, for their local distribution, npon similar factors, the
phagoevtie activity of cells and the distribution of the
Ivmphatics.

We have not heen able to observe any direcet hearine
of the anthracotie process upon acnte miliary tnherenlosis,
nor have we obhzerved a greater tendeney for thy «l»'\n-'u]»
ment of tuberenlons lesions in the anthracotic areas than
in other parts of the Tung. Tn fact, Tnnes showine mod
erate anthracosis will have more acnte miliary tubereles
in the uninvolved portions of the Inng than in the anthra-
cotiec nodules. Nevertheless, we have observed that in the
later stages of the process when the miliary tehereleog had
advaneed to lavger and more definite caseating areas that
the localized areas of anthracosis not infrequently had
gray tuberculons centers, Tt is probable, thevefore, that
the ahsence of tubereles within anthracotie nodules during
the acute stage of the infection is. in part, due o the in-
tense pigmentation obliterating the early tnherculons
foens.  As the anthracotie deposit is associated directly
with the course of the lymphatic streams and partienlarly
with those surrounding the hlood vessels, it is fo he ex
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pected from what we know of the distribution of tubereu-
losig that many tubercles will develop along these systems,
in spite of the presence of anthracosis. As the individunal
miliary tuberculons foei increase in size they gradually
obliterate the anthracotiec areas with the change from an
intensely pigmented tissne to one showing numerous gray
nodules of various sizes.  With the inerease in number, the
tissue gradually loses the intensity of its pigmented ap-
pearance.

A still more marked loss of anthracotic pigment from
the lung is seen in easeous pneumonia. Here, instead of
having many small gray noduleg gradnally obliterating
the pigment within the lung, we observe a diffuse gray
caseons tissne whose light color is in strong contrast to
the pigment in other portions of the lung. Only a mod-
erate amount of pigment deposit is seen in the caseous
area, and this pigment lies in the areag of former intense
deposit.  The gray color of the easeons areas not only
represents the neerotie exndate within the alveoli, but also
indicates tissne changes, first proliferative, later degener-
ative of the alveolar walls, and their contents, Tt is during
the process of proliferation in the alveolar wallg and Inng
trabeculae that the former pigmented cells are stimnlated
to proliferation and probably migration, which leads to a
removal of the pigment in the particular area. What
eventnally becomes of the disturbed pigment in the lung
tissne during the tuberenlons process is diffienlt to say.
In part, it finds its way towards the lymphaties at the hilus
of the lung. TIn part, it may become removed by the de-
struction of the tissue and subsequent expectoration.

-

In the above processes, acute miliary tuberenlosis and
caseous pneumonia, it is evident that the anthracotie
process has no influence in localizing the infection. We
have, however, observed that miliary tuberculosis is more
prone to develop into a chronic caseous miliary form in
lungs presenting much pigmentation than in those not af-
fected.

Quite a different ontcome is observed in localized
chronic caseous tuberculous foci. The early stages of the
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tuberculous process simulates the lesions which we have
just described. As the lesion enters the chronie stage one
ohserves that instead of there being a diminution of pig-
ment in the involved area that gradually and in direct
proportion to the amount of fihrosis the pigment deposit
increases. Thus the periphery of the lesion in which area
the healing of the tuberculons mass is taking place, larger
amounts of pigment are continnonsly laid down. We have
never observed the macroscopic inerease of picment hefore
the development of fibrosis in the tuberenlons lesion.
Eventually the fibrosed mass hecomes intensely hlack and
hard. These areas vary in size from a pea to a mass the
gize of a golf ball.  When fully developed the tissue with
its pigment deposit resembles in consistance and color a
hard rubber ball.

We have observed all stages of these pigmented masses
surronnding tuberenlons foei and it is evident that the
pigment deposit develops upon the tuherculous lesion. The
extent of the pigmented area is entirely dependent npon
the reaction in the tissue of the tuberenlons foens, and
this reaction is always of the development of fibrosis,
Where a tuberculons process hy progressive easeation has
lead to cavity formation there is no excessive pigmenta-
tion in the vicinity of the eavity until repair by fibrosis
hag begun in its walls.

Microscopically, it has heen shown that the same cells,
which form the tubercle and which in themselves are phag-
ocytic for tubercle hacilli, are also the cells most phago-
evtic for earbon pigment. Thus these cells, constituting
the tubercle, are adapted for the localization of foreien
dust particles, and being in excess of the nnmber present
in the normal partg of the lung, may bring abont an an-
thracotic deposit, with the tuhercle, However, hy the time
the pigment has acenmulated in snfficiently large quanti-
ties to be recognized macroscopically, there has developed
a secondary fibrosis inducing a vicions eirele hy ohstruet.
ing new lymphatics and accumulating greater numbers of
pigment laden cells.
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TISSUE CHANGES INDUCED BY CARBON PIG-
MENT WITHIN THE LUNG.

To-day we have come to recognize that the term an-
thracosis does not refer alone to the presence of coal pig-
ment within the Inng, hnt also includeg the tissne changes
which accompany this deposit. As we have previously in-
dicated we have come to recognize that the deposition of
the earbon in the ITung is brought abont throngh the agency
of phagoevtie eells, Tt is not probable that inert carbon
can enter the Inng tissues hy mechanical means alone, The
contention of Klein, Sikorsky, Merkel and others that the
physical eharacters of the foreign material is snch that it
may migrate hetween the eellg in the alveolar walls with-
ont the assistance of wandering cells ean no longer he sup-
ported. Hence it is evident that the very process of ac-
enmulating and carrying the pigment is a vital one and
has to do with the cells arising from the pnlmonary tis-
sues. It has been shown that the number of cells acting
as phagoeyteg fonnd within the alveoli is proportionate to
the quantity of pigment in the air sac and thus, too, the
activity of the wandering cells is dependent npen the in-
haled earbon.  As the engnlfed pigment is prone to remain
fixed for considerable pt'l'imh of time, it even heing
claimed hy some that the phagoeyted pigment remains per-
manently within the wandering cells, there is a progres
sive acenmulation of these eells in the lvimph spaces of the
alveolar walls,  Their direction is mainly towards the
larger Ivmphatie system at the hilus of the lung, hut it is
also probable that these cells may not only lie inactive
for varying periods of time, within the interstitial lymph
spaces, but are still eapable of returning to the air sacs to
encumber themselves with still more foreign material,

Mow long these cells of an endothelial type are able
to remain dormant but still living, is very difficult to say,
vet it has bheen demonstrated in tissnes that pigmented
cells having every appearance of fixed connective tissue
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when thoroughly analyzed and segregated from their sur-
roundings were found to be endothelial cells,

It is the common observation to find a progressive ac-
cumulation of pigment bearing cells within the alveolar
walls with advancing ages. Ag the cells increase in num-
ber within the lymph spaces the wall becomes thicker and
the tissue has a more or less hyaline appearance between
the aggregations of pigment granules. To a certain extent
the increase in tissue is the result of a direct increase in
the number of wandering cells. On the other hand, we
have also been able to show that there is a definite increase
in the connective tissues about the lymph channels with
the laying down of heavy collagen strands,

With this fibrosis there is no increase in the elastic
tissue, in fact, the areas of extensive change are poorer in
elastic fibers than normal.

As we have previously indicated the distribution of
the inhaled dust in the lung is quite uniform, save for its
distribution in the lymphaties of the plenra. Some
(Arnold and also Boer) maintain that the deposition of
soot is considerably greater in the npper lobe This has
not been our finding, though at times a ditference has
been observed between the two lungs. The acenmulation
of dust to that extent which induceg secondary fihrosis
will thus give rise to a fairly uniform tissue change in all
lobes of the lung. This is a common finding in as far as
the Inng tissne proper is concerned. Tt is prohahle that
the fibrosis thus produced assists further with preventing
a proper lymphatie cirenlation (Haythorn) and leads to
the greater number of phagocytic cells hecoming localized
in the alveolar walls.

Tt is probable that the very nature of the phagoeytic
cells, being large and sluggish in activity, leads to their
more ready localization in the lymph clefts than the more
active lencoeytes which deal with acute disturbances, Tf
the normal functions of the endothelial phagocytic cells
would be continuonsly carried out, it is improbable that
as great a quantity of earbon wonld localize in the par-
enchymatous tissue of the lung, more of it finding its way
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to the large lymphatics and lymph glands at the hilus,
The very condition which is brought about by the obstrue-
tion of the Iymph clefts and small channels as well as the
blocking of the lymph sinuses in the nodes about the
bronehi tendg to inerease the localization of the large phag-
ocvtes close to the alveoli from which they obtain their
pigment. Thus the nature of the pigment phagocytosis
and the localization within the lymphatie s s tends
to bring about a vicious cirele which, when a certain de-
gree of anthracosis has developed, permits of a still more
rapid deposit of pigment in the alveolar walls. Tt is about
in this stage of the condition that the developing fibrosis
leads to structural changes which impair the function of
the lung tissue,

Other than inducing a diffuse fibrosig within the lung,
there are also the nodular fibrotiec masses surrounding ac-
cumulations of pigment and pigment bearing cells at the
junction of the lymphatic channels. The more common of
these are the size of wheat grains. The fibrosis assnmes a
concentrie arrangement enclosing pigment which to a
great extent lies free but much of which is contained in
the original phagoeytic elements.  Such nodules, however,
may hecome much larger, forming isolated masses, three
or four ems, in diameter. It is probable, however, that
these larger masses arising in the lung tissue have had
other factorg superadded, leading to their unusual develop-
ment. The consistence of these is that of hard black rub-
her. Where caleareons masses are found in the center of
such nodules, the previons existence of tuberculosis is
strongly suggested. This association of anthracosis with
chronie tuberculosis we have discussed above.

ANTHRACOSIS AND EMPHYSEMA.

With extensive and diffuse development of pulmonary
anthracosis in which tissue changes to a greater or less
degree are developing, the activity of certain parts of the
lung ig impaired to such a degree that compensatory
changes occur in other and more active parts. These com-
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pensatory changes are mainly evidenced in the develop-
ment of emphysema, It would be diflicult to indicate the
sequence of events in laborers or coal miners, Here, from
the very nature of their work emphysema would readily
oceur.  We may, however, observe cmpliysema in individ-
nals with diffuse anthracosis whose work or whose thoracie
condition would offer no explanation, for the compensa-
tory expansion of certain lung areas. This we have on
geveral occasions observed and we were unable to find an
explanation save in the diminished functional activity in
those portions of the lung with marked anthracosis and
fibrosis. The development of the emphysema observed in
the positions is geen under other conditions.

The apex and the anterior border of the upper lobe
are usually most involved. A rather remarkable feature
associated with this emphysema is the disappearance of
the anthracotic pigment from the emphyvsematons area.
Where the alveoli become unsnally distended the pigment
gradually disappears until the tissneg look quite white
(pulmonary alhinis). This has been commented upon by
Beitzke and others,

From our observations it wounld appear that this loss
of pigment from the lung is the resnlt of the ereater local
activity during the process of development of the emphyse-
matous areas. The condition wounld simnlate the lack of
pigment observed in the interlobar plenra where the mas-
sage of these areas by constant friction seems to drive the
pigment bearing cells into the larger lymphatics. This is
probably also the case during the development of the em-
physema where the lung alveoli are acted upon hy the
greater air pressure having the effect of repeated compres-
sion and relaxation. Thus the air contained within the
alveoli has the effect of massaging the alveolar walls and
likewise of driving onward the cells containine the pig-
ment. A similar effect would also he had upon the free
pigment within the lymphatic spaces of the alveolar wall,
In these emphaysematous areas the removal of {he pigment
is not associated with an inflammatory process assisted by
lencocytic phagocytes,
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QUANTITATIVE ESTIMATION OF CARBON IN
LUNG,

As we have indicated, a fair estimate for comparison
can be made of the carbon deposit by the naked eye ap-
pearance. The pleural deposit of carbon, although not
directly related to the presence of pigment in the inner
portions of the lung, is, nevertheless, a good guide to the
quantity of foreign material in the organ. The pale gray
or grayish-pink color of the lung of the rural inhabitant
is readily distinguished from the mottle, streaked or slaty
black tissues of the city dweller. Moreover, as we have
indicated, the progressive increase of the carbon deposit,
in the lungs of every citizen in manufacturing communi-
ties, ean be recognized and gronped into the age periods
by decades, when the individual has lived fairly constantly
in the same district. TIndividuals of similar occupation
are exposed to relatively equal amounts of atmospheric
carbon, and their respiratory tissnes receive similar quan-
tities of carbon by inhalation. On the other hand, in com-
munities where within short ranges of distance the atmos-
pherie conditions differ, and with this the carhon content
of the air ig very unequal, the peoples living or working
but short distances apart are subjected to diverse condi-
tions, the one inhaling much larger quantities of soot than
the other.

There are so many factors associated with the deposit
of soot in the lungs of human individuals that it is impos-
sible to make any general statement indicating the
amounts for each. In truth, it is plain that those in
smoky atmospheres have larger deposits, but we are often
misled in onr reference as to ocenpational influence, The
millworker employed within the sheds in the manufacture
of steel is often less exposed than his wife living within a
quarter-mile range enveloped by the smoke clonds from the
multitudinous stacks. The lungs of a peddler selling his
wares to the foreign population of our smoke-laden valleys
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were found to contain more carbon than those of the mill-
hand (see table below).

As we feel convinced from our observations, that the
intestinal ronte has little or no practical significance for
the deposit of carbon in the lungs, it doeg not appear that
the degree of cleanliness—particularly of the mouth—
hears any relation to pulmonary anthracosis.  Carbon par-
ticles once lodging upon the moist surfaces of the nose,
mouth, pharynx angd trachea, never assist in increasing the
carbon of the lung. Tt is probable, as was shown by Hay-
thorn’s experiments, that only those carbon particles lying
within the alveolar sacs can reach a permanent interstitial
abode and that little if any carbon is phagoevted and
carried into the tissnes from the bronchi or bronchioles.
Wnrthermore, it wonld appear, both from experimental and
other observations, that the carbon reaching the lung alve-
oli is only a very small portion of the carbon content of
the air ag inspired, and this portion has reached the lung
hecanse it escaped contact with the moist mucous surfaces
of the respiratory tract. Under the most trying circum-
stances of a smoky atmosphere we are amply protected by
the sticky surfaces of tortnous tubes,

Difficult as it seemg for carbon to reach the lungs, it
appears equally difficult to dislodge the pigment when once
it has bheen incorporated by the tissues. In fact, we may
well believe that, save under very abnormal circumstances,
carbon once within lung tissue remains for life, and hence
each year we add that amount to our store as we may
have heen exposed to city smokes. To gain some accurate
information of the quantitative deposit of carbon in the
Iungs an analysis was made of the tissnes. Previous anal-
vses have been made determining the quantity of iron, sili-
cate, copper and other metalic deposits in the lungs of
laborers.

Saito in a geries of experiments estimated the quantity
of dust inhaled from the air. Using measured quantities
of dust (white lead) he determined the quantity taken
up the animal when exposed to the dust-laden air. He
observed that only 4 to 24 per cent. of dust entering the
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nose was deposited in the respiratory organs, while the
remaining quantity found its way to the intestine,

More recently Boer has made a relative quantitative
estimation of the soot content of small portions of lung
tissue. By his method, using only 3 cem. of lung tissue,
errors of caleulation may possibly be great. He points out
the error which would be obtained in comparing lung
tissne of unequal density or consistence, as for example
that of emphysema or oedma, and confined hig examina-
tion to normal lung tissue. Here, too, much variation may
be enconntered, whether or not mnch pigmented pleura is
included in the portion under examination. Care in se-
lection of the tissue can not wholly rule out errors of
serious import in the results. Furthermore, as the amount
of carbon in these small portions of tissne was too small
to weigh, he has used a colorimetric method suggested by
Liefmann. The amount of carbon isolated from the lung
examples was suspended in a mixture of oil and ether, and
compared with a set of standard suspensions, prepared hy
suspending weighed quantities of naphthalin soot in the
same vehicle. Such a colorimetrie method cannot be relied
upon, owing to the difference in the nature of the carhon
in the lungs and naphthalin soot. Fresh soot has physical
and chemical properties widely different from the carbon
isolated from the lung by treatment with antiformin and
alcohol. Tsolated carbon from lungs hag lost its flakiness
and is quite granular, devoid of its phenols and acids. Tts
bulk is much less than the original soot from which it was
derived, and in suspensions taken, weight for weight, it
does not compare with the apparent mass of soot. Tt is
furthermore, to be noted that in isolating the lung carhon,
care must he taken to free the final product of its fat and
foreign calcareons matter which tends to remain incorpo-
rated in the residue.

In our determinations we took an entire lung, dis-
sected away the glands, large bronchi and adventitious
tissne at the hilus, and minced the entire organ in a meat
machine. The pulp was then divided among four half-
liter flasks and to each was added enough of a seventy-
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five per cent. solution of antiformin to well fill the flask.
The flasks were placed in the incubator and repeatedly
shaken for four to six days. Two hundred culic centi-
meters of alcohol were then added to each flask and the
mixture centrifugalized, the residue being collected and re-
turned to clean flasks. These materials were again subject
to fresh digestion with antiformin for a period of four
days, recollected, washed and for a third time acted upon
by antiformin. After again collecting the residne and
washing it, it was treated with ten per cent. hydrochlorie
acid, repeatedly agitated and allowed to remain in contact
for forty-eight hours, The residue now collected by the
centrifuge and washed, was in turn treated with acid-
alcohol and ether until the supernatent flnid showed no
evidence of fat. The ether suspension was then allowed to
evaporate to dryness, and the collected residue repeatedly
washed with distilled water to rid it of any contained salts.
The final product consisted of a pure black, fine powder,
denser thau the light, finffy soot masses found in the air.
Under the microscopie, angular carbon particles were
alone present,

Quantity

Case Age Occupation Residence Side of Carbon
218 22 Laborer Pittsburgh Right 3.2

73 28 Peddler s Left 5.3
154 37 TLaborer “(6yrs.) Right 1.7
163 37 Housekeeper “ Right 21
158 39 Clerk it Left 1.2
164 44  Housekeeper “ Right 2.6
A-Q-8 47 Storekeeper  Ann Arhor Right 0.145
A-Q-12 68 TLaborer & Right 0405
239 69 Carpenter Pittsburgh Right 281

(NoTeE.—TI am indebted to Prof. A, 8. Warthin for the
material from Ann Arbor.)

In our examination it is shown that the lungs of adnlt
individnals resident in the Pittshurgh district have mate-

rially more carbon deposit than the lnngs of the two in-

dividualg resident in a lesser manufacturing community.
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Our number for comparison is very small, but is, never-
theless, suggestive of community characteristics. On ac-
count of the slow and rather tedious process in isolating
the carbon in a pure form, only one lung wag examined
in each case, so that the total pulmonary content is about
double of that indicated in the table. Furthermore, it is
to be noted that the isolation of the earbon did not include
that present in the peri-hronchial glands, where dense de-
posits are commonly found.

As was previously indicated the lungs showing marked
anthracosis are decidedly heavier than normal organs, but
it must not be inferred that the extra weight iy due to
the foreign dust in the lungs. From ounr analysis of the
carbon pigment in the lung it is evident that no material
increase in weight is obtained directly from this source.
On the other hand, it is well shown that a relatively small
quantity of carbon in the lung can induce massive fibroid
changes which alter the architecture and increase the bulk.

SUMMARY.

Pulmonary anthracosis (not in coal miners) ig dis-
tinetly an urban disease, and is proportionate to the smoke
content of the air.

The soot is inspired and lodges in the pulmonary alve-
oli, from which it is carried by phagocytes into the lung
tissue to become lodged in some portion of the pulmonary
Iymphatic system.

Althongh small quantities of carbon deposit in the
lung may remain without harm, yet the quantity accumu-
lating in the dweller of the larger cities has an accompany-
ing greater or less fibrosis impairing the elasticity as well
as altering the functional capacity of the organ.

The distribution of carbon is fairly uniform in the
parenchyma of the different lobes, but there is a consid-
erable variation in the distribution of the pleural deposit.
The interlobar and diaphragmatic plenral surfaces show
the least pigment. Moreover, less pigment is found in the
grooves produced by the ribs or abnormal bands.
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Carbon tends to accumulate at the nodal points of
junction of the lymphatic channels. The cellular migra-
tion of carbon may lead to unusual accnmulations in cer-
tain areas particularly well demonstrated in the deposit
abont chronie tuberculous lesions,

Carbon deposits by inducing fibrosis tend to encapsu-
late chronie tuberculons foei.

Pulmonary anthracosis by itself does not appear to
stimulate the production of plenral adhesions.

The actnal amount of carbon present in the lnngs of
different individuals varies considerably and is dependent,
in part at least, to the age, occupation, residence and con-
dition of the lungs (emphysema, collapse, tuberculosis)
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The Bacteriology of Soot*

W. L. HOLMAN.

Department of Pathology and Bacteriology,
University of Pittshurgh,
Pittsburgh, Pa.

The study of soot from a bacteriological standpoint
has received but scant attention from the numerous in-
vestigators of the problems of the smoke nuisance.

Needless to say the subject has not been left out of
the discussions; in fact, it is rather frequently mentioned
in a more or less general way. As far as I have been able
to ascertain, however, there has been but little definite
work on the Bacteriology of Soot as discussed in this
paper.

In an article in the Revue Industrielle (1), is found
the question, “Are we going to learn one of these days that
smoke, thanks to its antiseptic properties, contributes to
making the atmosphere healthy?” Glinzer (2) refers to
the fact that the particles contained in soot possess ex-
cellent germicidal and disinfecting qualities. Racine (3)
in a discussion on the “Relation of Emphysema and Tuber-
culosis to coal-lungs in miners,” believes from his own
observations that anthracosis of the lungs acts as a pro-
tective influence against tuberculosis and that the only
correct view is that coal has a great disinfecting power
and that the conserving action of the coal dust is, perhaps,
to be explained “from its action as a hinderance to the
growth of microorganisms such as the bacilli of tubercu-
losis.” We were unable to find in the literature any orig-
inal work upon which these conclusions could be founded.
Percy Frankland (4) shows that fogs do not tend to con-

*Reprinted from American Journal of Public Health, Vol. 3,
No. 11
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centrate or nurture bacteria, for he found there were re-
markably few bacteria in London air during a fog. On
the other side of the question, Russel (5) includes the in-
creased number of bacteria in a list of contributory canses
of the high death rates during fogs. Sir William Ramsay
(6) first brought forward the theory that smoke by di--
rectly absorbing light, through the action of clouds and
fogs, which are particy y fitted to absorb the blue, the
violet and ultra-violet rays, which are the germicidal
rays in light, contributes to the development and increase
of bacteria, pathogenic as well as others, in the atmos-
phere. Liefmann (7) also believes that under the above
conditions “bacteria, especially the pathogenic ones, are
permitted to thrive.,” 1In passing it may be mentioned
that there is no evidence that bacteria ever grow in the
air. They are carried into it from a variety of sources,
are continually falling out of it by gravitation, being
-arried out by rains, or destroyed in a number of ways.
The effect of the gases in the air upon bacteria is another
problem, although it is closely related to the one under
discussion. The contamination of the air of our cities
with sulphur dioxide is well known (8); also that sur-
phur dioxide in the air acts as a disinfectant, the neces-
sary proportion being not less than 92 grams of sulphur
per cubic meter (9). Cohen and Ruston in “Smoke—A
study of town air,”” have devoted some space to the con-
sideration of the effects of acid rains upon the bacteria
of the soil. They point out that the greatest reduction
takes place in the numbers and the activity of the nitrify-
ing or nitrate producing bacteria, there being also a
marked inhibitory effect on the nitrogen fixing organisms.

In our investigations we examined the air of Pitts-
burgh to determine the numbers and distribution of bac-
teria in different parts of the city and to ascertain, if possi-
ble, if any relation exist between the bacterial count and
the smoke conditions,

For this purpose twenty glass evaporating dishes
seven inches in diameter filled with agar-agar were ex-
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posed for from five to fifteen minutes in various districts.
Notes were taken of the presence or absence of smoke, the
wind direction, the condition of the earth, whether moist
or dry, and time of exposure. The number of colonies de-
veloping in forty-eight hours at 37° C. varied within very
wide limits and it was found impossible to discover any
influence of the smoke content of the air on the bacterial
count. The difficulty of attempting to draw any definite
conclusions from these experiments will be patent to every-
one, the factors which influence the bacterial content of
the air being so numerous and so variable as—rain, moist
or dry soil, winds, sunlight, and other conditions. The
map of the city shows the points where plates were ex-
posed and Table I gives our findings in a condensed form.

One quite striking observation, however, was made
and that was the comparative infrequency of the develop-
ment of colonies around the soot particles. Rough micro-
scopic counts were made of the total number of visible
goot particles and of those which were infected, as indi-
cated by a black speck in the center of the colony. Out
of about 500 counted, 100 showed growth. Many of these
particles which we counted as soot, were, in all proba-
bility, specks of dust from other sources, so that our pro-
portion of infected soot particles is too high. In several
of the plates the soot particles were too numerous to
count and around the majority of these no growth was to
be noted. This was particularly true in the case of Plates
9 and 10, where the atmosphere was decidedly smoky.
Considering the sources from which bacteria enter the
air this is not to be wondered at. The smoke as it leaves
the chimney is free from bacteria and apparently is not a
favorable nidus for their collection from the air into which
it is poured.

The common types of aerobic Gram positive spore-
bearing bacteria and chromogenic organisms were isolated
on our plates. B. Coli Communis and Communior, B,
Alkaligenes Fecalis, B. Proteus Vulgaris, B. Pyocyaneus,
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|
Weather Wind Smoke -
o
'\ :
Cloudy, rain 3 hrs, before. N. W | None 75
Cloudy, rain 3 hrs, before W
Cool, cloudy; soil damp. W
Cool, cloudy; soil damp W
Clear, warm; soil damp, W. Blowing to
wards plates
Bright sunshine; soil w. but higl
damp
Cloudy, sultry; soil dry. S Jlowing t
wards plates
Cloudy, sultry; soil dry S 144
Partly cloudy S Smoky 60
Warm, dry. S ! 108
Clear, warm, sultry; soil S Hanging low. 18
dry
Clear, warm, sultry; soil S Same. 46
dry.
Bright, hoz, dry, sultry S Valley smoke| 5¢
not dense
Threatening rain S near plates, | —
Threatening rain; rain 1 E Blowing to-/116
hr. before. wards plates,
Threatening rain; rain | E Same. 124
began |
Threatening rain; 2 hrs. E Air smoky. 19
before.
Hot, clear, dry, dusty. S. W. | Dirty, dusty, 196
smoky.
Hot, clear, dry, dusty. W. | Valley smoky, 160
clear near
plates
Hot, clear, dry, dusty. S.W. [Blowing to-131
| wards plates
Hot, clear, dry, dusty. S.W. [Blowing to-|[12
wards plates |
|

Notes

oot particles
wth
s0ot

particles,
infected

Sout particles ver
numerous, 1
fected.

Soot particles ver

numerous, 3 in
fected.

Several soot part
cles, no growth
Few soot particles
1l infected B
Proteus Vulgaris

No soot particles

Nocardia

Fly contaminated
plate.

B. Pyocyaneus.

Soot particles 130;
14 nfected
Soot particles 174;

17 infected
No soot particles,

Sc ot particles 11; 4
infected

oot particles 19; 11
infected; air no
cardia

Scot particles 72; 30
infected.

Soot particles 56; 14
infected.
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and others, presumably from manure dust, and a few ex-
amples of air nocardia were also found.

Our next problem was to determine the action of soot
on the growth of bacteria.  For this purpose a quantity of
soot was obtained from the special chimney in the De-
partment of Industrial Research.

The partial analysis was as follows:

T:II', 3.84%
Ash 1.19¢
Fixed Carbon 94.97

This specimen was used throughout the experiments.

} The analyses of specimens of soot collected from the
air in dilferent parts of the city showed some wide varia-
tions.

Woods Run.

Tar 0.829%
Ash 62.6%
Fixed Carbon 36.58%
State Hall.

Tar 0.36%
Ash 66.687
Fixed Carbon 32.96 %

This soot, even after standing around the laboratory
in an ordinary cardboard box frequently open to the air,
was shown by experiment to be almost free from bacteria.
Five agar plates dusted with small quantities of this un-
sterilized soot failed to show growth with the exception
of one colony on one plate. The soot was now added in
varying amounts to test tubes of ordinary broth. No
growth occurred. However, when larger quantities of this
same soot were added to 150 ce. of broth in flasks, growth
of bacteria did appear. The organisms developing being
of the B. Subtilis group.

Experiments were next undertaken to determine the
bactericidal action, suggested by the above observations.
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Efforts were made to determine any difference in growth
in flasks of broth containing soot from other control
flasks without soot. Dilution and plating methods were
employed but the mechanical interference of the soot par-
ticles in the one case ruled out the method as one with-
out even approximate exactness. The counts, however,
were uniformly lower in the soot broth than in the control.
A series of agar plates, one having the surface sifted with
soot, the other free, were next exposed in the laboratory
and counts made of the colonies from the aerial con-
tamination. No marked difference in the number of colo-
nies was found.

The following series of experiments have, however,
given us quite definite results indicating a very marked
hactericidal action of soot. Five grams of soot were thor-
oughly mixed with 100 ce. of broth 0.6 acid to phenolp-
thalein. After autoclaving, the mixture was allowed to
stand several days. The soot particles were then filtered
out and the filtrate after sterilization was seeded with B.
Typhosus. A control flask was inoculated at the same
time. No growth occurred in the soot-treated broth while
a good growth developed in the control.

A second experiment was carried out. The broth
after treatment with soot as before was tubed and inocu-
lated with a series of organisms. Controls of plain broth
from the same batch were used for comparison. Fresh
twenty-four hour cultures were employed. The results are
seen in Table IT.

The soot broth tubes which showed no growth after
seeding and incubation, did not show any growth on fur-
ther transfers with the exception of B. Subtilis. The
spores in this case had most probably withstood the action
of the bactericidal substance. B. Coli Communior and
B. Indicus showed much less growth in the soot-treated
broth than in the control. B. Pyocyaneus was apparently
unaffected while B. Paratyphosus (Achard) and B. Pro-
teus Vulgaris showed definite agglutination in the soot-
treated broth.
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TABLE 1

Culture Soot Broth (
Staph. Albus . ¢+ o+
Staph. Pyog. Aureus
B. Coli Communis vt
B. Coli Communior + o+
B. Mucosus Capsulatus +
§. Acidi Lactici
B. Typhosus (3)
B. Typhosus (90) +
B. Paratyphosus B
3. Paratyphosus Achard 4
B. Dysenteriee (Flexner)
}. Pseudodysenteriae
3. Thacus
B. Proteus Vulgaris + o4
B. Alkaligenes Fecalis
V. Cholera

B. Pyocyaneus

B. Indicus

B. Subtilis

B. Mesentericus

3, Xerosis

B. Diphtherie (230)

(The intensity of the growth is indicated

We believed that this inhibitory and bactericidal ae
tion was due to the phenols contained in the soot. The
soot-treated broth gave a marked reaction for phenols by
Millon's reagent while the control broth gave a negative
reaction. After testing the acidity, phenolphthalein heing
used as the indicator, it was found that the soot treated
broth gave a difference of 1.7 per cent. acid over the un-
treated broth, the acidity of which was 0.6 per cent. To
determine whether this acidity was the potent inhibitory
factor we carried out the following tests.

A new lot of broth was prepared and the reaction
made 0.6 per cent. acid. To 500 ce. of this broth 25 grams
of soot were added. The mixture was thoronghly shaken,
autoclaved and allowed to stand for two days, with re-
peated shaking and finally filtered. The reaction titrated
against N/20 sodinm hydrate expressed in terms of
hydrochloric acid was found to be 2.2 per cent. acid, One-
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half of the broth was used at this acidity, 2.2 per cent. the r
other half being reduced to 0.6 per cent. by addition of
sodium hydrate. Half of the untreated control broth had
its acidity raised to 2.2 per cent. acid with hydrochlorie
acid,  The four lots were then tubed, sterilized and inocu- g
lated with a number of organisms from twenty-four hour
agar slants.  After an incubation of seventy-two hours,
the results obtained were as shown in Table 111

From this it will be seen that we must consider at

least two factors in the autiseptic action of the soluble
content of soot in broth. The effect of the increased
acidity which is seen most markedly in the cultures of
the cholera vibrio where practically no growth took place
in either of the acid hroths is of great importance. The

cholera or,
the presence of acid and for its cultivation an alkaline or
neutral medium must be employed.  Schroeder (10) has
shown that the Vibrio cholerwe is killed after an exposure
of five hours to peat dust. It is especially effective, he
says, if the peat be of an acid reaction.

anism is shown to be particularly sensitive to

The growth of B. Anthracis and B, Subtilis is also
inhibited in the broths of high acidity, while B. Alkali-
genes Fecalis and B. Iliacus, are definitely affected. It
is interesting to note the effect of the acidity in inter-
fering with the production of the coloring matter in the
cultures of B. Pyocyaneus. Russel, Cohen and Ruston,
and others point out the variable acid content of soot. On
the other hand we notice, that, independently of the
acidity, the soot-treated broth exercises a marked inter-
ference with growth. This is to be seen with B. Indicus,
one strain of B. Coli Communis, B. Typhosus, and in B.
Paratyphosus to a marked degree. The two latter or-
ganisms are not generally affected by small amounts of
acid, and are, therefore, valuable in testing out this sec-
ond bactericidal effect of the soluble parts of the soot.

Soot probably has the power of absorbing many gases
from the air especially those associated with the combus-
tion of coal.

»»
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The next problem was to study the effect, if any, of
soot on the destruction of bacteria in the process of des
sication.

TABLE 111

Culture, Control Broth Soot Broth, Control Broth Soot Broth
2.2 Acid 2.2 Acd 06 Acud 0.6 Acid
B Indicus leavy cloud I'race of cloud, tleavy cloud Shight cloud
heavy precip
itate
B Pyocyaneus.. ileavy cloud, Same, no green Same, bright Heavy cloud
powdery color green on toj thick compact
um, trace of um, green
green color color
throughout
B. Anthracis...... Clear, no pre lear, no pre-  Clear, abundant Clear, slight
cipitate cipitate precipitat precyy t
BB, Subtilis No growth No growth Heavy rin Ring on glass
heavy prec precipitatc
mate, granu
lar cloud
farked cloud ght cloud Marked cloud. Slight cloud
Fair cloud Same Same
mums from
urine (780)
B. Typhosu Cloud Slight clowd Heaviest cloud Faint cloud
B. Paraty Marked cloud. Faint cloud Marked cloud.  Faint cloud
f us B,
B. Proteus leavy cloud, Heavy cloud v Very heavy
Vulgaris ... no scum scum n 1 um
B. Iliacus Slight cloud Fair cloud I Heavy «
ind ring
B. Alkaligenes Faint cloud Clear lowd, Shght cloud
calis ...
V. Cholera... lear Trace of cloud Clond

Dessication is one of the most valuable natural means
of disinfection and many organisms succumb to its effects
very rapidly as the gonococcus, the B. Influenza, the
meningococeus and others, The micro-organisms of the
air, on our streets, and in our houses are continually being
destroyed by this process and we have been able, we he
lieve, to show that soot increases very decidedly, this bac
tericidal action,
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TABLE 1V P
| i B. 1
Cover G Cover ( |
( trol. Cover D 1 1 1
G Dipp 1 1 n ( |
D 1 )
1 | 1 wtl 1 )
I'ABLE V
Influen {58 on B 1 St 1
Control Cover Glass I. | CoverGlass 1
D 1 D 11 t Dricd
Culture in Broth le Moist n Con |
aind Dried n Dried Buried in S
B. Typhosu
Fecal +
B. Typhosu
Q 1
B us i i
S 4
B ypl t ¥
g '
I 1081 + t
S lis +
B 10818 b
S calis
B. Typhosus + +
S 1lis |
B. Typhosus +
S. Fecalis + — -
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The technique of our experiments was as follows:
Fresh twenty-four hour hroth enltures of the crganisms to
be tested were prepared.  Small sterile cover glasses were
thoroughly moistened by dipping them into the cultures.
These were dried under sterile precautions for sixteen to

twenty-four hours over caustic soda.  They were then
transferred to sterile petri dishes and used as controls,

Cover glasses indicated under the heading 1 in the
table, were t|i|l|u'll into the broth cultures and then into
sterile soot and finally dried as in the control. Cover
glasses under heading 11 in the table were preparved in
the same way and at the same time as the control, and when
dry were packed in sterile soot. Irom time to time these
cover glasses were dropped into tubes of dextrose broth
to test the viability of the organisms.

It will be noted that the failure of growth is shown
very clearly in the case where the moist cover glass was
dipped in soot and then dried. In the majority of cases
those cover glasses which were first dried and then packed
in soot failed to show growth imuch later than the above,
Imt nsnally before the control. This is well shown in
Table V.

The long period that the Streptococens Fecalis, 174
days, and Staphylococcus Pyogenes Aureus, 225 days, re-
mained viable under these abnormal conditions is quite re
markable. (See Table VI.)

In Table VII is shown the peculiar behavior of yeast,
It survived longest, 41 days, on the cover glasses dipped
in soot while still moist, the conditions under which all
the other organisms tested rapidly died out. Marshall
(11) quotes Hansen as stating that compressed beer
veast mixed and dried with charcoal kept as long as ten
vears. The marked resistance of the yeast organism to
the action of acids is also of importance in this connec-
tion.

The great natural disinfectant of the atmosphere and
our surroundings is the bactericidal action of the sun's
rays.  Direct sunlight is most destructive and its activity
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TABLE VI r

Influence of Soot on B. Coli, B. Typhi, Streptococcus Fecalis
and Staphylococcus Aureus,

|
Time | Incuba- | d
of Ex tion | |
posure | Period Control Cover Glass I, | Cover Glass 11
Culture Dipped Dipped in Soot Dried as

in Broth while Moist in Control

and Dried then Dried Buried in Soot
2 days | 24 hours | B. Coli +

B. Typhosus + +

otrep. Fecalis
Staph, Pyog

\ureus + +
5 24 B. Coli t +
B. Typhosus + + +
Strep. Fecalis + +
Staph. Pyog
Aureus + +
48 * | B. Coli B + +
3. Typhosus + + +
Strep. Fecalis +
Staph. Py«
Aurcus + +
B Strep. Fecalis + + +
Staph. Pyog
Aureus + +
7 v |24 B. Typhosus + +
Strep. Fecalis + + +
19 “ (4 ¢ B. Coli + +
| B. Typhosus + —
Strep. Fecalis + +

Staph. Pyog

Aureus + +
48 ¢ B. Coli + B
| B. Typhosus +
Strep. Fecalis . +
Staph. Pyog
Aureus + | +
4 ¢ 24 B. Coli . i .
B. Typhosus + - i
Strep. Fecalis + — +
Staph. Pyog. |
Aureus + - +
48 B. Coli + - .
B. Typhosus + | -— | +
Strep, Fecalis + - | .
Staph. Pyog + — | +

Aureus | |




EFFECT ON HEALTH 117
TABLE VI (Continued)

‘ Influence of Soot on B. Coli, B. Typhi, Strentococeus Feca
and Staphylococcus Aure
Time | Incuba |
of Ex- | tion | |
posure | Period [ ( rG Ll
Culture D |
while Moist
then 1) .
‘ | |
62 “ |24 ¢ B ‘ + i
| | B 1051S |
1 Strep. Fecalis [ | B
| Staph. Py
|48 B +
| B 1081
‘ Strep. Fecalis 4 | 4
Staph. Pyog |
[ Auren + | +
174 * 124 ° Strep, F [ | 1
‘ Staph. Pyog |
| Aureus - | +
25 |24 Staph, Pyog | ‘
| Aureus ‘ |
47" |24 ¢ Staph. Pyog

‘ |
| Aureus } |

upon bacterial life depends directly on the amount of
moisture and dust in the air.

Smoke, in contributing very great numbers of minute
particles to the air adds to the conditions favoring fogs
and clouds. Smoke, fogs, and clouds
less, the blue, the violet, and ultra-violet rays of the sun
light. This is well seen in the familiar red sun of a smoky
atmosphere. These particular rays, which are absorbed,
give the important bactericidal action to the sunlight.
Most of the above facts have heen amply proved by other
experiments and it was not considered advisable to re-
peat them. We have, however, made a few observations
on the protective action of soot for bacteria.

all absorb more or

The technique of our experiments was briefly as fol-
lows: Agar-agar, well seeded with the test organism, was
poured into petri dishes. Soot was sifted over one half
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of the cover of the petri dish while the other half re-
mained free. These plates were then exposed to the sun-
light for definite periods, then incubated and the results
read.

A number of plates, seeded with Staphylococcus
Aurcus, were exposed to sunlight for varying periods
every day for two weeks. The results obtained are shown
in Table IX. Notwithstanding the irregularity of these
results the protection, afforded by the soot in the air and
clouds against the action of the sun's rays, is, 1 believe,
clearly shown.

There are a number of very interesting questions
which arise as a result of these experiments. It has been
shown that soot in contact with bacteria has very de-
cided bactericidal properties. These properties are also
demonstrated in the soluble content of the soot. The soot
particles from the air as they fell on our plates were gen-
erally sterile. This may be due to the solution of the
bactericidal substances of the soot by the moisture on our
plates, with the consequent destrnction of any bacteria
adherent to the soot. Or the moisture condensing around
the soot as it does in the formation of fogs and clouds,
may have acted in the same way before it was collected on
our plates. The third possibility is that the majority of
the soot particles never came in contact with bacteria
after leaving the chimney, at which time they were, of
course, bacteria free.

That this disinfectant substance requires moisture in
order to have its most powerful effect is well shown in the
drying experiments where the organisms treated with soot,
while still moist, succumbed very much sooner than the
others. There is also the possibility that the soot ab-
sorbs moisture from the bacteria and hastens thereby its
death by thorough drying. This was suggested in the ex-
periment in which dried organisms were buried in soot
and frequently killed off earlier than in the control,
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11
TABLE VII
Influence of Soot on B. Diphtheriz and Yeast
(Saccharomyce
Time Incuba
of Lx tion |
sure | Pertod Control Cover G L. | Cover Glass
Culture Dipped Dipped 1 Soot Dried as
in Broth while Most i Control
then Dried Dried | edin §
1ys |48 hours | B. Diphtherie +
east + +
72 “ |B. Diphtheria
Yeast 4 4
24 B. Diphtherie + +
cast
48 “ |B. Diphtheria }
Yeast + +
72 “ |B. Diphtheriz ' '
Y cast + ' 4
448 B. Diphtheriz t }
Yeast . ¢ 4
2" 3. Diphtherie 4
Yeast +
® 1ye “ B. Diphtheria | #
Yeast —_ +
8 B. Diphtheriz + +
5 days | B. Diphtheria + i +
48 hours | B. Diphtheriwe | + | +
Yeast - +
e * B. Diphtheriz
Yeast | ove

That the conditions, similar to those of our experi-
ments, are to be found in every smoky city, will be evi-
dent to any one who has noticed the black, smeary deposit
of soot on damp days where the concentration of soluble
substances from the soot in crevices and corners must be
very high. We have found, as others have demonstrated,
that the effect of soot in fogs and clouds in diminishing
the action of the run’s rays on bacteria, is quite definite.
The relative importance of the protective qualities of soot
against sunlight to the bactericidal effect of the consti-
tuents of soot remains an open question.




120 THE SMOKE INVESTIGATION

There are, therefore, two divergent results brought
about by the presence of soot in our atmosphere and upon
the earth's surface. One of these is beneficial and the
other harmful to the life of vegetable micro-organisms,
and from the bacteriological and hygienic point of view
may serve as a direct aid in propagating or preventing
the spread of infections disease.

I'ABLE VIIIL

I n lar Bacte lal Activity
0 m Tested
f | Soot Covered | 1 tected
I lalf
Strep, Fecali 5 ! 24 1 Few colonies  Non
y @ 18 Tany Mai lones
15 18 Few . No growth
%) 48 Few . Many ¢
85 18 Few Many
5 48 Many Few
120 % 18 Tany Few
B. ladien 10 8 Tany Many
taph. Aureus 10 18 Tany Many
0« 18 Tany Many
15 $ 48 [any Few
75 R ) ; No
B. Mesentericus 15 5 Few o Few
30 18 Few 2 Few
45 IR Few Few
60 8 Few Few
75 ’ 8 ¢ Few = Few
180 k S Few v Few !

GENERAL CONCLUSIONS,

1. Soot has a definite bactericidal action on bacteria,
dne either to the absorption of moisture from the organ-
isms or more probably, to the action of its contained
germicidal acids and phenols.

2. Noot as it exists in the air does not form a favor-
able nidus for the collection and distribution of bacteria.

3. Broth and other fluids treated with soot have con-
ferred upon them a decided germicidal power.



4. This germicidal action is due not only to the
acids contained in the soot but also to some other agent,

probably some of the phenols.

5. Soot, as it occurs in smoke, clonds, fogs, and as
a non-transparent covering for our streets and houses,
protect micro-organisms from the destructive action of
the sunlight.

I wish to express my thanks to Mr. (. H. Marcy for
his valuable assistance in the early part of the work, more
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especially in the study of the bacteriology of the air of
Pittshurgh. I wish also to thank Dr. O. Klotz for many

suggestions and Mr. Benner for the samples of soot and
the chemical analysis of the same.
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Some Histological Evidences of the Disease Importance
of Pulmonary Anthracosis*

SAHUEL R. HAYTHORN, M. D.

From the Pathological Laboratories,
University of Pittsburgh,
Pittsburgh, Pa.

The histological evidences as to the disease import
ance of anthracosis of the lungs, as set forth in this paper,
are the results of work done by the author in an attempt
to determine whether or not extensive deposits of dust
and coal pigment within the body tissues have or have
not any “real disease” significance. The problem as orig
inally planned included a study of all of the microscopic
effects of smoke and soot upon the body as a whole, Such
a piece of work has been impossible in the time at our dis
posal so that in the present paper we shall deal only with
the microscopic effects of smoke and soot, as observed
upon the air passages and lungs, which are the chief
portals of entry for these substances into the body. We
have also included a consideration of the association of
the resultant pulmonary lesions with those of tuberculo-
sis and pneumonia.

The paper naturally divides itself into three paris,
and for the sake of clearness these will be discussed under
the headings of: I. The anthracotic process; II. The
association of anthracosis and tuberculosis; and 111, The
association of anthracosis and pneumonia.

In the use of the term anthracosis in this report it
must be understood that it refers only to the fairly well
*Reprinted from The Journal of Medical Research, Volume

XXIX, No. 2. (New Series, Vol. XXIV,, No. 2), pp. 259-279, De-
cember, 1913.
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advanced stages of the process, as will subsequently be
deseribed.

The tissues studied were obtained in part from the
surgical and autopsy materials of the Department of
Pathology of the University of Pittsburgh, and from the
Mercy Hospital, and in part from experimentally produced
lesions in animals.

I. The anthracotic process.—Anthracosis is a term
applied to a condition in which carbon particles of ex-
traneous origin are deposited in the tissues or organs. It
has been described as oceurring in the lungs, spleen, liver,
intestinal tract, and certain sets of lymph nodes, and is
always accompanied by more or less fibrosis on the part
of the tissues in which it is found. The most common site
for anthracosis is in the lungs, and in individuals who
work or live in smoky, sooty atmospheres; it often reaches
a marked degree of development,

The fine particles seem to gain entrance into the lung
substance by way of the air passages, and it has been
stated by some that the mucous membranes of the nose,
mouth, pharynx, larynx, trachea, bronchi, and bronchioles
contribute largely to the taking in of the pigment, but our
observations tend to show that in this community (Pitts-
burgh), at least, such is not the case. In the nasal cavities,
the vibriss:

e, and turbinates collect a great deal of carbon,
which is subsequently removed by the secretions, for in
the examination of nasal polypi and strips of turbinate
mucosa removed at operations we have never seen a single
example of free pigment or pigment bearing cells heneath
the epithelial layer. Maclachlan! in his paper on “Tonsil-
itis" in which he reported a histological study of three
hundred and fifty pairs of tonsils found only one example
of a carbon pigment bearing cell in that structure, and
about as many more tonsils and adenoids have since heen
examined without finding another instance. In the air
passages below the larynx, pigment bearing cells have
frequently been observed, but these were either free in the
lumina or were surrounded by bits of mucus and other
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cells and were not found penetrating the epithelial layers
In abscesses of bronchi, both the abscess contents and re-
maining parts of the mucosa have been seen to contain pig-
ment bearing cells, though one could not say that any of

these were definitely passing into the tissues. Moreove

our contention is supported by the following two experi
ments :

Experiment 1.—For twenty minutes dailly a young guinea-pig
was placed in a box through which a dense black smoke was made
to pass. The smoke was generated by burning xylol and entered the
box through a funnel. After each exposure the animal showed a
profuse nasal sccretion and sneezed repeatedly. His furry
completely blackened. At the end of ten days he was killed with
chloroform and autopsied. Macroscopic description I'he gross
findings of soot deposit were entirely limited to the blackened nasal
mucosa, which was especially marked over the anteriar portions of
the turbinates. Microscopic description: Sections showed soot par-
ticles adherent over the epithelium of the nasal mucosa. There was
no evidence of pigment phagocytosis. (Note.—Nothwithstanding the
fact that three guinea-pigs with early spontancous anthracosis have
come under our notice we failed in our attempts to reproduce the
condition experimentally, apparently on account of the cfficient way
in which the intricately arranged turbinates protected
sages beyond them.)

coat was

he air pas

Experiment II. A white rabbit was given sixty inhalations in
eighty-seven days of finely powdered lamp black in the following
way: The nose piece of a powder insufflator was placed in the ani-
mal's mouth and the lamp black was forced in under pressure. At
first the inhalations were given every two or three days, but later
the treatment was carried out daily. The animal became very much
emaciated and died. The autopsy was performed while the tissues
were still warm. Macroscopic description:  All of the mucous mem-
branes of the mouth, pharynx, esophagus, stomach, larynx, trachea,
and bronchi were coated or crusted with black pigment. Many of
the lesser bronchi were completely plugged with masses of lamp
black so that the foci of lung beyond them were devoid of air and
in a stage of collapse. A few fine black granules were seen in the
lung tissue. Microscopic description: In no part of the
passages was the phagocytosis of pigment ohserved No
was seen in or beneath the \'[vllht]l.ll layers of the bronchi, though
some of them contained sufficiently large masses of pigment in their
lumina to cause a flattening of the epithelial lining cells. In the
alveoli many pigment phagocytes were seen (Fig. 5), and these cells
were especially numerous in the atelectatic areas; some of them had
already penetrated into the spaces of the alveolar walls, but as yet
none had reached the perivascular, peribronchial, or subpleural lym-
phatics. The peribronchial lymphoid tissue was .\lw free from pig
ment. The carbon pigment cells were large and round and were
so completely filled with granules that their identity was obscured

upper air
pigment

i

It will be seen by these two experiments that al-
though we were able to bring an abundance of carbon pig-
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ment in direct contact with the epithelial linings of the
oral cavity and upper air passages we were unable to
obtain any evidences of phagocytosis of such pigment in
any of these structures. Coupling these results with our
negatice findings in the surgical and autopsy materials
cited above, we feel justified in concluding that the amount

of pigment phagocytosis in the air passages above the lung
alveoli must be a negligible quantity.

As our studies on the anthracotic process have to do
fargely with the lung alveolus and with the lymphatics of
the lung a hasty review of our knowledge of these struc
tures seems advisable at this point.

The
oidal cavities which open directly into the small bron-
chioles throngh the infundibuli. The cavities are lined by
a single layer of very flat pavement cells, which rest on a
very thin basement membrane,  Small openings called

ilveoli, or air sacs, are minute cuboidal or spher

stomata sometimes connect one alveolus with its neigh.
bors. The walls contain both smooth muscle and elastic
tissue and are exceedingly vascular. The vessels are ca-
pillaries with definite endothelial walls, and they form a
network completely surrounding the alveoli.

The lymphatics have their beginnings as small inter
cellular spaces in the alveolar walls. These connect with
larger lymph spaces in the interlobular septa, which then
empty into definite channel
ings. These latter channels are found in three sets which
are called, according to their location, perivascular, peri-
bronchial, and subpleural.  The I r channels have
valves and foci of lymphoid tissue distributed along their
courses. They all terminate finally in the peribronchial

nodes.”

also having endothelial lin

Most text books on general pathology discuss the pro-
cess of anthracosis, but they do not enter into a descrip-
tion of the steps by which the condition develops. We
have based our conception on the study of a great many
lungs in the various stages of the anthracotic condition,
and a description of the appearances of lungs in these var-
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jous stages will serve to explain how we reach our con
clusions.

The finding of free carbon particles in the al
veolar spaces was unusual, though in some of the very ad
vanced cases black pigment masses filled some of the
alveoli in such a way as to resemble a complete cast,  In
the early stages of the anthracotic process, the condition
was manifested only by the presence within the air saes
LT
pigment, while in the slightly more advanced stages thes
cells were not only present in the alveoli but were also

of large round mononuclear phagoeytes filled with ca

found in the interalveolar lymph spaces, in lyvmphatics
of the interlobular septa, in those about the vessels, and
beneath the pleura, and in those of the lower layers of the
bronchial mucose, A little later these cells were found
gathered in nests of considerable size, and many of them
were seen to be compressed into spindles so that only the
elongated nests of granules were visible,  The very ad
vanced conditions consisted only of a quantitative inerease
in all of the features mentioned above and if one examines
a lung in a late stage of anthracosis, such as we have com
monly observed in Pittshurgh, the following points will
be noted: The deep layers of the bronchial mucosa may
or may not show pigment bearing cells, and when they
are present they are generally grouped about the small
mucosal vessels. The alveoli contain pigment casts, pig
ment bearing phagocytes and rarely free pigment par
ticles. The phagocytes are found in the Iymph spaces he-
tween the alveoli, about the vessels, in the septa, and be-
neath the pleura, and those about the vessels are so nn-
merous as to form rosette-like nodules consisting of alter-
nate layers of pigment cells and of connective tissue
trabecul®e (Iigs. 1 and 7). The amount of connective
tissue may be out of proportion to the number of pigment
cells present. The striking point in the whole picture is
the extensive plugging and obliteration of the small and
medium sized lymphatics and the compression of the large
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ones. In the pleura and in the peribronchial lymph nodes
the picture is a similar one, and in the latter the lymphoid
tissue is often completely replaced by a scar tissue, the
meshes of which are full of pigment spindles. By follow-
ing the findings from stage to stage, the process appears
to consist in the taking up of the carbon pigment by cells
in the lung alveoli and its transportation through the
lymph spaces and channels to the peribronchial lymph
nodes. During the process of transportation many of the
pigment cells appear to be caught in the lymph spaces
causing a backing up of similar cells in the spaces behind
them. Here the cells seem to act as irritants and cause
the proliferation of connective tissue, which holds them
firmly. The nodules appear to be formed by the alternate
blocking of small perivascular lymph spaces by pigment
bearing cells and the formation of new spaces about the
outside of the occluded ones. The new spaces then seem
to become obstructed by the pigment cells in a similar way
and so on until the concentric nodular anthracotic ro-
sette is formed. The cells nearest the center are always
more flattened and spindle shaped than those in the peri
phery. The continuation of the process over a long period
of time leads gradually to a very severe embarrassment
of the lymphatic drainage of the lung. It seems well to
observe here that the separation of anthracosis by some
authors into diffuse and nodular forms is one of degree
only, as the condition which is diffuse in the early stages
becomes nodular in the later forms.

Four very interesting questions arise in connection
with the anthracotic process which we have up to the
present purposely omitted from the discussion, because
they seemed to be sufficiently important to deserve con-
sideration under separate headings.

1. The question of the part played by the alveolar
epithelium in the phagocytosis of pigment. Several au-
thors state that the epithelial cells of the lung take up
anthracotic pigment and that the pigment bearing cell
is merely a desquamated alveolar lining cell. The author
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devised a combined

staining method based on Heiden
hain's hematoxylin as a nuclear stain, in combination with
Mallory’s aniline blue connective tissue method, which

bronght out the epithelial lining cells of the alveoli as
clearly defined cells with red protoplasm and dark brown
nuclei, resting upon a pale blue basement membrane. This
stain was applied to sections from two hundred an-
thracotic lungs, and no pigment granules were found in
the attached epithelial cells (Figs. 3, 4).  After they had
become  desquamated it was difticult to identify the
epithelinm from other mononuclear cells present, except
in certain instances where the desquamation occurred in
strips of several cells, attached end to end.  In none of
these instances were epithelial cells seen to contain pig-
ment.

While not wishing to state definitely that epithelial
cells cannot and do not take up pigment under some con-
ditions we have no hesitation in saying that it is not the
usual procedure and that we must look to other sources
for the identity of the common pigment phagocyte.

2. Concerning the question of the identity of the
pigment phagocyte. Beitzke® says that the pigment
phagocyte is sometimes derived from the alveolar epithe-
linm and at others is a wandering mononuclear white cell
from the blood. Other authors have described them as en-
dothelial lencocytes, those cells formerly called transi-
tional and large mononuclear lencocytes which have been
shown to come from the endothelial lining of the blood and
lymph spaces.* We were able to get no specific stain to
definitely settle this point. However, the pigment phago-
cyte observed in the alveolus and the endothelial leucocyte
have many points in common. They are indentical in size
and appearance, they are both phagocytie, for blood pig-
ment, as well as coal pigment, they both take up all kinds
of cells and cellular debris and lastly we will show—later
that the pigment phagocyte and the early cell of the tuber-
cle, which we believe to be an endothelial cell, is one and
the same cell.
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By injecting pigment, in the form of Higgin’s India
ink, diluted one in five with normal saline we have at-
tempted to determine the indentity of the cells which
acted as phagocytes.

Experiment II1.—Guinea-pig 2. Two cubic_ centimeters of
dilute India ink was injected beneath the scapula at 5 P. M. The ani-
mal was found dead at 8:30 A. M. on the following morning, and
presented the appearance of having died some hours before. Macro-
scopic description: The subscapular region was found much black-
ened and the neighboring lymphatics were deeply injected with black
pigment. Microscopic description: In the sections many polymor-
phonuclear leucocytes were present in the region and a few of them
contained a scant number of granules of pigment. A relatively few
endothelial leucocytes were present, but all of them contained abund-
ant granules.

Experiment IV. A similar dilute ink injection was made into
the interstitial tissues of the abdominal walls of a guinea-pig. The
animal was autopsied at the end of twenty-four hours. Macroscopic
description: There was present in the tissues of the abdominal wall
a localized nodule of swollen, edematous, and blackened tissue from
which both smears and sections were made. Microscopic descrip-
tion: Both smears and sections showed a considerable number of
endothelial leucocytes, and all of them contained a great number
of pigment granules. There was a very marked polymorphonuclear
leucocytic exudate present, but only occasional leucocytes were found
containing pigment granules (Fig. 6).

Experiment V.—This experiment was similar to the preceding,
save that the injection was repeated at the end of twenty-four
hours. The animal was examined at the end of forty-eight hours.
Macroscopic description: The gross appearance of the abdominal
wall was similar to that in the preceding experiment. Microscopic
description: A severe local endothelial leucocytosis was shown in
the sections and most of these cells contained pigment. Many poly-
morphonuclear leucocytes were also present, but the phagocytosis
of the pigment by these cells was insignificant.

It appears from these experments that the poly-
nuclear leucocytes may take up pigment, but that their
action is transient and unimportant, while the observa-
tions point to the endothelial leucocyte as the chief pig-
ment phagocyte of the body.

3. The length of time during which the enclosed pig-
ment remains intracellular is very important. As we have
described above, the pigment bearing cells often become
caught in the lymph spaces and when they have been sur-
rounded by scar tissue appear simply as pigment spindles
and look like nests of free granules, or as if they were
fncorporated in spindle shaped connective tissue cells




EFFECT ON HEALTH 131

(Fig. 7). In acute inflammation of the lung, and more
particularly in edema, the spindles again assume a more
or less round or oval form (Fig. 8), suggesting that the
spindle shape is due entirely to the pressure of the scar
tissue. In two experiments we were able to reproduce the
condition.

Experiment VI.—A small amount of dilute India ink was in-
jected interstitially into the ear of a rabbit. At the end of twenty-
six days sections were made. Almost all of the pigment had been
taken up and was found in the form of spindles firmly fixed be-
tween strands of connective tissue (Fig. 9)

Experiment VII.—The ear of another rabbit was treated in a
similar way. After forty days the ear was dipped into water at
60° C. for three minutes. At the end of fifteen hours a very ex-
tensive edema of the ear had developed and the animal was brought
to autopsy. Sections showed a very extensive interstitial serous-
exudate, without any cellular elements, to separate the strands of
connective tissue very widely Almost all of the pigment was
found to be present in cells which were of the large round type
(Fig. 10)

In some processes within the lung, such as abscess,
gangrene, the various granulomata, and tumors, which are
accompanied by necrosis, the anthracotic pigment is found
extracellular and is seen widely distributed as free gran-
ules. These granules sometimes remain free in caseous
areas, or in scar tissue, or they may again be engulfed by
large mononuclear phagocytes. From our own observa-
tions we feel justified in saying that carbon pigment once
taken up by the cells remains intracellular indefinitely,
unless freed by some process producing general necrosis of
the tissues.

4. How long do phagocytic cells remain free in the
alveoli? There is at present no accurate means of deter-
mining the length of time during which a cell may re-
main free in the alveolus, though there are several points
which indicate that this is longer than is generally sup-
posed. Omne may observe many cells in the lung alveoli
which are only partially filled with pigment, but to find
such a one in the intra-alveolar lymph spaces is quite
unusual. This suggests that the phagocytic cells are gen-
erally pretty well loaded when they leave the alveoli.
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In puneumonia and edema of the lung where individ
uals have been confined to the hospital for some time
and presumably not inhaling very much pigment, the
alveoli often contain numerous pigment hearing phago-
cytes. The almost constant presence in the alveolar spaces
of “Herzfehler Zellen™ in brown induration of the lung
is hardly a terminal condition, and establishes further
evidence that phagocytic cells may remain free in the
alveoli for a considerable length of time. In Experiment
11. we found that although the soot inhalations had been
carried on for eighty-seven days, pigment beaving cells
were found only in the alveoli and inter-alveolar spaces
and there was no evidence that any had migrated as far as
the large lymphatics. All of these points seem to indi-
cate that the phagoceytic cells are not transient scavengers,
but in a more leisurely manner gather their pigment-
load and transport it to the tissue spaces.

Summarizing the foregoing work we conclude:

1. The quantity of pigment taken up by the upper
air passages is a negligle one.

2. The lining cells of the lung alveoli take little or
no active part in the phagocytosis of carbon pigment.

3. The process consists in the phagocytosis of the
pigment within the lung alveolus by a cell, which is prob-
ably an endothelial leucocyte. This cell then passes into
the pulmonary lymphatics where it sometimes lodges and
becomes surrounded by connective tissue. The pigment
remains intracellular until acted upon by some process
producing a local necrosis of the tissues.

4. The importance of the sequence of the process lies
in the fact that the lymphatics of the lung become ob-
literated either mechanically or by fibrosis.

1I. The association of anthracosis and tuberculo-
sis.—Pulmonary tuberculosis in adult individuals in Pitts-
burgh is constantly associated with more or less anthra-
cosis, so that ample opportunity was afforded for the
study of the effect of the one upon the other. The impor-
tant lesion of tuberculosis is the tuberculous granuloma
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or “tubercle,” and the following discussion is confined to
a consideration of the related lesions of this characteris-
tie tuberculous lesion, and anthracosis,

The present day knowledge of the histogenesis of the
tubercle is the result of the accumulated work of more
than a generation of pathologists.  Point by point has
heen added year |!)‘ year, and credit cannot be given to
any single individual or group of individuals, and more
especially is this true for the reason that ounr facts are
still deficient in certain details.  The names of Baum
garten® working in Germany and of Borrell™ in France,
however, stand out prominently among the founders of
the experimental studies, to which we owe so much, The
formation of the tuberele as we understand it at present,
seems, in general, to oceur in the following way:

When tubercle bacilli enter the smaller vessels or
Iymph spaces they ave shortly incorporated by the cells®
lining these structures.  In both hlood vessels and Ivmph
spaces the process appears the same so that the deseription
of the former will suffice. The cells which have taken up
the tubercle bacilli undergo rapid proliferation and de-
velop a nest of proliferated endothelial cells which tends
to fill the vessel, obliterate it, cut off the nutrient supply
to the nest, and leave it an extra-vascular structure. The
endothelial cells have by this time changed their mor-
phology and somewhat resemble epithelial cells, for which
reason they have long been known as “epithelioid” cells.
About this time a few polymorphonuclear lencocytes may
frequently be seen in the margins of the structure, but, in
the later stages, lymphocytes alone arve present. The next
change which is usually observed is the appearance, near
the center of the nest, of a multinucleated or giant cell,
which was described by Langhans in his early studies on
tuberculosis and to which his name has been given. That
the Langhans’ giant cell is the product of the endothe-
lial cell seems now to be unquestionable, but a consider-
able dispute still exists as to whether it arises by a fusion
of the endothelial cells or by a division of the nucleus
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without a multiplication of the cell. Caseation necrosis
is next seen near the center of the nest and commonly
first manifests itself in the center of the giant cell. With
the appearance of caseation there is not uncommonly a
proliferation of connective tissue about the margin which
is an attempt on the part of the tissues to encapsulate
the lesion. This completes the structure of the miliary
tubercle (Fig. 15). Complete encapsulation and healing
may follow with more or less absorption of the necrotic
matter by the tissues,” or the deposit of calcium salts with-
in the caseated areas. On the other hand a local or general
spread of the tuberculous process may follow. A certain
amount of local invasion from the original tubercle may
take place by direct extension leading to the development
of numerous closely aggregated and fused tubercles. The
lesion thus produced is known as a conglomerate tubercle.
A more extensive local spread, even to the involvement
of an entire organ, often takes place by way of the anasto-
mosing lymph spaces.

Recently, considerable evidence has been advanced to
show that the so-called epithelioid cells are at all times
endothelial cells, and if this is true the term “epithelioid,”
which is somewhat confusing, should be discontinued.
Mallory has called attention to the constant involvement
of endothelial cells in the earliest recognizable lesions of
tubrculosis, and has shown that no fibrils are demon-
strable by stains in the tubercles until the stage of encap-
sulation is reached, at which time fibrils appear in con-
junction with the proliferating connective tissue cells in
the outer border. Since endothelial cells are not known
to produce fibrils, the evidence is in favor of the essential
cell of the tubercle being endothelial in character. Bow-
man, Winternitz, and Evans have shown experimentally
that tubercles may be developed in the liver from the Kupf-
fer stellate cells, which are also considered as endothelial
cells. By first inducing a vital staining of these cells in
animals by injecting trypan blue into the circulation, then
inoculating the same animal with tubercle bacilli, they
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were able to follow the formation of tubercles by the
stained cells. I have also induced the development of
tubercles experimentally, the essential cells of which were
phagacytic both for pigment granules and the tubercle
bacillus (Experiments VIIL, and IX,, and X., and Figs.
17, 18, and 19), and if we were right in concluding that the
endothelial cell is the general pigment phagocyte of the
body, we have another link in the chain which indentifies
the “epithelioid” as an endothelial cell.

As to the nature of the Langhans’ giant cell we have,
in several instances, observed multinucleated cells con-
taining both pigment granules and tubercle bacilli. This
would indicate that the cells exhibiting the phagocytic
properties to foreign particles and tubercle bacilli were
of the same origin and that the giant cells were but a
morphological modification of these. As to the way in
which the phenomenon of multinucleation occurs we have
no conclusive additional evidence. An experiment was
planned by which it was hoped to discover a constant
ratio between the amount of pigment taken up and the
number of nuclei present in the giant cell. The experi-
ment failed, firstly, because time was not allowed for com-
plete phagocytosis of the pigment before the tubercle
bacilli were introduced and, secondly, because the amount
of pigment used was so great as to completely obscure
many of the nuclei in the cells. The experiment though
unsuccessful seems worthy of repetition,

Lesions illustrating the association of the various
stages of tubercle formation with all degrees of anthra-
cosis were found in the materials secured from the au-
topsies and the following interesting observations were
made: (1) Examples of early tubercles were found which
consisted of simple nests of endothelial cells, some of
which contained black pigment granules though they
differed apparently in no other way (Fig. 16). (2) Pig-
ment granules were found ii many of the giant cells, and
when caseation necrosis was also present in these cells
the nuclei were found arranged in the periphery w' i the
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pigment granules grouped in circles about them (Fig.
20). (3) In tubercles where caseation was advanced much
of the pigment was found to have been liberated and oc-
curred either as free granules diffusely distributed
throughout the necrotic foci or, as was more often the
case, gathered in the margins of the caseous areas where
it was found undergoing a second phagocytosis by endo-
thelial cells (Fig. 21). (4) Many partially and com-
pletely encapsulated tubercles were seen with great num-
bers of pigment spindles canght in the meshes of the
capsules, and in these instances the connective tissne was
unusually abundant.  Obliteration of the neighboring
perivascular lymph spaces by anthracotic fibrosis was a
common additional finding in some of these lesions,

The number of cases examined was too small to allow
the drawing of a general conclusion, but it seemed that
there was less local spread and more extensive fibrosis in
this latter type with anthracosis than is usual in ordinary
pulmonary tuberculosis. It further seemed that the pres-
ence of pigment within the endothelial cells did not inter-
fere with their development of typical tubercles (Experi-
ments VIIL, IX, and X.).

l‘xpvrim(-m VIII.—Two cubic centimeters of a very dilute sus-
pension of India ink was shaken up in normal salt solution with
two loops of bacillus tuberculosis bovinus (kindly furnished by Dr,
W. Holman) and was injected into the deep muscles of the
thigh. After twenty-four days the animal was killed with chloro-
form and autopsied. Macroscopic description: Indefinite grayish-
black tubercle-like nodules were found among the muscle fibers, and
some of the intermuscular lymph spaces appeared as blackened lines,
There was no evidence of involvement of the inguinal nodes, nor of
the other organs or tissues of the body. Microscopic description:
Many early tubercles were seen in the process of formation and the
cells composing them often contained black pigment granules (Fig.
17). Tubercle bacilli and these pigment granules were repeatedly
found in Ihc same cells. Relatively few multinucleated cells were
seen, but in some of them bacilli and pigment granules were found
together. Practically no fibrous proliferation was present about the
lesions and the cells did not show any kind of fibrils when special
stains were applied.

Experiment IX.-——One cubic centimeter of a T in § suspension of
India ink in normal saline was shaken up with two loops of bovine
tubercle bacilli and injected underneath the scapula of a rabbit.
Ten days later inhalations of soot similar to those used in Experi-
ment Il were begun. These were carried out about every five days
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and about fifteen inhalations were given, After reventy-four davs

the animal died from general tubercul Macr i | p
tion: A large cascous mass about 4 centimeters i diamete

the center of which was a small black nodule was nd beneath
the scapula. The lungs, liver, spleen, and kidneys showed very ad-
vanced caseous tuberculo lesions k
granules appeared about the margins of M
scopic description I'he lungs alone n

ment. They contained all stages of | a v
fine pigment granules were observed n f the g
the tubercle. Two vascular lesions were of int t cy
showed direct extensions of early | i « v of
vessels without causing rupture of I'h 1 n
was in a very advanced stage of caseatio rosis and was valueless

for study

Experiment X.—Injections as carried out in Experiment VIII
were made into the interstitial tissue of a rabbit's ear. The ar 1

was brougltt to autopsy at the end of twenty iys. Ma |

description: The ear showed one large diffuse black area i g
approximately one-half of the ear The tisst were newhat
thickened and contained three large and several small grayis! wk
nodules. At the base of the ear was found ar wkened
lymph node Microscopic description car and
lymph node both demonstrated the presence les, with

black pigment granules in the cells of the ercle, and in
stances tubercle bacilli and pigment granules were found in the
same cells (Fig. 19)

In all three of these experiments we were able to in-
duce miliary tubercles,” formed by cells which were filled
with pigment granules. This indicated that the presence
of pigment in the specific cells did not exert any inhibitory
influence to the development of tubercles. By demonstrat-
ing pigment granules and bacilli in the same cells of the
tubercle, we were able to show that a single cell may ae-
tively phagocyte both materials. In other words, the es-
sential cell of the tubercle and the pigment phagoceyte were
found to be identical. Still more interesting was the find-
ing in Experiment X. in which both the pigment pha-
gocytes and tubercle forming cells were found in a neigh-
boring lymph node, where tubercles were being formed by
cells which contained pigment.

Summing up our observations on the associated
lesions of anthracosis and tuberculosis we came to four
conclusions:

1. The cell which takes the early active part in the
formation of a tubercle is phagocytic for tubercle bacilli
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and for pigment granules and is probably an endothelial
cell.

2. The presence of pigment granules within these
cells does not interfere with the cells taking part in the
formation of a tubercle.

3. The presence of pigment-bearing cells in the con-
nective tissue about tuberculous lesions acts as an addi-
tional stimulus to fibrosis and encapsulation.

4. The obliteration of the pulmonary lymph spaces
in the anthracotic process is unfavorable for the local
spread of tuberculosis, and aids in the localization of the
condition.

III. The association of pneumonia and anthra-
cosis.—With pneumonia the relation of anthracosis is a
very different one. The process is one of acute inflamma-
tion wherein the alveoli, bronchioles, and often the smaller
bronchi become filled with a fibrino-purulent exudate. Or-
dinarily this exudate remains in the alveoli for a rela-
tively short time, usually from five to nine days, and then
undergoes resolution. The process of resolution consists,
firstly, in a softening and liquefaction of the exudate,
which takes place through the autolytic action of the differ-
ent elements, and is known as puriform softening, and
secondly, in getting rid of the resulting debris. Much of the
resolved exudate is coughed up, but the greater part of
it passes back into the circulation by way of the lymph
spaces and through the lymph nodes.” During resolution
these spaces are found to be dilated and to contain fiuid,
fragments of fibrin and many types of exudative cells.
Among these cells are numerous phagocytes containing
other cells, cell debris, fibrin, and fat globules (Fig. 13).
The contents of the sinuses of the lymph nodes is exactly
the same (Iig. 12). It is evident that for the removal
of this debris as well as for active phagocytosis compara-
tively large channels are necessary, and it is obvious that
anything which may impede the passage through the lym-
phatics must interfere with the healing process. The me-
chanical blocking of the spaces forces the debris to find
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other channels of exit, and the imperfect drainage leads
to the accumulation of waste products which, in turn, may
retard the activity of the proteolytic enzymes.

When for any reason resolution of pneumonia fails to
take place the microscopic picture presents certain charac-
teristics. The cellular elements of the exudate are not nu-
merous and are often lymphocytic; the fibrin becomes con-
tracted into firm hyaline, spindle, or fan-shaped masses
which are bathed in fluid, and the alveolar wall appears
thickened and edematous. At somewhat later periods
these fibrinous masses occasionally undergo organization
in a way comparable to the repair of a wound. Albscesses
are also very common findings in pneumonic lungs where
failure of resolution has occurred, and gangrene is also
seen in some instances. Not only are such lungs unusu-
ally susceptible to secondary infection, but the actual
presence of the undigested fibrin is claimed to be extremely
toxic.

Our evidence of the effects of anthracotic conditions
on pneumonia was obtained by a microscopic study of
sixty-two cases of the disease. Of these, thirty-ecight were
lobar, twenty were of the bronchial type, four were hypo-
static, and two were the end result of general septicemia.

Of the thirty-eight lobar pnenmonias, nine, or nearly
twenty-five per cent, were diagnosed “unresolved”
at autopsy and two others presented microscopical evi-
dences of the same condition. Two of the bronchial type
contained much hyaline fibrin and abscesses, and one of
the hypostatic variety showed advanced organization.

This unusnally large percentage of failures in resolu-
tion suggested a careful study of the pulmonary lymph
spaces in these cases. This was carried out as far as we
were able in the sections. Our attention was mainly di-
rected toward the large channels because the small lymph
spaces were obviously involved in all of the cases, and also
because a severe involvement of the larger lymphatics in-
dicated an extensive participation of the smaller contribu-
tory vessels over a considerable area. We found the
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large perivascular and subpleural lymph spaces closed or
compressed in four cases by anthracotic fibrosis, Two
cases presented a similar picture save that the amount
of scar tissne seemed to be out of all proportion to the
number of pigment cells, One instance was found where
the lymph spaces were closed by scar tissue alone, and in
two others there was no local evidence which could he con-
strued as having anything to do with failure of resolu-
tion. The two remaining cases were pneumonias in
which there were coexistent septicemias, and were omitted
from consideration because the origin of the lung ab-
scesses might have ocenrred as a part of the general pro-
cess.  DBoth of these lTungs were examples of late stages
of anthracosis. Our results, thea, showed that in six of
the nine cases of unresolved pneuraonia the larger lymph
channels were severely embarrassed by the anthracotic
process.

The failure of resolution in pnenmonia is commonly
attributed to the low state of the gencral bodily condi-
tion, although Pratt® called attention to ‘he frequency of
delayed resolution in individuals who had been previously
attacked, and attributed it to the fibrosis of the lymph
spaces following the lymphangitis which occurs during
resolution,

The results of the microscopic examination of the
lymphatics in the total number of lobar pneumonias were
as follows: [Eighteen cases presented dilated lymph
spaces filled with serous or sero-purulent exudate; five
were closed by acute fibrino-purulent exudate, nine were
practically obliterated by anthracosis; two were oblit-
erated by scar tissue, and four were in the stage of reso-
lution with large numbers of phagoeytes in the lymph
sinuses.

An analysis of these findings seems to indicate that
during an attack of pneumonia in an otherwise normal
Tung the lymph vessels are generally engaged in an active
exchange of fluids. Even in those instances where these
channels are filled with a fibrino-purulent exudate this
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exudate has a better chance of hecoming liguetied and re-
turning to the circulation than a similar exudate in the
alveoli.  So that even under these circumstances they
would again be available for drainage.

The presence of the phagocytes in the channels and in
the sinuses of the lymph nodes shows faivly conclusively
that the lymphatics ave important drains  during  the
stages of resolution of pnenmonia, and i these are closed
the waste products of antolysis of the exudate must aceu
mulate, and such an accumulation undonbtedly interferes
with proper enzymatic action. In several of the above
mentioned cases where the lymphatics were found to be
closed, death occurred before the stage of resolution was
reached. 1t is, of course, impossible to say that the pres
ence of the anthracotic condition had any definite connee
tion with the fatal result. Yet it is likely that the lym-
phatics in inflamed areas ave just as important for the
entrance of fresh fluids as for the exit of waste materials,
It has been variously shown that the cultures of pnen-
mococei obtained from pneumonic lTungs after crises are
less virulent than those made in the early stages, and this
suggests some immune reaction against the organisms. If
we are correct in the supposition that immune substances
are the products of the entire body as well as of local
origin, we must recognize the need of a constant influx
of fresh fluid containing such immune products. It seems,
then, that the closed lymph spaces may have had some
effect even in this latter class of cases.

Our series although small seems to point toward a
certain relation between “unresolved pneumonia™ and an-
thracosis with chronic obliterating lymphangitis.

An interesting collateral finding, brought out by the
newly devised staining method used in demonstrating
alveolar epithelium, showed that desquamation of alveolar
epithelinm in pneumonia is inconstant and occurs only in
some alveoli. Instances were observed in which the pneu-
monia had reached a stage of resolution and yet practi-
rally all of the alveolar epithelium was intact.
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1. Any process which interferes with the free lym-
phatic drainage during pneumonia will delay resolution,
both by actual mechanical obstruction to the migration of
cells, and by aiding in the accumulation of waste products
probably embarrassing enzymatic digestion of the exudate.

2. Anthracosis is an important process in the lung in-
terferring with lymphatic drainage, and is a factor in
rausing delayed resolution.

Summarizing the various points indicating the dis-
ease importance of anthracosis which we have gathered
from histological evidence we draw the following conclu-
sions:

1. Moderate anthracosis in an otherwise normal
lung is not in itself detrimental to health.

2. In tuberculosis and granulomatous conditions in
which the reactions are chiefly centered in focal lesions
of the tissnes, the anthracotic condition is either entirely
passive, or is active in assisting healing, in that it is an ad-
ditional stimulus to fibrosis and encapsulation and in that
it aids in the localization of the process through the ob-
literation of the lymph spaces.

3. In acute inflammatory conditions where the lym-
phatics are important for proper resolution, anthracosis
becomes seriously detrimental, because of the obliteration
of these spaces.

[T wish to express my thanks to Dr. Oskar Klotz for his very
ajllc advice during the preparation of this paper and to Mr. William
Coburn for his efficient aid in carrying out the experimental work.]
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Description of Plates XIV-XVII

DESCRIPTION OF PLATES XIV-XVIIIL
Flate X1V., Fig. 1.—Perivascular arrangement of nodular anthra
COs1s

Fig. 2—Subpleural type of anthracosis

Fig. 3.—Alveolus containing many pigment phagocytes and a
pneumonic exudate. Note the alveolar epithelium swollen and free
from pigment.

Fig. 4.—Alveolus containing pigment phagocytes with alveolar
epithelium intact. Note one cell containing both pigment and a red
blood corpuscle.

Plate XV., Fig. 5.—Experimental anthracosis. Pigment phago
cytes in alveoli and inter-alveolar lymph spaces

Fig. 6.—Injection of carbon pigment in abdominal wall. Pig-
ment present in large round cells and in inter-cellular spaces. Poly-
nuclears contain no pigment

Fig. 7—Spindle-like arrangement of pigment in perivascular an
thracotic nodules

Fig. 8—Effect of edema on spindle-like pigment occlusions in
perivascular anthracosis
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Plate XVI,, Fig. 9—Experimental fibrosis produced by the in-
jection of India ink into a rabbit’s ear.

Fig. 10.—Effect of artificially produced edema on rabbit's ear
which had been treated in a similar way to that seen in the preced-
mg hgure

Fig. 11.—Alveoli containing pneumonic exudate in stage of reso-
lution. Note epithelial cells intact on alveolar walls

Lymph spaces of peribronchial lymph node containing
phagocytes from preceding figure.

Plate XVIL, Fig. 13.—Perivascular lymph space filled with
broken up fibrin and phagocytes from same case as preceding figure.

Fig. 14.—Perivascular lymph spaces completely obliterated by
carbon pigment and fibrosis. From severe case of unresolved pneu-
monia

Fig. 15—~Formation of early lung tubercle.

Fig. 16—FEarly tubercles containing pigment bearing cells
(human).

Fig. 17.—Experimental tubercle in rabbit's thigh. Pigment bear-
ing cells actively forming the tubercle.

Plate XVIIIL, Fig. 18—0il immersion view of same tubercle.
Cells contain both pigment granules and tubercle bacilli.

Fig. 19.—Tubercles containing pigment bearing cells in lymph
node

Fig. 20—Arrangement of pigment in giant cells in late stage of
tuberculosis.

Fig. 21.—Distribution of carbon pigment in the periphery of case-
ous tubercle.

The Journal of Medical Research, Vol. XXIX., No. 2, Decem-
ber, 1913.
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A Study of the Influence of Varying Densities of City
Smoke on the Mortality from Pneumonia
and Tuberculosis*
WM. CHARLES WHITE,
Associate Professor of Medicine,
University of Pittsburyh.
AND
C. H. MARCY.

As part of the investigation into the smoke problem,
which is being carried on at the University of Pittshurgh,
through the generosity of Mr. R. BB, Mellon, we have wmade

~~~~~ ) Pittsburgh, Pa
Showmﬂ Smoke Hreas

hq Wards
Chart [

*Reprinted from the Transactions of the Fifteenth International
Congress on Hygiene and Demography, held at Washington, D. C,
September 23-28, 1912,
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COMPARISON OF TUBERCULOSIS DEATH RATE
BY WARDS AND SMOKE CONTENT OF AIR BY WARDS
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a study of the influence which varying densities of smoke
have on the mortality from tuberculosis and pneumonia
as typifying acute and chronic pulmonary infections. Per-
haps in none of the smoky cities of the world is it possible
to go into the influence of smoke in the same way as in
Pittshurgh, The peculiarity of the relation of high hills
and valleys, in close proximity, within the ecity limits,
makes a well-defined variation in the smoke content of the
air. It will be noticed on the map (chart 1) that, along
the river frontage, where for the most part the land is low-
lying, the air content of smoke is very dense; skirting this
dense #moke area, the hills rise more or iess abruptly to
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varving heights.  On the lower hills, as exemplitied hy
¢, D E DY Z and &, there is an area of moderate smoke
density. Where the hills, however, rise directly from the
rviver to the height of 400 or 500 feet, as exemplified by
R N, T, G, K, L, N, and M, there is comparatively little
smoke at any time of the year. During prosperons times,
the valley, or dense-smoke area near the rvivers, is always
heavily laden with smoke.  This is true even when there
is a brisk breeze blowing.

It is possible, from the division of the city into wards,
to rnle out a number of other factors, such as poverty, race
congestion, and so forth, as an influencing factor in the
point of relation which we have brought out hy these
studies,

It is unfortunate that our figures only cover a period
of two years, but this is due to the fact that no records
taking account of the wards of the city have heen Kept
prior to this time and also that the number of wards was
changed from 56 to 27 three years ago.  This renders use
less any previous comparison on the ward basis,

The figures which we have obtained are, from one
aspect, very convincing, although from another aspect
very confusing. Tt will be noticed for instance, in Chart
4, that in Chicago, where there is a comparatively low
smoke content, there is still a very high pnenmonia death
rate; while in Pittsburgh, with the highest smoke density,
there is no higher pnenmonia mortality.

The question of smoke density for the varions cities
has been based upon the reports of the United States Gov-
ernment Weather Burean.  In the various cities which
are included in this report the method of determining this
density is based on the distance of vision, considering cer-
tain fixed objects in the city from an observation center,
In Charts 2 and 3, of Pittshurgh, the basis has been certain
rarefully devised studies of precipitation of air content of
carbon dust. These scientific observations have been made
in connection with the present smoke study by Messrs,
R. C. Benner and C. H. Marcy. In Chart 4, for the sake
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of comparison, we have adhered to the Government
Weather Bureau report.

The mortality tables, on which Charts 2 and 3 are
based, were derived from the health table of statistics of
the city of Pittsburgh, and include the years 1910 and
1911,

COMPARISON OF PNEUMONTA DEATH RATE BY
WARDS AND SMOKE CONTENT OF AIR BY WARDS.
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The mortality tables for pnenmonia, on which Chart

4 is hased, were secured from the Bureau of Census sta-
tistics.
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We desire to acknowledee here the conrtesy and kind-
ness of Director Durand, of the Government Department
of Commerce and Labor, for the prompt return of the
smoke studies and  statistical tables from  the various
cities, which we scarcely could have obtained without his
aid.

Nince 1905, Ascher, of Konigsherg, has  published
tables and studies on the relation of smoke to pnenmonia
and tuberculosis,  Ascher's main conclusions arve as fol
lows:

Ascher's experimental work can searcely he used as

» smoky atmosphere

a comparison with the influence of

of cities, becanse he nused the smoke or soot of horning
petrolenm, which forms an insignificant amount of the
smoke content of eities and difTers very materially from
the main content of the smoke of eity air

Ro far as Ascher's statistical tables are concerned,
there can bhe very little doubt that acute lang diseases
are taking a different course to tuberculosis, and one of
the most appalling things of modern civilization has heen
the sharp increase of the mortality rate from acute
diseases of the vespiratory tract coincident with industrial
activity and the consequent irvitation by smoke of the
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respiratory tract, this being in sharp contrast to the
diminution of the chronic diseases of the respiratory tract,
as exemplified by tuberculosis.

The pneumonia death toll for 1900 for the United
States was 105.971; for 1909, 122.400; and for 1910,
136,000 an increase of 10 per cent in one year.

The average death rate from tuberculosis per 100,000
for the 10-year period 1900-1909 was 1835 in 1909 it was
160.8; and in 1910, 1603, This shows a steady decrease.

These fignres are examples of the merit which this
subject has for our most earnest study.

The chief fact which has stimulated our interest in
the pneumonia problem in the city of Pittshurgh has been
the werribly acute and fatal type of pnenmonia which fills
the wards of our hospitals. It can hardly be that this
severity of infection has to de alone with the virulence of
the germ; nor does it seem hikely that it has to do with
the generally low type of resistance which Pittshurghers
have to this type of infection; rather, it seems more likely
that there must be some factor present in Pittsburgh
which does not operate in other cities,  As we approached
this subject we felt sure that we would be able to prove
that this factor was the smoke of the iron and steel mills.
How signally we have failed in this will be very evident
from chart 4, in which is seen the striking contrast he-
tween DBoston, with almost no smoke, and Pittsburgh,
swamped with smoke, yet with approximately the same
puneumonia death roate. The same sort of thing is ap-
parent between Mobile, Ala., with almost no smoke, and
St. Lonis, Mo., with a very high smoke content in its air.

When we attempt to analyze the city of Pittshurgh
on the hasis of air content of smoke and pnenmonia death
rate, so striking is the correspondence between the pneun-
monia death rate and the smoke content of the air of the
ward that we are convineed that smoke is a very import-
ant factor in the severity of the disease and that some
other factor must operate in those cities where the smoke
content of the air is not the determining factor in the
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pneumonia death rate.  This correspondence is more strik-
ing even when we put in a line showing that there is no
definite hearing of such other factors as poverty, race,
and congestion.  When, however, one turns to tubercun
losis and analyzes the death rate from this disease hy
wards and charts it in comparison with the smoke con-
tent of the air, one finds that there is no association
whatever,  This corresponds with onr elinical observa-
tions on between four and five thonsand cases of tuber-
enlosis in the last six years As the result of this ¢lin
ical study we have come to the conclusion that the gen
eral death rvate from tubercnlosis in Pittsburgh is low

that there is nothing in the smoke content of the air which
in any way stimulates the onset of the tubercular process
tinst the rapidity of recovery from tuber-

or militates a

cenlosis when onee this disease has heen contracted,

In other words, after having made an analytical study
of the relation of smoke in the City of Pittshurgh, where
it is possible, by virtne of its contour, to separate the at
mosphere into “densely lTaden,” “moderately laden,” and
“comparatively no smoke™ aveas, and in such a way as to
rule out such influences as poverty race, and congestion,
we are foreed to the conelusion that the smoke content of
the air has an apparently important bearing on the pnen
monia death rvate and comparatively little bearing on the
tuberculosis death rate

IFrom the careful analytical studies of the character
of the smoke in the ¢ity of Pittshurgh, ca=ried out hy Dr,
Klotz and Dr. Holman in connection with this same work,
there is added a purely chemical and physical reason for
this same conclusion, for they have found that the per-
centage of phenol around the carbon, which pollutes the
air, is suflicient to destroy most or many of the organisms
with which they have studied when suspensions of these
are mixed with suspensions of air smoke,

With this fact in mind it is probably legitimate for
one to turn to the pathological studies of these two in-
fections. P'neumonia is a catarrhal condition, and a pre-




disposition for it may be prepared by the irvitation of the

mucous membrances with foreign substances;

bt the see
ond (tuberculosis), being granulomatous in type, in whic h
the microorganisms arve sequestered and surrounded Dy
cells, the cure of which is accomplished by fibrosis, may

naturally he supposed to he aided in the direction of cure

by any deposit which stimulates granulation and filrosis
Some streneth is given to this theoretical view by the evi
denee which we have from anatomical studies, in 1ich

we find depositions of carbon particles around the healed

tubercnlo focus
One can not help wondering why, when the facts con
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The Influence of Smoke on Acute and Chronic
Lung Infections*

WILLIAM CHARLES WHITE
AND
PAUL SHUEY.
Pittsburgh, Pa.

A year ago we started an investigation on the in-
fluence of smoke on the various problems of publie health,
We chose for our study the respiratory tract, as that in
which smoke would have its greatest influence by direct
contact,

The investigation was carried on under a grant given
I..\' Mre. R. B. Mellon to the |‘I|i\t-|‘~'|l_\ of Pittsburgh for
the consideration of this problem from all its aspects,

At the International Congress of Hygiene and Demo
graphy we made a preliminary report of what had been
accomplished up to that time, and while the work re-
ported in the former paper was very incomplete, there
seemed to be a rough direct ratio between the number of
smoky days in any given city and the number of deaths
occurring from pnenmonia.  On the other hand, there
seemed to be an inverse ratio between the number of smoky
days and the number of deaths from tuberculosis,

In choosing these two diseases, we were guided by the
fact that the one (pnenmonia) is an acute inflammatory
process of short duration, likely to be influenced by acute
irritation, such as would come from foreign particles,
and that it represents the most striking malady from tue
standpoint of increased mortality in the greater number
of our cities,

Reprinted from the “Transactions of the American Climatolog
ical Association,” 1913

~
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The other (tubereunlosis) is a chronie infection, char-
acterized by infiltration and healing by fibrosis, extend
ing over a long |u‘l'\\n| of months or years, and more likely
to be stimulated to healing by irrvitation of inert foreign
particles, and yet presenting a constantly decreasing mor
tality

Following the presentation of the paper hefore the
Congress of Hygiene and Demography, Dr. John N I"ul
ton, Necretary of the Congress, called our attention hy
letter to certain factors, which he felt were of more im
portance than the simple ratio of smoke t

)y pnenmonia
mortality, and we have included these in the substance of
our present study. The main points in Dr. Fulton’s argu
ments against the conclusions which we tentatively drew
from our study were as follow

“T wonld expect Boston to have a greater mortality
from puneamonia than Pittshurgh, on the sole basis of fact

that Boston has relatively more people in the pneumonia

I would expeet Chicago to have a higher pnemmonia
mortality than Pittshurgh, becanse there is a puneuamonia
obsession in the minds of the medical profession of
Chicago.

“Chicago has relatively more people in the pnenmonia
ages than Pittsburgh has, and relatively fewer in the pnen
monia ages than Boston. 1 do not think that the pnen
monia ficures admit of sound reasoning as to magnitude,
unless, in the first ]v:‘llv‘_ distinctions are made as to the
age-distribution of the populations which are to e com
pared; and, in the second place, unless the pnenmonia
mortality is divided sharply into two groups, those under
and those above the age of three years, and the compari
sons made with reference to these distinetions

“A comparison of pnenmonia and tuberculosis mag
nitudes, as among the cities which you mention, does not
prove that the prevalence of tuberculosis in Pittshurgh
is low, or that the prevalence of pneumonia is high

“By mere inspection of those pnenmonia charts, with-
out any key to the names of the cities concerned, I would
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say that 1, 2, 3, 5. 6 and 7 (Chicago, Pittshurgh, Bos-
ton, New Orvleans, Richmond, New York and Charleston)
are cities fifty years old or older. The last eight (Cinein-
nati, St. Lonis, Philadelphia, San  Francisco, Molile,
Cleveland, 8t. Paul and Portland) are cities less than fifty
vears of age, and probably situated west of the Alle
ghenies. 1T would be right with respect to the first group,
and, with respect to the last group, my two errors would
be Philadelphia and Mobile.”

In choosing the cities for study, we have taken the

larger cities scattered widely over the United States, and
have tried to get as widely varyving conditions from the
standpoint of age of settlement, density of population,
years of incorporation, flatness of contour as it was pos-
sibile to obtain,

We have also analyzed more carefully the data on
which we have completed our present study, and have
raled out as much as possible, in drawing our conclusions,
the years and material which were unsafe to use by virtue
of their lack of thoroughness,

In the charts accompanying the present study, in the
smoke curve we have plotted the number of smoky days
per year.  In arvanging the cities on the charts we have
put

smokiest cities first, and so graded on down to
the eities in which the smoke was the least.  We have con-
sidered in arranging them in this way only the 1908 to
1912 periods, preferving to neglect 1907 on account of the
unreliability of the mortality data of that year. It will
thus be seen that Pittshurgh, 8t. Louis, Portland, 8t. Paul,
Cincinnati, Chicago, Philadelphia, New Orvleans and New
York may be grouped as the smoky cities.  In this group,
however, Pittshurgh, St. Louis, Portland and 8t. Paul may
be classed as very smoky cities, )

DBeneath these charts the figures represent i—

First (the top line), the number of years since the
settlement of the city;

The second line, the number of years since the city
was incorporated ;
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The third line, the density of population on the basis \
of the number of people per acre; and the 1
I'ourth line, the average number of smoky days per

year for the five-year period, 1908-1912,

In studying the death ratio of the different cities, we
plotted the total death-rate and the death-rate of the white
population, as well as the following groups:

Total population under 5 years.

from 5 to 9 years.
3 " o0 19 ¢

" ” ” a0 » 29 ”
. ” 30" 49
N " 750”69 ”

70 years upwards.

While we plotted all these in the original chart from
which this study was made, we have only included a few
of them outside the total death-rate in the accompanying
charts. In these curves, it is important to bear in mind
the history of the registration area of the United States
and the great variation in the thoroughness with which
vital statistics are kept in the various cities. It was only
in 1907 that the registration area approximated 50 per
cent. of the population; and only in 1910 was any special
attempt made at a uniform method of classification and
registration, and this uniform method is not yet in opera-
tion in all of the municipalities which we have used. For
instance, this classification is not in use in Philadelphia,
nor in St. Lous.

R

In the various curves it will be observed that the year
1907 does not conform to the ratio which has been found
to hold in years following this. This may safely be ex-
plained by the fact that 1908 was really the beginning of
better attempts to place vital statistics upon a more uni-
form basis; and only in 1910-1911-1912 did we arrive at
any real fair basis for comparison.
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It must be borne in mind that in comparing with other
cities, cities having a large coloured component of pop-
ulation, the mortality by age must be compared on a basis
of the ratio of the mortality of the white population to
the entire population, because the negro death-rates are
much higher than the white.

It will be obvious immediately to anyone who at-
tempts to study this field that the number of smoky days,
as furnished by the United States Weather Bureau, is apt
to be a very variable quantity, both from the personnel
of the recorder and the method by which these readings
are made,

The present method of determining the number of
smoky days is by fixing the clearness with which certain
established objects can be observed from the fixed point
of the Observation Bureaun. Such factors as the height of
the Bureau from the ground, the acuteness of vision of the
observer, probably the habits of the observer, the interest
which the observer has in the problem, and similar circum-
stances make it almost impossible to lay down any fixed
curve which will be comprehensive for all cities and it
would seem a reasonable conclusion that if there is even
a rough relation between the conditions which we are
studying, it would be safer to say that with more carefnl
figures a more intimate relation could be determined. For
instance it is inconceivable that there should be no smoky
days for 1910-1911-1912 in a city like Boston, which is
largely a manufacturing centre. In the report of the Dis-
trict forecaster for Boston, there have only been two
smoky periods in five years. These two periods were five
days following September 1, 1908, and five days follow-
ing October 15 in the same year, and were due to forest
fires. While it seems almost incredible that in a manu-
facturing city, subject to fogs, there should not be more
smoky days than is indicated by the forecaster's report,
ye! it will be noticed that in the Boston curve during this
smoky period the pneumonia death- rate- decreased. It is
a feature probably not of very serious import that during
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that year the pneumonia death-rate fell in all pneumonia
groups save that of 5 years of age. This evidence of the
reverse influence of the number of smoky days per year on
the mortality curve from pnenmonia is apparent in several
other cities, as for example, Cincinnati.

Between St. Paul and Minneapolis, lying very near
together, there is also a marked discrepancy—St. Paul
having in 1910 nearly 120 smoky days, and yet the reply
from the Forecaster was as follows: “You are informed
that said days with record of smoke had reference only to
and not to local smoke due to factory chimneys, &e.” It
seems impossible that St. Paul should be affected with
forest fires and Minneapolic not, with a few miles differ-
ence in position. This peculiarity of the smoke curve for
St. Paul would, of course, put it out of place in this chart,
and would explain the difficulty in tracing the same re-
lation which is present in the other cities.

The same thing applies to Portland, from which we
have not been able to receive an explanation of the large
number of smoky days reported from that city. Portland
is probably out of its place in this scheme, as its statistics
are not complete.

In summing up these charts, which have heen done
as impartially as possible, the only constant factor which
seems to have any relation is the smoke; in other words,
where age of settlement, number of people per acre, and age
of incorporation have any apparent influence, this influence
must be coupled with the number of smoky days before
any satisfactory conclusion can be drawn. It will be seen,
then, that if we except Portland and St. Paul, there is a
general tendency of the tuberculosis death-rate to rise as
the number of smoky days in the city decreases. On the
other hand, it will be seen that there is a general tendeney
for the number of deaths from pneumonia to fall as the
number of smoky days in the city decreases. In this in-
stance also, Portland, St. Paul and Boston must be ex-
cepted.  There seems to be no definite relation, however,
between the number of smoky days and the death-rate

-—
|
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under 5 years of age in the pneumonia group. This
might readily be expected if we consider as the explana-
tion of the influence of smoke on pneumonia the irritative
changes which go on in the mucous membrane of the up-
per air passages as the underlying factor in this relation,
and that these changes would probably take years in their
production, or, as Dr. Haythorn has shown, the pneu-
monia difficulty may be largely one of absorption of exu-
date, which anthracosis by plugging the lymph spaces
largely impedes.

In general, the tuberculosis age-groups are rather uni-
form in their relation to each other when one comes to
the study of individual influences; probably nothing is
more striking than the difference between the curve for
the total death-rate of the white population as opposed to
the coloured. This is most strikingly seen in such south-
ern cities as Memphis, Mobile, New Orleans, and Rich-
mond. There is a striking difference, also, in San Fran-
cisco and Los Angeles in the total death-rate from tuber-
culosis, due, likely, to importation from the middle-west
and northern parts of the country.

When one studies individual cities, one finds, as in
Pittsburgh, St. Louis, Cincinnati, Chicago, New Orleans,
Richmond, &c., a noticeable similarity between the total
pneumonia death-rate and the total number of smoky days.
This is almost entirely absent in comparing the tubercu-
losis yearly death-rate, which has persistently dropped in
most of the individual cities, save the southern ones, in
which there have been curious rises. It is not our inten-
tion to enter into explanation of this feature in this paper.

We are at a loss to explain the high mortality rate
from tuberculosis in Cincinnati, which seems to be out
of its place in the general contour of this chart.

In Boston, in addition to the fact that we believe it
out of place from the number of smoky days from a manu-
facturing standpoint, Dr. Fulton had suggested in his cri-
ticism of our former paper that the high pneumonia
death-rate in Boston was probably due to the large num-
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ber of people in the pnenmonia ages (extremes of life).
This our age grouping has not demonstrated, as the pneu-
monia death-rate in all ages is high in Boston. We be-
lieve that the factor which is absent in the compilation
of this city is the number of smoky days in the year.

Chicago, on the other hand, where Dr. Fulton be-
lieves there is a pneumonia obsession in the minds of the
physicians, follows very closely what one would expect
from the readings of the smoky days. As nearly as we
can find, Chicago has been very careful, and since 1910
has forwarded its certificates to Washington, where they
have been classified by the Vital Statistics Division of the
Census Bureau in order to obviate the reflection of local
bias.

We believe that if it were possible to establish a read-
ing of smoky days on the basis which Dr. Benner has es-
{ablished in Pittshurgh, i. e., the precipitation of soot, and
have this uniform in the various cities, that we would be
ahle to establish a much more intimate relation between
the number of smoky days and the number of pneumonia
deaths in any city.

One of the conspicnous things to ns in Pittshurgh has
been the virulency of the pneumonia infection, wlich, of
course, varies from year to year, but seems to carry its toll
off more quickly in Pittsburgh than in any other of the
four cities in which I have lived and worked in this field.

It may be well here to again call your attention to
the fact that pneumonia is in the main an increasing death-
rate in many cities and in the country as a whole; that
it takes its vietims from the extremes of life; and also
takes off many of our most useful middle-aged business
men, i. e., many on whom most has been spent in educa-
tion, at a time when they are most useful to the com-
munity; and if it were possible by municipal ordinance to
control in some way the production of useless smoke in
the cities, much might be done to conserve that on which
the community has expended the most, and from which it
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may reasonably expect returns in place of death by a rapid
illness, such as the one with which we are dealing.

SOURCE OF DATA.

The mortality statistics are based on reports received
through the courtesy of Dr. C. L. Wilbur, Chief of the
Division of Vital Statistics of the United States Census
Bureau and also through the courtesy of the various
Boards of Health of the different cities.

The population statistics and age-distribution for
1910 were obtained through the courtesy of Director E.
Dana Durand, of the United States Census Bureau.

The smoke data we obtained through the courtesy of
the Chief of the United States Weather Dureau.

Since the Census Bureau report for the year 1900
was as of the population on June 1 while the Census
Bureaun report for 1910 was as of population on April 15,
we utilized the method used by the Census Burean in esti-
mating the population figures for intercensual years, and
after determining the rate of increase, we reduced the
estimates of populations to a uniform mid-year hasis, i. ¢,
we have them to relate to July 1, with the exception of
San Francisco, in which our mortality figures were for
the fiscal year. For this city we took the population as of
January 1.*

It was necessary to plot population curves to provide
a comparison between the population statistics which are
furnished on the basis of ten-year periods, starting with
five as its unit digit after 35. The mortality statistics, on
the other hand, are furnished on the basis of ten-year
periods with zero as the unit digit above 30 years of age.

After the population statistics were plotted on this
basis, computation was made from these curves for the age
periods corresponding to the mortality statistics. The
mortality rate per 10,000 was then computed and used in
the building up of the curves of the other charts.

* Bulletin 108, p. 9, and Bulletin 109, p. 9, United States Bureau
of Census, Department of Commerce.




