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LETTER OF TRANSMITTAL.

UU. 8. DEPARTMENT OF AGRICULTURE,
OFFICE 0F EXPERIMENT STATIONS,
Washington, . C., June 25, 1597,

Sik: | have the honor to transmit herewith a report of investiga-
tions on the metabolism of man, in the conduct of which a respiration
calorimeter of special construction was used., The experiments with
men herein reported were made in the winter of 15895-96, at Middle-
town, Conn., under the immediate supervision of Prof. W. O. Atwater,
special agent in charge of nutrition investigations. These experi-
ments were, however, only made possible by previous researches with
special reference to the development of the apparatus and methods of
inquiry.

This work was begun in 1392 under the direction of Professor
Atwater in connection with his duties as professor of chemistry in
Wesleyan University and director of the Storrs Agrieultural Experi-
ment Station, Prof. E. B. Rosa, of Wesleyan University, was asso-
ciated with the inguiry, on the physical side, from the outset. When
investigations on the food and nutrition of man were undertaken by
this Department in the fall of 1894, experiments with the respiration
calorimeter were made a part of the general plan of work, and it was
decided to extend financial aid to these special investigations, which
were already well advanced and gave promise of successful issue.
Sinee that time these inguiries have been conducted by the cooperation
of this Department, the Storrs Experiment Station, and Wesleyan
University. In this way, by the expenditure of comparatively small
sums for the promotion of this particular investigation, the Department
has been able to secure for publication the results of a large amount of
original research in a line of vital importance in connection with the
establishment of a scientific basis for the nutrition of man. The work
on the respiration calorimeter was far enongh advanced by the winter
of 139596 to justify its use in experiments with men. After several
preliminary trials, the data from which were too incomplete to warrant
publication, but which were of great service in perfecting arrangements
for the suceeeding trials, the four experiments reported in this bulletin
were made.

While all the details of these experiments are not yet perfectly satis-
factory and there is still room for further improvement of the apparatus
to be used in such intricate investigations, they nevertheless mark a
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decided advance over work of similar character hitherto published
and give great encouragement to continued researches in this line,

The greatest success thus far has been in the measurement of the
metabolism of nitrogen and carbon, and the present report is devoted
chiefly to the chemical side of the investigation, which includes these
measurements.  When these experiments were made the work on the
physical side, althongh carried on with great skill and with highly
interesting resnlts, had not given data sufficiently acenrate in all their
details to make its publication seem advisable, The investigations are
proceeding, changes in the apparatus have already resulted in very
satisfactory physical measurements, and it is hoped belore long to pub-
lish more complete data on both the physical and chemical sides of the
work.

The general management of these investigations has devolved upon
Professor Atwater, In devising and elaborating the apparatus and in
the carrying out of that part of the investigation which relates to the
measnrement of the heat given oft’ from the body and the mechanieal
work done, Dr, E. B, Rosa, professor of physics ol Wesleyan Univer-
sity, has rendered invaluable service. It is expeeted that in later
reports Professor -Rosa will appear as joint author in the disenssion of
the investigations from the physical standpoint. On the chemical side,
Dr. Atwater has had the assistance of Prof. C. D). Woods and Dr.
F. G. Benedict, joint authors of this report. The skill and ingenuity
of the university mechanician, Mr. O. 8. Blakeslee, have also contrib-
uted in no small degree to the praetical embodiment and suceessful
working of the various devices adopted for the perfecting of the appa-
ratns.  Other workers whose services deserve special recognition are
A. W, Smith, O. F. Tower, A. P. Bryant, and H. M. Burr.

This report is respectfully submitted, with the recommendation that
it be published as Bulletin No. 44 of this Office.

Respectfully,
A, C. TRUE,
Lhirector,
Hon. JAMES WILRON,
Secretary of Agriculture.









METABOLISM OF NITROGEN AND CARBON IN THE HUMAN
ORGANISM.

INTRODUCTIOIN.

In order to ascertain the ways in which food is used in the body and
the kinds and amounts which are best snited to people of different
classes and under different conditions it is necessary to devise acenrate

‘methods of determining the total income and outgo of material and

energy in the organism. The importance of sueh a study of the funda-
mental principles of nutrition has been recognized for many years, and
studies of one or more of the factors of the income and outgo (espe-
cially of nitrogen) have received much attention by investigators in
this field of seience. In experiments of this nature it is eustomary to
express the results as a balance, in which the outgo is subtracted from
the income, thus showing the gain or loss.

GENERAL STATEMENT.

So far as the balance of material is eoncerned, the income consists of
fod, drink, and oxygen of inhaled air; and the outgo consists of feces,
urine, and the produets of respiration and perspiration. A complete
experiment on the metabolism of material wonld involve determinations
of the total amount of oxygen consumed, the amonnts and the elemen-
tary and proximate composition of food, feces, urine, and produets of
respiration and perspiration (inelnding marsh gas from the intestines,
and similar products). For the balance of energy, the income wounld
inelude the potential energy of the food and drink; the outgo would
inelude the potential energy of feees and urine, products of respiration
and perspiration, and the kinetie energy given off’ in heat from the
body and the mechanical energy of the external muscular work per-
formed, It is possible that other less familiar forms of energy may be
concerned, but these are all which are at present known and which
may be measared. Due aceount must of course be taken of the tem-
perature and specific heats of food, drink, and exeretory produets, and
the heat used or evolved in the condensation of the water of exhalation.

A complete metabolismm experiment wounld involve, therefore, the
determination of the following factors of income and ontgo of matter
and energy:

Factors af income,

Matter: Food, drink, oxygen of air.
Elements of food, drink, and air: N, C, H, O, 8, P, Cl, K, Na, Mg, Ca, Fe.
Componnds of food and drink: Water, protein compounds, fats, carbohy-
drates, and mineral matters.
Energy : Potential energy of (organie) compounds of food aml drink.
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Factors af outgo.
Matter: Feces, nrine, products of respiration and perspiration.

Flements of above: N, C, H, O, 8, P, Cl, K, Na, Mg, Ca, Fe.

Componnds: Water of urine and feces; carbohydrates and mineral matter
of feces; organie and mineral compounds of urine; Oy, H.0, and organie
compounds, ete., of products of respiration ard perspiration,

Fnergy: Potential energy of (organie) compounds of feces, nrine, and produets of
respiration and perspiration.

Kinetic encrey given off from the hody, as heat, external muoseular work,
and possibly in other [orms.

The above statement is, however, incomplete in that it does not
take into account the material which the body gaing or loses during
the experiment and the corresponding energy stored or transformed.
This material consists mainly of water, protein compounds, and fats,
with smaller amounts of carbohydrates, mineral matters, and other
compotnnils,

The above factors represent the gross ineome and outgo. The net
income would inelude only the material which the body actually ntil-
izes from food, drink, and air; that is, it represents the income of nutri-
ents, water, and energy consumed minus the unassimilated portion
excreted in the feces, taking into account also the incompletely oxi-
dized matter in the urine.,  The net income of material is that which is
faken into the cireulation, builds and repairs tissue, and yields energy.
The net income of energy is the potential energy of this material plus
the energy received with the food and drink in the form of heat.

The gross ontgo inelndes the total material of the exeretory prodnets,
and the sun of their potential energy and the kinetie energy given off
from the body. The net outgo is made up of the exeretions of the kid-
neys, lungs, and skin, and the sum of their potential energy and the
kinetic energy given off from the body. The material and the poten-
tizl energy of the feces are not ntilized, but simply rejected.!

Metabolism experiments may include the measurement of the ineome
and outgo of one or more of the above factors. When the balance of
nitrogen, with or without mineral matter, is determined, the only fae-
tors of ontgo which enter into account are the urine (sometimes inelud-
ing the perspiration) and feces, since no considerable amonnt of nitro-
gen or mineral matter is believed to be exereted in any other form.
When the balanee of earbon, with or without oxygen and hydrogen, is
defermined, the prodoets of respiration and perspiration must be taken
into account in addition to the nrine and feces. Experiments of this
nature are commonly called “respiration experiments.” The experi-
ments reported here are respiration experiments, devoted espeeially to
the determination of the income and outgo of nitrogen and carbon.

'The residues of digestive juices and other so-called metabolic produets of the
feees are, it is true, a part of the material which has been digested, absorbed, and
metabolized, but they represent material which is neither utilized for building or
repairing organs or tissne, nor consnmed to yield energy, and which, therefore, may
Lere be classed with the undigested residue of the food.
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Investigation regarding the metabolism of matter in animals and
man has been very active during the last forty and especially the last
twenty years. Indeed the experimental results already obtained in
this direction are much more extensive than is commonly supposed.
A compilation' has recently been prepared by this office which it is
believed includes the greater part of the experiments with man and
the lower animals in which the balanee of income and outgo of one or
more chemical elements has been determined.  The number of experi-
ments in which the income and ountgo of energy has been measuared is,
however, extremely small.

A review of this work made it evident that research npon nutrition
had reached a point where more study of the application of the laws of
the conservation of matter and of energy in the living organism was
essential. It is not enough to know the kinds and amonnts of food
consumed as they are shown by dietary studies, or the proportions that
are digested as they are learned from digestion experiments, or the
seneral effects of food materials as they are brought out by ordinary
feeding trials. Experiments in which the balance of inecome and outgo
of nitrogen are learned by weighings and analyses of food and of the
secretions of the kidneys and intestine are extremely nseful, but never-
theless inadequnate.  The balance of income and outzo of the body must
be determined both in terms of matter and of energy.  For this pur-
pose a respiration apparatus which measured only the income and ontgo
of matter would not sufiice.  There was need of an apparatus in which
an animal or a man may be placed for a number of hours or days and
the amounts and composition of the food and drink and inhaled air, the
amounts and composition of the exereta (solid, lignid, and gaseons), the
potential energy of the materials taken into the body and given off
from it, the quantity of heat radiated from the body, and the mechani-
eal equivalent of the muscular work performed could all be determined.

Respiration apparatus of various sorts have been devised by a num-
ber of investigators. They may, perhaps, for convenience, be divided
into three elasses: (1) Those in which the subject remained in a elosed
chamber and was supplied with oxygen to take the place of that with-
drawn from the air by the processes of respiration. The air in the
chamber was analyzed at the beginning and end of the experiment,
(2) Those in which the sabject remained in a ehamber supplied with a
enrrent of air which was measared and analyzed as it entered and left
the chamber. (3) Those in which the subject did not remain in a
chamber, but was provided with apparatos which permitted the meas-
urement and analysis of the inspired and expired air, and the deter-
mination of the respiratory quotient. In several instances the last two
forms have been combined. Calorimeters have also been devised by
many investigators. These have usually been combined with respira-
tion apparatus of some form.

1. B. Dept. Agr., Office of Experiment Stations Bul. 45.
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An execellent snummary of the methods and results of respiration
experiments up to about the year 1852, with deseriptions of the apparatus
employed, has been prepared by Zuntz.! About the same time a like
excellent account of inguiries regarding the income and outgo of heat
of the body was published by Rosenthal.®* Since that time numerous
forms of apparatus have been devised and a large number of experi-
ments have been carried out. Reports of these are published in the
varions seientific journals and have, so far as known, not yet been
sunumarized.,

The apparatns which was used in the present experiments differs in
its essential points from that used by other investigators. 1t consists
of a respiration apparatus similar in principle to that of Pettenkofer
and Voit.” which belongs to the second eclass mentioned above. In
addition there are devices for the measurement of the energy liberated
by the organism.

For measuring and analyzing the incoming and outgoing air, new
methods have been devised, or the methods already in nse have been
materially modified.  The apparatus for measuring the outgo ol energy
is entirely original. Therefore, though the apparatus resembles in
ontward form the respiration apparatus of Pettenkofer and Voit, it dif-
fers in 8o many essential points that it may be fairly termed a new
form, and to it the name respiration calorimeter has bheen applied.

In the earlier experiments referred to above the subject remained in
the apparatus for short periods, usnally not more than twenty-four
hours. In the present experiments the subject remained for several
days inside the respiration chamber,

THE EXPERIMENTS REPORTED IN THIS BULLETIN.

The purpose of the present article is to give a deseription of the
apparatus nsed and of the methods which have been elaborated,
together with an aceount of the experiments thus far made by the
anthors which bear directly npon the metabolism of matter. Four
experiments with men in which the metabolism of nitrogen and earbon
has been measured are described.  The results obtained regarding the
metabolism of hydrogen and energy are to be withheld until some
changes which experience has indicated to be desirable in the appa-
ratus and methods ean be made, and the results already obtained can
be verified and new ones added.

The four experiments, designated by the laboratory numbers 1, 2, 3,
and 4, were as follows:

No. 1. An experiment of fifty-four hours with a laboratory assistant.

Nn. 2. .-’m experiment of fifty-four hours with a laboratory assistant.

'Hermann's Handbueh der Physiologie, vol. 4, pt. 2, pp. 86-162.

*Handbuch der Physiologie, vol. 4, pt. 2, pp. 280156,

Pettenkofer and Voit's apparatus :md a number of experiments made with it are
deseribed in U, 8, Dept. Agr., Office of Experiment Stations Bul. 21, pp. 106-112.
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No. 3. An experiment of five days with a chemist.

No. 4. An experiment of twelve days with a physicist.

Several previous experiments, which were less complete, are not
reported here.

APPARATUS.

The first requisite for metabolism experiments of the kind here
reported is of course reliable methods and apparatus for the accurate
determination of the different factors of income and ontgo during a
given period. This subject received much painstaking thought and
eare in the present investigation. The fact, however, should be empha-
sized that although these experiments were carried out with much
attention to detail and aceuracy, they are regarded simply as prelim-
inary to more elaborate, comprehensive, and exact investigations with
improved apparatus.

Friz. 1. —Reapiration ealorimeter.

The apparatus used in the experiments herewith reported consists
essentially of a respiration ehamber in which the subject stays during
the experiment, applianees for maintaining a current of air throngh
the respiration chamber for ventilation, apparatus for measuring and
analyzing this ventilating enrrent of air, and appliances for mensuring
the heat given off from the body (see fig. 1).

The apparatus and methods for the measurement of the heat given
off from the body, which were devised by Prof. F. B. Rosa, are helieved
to be quite novel. The experience gained iu the use of these applianeces
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has naturally suggested improvements in the details. The deseription
of this part of the apparatus is reserved for publication after the inves-
tigations have further progressed.

The room in which the apparatns is sitnated and in which the larger
part of the work of the experiment is carried on is in the basement
of the Orange Judd Hall of Natural Science and is a part of the chem-
ical laboratory of Wesleyan University. It is 354 feet long, 20 feet
wide, and 9 feet high; well ventilated; supplied with gas, water, and
electricity, and heated by steam. During the period of the experi-
ments, whieh was in late winter, the steam heat was insufficient for
comfort during part of the night and gas stoves were used in addition.
As the building is of sandstone, with very heavy walls, the Huetnations
of temperature within, especially in the basement, are comparatively
slow. Light is supplied by five large windows, and by gas and elee-
tricity. A 11 kilowatt mofor, connected with convenient shafting, fur-
nishes the power.

Opening out of this room is a smaller one, 5 by 114 feet, fitted with
arrangements for cooking the food. It also serves as a dressing room
for the subject at the times of entering and leaving the respiration
chamber.

THE RESPIRATION CHHAMEBER.

The respiration chamber is a room or box in which a man may live
comfortably during the period of an experiment. The inside dimen-
sions are: Length, 2.15 meters; width, 1.22 meters; height, 1.92 meters.
It is provided with econveniences for sitting, sleeping, eating, and
working, as well as arrangements for ventilation and for the study of
the respiratory produets, The ehamber consists, in fact, of three eon-
centric boxes, the inner one of metal and the two onter ones of wood.

The inner box, of which the inside dimensions have just been given,
is double walled, the inner wall being of sheet copper, the oufer of
sheet zine. The two walls are 8 centimeters apart. This double-walled
box is held in shape by a wooden framework between the two metal
walls, The four vertical corners are rounded, as this simplifies the
construction and makes the apparatus rather more eonvenient for nse.
The inside volume is approximately 4.8 ¢ubic meters (see figs. 2 and 3).

An opening in the front' end of the metal echamber, 70 centimeters
high and 49 centimeters wide, serves both the purpose of a window
and a door for entrance and exit. Considerable difficulty was experi-
enced in securing an aiv-tight elosure for this door. After numerous
nnsuccessful experiments with frames of wood and metal and with India-
rubber gaskets and other appliances, the simpler plan was adopted of
using a large pane of glass in a frame as is done in ordinary windows

—————— —

'In these descriptions the end in which the window is sitnated is ealled the front.
The terms right and left are applied to the sides nt the right aud left of & person
standing ontside at the front end and facing the window,
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and securing it with putty. The labor of putting the glass in at the
beginning and taking it ont at the end of an experiment is very small,
and the plan serves the purpose admirably,

Outside of this double-walled metal box are casings of wood. The
onter wooden walls are supplied with glass deors turning on hinges
and facing the doors in the metal box.

The purpose of the double metal wall of the inner chamber and of
the wooden casings is to facilitate the use of the devices for measure-
ments of heat. The chief use of these latter devices is in connection
with the experiments to determine the income and outgo of energy,
which are not yet complete for publication.

Numerous passages through the walls are needed for tubes, to convey
the ventilating current of air and for a current of water to carry oft the
heat generated by the body of the occupant of the chamber, wires for
various electrie conneetions, metal rods for certain connections befween
the interior and exterior apparatus, and, finally, the “food tube” for
passing the food and drink into the apparatus and taking out the solid
and liguid excretory products. The tubes referred to arve of various
sizes and made of either brass or copper. The “ventilating tubes”
have an internal diameter of 4 centimeters. The food aperture is of
copper and has an internal diameter of 15 centimeters. It is situated
on the left side of the apparatuns, and is provided with a eap at each
end. The outer cap is attached by a serew so that it may be made air-
tight. In putting in the food and other materials the cap is taken off;
the receptacle containing the food is placed in the tube and the cap put
on again. A signal is then given to the man inside who removes the
inner cap and takes out the receptacle, The materials from within are
passed out in corresponding manner, In this way there is no danger
of ingress or egress of any considerable quantity of air.

A telephone furnishes a means of communication between the inside
and outside of the ehamber; the wires of the telephone pass through
rnbber stoppers inserted in a tube, which, in its turn, passes throngh
all of the boxes and walls and is soldered to the inner copper wall.
Other wires throngh the same tube provide for electrical connection
with a small bell on the outside so that the person within may eall an
attendant whenever desired.

Adequate provision is made for the ventilation of the chamber and
for maintaining a uniform humidity and temperature by means of the
appliances described below (p. 16).  An inconvenient rise of tempera-
ture is prevented by a current of cold water which passes throngh a
system of pipes inside of the chamber. This device forms a part of
the arrangements for measuring the heat given oft' fromn the body. As
the results of snch measurements are not reported in this article, it will
suffice to say that the plan followed is in fact the opposite of that nsed
in heating houses by hot water radiators, i. e., instead of passing hot






water through radiators to give oft heat for warming the air, cold water
iz passed throngh absorbers to remove heat from the air.

A wet and dry bulb hygrometer, eapable of being read to tenths of
a degree centigrade, is hung in the vear of the chamber and observa-
tions were made by the oceupant, generally at intervals of two hours,
during the period of the experiment. These observations were reported
by the telephone and show the hygrometrie condition of the air inside
of the apparatus. i

The furniture used in the experiments consisted of a light folding
canvas cot bed, a folding ¢haiv, and a folding table.  Such elothing and
bedding as were needed for comfort were taken in by the man at the
beginning of the experiment, and small articles were passed in and out
throngh the food tube at convenient times, The floor was protected by
carpeting.  The amounts of water held by the furniture and elothing,
ete., were determined as acenrately as practicable by weighings at the
beginning and end of each experiment.

The arrangements for measuring and sampling the air are deseribed
as they were actually used in the experiments. They have since heen
replaced by others which will be deseribed with accounts of experi-
INents now in Progress,

APPLIANCES FOR VENTILATION AND FOR THE MBASUREMENT ANID
ANALYSIS OF THE VENTILATING CURRENT OF AIR.

A satisfactory respiration experiment involves the maintenance of a

proper current of air, the aceurate measurement of its volume, and the

“determination of the respiratory products.  When a living subject is
in the respiration echamber and breathes its air it is essential that the
ventilation be sufficient for his comfort, but it is important that the
amount passed through the chamber be not too large, on account of
the difficulty of aceurate measurement and analysis. With a small
current the reasonably aceurate measurement of the volume is easier
than with a large one, smaller samples are needed for analysis, and the
samples can be taken and the analyses made more aceurately.

It is evident that the greatest eare is needed to devise sueh mechan-
ism and methods as will secure the maximum acearacy of measurement
and sampling of the aiv and of determination of’ the respiratory prod-
uets,  In the large amount of work done during the last thirty years
with various modiieations of the Pettenkofer apparatus the chief difli-
culties have been in the measurement of the air and determinations of
the water. The method generally followed has been to measure both
the total volume of air and the volume of the samples by gas meters,
and to use the samples for determining the earbon dioxid and water by
absorption and the marsh gas and other volatile organie compounds
by combustion.

The same general method has been followed in these experiments.
The air was drawn through the apparatos by means of specially devised
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air pumps, and its total volume measured by a gas meter especially
construeted for the purpose.  The samples of incoming and outgoing air
were drawn by means of aspirators, the carbon dioxid in the sample
was determined by absorption by soda lime, and the water by absorp-
tion by sulphurie acid.

As the air was drawn and not foreed through the apparatus, and
especial pains were taken to make both the respiration chamber and
the connecting pipes as nearly air-tight as possible, it was believed
that the air which passed through the meter and was measured by it
represented very accurately that which had passed through the eham-
ber and received the produets of respiration. It is not certain that the
chamber was absolutely air-tight, but at no place could any current of
incoming air other than that passing through the entrance and exit
tubes be found sufticient to affect the flame of a candle.  Indeed, it was
hardly expected that any considerable quantity of air could enter or
pass out in any other way even if the echamber had ot been tight, sinee

S
Fui 4. —thitline sketeh of respiration apparaius,

the tension within the chamber was very slight, the barometric pres-
sure differing from that of the outside air by only a fraction of a milli-
meter of mercury. The volume of air passing through the apparatus
varied from 30 to 75 liters per minute.  The longest experiment was of
twelve days’ duration, and was made with an air current of approxi-
mately 55 liters per minute.

It is desirable to have the incoming current of air as dry as possible,
as stated above. The smaller and more uniform the amounts of water
the easier and more aceurate are the analytical determinations, and,
furthermore, the amount of ventilation needed for the comfort of the
oceupant of the chamber is less with little than with much moisture.
To reduce the amount to a minimum the air which came from out of

~ doors was dried before it entered the chamber, This drying was easily

e

P Ty

accomplished by surrounding a portion of the pipe through which it
ppued with a freezing mixture of salt and ice.

2771—No., 44—2
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The course of the air in its passage from outside through the different
parts of the apparatus to the pumps was as follows (see lig. 4): 1t entered
throngh a window by a pipe of 7.5 eentimeters internal diameter and
was drawn through a freezer (I2,) consisting of a system of 10-centimeter
copper pipes packed in ice and salt; thence it was again conveyed by the
7.5 centimeter air pipe (1)) to the smaller air pipe which passes through
the front wall of the apparatus at the right of the window (I3} and about
1.2 meters from the bottom of the chamber (A). Inits passage from the
freezer to the chamber it was warmed so that it entered the latter at
the desired temperature. The warming was done by a 16-candlepower
ineandescent electrie lamp placed inside the air pipe. In this way the
temperature of the entering current of air was easily regulated. The
air entering the chamber malkes a divect downward turn through a cop-
per pipe 10 eentimeters in diameter which opens into the lower right-
hand front corner of the chamber. The outgoing air is drawn from the
upper left-hand eorner of the rear end of the chamber, i. e., from a point
diagonally opposite that at which the incoming air is delivered. 1t is
conveyed from the latter point by a 10-centimeter copper tube along
the top of the chamber to the front end and then downward to the
copper tube (12,) through which it passes out. In this way a faverable
distribution of the air in the echamber is obtained. The diameter of the
brass tubes has proven ample for the uninterrupted passage of such
currents of air as have been found desirable for the experiment. On
coming out of the chamber the ventilating current of air was passed
through another freezing apparatus (E,;) by whieh the larger part of the
moisture was colleeted. Thenece it passed through the meter (I') by
which its volume was measured and onward to the air pump (H). Since,
however, the action of the pump would vary the tension, a tension
equalizer (G) was placed between the pump and the meter.

Samples of the incoming air were taken from the entrance pipe just
as it entered the chamber. Samples of the ontgoing air were likewise
taken from the exit pipes just as it entered the meter.

The several parts of this apparatus for maintenance and measuring
the current of air may be desceribed in more detail as follows:

AR PUMP.

Two piston pamps were used for drawing the air through the appa-
ratus, They were so arranged that either could be used alone for a
smaller current, or the two together for a larger current. In most of
the experiments here deseribed, however, only one pump was used.
The piston of each pump was moved in a brass cylinder by eranks at
the end of a shaft, so that each pump made a double stroke for each
revolution of the shaft. This shaft was belted to the main shaft, which
works directly from the motor, and runs at the rate of about 300 revola-
tions per minute. The connections were such that the pump made in
general about 75 strokes per minute. The strokes were recorded by an

|
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ordinary automatic register reading to 100,000,  As the volume of air
per stroke was known approximately this record made a rongh check
upon the measurements with the meter.  Desirable changes in the rate
of flow of air through the pump are effected by varying the length of
the stroke, the devices for this purpose being sneh that the desired
changes could be made with ease and aceuracy. When one of the
pumps drew 635 liters per minute each stroke represented approximately
0.7 liter.
TENSION EQUALIZER.

When the pumps were connected directly with the meter the motion
of the latter was intermittent on account of the variations in air pres-
sure with each stroke of the pump. To reduce these variations of
tension to a minimum and make the pressare of the air as it passed
throngh the meter more uniform a device was employed to which the
name tension equalizer was given, This was placed so that the air
passed through it in going from the meter to the pump. It consists of
a cylinder about 50 centimeters high and 40 centimeters in diameter,
The sides and bottom of this are of tin plate. Over the top a piece of
rublber sheeting, such as is used by dentists, is loosely stretehed and
tightly bound, Although its capacity is only belween 50 and G0 liters,
yet the action of the rubber top was such that the variation in pressure
of the meter as measured by a water column amounted to only a few
millimeters, and no irregularity could be seen in the motion of the

index on the meter. :
METER FOIk MEASURING ALK,

The meter' was of the kind employed by Professor Zuntz, of the
Agricultural Institute of the University of Berlin, in his respiration
experiments with horses, dogs, and other animals, and with man. Pro-
fessor Zuntz was so kind as not only to assist in getting the meter, but
also to test it in his laboratory. The apparatus has been briefly
(leseribed by Professor Zuntz,® and only the essential features will be
noticed here,

The readings of the meter are indicated by hands revolving on a
large dial and recording to 10,000 liters. In the experiments the meter
18 read for the number of thousands of liters, while the numbers of ten
thousands of liters were checked by the register above referred to
nuder the head of “Air pump” (p. 18),

The accuracy of measurements of volumes of air by a gas meter has
been a subject of muceh discussion and no little experimenting, and the
attention given to it in this laboratory has been not inconsiderable.
The errors involved are undoubtedly small, and with care may, it is
believed, be reduced to a very small fraction of the total volume of air
to be measured.

Made by 8, Elster, of Berlin,
fLandw. Jahrb., 18 (1889), p. 1; alse Fligge, Hygienische Untersuchungs.
methoden, p. 531.
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In using the meter a thermometer was inserted at one side, so that
its bulb was immersed in the water within the meter and its readings
were taken as indieating the temperature of the water. This was
assumed to be also the temperature of the air as it left the water. The
air was assumed to be saturated with agueous vapor at that tempera-
ture. As the air passed through at the slow rate of from 55 to 80 liters
per minute, it was not believed that this assumption involved a very
large error. It was believed, however, that means could be found by
whieh the errors of measurcment could be materially reduced. An
apparatus for the purpose has been devised and made by Mr, O. S,
Blakeslee, and the preliminary observations made with it are quite sat-
isfactory. It is practically a large mercury pump, so arranged as to
serve the double purpose of maintaining the eurrent of air and deliver-
ing aliqguot samples for analysis.

ASPIRATORS Foli =sAMPLING AIH.

The samples of air for analysis were drawn by means of aspirators (1).
These aspirators, three in number, are cylinders of galvanized iron,
standing upright, with conieal ends.  The cylinders are 56 centimeters
in digmeter and 46 centimeters in height, exclusive of the cones which
form the ends, The cones are approximately 8 centimeters in height,
making the whole length of the cylinder, from apex to apex, about 62
centimeters. At the apex of each cone is a short neck of brass tubing.
Horizontal tubes connect the two necks with an upright glass tube on
the side of the aspirator. This serves as a gange and shows the height
of the water. It is aceurately marked at the top and bottom, and thus
permits the drawing off of a definite quantity of water and consequently
the accurate measurement of the volume.  The aspirators are sustained
in a framework and set in cement to give them firm support. At the top
of each is a 3-way valve, which serves to make connections with the
tubes (K, and K,) bringing the samplesof air. A manometer indicates the
tension and a thermometer the temperature of the air in the aspirators.
Here again the air was assumed in the experiments to be saturated at
the temperature indicated by the thermometer, The volume of water
or air held by each of these agpirators was determined by weighing the
water which it held, and was from 150 to 163 liters. The connection
hetween the aspirators and the tubes, through which the main ¢nrrent
of air passes, was made by G-centimeter brass tubes. The sample enr-
rents of air are brought from the main air current through these small
brass tubes into the apparatus for the absorption of earbon dioxid aml
water (I and 1) and then into the aspirators, by which the samples
are drawn and the volume of each sample is measured.

The rate of flow is regulated in a very simple manner. The water
passes out from the bottom of the aspirators through a short brass
tube which is connected with a longer rubber tube. Thelastis provided
with a serew pincheock and a metallic nozzle at the lower eud, which
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is raised or lowered at will, thus varying the head of water., In tak-
ing a sample, the aspirator is first filled to the mark indicated on the
weter gange outside. The connection is made by the 3-way cock with
the tube through which the sample of air is drawn from the main cur-
rent. The flow of water from the bottom is started with the nozzle at
the end of the rubber tube at the height of about 1 meter from the floor.
The water which first comes out is collected in a graduated eylinder.
The amount in one minute shows the rate of flow. If thisis too fast or
too slow, it is changed by means of the pincheock on the rubber tube,
When the proper flow is established, ordinarily about 500 or GO0 cubie
centimeters per minnote, it is allowed to proceed.  As the water level in
the aspirator falls, the nozzle is lowered and the rate of tflow is observed
at intervals, generally of about one-half hour. In this way it is easy to
make the rate rapid or slow at diseretion and reasonably uniform.

ATTARATUS FOR DETERMINING CARBON DIOXID AND WATER IN SAMPLES OF All:.

The constituents of the air determined in the experiments described
beyond were carbon dioxid and agueons vapor, althongh only the for-
mer is reported. The deviee above referred to (p. 17) for removing the
moisture from the main air eurrent by cooling to abont — 17° C, leaves a
small and fairly uniform amount of moisture, and thus greatly faecili-
tates the determination of the Iatter in the samples analyzed. Four
U-tubes are used for the analysis, two, filled with soda-lime, for the
earbon dioxid, and two, containing sulphurie aeid, for the water of each
sample. For weighing they are hung by loops of platinum or aluminum
wire.

Freezing apparatus.—It was found very desirable in these experi-
ments to have the air enter the respiration chamber as dry as possible,
It was with this fact in view that the plan was first adopted for freez-
ing the air before it entered the chamber. The freezer nsed for this
purpose consists practically of two large U-tubes of copper. These are
connected with each other and with the pipe throngh which the current
of mmeoming air flows, They stand upright in a wooden box which is
kept filled with a freezing mixture of salt and ice, BHach of the four
nprights of the two U-tubes consists of a pipe made of (No. 16) sheet
copper, 10 centimeters in diameter and 91.4 centimeters in length.
These npright pipes are so connected by horizontal elbows that the
whole forms a compaet mass 1 meter in length and a little over 20 cen-
timeters square. In this way the current of air has to pass throngh
nearly 3.65 meters of copper tubing which is covered by the freczing
mixture, To still further increase the cooling surface of metal, and
with it the rapidity of the passage of heat from the air to the freezing
mixture, a nnmber of vanes of sheet copper are placed inside the fonr
lengths of copper tubing. BEach vane is parallel with the axis of the
tube and is soldered to the side so as to project 3.8 centimeters toward
the center in a radial direetion.  In the horizontal elbow throngh which
the air, after having passed throngh the fonr tubes, returns to the main
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comdueting pipe is an orifice in which is inserfed a thermometer. This
indicated the temperature of the air as it left the freezer, under ordinary
conditions to be from about — 172 to — 182 C. The wooden box which
held the freezing mixture and the freezing apparatus had at the bottom
an outlet for the brine. The ice was finely crushed, mixed with salt,
and packed closely between the freezer and the box.

When the experiment was continuned for twelve days, the moisture
which gathered in the form of frost on the inside of the freezing appa-
ratus accumulated so as to retard the passage of the eurrent.  Aeccord-
ingly the pump was stopped in the middle of the experiment, the
freezer taken out, and hot water poured upon it so as to melt the ice
inside. It was then emptied, put back in place, and repacked in the
freezing mixture. The whole operation did not last more than twenty
minutes. The stoppage of the eurrent of air during this fime did not
cause the least discomfort to the person inside the chamber. Indeed,
he was not aware of it nntil he was told.

It was found necessary to repack the space outside the freezer with
ice and salt about onee in two hours under ordinary conditions. This
method of removing the excess of moisture from the air before it enters
the chamber proved so satisfactory as to lead to its adoption in quanti-
tative determinations of the moisture in the outgeing air. For this
purpose, however, a somewhat more eomplicated freezer is necessitated
by the fact that the water which it collects must be accurately weighed.
The detailed deseription of this freezer is reserved for future publi-
cation.

Objections to the use of ice and salt for freezing are the trouble of
frequent renewal, the expense for material and labor, which was not
inconsiderable, the diffienlty of getting a satistactory low temperature,
and especially the impossibility of maintaining a constant tempera-
ture. TFor the later experiments immersing the freezers in brine cooled
by the expansion of ammonia gas has been adopted.

METHODS OF SAMPLING AND ANALYSIS.
ANALYSIS OF FOOD, FECES, AND URINE.

The methods of analysis nsed were essentially those adopted by the
Association of Official Agricultural Chemists, with such modifications
as experience and eirenmstances have shown to be desirable.*

PFREPARATION AND SAMPLING OF FOOD.

In the preparation of the food special effort was made to secure such
mechanical condition of the materials as would tacilitate the most
tlmmugh and aceunrate sq.mp]mg The a.unplps when tﬂ{l moist for

S

I The so-called ¢ ‘]mmlm:m 11 Tee Machine,” made by tha J'Lﬂm'i't-m Rﬂﬁ‘lgﬂratmg
Company, of Springfield, Mass., has been found very satisfactory for this purpose.

2For detailed deseriptions of 'l-}ll!l usnal methods followed, with the possible sources
of error involved, see U, 8. Dept. Agr., Division of l.’_‘,'lmlmﬂ.tr\’ Bul. 46; Ofiice of
Experiment Stations Bnls. 21, pp. 39-52, and 29, pp. 8, 9.
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grinding, were partially dried: the material in the original or partially
dried form was sampled and ground, first in an ordinary * Excelsior
mill,” afterwards in a Maercker-Dreefs mill, by which it is easily
rednced to a very fine powder. Some materials, containing consider-
able quantities of fat or sugars, are not easily ground in this way.
Meats, eges, and canned pears, for instance, were rubbed in a mortar
until they were homogeneons,  The gronmd material was preserved for
analysis in tightly stoppered bottles. It has been found, however, that
when such materials are kept in bottles closed with glass, or even rub-
ber stoppers, they are apt to change in moisture content on long stand-
ing. Unless the analyses are to be made immediately, or within three
or four days at longest, it is best to seal glass-stoppered bottles with
parafin. Even then, if the material has stood for some weeks, it will
sometimes be found desirable to repeat the determinations of moisture,
When nearly all the water is removed from the materials, as is done in
the proecess of partial drying referved to beyond (p. 24), no indications
of decomposition, even of meats, were found for some weeks or months.
It is, however, noticeable that when the samples of meats containing
more or less fat are thus dried and finely ground, and are allowed to
stand in the working room of the laboratory, the fat gradnally sepa-
rates and settles to the bottom of the bottle. This iz an indieation of
the need of careful mixing of snch materials just before the weighing
of portions for analysis.

Some food materials, however, are so dry as not to require the partial
drying. Ovrdinary fine wheat flonr is ready for analysis at once, or can
be preserved for some time in tightly closed bottles. The coarser tlours
and meals, rice, and common erackers and bisenit ean generally be
ground and kept for analysis without drying.

Since in some instances the treatment was somewhat detailed, the
methods nsed for the preparation of each kind of food for analysis may
be brietly ontlined.

Beef.—A lean piece of round steak was selected and the superflnons
fat was carefully removed. The meat was then cut in long strips and
ran throngh a meat chopper several times, thus securing fine division
and thorongh mixture. After leaving the chopper it was weighed ont
in balls or eakes of 625 grams each, and placed on a plate covered with
a glass cover.  When meat was cooked for a meal three of these balls
were cooked at the same time and in the same dish; two of them were
eaten, and the thind served as a sample for analysis,

Bread —Three kinds were used, “white bread,” made of fine wheat
flour; “brown bread,” of wheat and rye flour and corn meal; and rye
bread. To insare like composition and lika proportions of erust and
ernmb, the loaf was ent in slices and alternate slices were taken for
eating and analysis,

Oatmeal.—One of the common commereial preparations of oatmeal
was used. A certain weight of the dry material was cooked in water.
As there was no reason to fear loss of material the composition of the
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oatmeal as eaten was assumed from that of the original material, tak-
ing into account the water added in cooking.

Potatoes.—These were boiled with the skins on. After pouring off
the water the skins were removed and the potatoes put throngh a potato
masher. The portion to be eaten was weighed, a sample of like weight
being taken at the same time for analysis.

Apples.—The fresh fruit was pared and the cores removed, nothing
but the apple pulp being eaten by the subject. Samples of the pulp
were analyzed.

Canned beans, pears, and peaches.—These three materials were served
cold, and required no-special preparation.  Samples from the different
ans were used for analysis.

Milk evackers, sugar, and cheese.—These were served as parchased in
the market, without any speeial preparvation.  Samples of each lot were
analyzed.

Eggs.—EHgos of approximately the same weight were selected. Three
were boiled in the same dish of water, two were caten, and one was
taken as a sample.

Butter.—This was a creamery buiter as purchased. No partial dry-
Ing was necessary. Samples were taken at each meal, each sample
being of’ the same weight as the portion eaten.

Milk.—Aliguot portions were taken from the milk of each day.
These samples were preserved until analyzed by addition of potassium
bichromate.

As fast as samples were taken they were either immediately “partially
dried,” as in the case of meat, bread, potatoes, ete., or preserved for futnre
analysis by some antiseptic, such as potassium bichromate, as in the ease
of milk. The several samples of a given material for a given period were
Joined together and resampled, so that a single analysis served for the
whole of that special lot. Thus the several samples of “white” bread
for a given number of days were united, and after the partial drying
were well mixed and a single sample representing the whole was
analyzed. This course was followed with the other materials in so far
as 1t was feasible without risk of inaccuracy.

WATER.

Partial drying.—For this process portions of 50 grams each were
placed in shallow poreelain sance dishes and heated in a large air bath
at the usual temperature of 96° C. or thereabouts for a period of thirty-
six hours, They were then placed on a shelf lightly covered with paper,
and thus exposed to the air in the laboratory for twenty-four hours.
At the end of this time the moisture content had become practically
constant and the samples were weighed and the loss of moisture noted.
They were then ground, placed in properly marked bottles, and sef
aside for analysis.

Complete drying.—For the determination of water-free substance the
usual methods were employed. The time of drying was usually five
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hours, in aceordance with the official methods.  This, however, did not
suffice in all eases, and longer heating was necessary. It is well
known that one of the most difficult operations in the laboratory is the
accurate determination of moeisture in animal and vegetahle substances,
and not a little work has been done in this laboratory with a view to
improving the accuracy of moisture determinations.,'

FAT—ETHER FXTRACT.

The sample which had been dried in hydrogen for the water determi-
nation was nsed for the determination of erude fat.  To this end it was
extracted in the usual way with ether, which had been digested with
fused ealcinm chlorid and distilled over that substance, Continnouns
extraction for sixteen hours was generally suilicient.

AR

For determination of ash the material was ineinerated in the follow-
ing manner: The mass was first charred in a platinum eapsule and
then extracted with hot distilled water, the insoluble matter being
colleeted on o filter; the filter with its contents was then returned to
the platinum capsule and the whole heated uantil the incineration was
complete. The agueons extract was added, and after evaporation the
whole residue was heated at low redness until the ash was white,

NITROGEN—IPROTEILN.

Nitrogen was determined by the IKjeldahl method, the amonnt of
nitrogen thus found multiplied by 6.253 being taken as representing the
protein.  As the proportion of nitrogen is the basis of the caleulations
of nitrogen balance, the method of estimating protein by differences,
which is often followed in analysis of meats and other materials con-
taining little or no earbohydrates and which is doubtless often more
acenrate, would not be in place here,

Experience in this laboratory with meats and other animal tissues
confirms the observations of other chemists that there is great danger
of incomplete ammaonification of the nitrogen in these substances when
treated with sulphurie acid and other reagents as ordinarily recom-
mended in the Kjeldall process, It appears that numerons albuminoid
substanees resist decomposition, or at any rate the complete nnion of
nitrogen and hydrogen to form ammonia. With sueh substances it was
fimund necessary to continue the digestion for some time after the sal
phurie-acid solntion had become eolorless.  The clearness of the solu-
tiom was by no means an indication of complete ammonification. The
process has frequently been found to be incomplete when the digestion
had been continued for an hour or even two hours after the disappear-
anee of eolor. 1t iz safer to continue the digestion for three or four
hours after the solution has become decolorized.

FRee 11, 8, Il'l']lt-, Agr., (Miico of I':xpl'r'llm:nt Stations Bal, 21, podl.
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(asein.—In analysis of butter the easein was determined directly.
The butter was placed in a Gooeh erncible and the fat dissolved out
with ether. The casein and mineral matters were weighed together and
the casein burned. The loss in weight on burning was taken as repre-
senting the casein.  The danger of slight error here on account of the
presence of milk sugar is a subject which has not been investigated.

CARBON AND HYDROGEN.

The food materials, feces, and dried urine were burned with enprie
oxid with the aid of a eurrent of oxygen, in accordance with the nsnal
methods.  The carbon dioxid was absorbed by potassinm hydroxid and
the water by concentrated sulphurie acid.’

HEATS OF COMBUSTION—FUEL VALUES,

The determinations of heats of combustion of food materials, feces,
and dried residue of urine were made with the bomb calorimeter, as
deseribed in previous publications.? The apparatus and method
have been in use in this laboratory for the past three years, and have
been found very satisfactory.

COLLECTING, PEESERVING, AND SAMPLING O FECES AND URINE.

In the digestion experiments (which began before the subject entered
the respiration chamber, as explained beyond) it was necessary that
the feces of o given diet should be separated from those of the diet
immediately preceding.  To effect a sharp separaticn the subject had a
supper of bread and milk, at which time he took six or seven large sel-
atin eapsules containing lampblack.” The following morning the diet
decided upon for the digestion experiment was begun and strietly
adhered to throughount the whole experiment. The sampling of food
for analysis was also begun at this first meal. On the second or third
day the milk feces, having a characteristic consisteney and colored with
lampblack, generally appeared. When there was no indication of
diarrhea, the separation of the residues from the two different kinds of
food may be eonsidered reasonably acenrate inasmuch as the portion
from the meal of bread and milk is easily distinguished from that of
the succeeding meal. All the feces following that of the bread and
milk were saved. At the end of the experiment a supper of bread and
mille with lampblack was again taken, and all the teces up to the
point. where the milk residoe appeared were conzidered as belonging
to the nndigested residues of the diet under study. At first the feces
of each day during the experiment were separvated, weighed, and in

'For observations upon the sonrees of error in the ordinary methods of analysis of
animal and vegeiable products, see U, 8. Dept. Agr., Office of Experiment Stations
Bul. 21, pp. 358-52,

10 8, Dept. Agr., Office of Experiment Stafions Bual, 21, pp. 123-126; Connectieub
Storrs Sta. Rpt. 188, pp. 135-157.

*Later experience has shown thab so much lamphlack is nnnecessary.
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some cases separately analyzed also. This, however, proved nnnec-
essary, as it was found that the composition with a given diet remained
very nearly the same from day to day.

The urine is ebviously a very important factor as regards the metabo-
lism of nitrogen. Consequently its colleetion and preservation for
analysis require especial attention. Unfortunately it was possible to
give only limited attention to the subject during these experiments, It
is believed that a more thorongh investigation of the character and
constituents of urine in respiration experiments will prove of no little
physiologieal importanee.

In these experiments the bladder was emptied every morning at 6
o'clock. All the urine voided between that hour and the next morning
at the same hour was taken as the urine for that day. Each day’s
urine was carefully weighed, thymol being added as a preserving agent.

The total nitrogen in the urine was determined in the {resh substance
by the Kjeldahl method.

TFFor the determination of carbon and hydrogen the urine was dried
in a partial vacunm over sulphurie acid. It was found by repeated
tests that drying urine by heat involves considerable loss of nitrogen.-
The importance of avoiding this loss led to investigations which showed
that fresh urine could be dried in a vacuum over sulphurie acid with-
ont material loss of nitrogen. Aeccordingly it was assumed that there
wonld also be extremely little loss of carbon and hydrogen, and the
substanee thus dried was taken for the determinations of these ele-
iments. The same method was followed, though generally with a some-
what longer period of drying, to determine the amount of water-free

| substance. The percentage of water in this  partially dried in racuo™
nrine was taken into account in calenlating the percentage of earbon
« as determined by combustion with eupric oxid.

In experiments of the elass to which those here reported belong the
respiratory products commonly determined are earbon dioxid, water,

t ANALYBIS OF RESPIRATORY PRODUCTS.
i
! and volatile organic compounds.

CARIRON IMAXTITY,

The determination of carbon dioxid is most essential, and is, of course,
always attempted. The experience of a number of experimenters dur-
ing the past twenty-five years implies that the diflicultics in the way of
fairly aceurate results are not insuperable. The earbon diexid given
off in respiration is guickly diffused throngh the air and readily con-
veyed away by the ventilating current, so that the accurate measure-
ment of that current and determination of the percentage of carbon
dioxid suffices for the ordinary purposes of experiment,

- For the absorption of carbon dioxid soda-lime has, in onr experience,
proved the most satisfactory reagent. It must, however, have the
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proper proportions of soda, lime, and water to fit it for the purpose.
It may be made as follows: One kilogram of commereial caustic soda
is treated with 600 cubie centimeters of water, forming a very sirong
golution, or rather a pasty mass. To this a kilogram of quicklime is
added. The latter is slaked by the water of the soda solution. The
mixture is rapidly stirred. No heating is necessary. If there are any
Inmps, they are broken into small pieces, and the soda-lime thus made
is immediately put into large bottles or fruit jars and tightly sealed.

The presence of a certain amount of moisture in the soda-lime is
essential to the complete absorption of the carbon dioxid.  As the soda-
lime iz converted into the carbonates of sodinm and ealeinm the mass
whitens, and the advancement of this ehange in color from one end of
the column of soda-lime to the other is apparent as the absorption of
carbon dioxid proceeds. This affords a very good cheek on the effi-
ciency of the tube, In the preliminary tests of the method, as in the
actual determinations, two tubes were used in series, and after each
determination the second tube was moved toward the incoming enrrent,
so that it became the first tube, and a fresh one was inserted to serve
as second tube.  Numerous experiments were made with varying quan-
tities of carbon dioxid in the air and with varying rates of flow to see
if the system would thoroughly remove all earbon dioxid. A cheek
tube containing glass beads drenched with barinm-hydroxid solution
failed to indieate the slightest trace of carbon dioxid, with 150 liters of
aspirated air, containing 3.5 grams of carbon dioxid, and running at
the rate of 500 eubie eentimeters per minute.

The value of the soda-lime as an absorbent for carbon dioxid was
further demonstrated by passing a current of air previously freed from
carbon dioxid throngh a flask in which a known guantity of earbon
dioxid was generated from pure sodinm carbonate or ealeite. As the
air with this carbon dioxid eame from the flask it was passed over sul-
phurie acid to absorh the water and then throngh two tnbes containing
soda-lime, then through a tube with sulphurie acid to cateh the water
set free from the soda-lime, and finally through a fube eontaining
barinm-hydroxid solution to detect any traces of earbon dioxid which
might fail to be absorbed by the soda-Time.

Aiter considerable experience in testing the methods by eontrol
experiments of varions kinds an arrangement of absorption tubes for
water and earbon dioxid was settled upon, and has sinee proved very
satisfactory.  The order is: First, a tube filled with pumice stone satu-
rated with salphuric acid for the removal of water; then two tubes
filled with soda lime for the absorption of the earbon dioxid; and
finally a salphuric-acid tube to absorb the water removed from the
soda-lime Dy the enrrent of air and set free in the formation of earbon-
ates by the action of the carbon dioxid npon the hydroxids.

It was found important, however, to pass a current of dry air throngh
the sulphurie-acid tubes for three or four hours before they were used
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for the determinations, since it was observed that the freshly filled
tubes lost weight when dry air was ficst derawn through them, the loss
sometimes amounting to 20 milligrams, A plansible explanation of
this loss would be found in the assumption that incompletely oxidized
compounds of sulphur or nitrogen which were cither originally present
in the acid or were formed by its action on the organic matter in the
pumice stone were removed by the air when first passed through the
tube.  As the method for avoiding the error proved simple and effective,
we have not taken the time to inguire more fully into the canse,

The determination of carbon dioxid by the above method is guite
satisfactory, as was shown by numerous control experiments.  In one
experiment, for instance, which was fairly representative of all, 16692
grams of carbon dioxid were delivered into the air enrrent and 16715
grams were removed in the soda-lime,

The weighings were all made with a connterpoise.  To insure equal
moisture condensation on the tubes and counterpoise, the latter was
kept in the tray with the U-tubes, and hence subjected to like conditions
of temperature and moisture,

-

WATER.

The aceurate determination of water has been found less easy.  The
dificulty appears to rest not so much in the determination of moisture
in the current of air as in the getting of all the moisture into the cur-
rent. 1t is believed that one chief trouble here may be the adhering of
moisture to the surfaces of the walls and other intervior parts of the
apparatus and its absorption by the clothing of the subject and the
furniture in the respiration chamber. It is evident that for reliable
results two things are requisite.  One is an aceurate and convenient

fmethod for the determination of water in a current of air, the other a
means for either making sure that all the water to be determined is
contained in the air cnrrent or that the amount not in that current

"shall be determined in some other way. The water to be determined
is the whole given oft from the body of the subject in the respiration

" chamber, less the amount removed in feces and urine, Practically this
“means the water exhaled through the lungs and skin,  For our present
[ purpose it may be designated as water of exhalation and taken as
mﬁludmg the water of respiration from the lungs and that of perspira-
tilun from the skin. Since the various difficulties enconntered in the
accurate determination of water had not been satisfactorily overcome
~when these experiments were made, the resalts of such determinations
are not reported in this article,

The test of the reliability of the methods for the determination of
ri-lml products given oft’ from the body of the person in the respiration
' chamber must be found in check experiments in which known quanti-
ties of the same products will be given off in the chamber and deter-
mined in the air eurrent by the methods used for the actual experiments,
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Numerous check experiments of this kind preceded the experiments
with men reported beyond. The resolts indicated that the determina-
tions of carbon dioxid were reasonably aceurate. The smne was also
true of the water as far as concerned the amounts actually contained
in the incoming and outgoing currents of air. 1t was not certain, how-
ever, that the moisture which was condensed upon the interior surface
of the apparatos (especially upon that part of the apparatus within
the chamber throngh which the cold water passed to carry away the
heat and to which the term heat absorbers has been applied) was the
same at the beginning as at the end of the experiment, The assamp-
tion that the methods for the determination of carbon dioxid and water
in the cnrrents of aiv and for the determinations of the amounts of
:arbonie acid in the apparatus were reasonably aceurate was further
substantiated by check experiments which followed the present experi-
ments with men.

The most satisfactory of these were made by burning ethyl aleohol
inside the chamber. The determinations of earbonie acid differed by
less than one-half of 1 per cent from the theoretical.  In other words,
for every 100 grams ol earbon in the alecohol the measurements gave
from 99,49 to 1004 grams.  So far as coneerns the determination of car-
bonic acid given oft inside the apparatus, the only difference between
these check experiments with aleohol and the experiments with men
reported beyond was in the measarement of the air emrrent, which
could hardly have made any very important difference in the results.
It is believed, therefore, that the determination of carbon dioxid given
off by the men in the experiments beyond ean not be very far from
correct.!

I Before the check experiments were made, arrangements were perfected by which
the absorption apparatus could be weighed by the man inside the chamber, so that
the changes in the amounts of water condensed upon the surfaee of the absorbers
conld be learned. The measurements of the volome of the air were made by the
improved apparatus veferred to above. (See p. 200)

T the cheek experiments with aleohol the determinations of water could not be
made with the same acenracy as in the experiments with men, since in the latter case
the absorption apparatus could be weighed by the person inside the chamber. Itis,
however, possible so to regulate the combuostion of the aleohol, and hence the pro-
duetion of earbon dioxid, water, and heat, that the amounts produced during a given
period at the beginning of an experiment shall be very nearly the same as during a
like period at the end. Under these cirenmstances ihe amonnts of water eondensed
on the absorbers at the ends of the two periods will be approximately the same,
The control of the nmount of water condensed upon the absorbers is facilitated by
the ease with whicihh both the temperature of the interior of the apparatus and the
proportion of water in the incoming air eurrent may be regulated.

In the check experiments made by Lurning alcobol 1 the chamber, pains were
taken tomake the conditions of (1) temperature of interior of apparatus, (2) amount
of moisture brought into the apparatus by the incoming enrrent of air, and (3) the
rate of combustion of aleohol approximately alike at the beginuing and at the end
of each experiment. These periods were six honrs or more each., The experiments
proper began at the end of the first period and ended at the close of the second



VOLATILE ORGANIC COMPOUNDS,

It has been found neeessary in experiments with some animals, e, g.,
oxen, to determine the guantities of carbon in the hydrocarbons and
other volatile organie compounds given oft from the body. Of these
the most important appears to be marsh gas produced by the ferment-
ative action of bacteria in the large intestine.  With men the quantity
of such compounds produced is apparently very small. They were not

' determined in the experiments here reported, althongh it will donbtless
be necessary to look for such componnds and perhaps to determine
quantitatively their content of earbon and hydrogen in experiments
where the greatest aceuracy 1s sought.

THE EXFERIMENTS.

The factors involved in a complete metabolism experiment and in
what is commonly called a rvespiration experiment arve fully explained
on page 7. For reasons already given, the account of the respiration
experiments here reported inelude only the results of measurements of
the income and ontgo of nitrogen and carbon. The factors actually
determined and reported are:

Fucome.—Food, drink, and their content of nitrogen, carbon, protein (N x 6.25), fats

(ether extract), earbolhydreates (by differcnee), mineral maiter (asl).
Ouigo,—Respiratory products—carbon dioxid and its content of carbon.

| Feces—nitrogen, carbon, protein (N x 6.25), fats (ether extract), catbohy-
| drates (by difference), mineral matters (ash).
' Urineg—nitrogen, carbon.

As above explained, the experiments here reported imnvolved digestion
experiments. The results of the latter are included in the deseriptions
which follow. The determination of the digestibility of the several nutri-
~ ents of the food was made in the usual way, by comparing the amounts

of protein fat, carbohydrates, and mineral matter in the food and feees.’
The resnlts of the digestion experiments, however, misrepresent the
actual digestion of the food by practically the amount of the metabolie
produets in the feces.  The error, however, is not large, and, so far as the
respiration experiments are concerned, it may be left out of account
~ entirely, since the question is the balance of total actual income and
outgo of chemical elements and the metabolic products of the feces
are as truly a part of the outgo as the undigested residue of the food.

r

_—

l period, and covercd generally from twenty-four to forty-eight hours.  The determi-
nations of water in the three eheck experiments ranged from 100.1 to 100.3 per cent
of the theoretical amount. Improvements were also made in the arrangements for
the determination of the gquantitics of heat given off by the baody.

'Bee disenssion of this subject in U, 8. Dept. Agr., Oflice of Experiment Stations

- Bul. 21, pp. 56-73.
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THE DIET.

[n these experiments the effort was made to have the conditions as
nearly. normal as possible.  To this end it was essential that: (1) The
diet be such as to agree with the subjeet, and (2) the guantities of
nutrients be such as to meet the actual needs of the body nnder the
conditions in which the subject was placed during the experiment.

To facilitate the right ¢hoice of the diet, observations on the ordinary
diet of the subject and a preliminary test of a number of days were
considered essential. Accordingly the sabject was allowed to select
his own diet from a bill of fare limited only by the skill and apphances
for cooking available. In this way the =election of food was made such
as to snit the palate and not become so monotonons as to cause nansea
or any other derangement of the processes of digestion. The subjects
were inelined to take more food than was necessary for the rvather
inactive life in the respiration chamber, It was important to provide
that the regimen during the experiment should be not only such as
would meet the actual needs as regards kinds and amounts of nutri-
ents, but should also be the same from day to day.

The latter point is especially necessary. The actual income for a
wiven day or a given number of days is the amount digested and
absorbed during that period. If the food varies from day to day there
is no convenient means of learning to what extent the proportions of
nutrients digested vary with the food. Or, to put it in another way,
with varying diet the coeflicients of digestibility of the several nutri-
ents, protein, fats, and earbohydrates, may change and it will be
impossible to tell how much is digested from each day’s ration unless a
separate digestion experiment is made each day, which latter would
either reduce the period of each experiment to one day or involve very
considerable diffienlties in the separation of the feces for each day.
Furthermore, only part of the food taken on a given day is absorbed
and used in the body on that day, and it is impossible to tell just when
the period during which it is being nsed begins and ends.  If, therefore,
the diet varies from day to day, there is no way to learn how the vari-
ation affects the amounts actually absorbed from the alimentary canal
and used by the body on the different days during and immediately
following the days when the changes are made.

These considerations bring out one of the chief sources of uncertainty
in such experiments, namely, the impossibility of measuring exactly
the amount of material actually taken from the digestive tract and
bronght into use by the body daring a specified period. It seemed
that the error would be materially redneed, if not eliminated, by pro-
viding the subjeet with @ uniform diet for a long period and letting the
actual experiment be for a shorter period included within this longer
period. This gives an opportunity to utilize the longer period for a
digestion experiment, the results of which may be taken as a measure
of the quantities of nutrients taken up and used during the metabo-
lism experiment.
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In aceordance with these considerations, the subject commenced a
specified regimen some days in advance of each experiment. To adjust
the quantities of food materials, so as to secure the proper proportions
of nutrients, estimates were made in advance by use of the fizures for
eomposition of American materials,” The exact amounts of protein,
fats, and carbohydrates were, of course, not learned until the analyses
were made. Fortunately, the actual composition as thus found was

| very close to the advanee estimates in every case.

, *Meals were eaten three times daily at regular hours, thus conforming
as far as possible to ordinary custom. Drinking water was allowed at
all times, the weight used and the temperature, however, being care-

. fully noted. The freedom allowed in the selection of diet added, it is

- believed, materially to the success of the experiment, although the

number of different materials made the analyses quite laborious.

. Althongh the diet in each experiment was comparatively simple, a

~ considerable number of food materials were analyzed. The composi-

tion of the varions foods is given in the following table:
TasrLe l.—Composition of food materials wsed in the experiments.
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DAILY ROUTINE.

The digestion experiment which was made with each respiration
experiment commenced two or three days before the latter, but both
ended at the same time. On the second or third day of the digestion
experiment the subject entered the respiration chamber, but, in order
to insure normal conditions, the respiration experiment did not begin
until six hours after he had entered. This allowed the subject an
opportunity for arranging his furniture, the hygrometer, thermometer,
and other apparatus in the room, and permitted the establishment of
the needed equilibrinm of temperature and moisture content in the
chamber preparatory to the respiration experiment itself.

The food and drink were passed in and the solid and liguid exereta
were removed through the food aperture in the side of the apparatus.
A comfortable temperature was maintained within the room by means
of a current of cold water, which passed through the pipes of the heat
absorbers inside the chamber and thus brought away the heat radiated
from the man’s body. The temperature which best suited the feelings
of the subjeet, generally not far from 20° C., was maintained through-
out the whole of each experiment, except during one period of the last
experiment, when the subject was engaged in hard musenlar work, In
this case a very large amount of heat was given off from the body, and
the corrent of cold water passing through the absorbers did not suffice
to prevent the temperature from rising at times to 23 or 249,  As this
high temperature was maintained for only a few hours at a time, it is
clearly an exception to the rule.

The oceupants of the chamber passed the time in such ways as were
in general most agreeable under the cirenmstances, They observed
regular hours of eating and sleeping., There was, of course, almost no
opportunity for exercise. In the last experiment, however, a special
arrangement was made for vigorous muscular labor in lifting and
lowering a weight suspended from a pulley. This arrangement will
be deseribed in connection with the other details of the experiment.
Abundant opportunity was given for reading, considerable conversa-
tion was held between the occupant and the men who did the work out-
side, and the monotony was also relieved from time to time by visitors.

Since the experiments went on day and night, relays of the force for
day and night work were, of course, necessary. During the day a
foree of five or six persons was generally employed. During the night,
when the ocenpant of the chamber was asleep, the force was redunced
to three,

A brief deseription of the rontine of one day will perhaps help to a
better understanding of the way in which the experiment was carried
out. The night force of operators was relieved at 7 o'clock a. m. At
that time the subject was awake and ready for breakfast. The assist-
ant, who had charge of the preparation and cooking of the food, pre-
pared the breakfast; the chemist of the night force changed the system
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of U-tubes for analysis of the air. The day chemist proceeded to start
the passage of the air through the fresh system of tubes, and then
weighed the system which had just been removed; the readings of the
meter by which the ventilating current of air was measured, and of
temperature, barometric pressure, ete., were made. The subject, hav-
ing emptied the bladder at 6 a. m., passed out the liquid, and at the
same time the solid excreta. The readings of the hygrometer and
thermometer inside the apparatus were taken by the subject on rising,
| and the observations were repeated once in two hours throughout
the day. Naturally, the inquiry regarding the subject’s physical con-
dition, and any changes needed, received early attention in the morning.
Breakfast was ordinarily served at about half past 7 o’clock, dinner at
about half past 12 o'clock, and supper at 6 o'clock. Drinking water
“was given whenever desired, its weight and temperature being noted.
The freezing apparatus required repacking with ice and salt about
once in two hours during the day and night; the rate of flow of water
through the aspirators by which the samples of air for analysis were
drawn was regulated every half hour, The temperature of the air of
the meter was recorded hourly. The freezers through which the ontgoing
air passed were changed onee in twelve hours, and the water condensed
in them was weighed. The absorption tubes for the water and earbon
dioxid of the air samples were changed once in six hours, at which time
the temperature of the aspirators, the temperature of the meter, and
the readings of the meter and of the air-pump register were recorded.
Concurrently with all of these operations, the analytical work was
carried on and completed as rapidly as possible.

e ————

COMPUTATION OF RESULTS.

NITROGEN BALANCE.

Nitrogen in wrine.—In the estimate of nitrogen balanece the measure
of the nitrogen metabolized in the body during a given period is sought
in the nitrogen of the urine for a period of equal length. The period
is commonly a day of twenty-four hours. The period for collecting the
urine, however, can not be coincident with that for which the nitrogen
metabolism is to be measured, since some time is required for the metab-
olized nitrogen to be conveyed to the kidneys, passed into the bladder,
and afterwards excreted in the urine. The twenty-four-hour period for
collecting the urine must therefore begin and end later than the cor-
- responding nitrogen-metabolism period of twenty-four hours, This
interval, during which the exeretion of nitrogen lags behind the metab-
olism, may for convenience be termed the “ nitrogen lag.” Unfortu-
‘nately there are few data for judging accurately as to the length of this
Jinterval of lag. Indeed one of the most difficult problems in experi-
ments of this class is to determine the actual source of the nitrogen
excreted in the urine—that is, to determine whether the identical nitro-
gen of the food is excreted in the urine after a short interval, or
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whether the nitrogen becomes part of the body tissue and an equiva-
lent amount (derived from the body) is excreted.

Kolpakcha! has recently made some interesting experiments with
dogs which bear on this problem. He eompared the ratio of phospho-
rus and nitrogen and sulphur and nitrogen in the food and urine under
various dietary conditions, and also when no food was consumed. These
ratios were found to vary under the different dietary conditions. The
conclusion was reached that when the food supply was adequate very
little nitrogenons tissne was broken down, i. e., the nitrogen exereted
actually came from the food. An excess of protein eaten over the
amount required was stored up inside the cells of the protein tissne of
the body, but was not immediately made a part of the actunal tissue.
It was simply reserve material. After a few days of fasting, this
reserve was exhausted and the body was then compelled to draw on its
own protein. Since the above-mentioned period is short, the conclusion
seems warranted that in the case of dogs the actual nitrogen consumed
in the food is goon excreted under ordinary conditions.

Inihe present experiments a lag of six hours was assumed in one case
and a lag of twelve hours in another. The fluetuations in the daily
exeretion of nitrogen in the experiments herewith reported when the
diet and other conditions were reasonably uniform indicate, however,
that it is impossible to make any aceurate estimate of this interval of
lag. These fluctnations are shown in the statistics of the nitrogen
excretion in Tables 5, 12, 19, and 26.

It is a familiar fact that some materials may be exereted by the urine
within a very short time after they have been taken in the food. Thus
it is a common observation that the peculiar odor of urine which comes
from asparagus may be observed within an hour after eating the latter.
In several rough tests made in this laboratory very small gunantities
of potassinm iodid were administered to a person, and a perceptible test
for iodin was obtained in the urine within half an hour after taking
the salt.

Such observations as these, however, do not give exact indications
of the rapidity of secretion and exeretion of metabolized nitrogen.
Thus it was found, in experiment No. 4 (p. 51), where the metabolism
of nitrogen was materially increased by severe muscular work during
a period of three days, that the increase of nitrogen in the urine appar-
ently lagged a day behind the period of inereased muscular exercise,
and after the museular work stopped there was a similar lag in the
return of the nitrogen of the urine to the previons level of muscular
rest. In this case, however, the data do not exactly define the time of
rise and fall of nitrogen secretion or excretion. If the urine had been
collected and its nitrogen determined every six hours instead of mixing
the amount collected for twenty-four hours together and making but a

! Physiclogicheskii 8bornik., 1 (1888), p. 56.



37

single analysis, as was actually done, the results might have given a
closer indication of the relation between the times of increased and
decreased metabolism and those of nereased and decreased exeretion
of nitrogen.

The experiments here reported were divided into experimental days
of twenty-four hours, These experimental days were not calendar
days beginning at midnight, but were made to begin at snch hours as
were most convenient. In experiment No. 4 the nitrogen was col-
lected and examined during twenty-four-hour periods, each beginning
and ending six hours after the corresponding experimental day. The
arrangements and calenlations for experiments 1 and 2 were somewhat
different from those for experiments 3 and 4, as explained on page 449,

The principal factors involved in the eomputation of the nitrogen
balance may be stated as follows:

(1} Nitrogen of food.—This represents the gross incoms.,

(2) Nitrogen of feces.

(3) Nitrogen of wrine.—This is mainly the nitrogen of compounds from the food
and body tissue which have not been completely oxidized, the most important being
T,

Nos, 2 and 3 together make np the gross onigo of nitrogen.

' (4) Nitrogen of food digested and absorbed and thus made available for use in the
hody. This is the total nitrogen less that of the feces,  Ifs amount is found hy suh-

- tracting No. 2 from No, 1. It may be designated as *‘ total available” nitrogen, i. o.,
the total available for metabolism.

(5) Nitrogen gained or losi by the body,—I1f more nitrogen is taken into the body
than is given ofi—in other words, if No. 1is greater than the sum of Nos. 2 and 3, or,
what is the same thing, if No. 4 is greater than No. 3—the difference will be the
amount the body has gained. If, on the other hand, the body has given off more
nitrogen than it has reccived, the difference, No. 3 less No. 4, is the amount lost. It
is enstomary to multiply the amount gained or lost by 6.25 and to assume that the
product represents the gain or loss of protein,

CARBON BALANCE.

In like manner the principal data involved in the computation of the
~earbon balance may be succinetly grouped as follows:

(1) Carbon of food.—This is the gross income,

(2) Carbon of feces,

(3) Carbon of urine.

(1) Carbon of carbon dioxid exhaled.

Nos. 2, 3, and 4 together make up the gross ontgo.

~ (5) Carbon of food digested and absorbed and thus made available for metabolism.
It is found by subtracting No. 2 from No. 1, and may be designated as ¢ total avail-
ble” carbon, i. e., total available for metabolism. The carbon of the metabolic
uets of the feces is here treated as if it were a part of the undigested residue
of the food,

#'{G} Carbon actually wiilized,—This is the carbon absorbed less that exereted by
the kiduneys in the form of urea and other products of incomplete oxidation of
l ganic compounds. It is fonnd by subtracting No. 3 from No. 5, and may be desig-
mated as “net available ™ carbon, L. e., the total amount available for building tissne

f:- r yielding energy,
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(7)Y Carbon gained or lost by the body.—If No. 1 18 greater than the snm of Nos, 2,3
and 4, or, what is the same thing, it No. 5 excecds the sum of Nos. 3 and 4, the dit-
ference will represent the gain in carbon, If, on the other hand, the body has lost
carbon, the amount will be fonnd by subtracting No. 5 from the sum of Nos. 3 and 4.

GAIN AND LOSS OF PROTEIN ANID FAT.

The method nsnally followed in these computations is the one origi-
nally proposed by Pettenkofer and Voit and unsed by them and other
experimenters. It assmmes that the nitrogen, carbon, and hydrogen
gained or lost by the body belongs to either protein compounds, fats,
or carbohydrates, and that these have definite proportions of nitrogen,
carbon, and hydrogen. On this basis the quantities of these three
elements pained or lost wonld serve as data for computation ot the gain
or loss of each one of the compounds.

Of course these assumptions are not entirely aceurate, but they are
enough so for our present purpose. liven if they were accurate it
would be impossible to tell exactly how much of either elass of com-
pounds was actnally metabolized and aetually stored in the body or
resolved into its eonstituents and given off from the body. It would
only be possible te estimate the difference between the total amount
of each substance which was stored and the total amount which was
broken up and burned. As regards the protein stored or lost, it is
impossible to tell how much belongs to either cell tissne or cell contents,
or how mueh has simply formed a part of the blood or other fluids.
The case is entirely analogous with the fats and carbohydrates. DBut
it seems fair to assume that the increase or decrease of nitrogenous
material will be mainly that of the proteid compounds, which belong
properly to connective and contractive tissune, and inasmuech as the
proportion of nitrogen in all these is approximately 16 per cent, the
quantity of protein gained or lost during the experiment corresponds
to very nearly 6.25 times that amount of nitrogen. With the nitrogen
of protein is a certain nearly constant amount of carbon. It is easy,
therefore, to compute the amount of the latter element which is either
stored by the body or lost from the body in protein. The algebraie
difference between the protein carbon gained or lost and the total car-
bon gained or lost represents the earbon gained or lost in carbohydrates
and fats. If we had the balance of hydrogen, or, better, the balance
of hydrogen and oxygen, and could assume definite quantifies of ear-
bon, hydrogen, and oxygen for the carbohydrates and fats, it wounld be

easy to calenlate the amounts of these and of water actnally gained or |

lost. It is, however, common to assume that the quantity of carbohy-
drates in the body, which is very small, is not materially changed, and

that consequently the earbon gained or lost outside of that in the pro-

tein belongs to fat. Accordingly the gamn or loss of carbon outside
that belonging to the protein gained or lost is taken as representing
the quantity of fat gained or lost. In caleulations here used it is

assumed that the protein contains 16 per cent of nitrogen and 53 per

cent of carbon, and that the fat contains 76.5 per cent of carbon,

_ B R i,
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The method of computation may be expressed algebraically as follows:
Let the amount of gain or loss of nitrogen be represented by 4 N and
the amouant of gain or loss of earbon by +C. Then:

+ N x 6.25 = protein gained or lost = 4+ P

4 P x 0.55 = earbon gained or lost in protein = C (protein)
+ C 7 C (protein) = carbon stored or lost as fat = C (fat)
4 C (fat) = 0.765 = fat gained or lost.

ENERGY.

The potential energy of the ingredients of food is eommonly estimated
by the use of the factors proposed by Rubner,' which assign 4.1 ealories
to each gram of protein or carbohydrates and 9.3 calories to each gram
of fat. This figure for protein, however, represents a net fuel value,
and is obtained by subtracting from the total fuel value of protein,
taken as 5.5 calories per gram, the value for the nitrogenous compounds,
including urea, not completely oxidized.

In the experiments here described the heats of combustion of the
food materials, feces, and dry matter of nrine were determined directly
by the use of the bomb calorimeter, as above stated. The fizures given
in the tables, therefore, represent the results of these determinations
rather than estimates made by the use of factors. In the computations
of energy of the protein and fat gained or lost from the body, however,
it is, of course, necessary to use factors. Ior protein gained or lost
the factor 5.5 was employed. For the fat gained or lost the factor 9.4
was nused as representing the heat ot combustion of human fat per gram,

The principal data involved in these computations may be elassified
as was done with those of nitrogen and carbon above.

(1) Total encrgy of nuirients of food, or total energy of income. This is represented
by the heats of combustion of the feod materials,

(2) Energyin feces, actual heats of combustion.

(3) Energy in urine, heats of combustion of Jdry matter.

(4) Total encrgy in food digested and absorbed.—This is usnally found by subtracting
No. 2 from No. 1, and may be designated as fotal available energy.  This value obtained
by difference, however, does not exactly represent the fuel value realized from the
digested food, for the reason that there is always a portion of digested food which
158 not completely oxidized—namely, the organic matter, mainly nitrogenous, which
is secreted by the kidoeys apd exereted in the urine. Assuming the organism to be
in nitrogen equilibrinm, the heat of combustion of this partially oxidized material
may be assumed to be that of the water-free substance of the urine. For the diges-
tion experiment, in which the gain and loss of body material are left ont of account,
it is most convenient to estimate the fuel valoe of this partly oxidized nitrogenouns
~material and subtract it from the total heat of combustion of the digested food.
- For this purpose it is assnmed that the whole will be in the form of urea, and that
the amount of the latter will correspond to the amount of digested nitrogen.

(5) Net energy of food digested and absorbed,—If protein is neither gained nor lost,
the net energy is found by subtracting No. 3 from No, 4. If protein is stored, No. 3 is
oo small by the value of the nrea and kindred compounds eorresponding to the
gen in the protein stored.  If protein is lost, No. 3 is too large by the energy of

| Ztachr. Biol., 21 (1885), p. 250.
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the urea which comes from the protein lost. The fuel value of urea corresponding
to 1 eram of protein is 0.8T culories.!

If, then, the protein stored or lost is multiplied by 0.87 and the produet added to
No. 3 when protein is stored and subtracted from it when lost, the energy of the
urine corresponding to the protein digested is obtained. In other words, ihe net
energy of the food digested is No. 4 —(No. 3 -} 0.87 x protein gained or lost).

It is extremely probable that further consideration of the snbject, together with
investigations now contemplated, may lead to more or less change in the details of
the method here employed for the estimation of energy of the eomponnds in gues-
tion, inelnding especially the nitrogenons compounds.  This method will, however,
suftice for the present use, which is only tentative.®

(G) Energy liberated as heat o manifested as ecternal musenlar worl.—If a balanee of
encrey is to be made, another factor must be taken into account, namely, the heat
radiated from the body, and that equivalent to the external musenlar work per-
formed. Though this was measured in the present experviment, for the reason
already stated, the resnlts are withheld, and the balance of income amd ontgo of
pnergy is nob given,

RESPIRATION EXPERIMENT No. 1 (DIGESTION EXT'ERIMENT Ne. 11).

The subject in this experiment was a Swede 29 years of age who
acted as lnboratory janitor and was accustomed to a moderate amount
of muscular work. Ile would be ealled a hearty eater. During the
progress of the experiments he read a little for diversion, but the
larger part of the time was as free from mental and physical activities
as practicable. While he was entirely willing to do everything that
was required of him, it became evident that he did not find the sojourn
in the chamber entirely agreeable. Toward the end of the second
experiment he became somewhat ill, but the cirenmstanees were such
that it could hardly be attributed to impure air or any other abnormal
condition; indeed, there seemed to be good ground to believe that the
slight illness was caused by nervousness due to the sojourn in the res-
piration chamber and an undefined and unfounded fear that some
trouble might result.

The diet was comparatively simple. It was of his own selection
and was made up of such foods as he would have eaten under ordinary
conditions, Three meals a day were eaten. Water was consumed ad

e - —

I rea, CONCIL,, containg 46.67 per eent of nitrogen ; consequently N 2. 143 —urea.
From the values obtained by Berthelot, Stohmann, and others, the fuel value of nrea
may be taken as 2,53 calories per gram. Assuming that all of the digested protein
is consumed in the body to urea, we can find the theoretical value of the urea cor-
responding to 1 gram of protein as follows: Weight of protein — 6.25 — weight of
nitrogen. Weight of N x 2,143 —weight of urea. Weight of urea x 2.55=heat of
combustion of urea. Or the heat of combustion of the urea corresponding to 1 gram
e

of protein is -E—I;J:iﬁ;"}f!:&ﬂ? calories. The subject of metabolism of energy is dis-
cussed in U, 8, Dept. Agr., Oflice of Experiment Stations Bul. 21, p. 113.

*Rubner, Ztschr. Biol., 21 (1885), p. 337. The resuolts of the present experiments,
both those given beyond and others still unpublished, agree entirely with REubner's
in showing that the heat of combustion of the dry matter in the urine is much
larger than that of the urea, which would correspond to the nitrogen in the nrine,
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The amount, composition, and fuel value of the food during the two
and one-fourth days (February 17, 11 a. m., to February 19, 5 p. m.)
passed in the respiration ehamber are shown in the following table:
TapLe do—Food ealen duving the period in the respivation chamber, 2 days (respiraiion

erperinient No, 1),

Tk i | Fuel valnes.
: - i . arkho- (— —— i
o = Weight] Nitro- | Protein : 2
foy Kiml of food. perday.| gen. Carbon. (4 =625 Fat. .]I.I.I.'I-;' s Dheter- Calcn-
L W= il lated.
Irer. |
(hie dayy, T aneals, I
firames. | Girams. Grams, | Grams., |Grams. | trans, | Caleries. | Calories.
2506 | Beef, Meded . __ ... | 121 b, 61 25, T A | 11. 8 1.4 L HIIE
QRO i Koo boiled_ - ... .. g P B 14, 0tk 1227 L 186 181
3 R R e e e ] . 05 e | i T i | aH3
L I T 75| 322 25,07 20,1 18.4 | B 235 | 285
e e L e e AL ] T2.90 a6 3 4.5 G456 836G | Eif
AT | Crackers, milk Shimmmn| LLIEL] 1.78 4, Ok 11. 1 12.3 LA H 464 | 461
2605 | Broad, Ty6. e cesns 250 = 4. G2 =0 | 135. 8% 0 645
2504 | Potatoes, boaled ... ... 150 .2 12, 00 d. 2 i it | | 118 119
Pyl SR E e e poL T e BT | I T e i 0 Hil Hi
PobAloe s i e | o208 |oe0.ms |  11.8| 1359 | 206.4| 32| 3,1W
For denner, Feb, 10, | Bl e __._.l L i TS
2006 | Beef, fried. c. .o o o o0 | 120 | 55T 25, 49 H.B 1.7 | 1.3 299 206
| TRLEBE - ooceneronian. o | o3| 1mas | o i e 162 162
4207 | Milk -.... D | BOO | 1,74 1. 81 | 10,9 12.4 | 163 251 a4
2608 | Breod, rye. ... : 150 | 2,20 | BT 138 2] Tod 402 asy
S| Potatees, hoiled .. 150 | At 13 0 &2 i 2.4 118 119
a1 e e e e | 1oL 06 [ 111, i b 41.8 | 117.5% 1, 232 1, 207
Graml total, 21 = R L TR e -_-_! _-| s
days tewaloenece..| 55.42 | 689.56 MO.2 | 2.6 T 7,60 f 7, 563

- —

On the days which the subject passed in the respiration chamber the
urine was collected also. In this and the following experiment it was
not collected after the subject left the apparatus.! The urine was eol-
lected from G p. m. on the day before the respiration experiment began
to 5 p. m.on the day the experiment ended. As the experiment began
at noon, the weizhts of urine exereted have been recalenlated so as to give
the weights from noon to noon, instead of from 6 p. m. to 6 p. m. In
doing this it was assumed that the amount secreted was uniform from
hour to hour, and that the amount for the original period, from 6 p. m.
to 6 p. m., could be divided into two parts proportional to the time, one
part being the amount from 6 p. m. to 12 m. the next day, the other
the amount from 12 m. to 6 p. m. The amount for the .short period of
six hounrs, from 12 m. to 6 p. m. of one day, was then added to the amonnt
for the longer period of eighteen hours, from 6 p. m. te 12 m. of the
following day, thus giving the total weight for the twenty-four hours
from 12 m. to 12 m. Of course, this allows for no lag in the urine
(see page 35), but the error thus introduced is probably not very great.
The subject had been doing light manual labor before entering the
apparatus, and did no work during the experiment. There may have
been a slightly larger amount of nitrogen in the urine of the first day
of the experiment than was actually metabolized during that day.

In experiments 3 and 4 it was collected for some time after, as stated in the
descriptions of those experiments.

0
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Such exeess might have peen due to the metabolizing of a larger
quantity of nitrogen during the day before the subject entered the
apparatus. Thus it is to be observed that the weight of nitrogen
eliminated in all of the experiments, with the exception of the third,
is slightly smaller on the second day than on the first.

The amount of urine and feces exereted while the subject was in the
respiration chamber and the nitrogen and carbon eontent and fuel
vialue of each are given in the following table:

TapLe 5. —Nitrogen and carbon and fuel valve of wrine and Feces (respirafion ELQErD -
ment No, 1),

Lalw-

rii- Fuel Tuwtal
tory T rine and fioces. | A i Nitrogen. b, vl pesr fuel
bier.

LML | | Sram, v,
1
|

1 |
5016 | Urine {February 17-18, 12 m. (o l firmms, | Per el | Grams., Peret, Girams, | Calopivs. | Calories.

R R R LR LT R P 1,305 | 1.45| 0.5 0.84 | 1172 | 0. 110 | 154
Urine ( Febroary 18-19, 12 m. (o | | |
PO I v s e e = mn e 1,313 | 1.45 19 14 LBl 11, 4k | = 145
Urine { February 19, 12 m. (o 5 |
T e A e e S 260 1.45 4. 77 . H 218 | A1 28
nE TR TP ML A R L o] R R B 7
2784 | Feoes (average for 1 day) -...... 21.8 | 4.4 . 41. 01 B 08 4,903 107
Lokl 2ddnye. . - e IH_Ei ________ i [ B b e e | AT I sy 214

The earbon dioxid produced by the subject was measured during the
period passed in the respiration chamber.  For convenience in collect-
ing samples the day of twenty-four hours was divided into several
periods. The volume of air passing through the respiration chamber,
the amount of carbon dioxid it contained per liter on entering and on
leaving the chamber, and the total amount exereted by the subjeet, as
well as the total amount of earbon in the exereted carbon dioxid are
shown in the following table:

TARLE 6.—Carbon diexid produced in respiration erperiment No. 1.

CA S = o= i
".?'enl;ilni S e [_'f-f I_l':r llﬂ_r el _l wTu?[';;It Tnlll.l
- tion (vol-| I = ek weizht
Dde. Reriod. ume of | In incam- In ontgo | (G5PR | LS | exlialed
air). ing air. | ing-air. anhject.| subject, in GOy,
y Liters. My. My. Myg. | tirams. | Groms.
o g 2T Rm | 2724051 1248 1107 bt
February 17, 12m., to ||, | o, 4029, m....| 21,004 .61 10.28 | 9.67 200, 9 216.5
February 18,121 |10 5005 0 m" 77| 20] 566 .50 8.01 | T.42| 1587
9a.m to3pom...| 0,052 S5 a | el AR
Fehruary 18, 12 m., to | |3 p. m to 10 m...| 20, 300 .6a 13.30 | 12.81 B, 4
February 19, 12 m. {mmp. m. foda.m..| 19,450 .58 9.76 | 8.17| 1784 211.7
da.mtoll a.m...| 21,337 . B0 9.0 B.T0 1887
Webroary 10, 18 010 N1 g m. w5 pm....| 17,008 oo mamf sl SRS s

aThe air in the reapiration chamber at the cloge of the oxperiment contained more Cik than at ihe
begloning, Analyses of sanples, knowing the volume of air in the chamber, showel this diflerenco
in nmount to be spproximately 604 groms. It is assomed that this increnss took place during tho
first twenty-fonr hours, on which assomption 604 grams of OO0, exhaled remained in the apparatus,
and henee was not deducted aml messored by the regolar analyses.  Aceordingly this amount of Cly
in pdded to the amoont fimnd by the analysis for the fiest fwenty-fonr hours,

bﬂfﬁnl?nﬂ':tmm o o 3 pom, half belongs to the first and half to the second day of the
eX e men

el ihe poriod from 10 om fo 5 pome. Che fist hoor belongs o the second day and the remainder to
the fraction of Lhe hird day of the oxperiment,
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From the data of Tables 4, 5, and 6 the balance of income and outgo
of carbon and nitrogen is computed with resnlts shown in Table 7.

In this and in the following experiment the subject passed two and
one-fourth days (fitty-four hours) in the respiration chamber, and the
nitrogen of the urine and the earbon of the carbon dioxid exhaled
were determined for this length of time. The number of meals taken,
however, was =even, which inclunded two whole days and dinner on the
third day. It is, of course, impossible to say how much of the nutri-
ents and energy of the food eaten for dinmer at 12 o'clock would be
utilized in the body before the close of the experiment at 5 o'clock.
There is a similar uneertainty as to how mueh of the outgo of feces
shonld be aceredited to this quarter day.  Accordingly, the results of
these two experiments have been ealenlated for the two whole days,
the fraction of a day at the close of’ the experiment being left out of
account.

TapLe 7.— Balance of income and outgo of witrogen and carbon (respivation erperi-

ment No.o 1.

| Nitrogzen. i Carbon. FIII'.:]: value,
: | i ! ln_w-.n-i
Yute. I | pira- |
In In In PR (W | Tn In 0Of of | OF
| food. nrine. feces. """“'_ food. urine. fecos.| I’:':::":II- Gain. | g0, urine.| feces,
| | | | ucts. |
— - - ::
| | | Calo- | Calo-| Calo-
Febronary 17-18, 12 m. | Gue. | Gms. | Gms. | Gms | Gmes | Gms. | l.’:ml Gime, | Gans. | ries. | ries. | ries.
i b e e e 3E g 1.6 | 286.3 | 11.7 216, 5 62.1 | 3,229 154 17
Fabruary 18-19, 12 m. | | | |
to 2. cieaaaanee. 2.7 | 100 .9| 2.8]280.3 |11 H | T §v.6 | 3,220 [ 145 107
Total, 2 days...| 45.4 | 30.2 | 1.8 4.4 BTE E 2T IE ] i 428.2 i 09,7 | 6,458 | 209 214
| | | |

As explained on p. 38, the amount of protein gained or lost by the
body may be computed from the gain or loss of nitrogen, and the amount
of fat stored or lost by the body may be computed from the gain or loss
of earbon, taking into account also the carbon in the protein gained or
lost. The results-of such computations are ziven in the following table:

TABLE S.—Gain or loss of profein and faf in respiration experiment No. 1.

| | lﬁlg‘nllrm;}
fs : . difference he-
Tiate Nitrogen | Protein ilntl,':;;ar- [‘;:‘::::;;“I tween total E:;::I]
sained. ;| gained. gatned. | gained. |r;l::;|:];r:na'"l (A = 0.763).
| tein {_}P}
Grams. | Groms, | Gramse | Groms. Grams. Grams,
Febroary 17-18,12 m. to 12 m...... 1. & 10, ¥ 221 5.3 46, 8 Gl 2
Febroary 18-19, 12 m, to 12 m...... 2.8 17. 57. 6 9.3 48,3 1, 1
POLRL, BAATH- - nba s sasentee 1.4 25| 1097 | l-l.ﬁf 95.1 124.3

The table indicates that during the two days of the experiment 27.5
erams of protein and 124.3 grams of fat were stored up in the body.

S e il o e .
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TanrLe 11.—Fowd eaten and digested duving the pevied in the respivation chamber, 21 days
(respivation erperiment No. 2).

th“_! | | Fuel values.
ra- | [Weight| o [ Carlw- -
tory TCimal of foad. IH!I‘ | H::‘:'.n' [Carbom. [::,{':J::T: Fat. hiy- Tieioe | Calon:
TIRRTL- may. Bt | 4 drates. | mined. | I.'italtl.
lier. | |
e dayy, 3 menls. l I |
| Grames. Grams. | Grams. | Grams, | Groms, | Grome, | Calories.| Calorics.
o) | Beol, fritd. .coceeeo... | 121 o 8T | B PG, T 13. 4 0.9 | 44T S0
08 | Kgs, boiled. ... 1l 2,01 15, 10 | L 1. l ---------- Wi 188
4290 | BREter cvceeemrimrinnn #5 o6 | 2324 | L ST [ P R0
4717 | Clicean. .o nacemaiicn: T 3.05 | 26.85 | 19,1 20i; R0 317 B05
A M A L T Sl : 2.70 | 33 05 169 A R el 411 415
70l | Crackers, milk - _._. 100 1. G 44. 01 10.4 | 122 6B 5 463 452
:,"i"{i:l Bread, rye.----.-..... 228 | 4.26 5R. 44 M4 L] 111. 8 o L7h
S | Potatoes, boiled ... ... 150 | M| 1431 G4 1 206 14% 141
'ﬂ."ﬁ BUEAT . ccvssmnnnncnas L e e 40,10 1600 164
| {
| o e | 19.16 | 260,55 119.8 | 1120 2813 | 2,924 2, 860
For dinner, Fel. 35 | 3 | = _I. o 3
| | | {
o | Beef, fried. .o 31 | 1.0 | 7.13 0.4 | 3.4 | “i B R4
F R B L e 2 AR 13,28 i) A e 164 160
LR L1 R B e R aon 162 | 2087 0.1 15| 165 T 249
23 | Bread, rye: . caceenca.. B0 | 1.14 20, 50 | — 0.2 HE 202
2700 | Potutoes, boiled ...... 61 S 5, 82 L I 13.0 5 L
4 i T RS S e BT i 4.51 | G67.10 28. 3 | 4.2 | BE.9 T4 Taf
—— P =] — E———— . ———
GGramil total | |
(i F11, . S (R | 42 .83 | 588.20 267.9 I 258, 2 631.5 G, G12 6, 476
I

The amounts of urine and feces exereted during the period in the
respiration chamber and the nitrogen and carbon content and fuel
value of each are shown in the following table:

TapLe 12.—Nitrogen and carbon and fuel value of urine and feces (vespiration erperi- |
ment No. 2). '

Lalw-

- Fual Trtal
tory Urine and feces. Amount,, Nitrogen. Carlwmn. value per|  fael
DT gram. | value.
e, |
- - — ] — L NP - |
Mg 'LTrllm !Fnl.lrunr:.r 26-27, 12 m. to | Grama. | Per el | Groms. | Per of. | Grams.| Calories. | Calorics.

12 mf-ao S G 1.82 15, G0 1. 52 14. 73 0, 164 164
Lrine I]'ul]l‘li |r1. E‘-ER, 12 m. to

L b fets s R s s e e St LI 1. %2 17. 53 1.52 13 BB 168 154

[ring {F‘i.a-'h'ru:l.r1'|.r 25, 12 m. to 5 |
e e R B 190 | L92| 36| 1.52| 280 169 | a2
b i [ L T B e St | Er Y (e A e 350
MG Foeces (average for 1 d,a:,-} ....... 25.8 | 6.65| 1.58| 41.40 | 0.E7 4. BB 116
.Tm.-'l].Eilnw e e C iy B RO S [ SO R | ] SRR 232
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The carbon dioxid produced during the period in the respiration
chamber is shown in the following table :

TasLe 13.—Carbon dioxid produced in respiration erperiment No, 2,

| Ventila- s per Wen £ w?';';';}t Tatal
ot tion . e " weight ©
Date. EEring. {volume In incom- !ln outgo. | Given | CO, ex- b

g e . exhaled
oft by haled by in CO,.

.' of air). | ing air. | ing air. subject. subjeet.
| Liters. Ay, | Mg. g. firams,  Giramas.
(2m.toGpm..... 21,064 0.5 | 1.e3| 107| 1392
, ' 233, 2
it A o e o] s 57| 1.50| 10.03| 32988 227.8
broary 27,12m. 1) 3" m. to Tam....| 20,686 .50 | ENTH 7.47 154, 5 J.
Tamto?pm.... 21,580 60 | .20 | w00 { g8
apomtodp.m.... 922 402 54 12,65 | 12,11 a73.3
L] - il s a
ﬁﬁ:ﬂ:ﬂf%— Mot g pomitodam 22000 -0 g45| 7.85| 179.8 207. 3
i ‘E:E 2’ = e m to 1030 m. | 22 206 | .G 016 £ 05 190, @
broary 28 12 m. to - . = 62.1
il 110300, m. tod pom. | 21,607 | 58| 10.02] 1034 500 46,8

1 Tl:lq air in the respiration chamber at the close of the experiment contained more C0y than at the
ng. Analyses of samples, compared with the volume of air in the chamber, showed this
in amount fo bk urpruxlllmml 5.2 grams. It is assomeed that this increase took place
during the first twenty-four hours, on which assumption 532 grams of GOy exhaled remained in the
apparatos, and hence was not dedocted and measured by the regular analyses.  Accordingly, this
amonnt of CLk is added 1o the amount found by the analysis for the first twenty-four hours.
M the period from 7 a.m. to 2 p.m., five hours belong to the first, and the remainder to the second
lla‘! of the experiment.
Of the period from 1030 5. m. to 5 p.m., the first one and one-half hours belomg to the second
day and the remainder to the fraction of the third day of the experiment.

Table 14 shows the balance of income and ontgo of nitrogen and car-
bon. The figures are computed from data given in Tables 11, 12, and 13,

TapLe 14.—FBalance of income and ouige of nilrogen and carbon (respiration erperiment
No. 2).
Nitrogen, Carbon. Fuel value,
| Grain | { Ln res- (iain
Date. In | Tn | I [¢4jor] In | In | In i +rer| or | of | or
Tooil. Iurilla- fecen. Inas | foml. | urine. | feces. prnﬁ- loaa | food. urine, foces,
| l""?‘ 'I ucts. [ e 1

! | j Calo- | Calo- | Calo-
26-27, 12 | e, | Gfs. G, Ghnn. | fims. | Gms. | Gws, | Gfms, | Gms | ries, | Fes, i

3 Py,

m. o lZm....._.. 19.2 | 15. 6 1.6 | —1.0 | 260.G 14. 7 9.9 | TS |+ 8.2 | 200 pLE 116
27-28, 12 i ; '

m b 12m.e ... .. -] 182 i'?..':l; 1.6 _ 4001 | 260, G | 139 00| 207.3 (+20.5 | 2,0 154 116

Total, 2 days.| 38.4 361 32 0.9 ﬁEI.2|Hﬂ.ﬂilﬂ,3|43&.l +31:-'|l.343 318 | 232

The caleulated gains or losses of protein and fat are shown in Table 15,
TasLE 15.—(ain or loss of protein and fat (respivation experiment No. 2).
A
Algebraic
F arl i 'Il:at e Fat
H.lm en P!‘Ilil'ill .I-.“Iﬂ.l e lieEe 1o Wit h
Date, ganed (4) | gained ()| carbon | ] E"J.i’:'l., e ants H;{;':"
4 or lost {—). |or Josi (—).| gained. or lost (—). [ carbon in | O.765).
F‘ rraia
{(=M).
(Frains, o, firams, Framg, rames, firamas,
20.27,12m.t0 12 m... —1.0 —8.3| 4+ 82 =58 +11.5| 150
T8, 12 m.tol2m ... 40,1 40,8 4205 403 =20, 2 18,2
m’am---rrﬁrrrnli#- —U..ﬂ '—:'1'? +ﬁl7 —3..'9‘ +iu~|7 +Brﬂ
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RESPIRATION EXPERIMENT No. 3 (DIGESTION EXPERIMENT No. 13).

In this experiment the methods had been considerably improved and
the foree of observers enlarged, advantage being taken of the experi-
ence gained in the two previous experiments. The subject was a
chemist (O, F.'T.) 24 years old. The experiment began with brealkfast
Mareh 13 and ended with breakfast March 21, 1896, thus covering eight
and one-third days and ineluding 25 meals. The respiration experiment
proper covered the 5 days with 15 meals from 11 a. m. March 6 to 11
a. m. March 21, inclusive. The weight of the subject at the beginning
of the experiment (without clothing) was 57.2 kilograms (126 pounds).
The subject was accustomed to rather less museular labor than the
subject of the first two experiments. lle was also rather lighter in
weight. During the experiment he performed as little museular labor
as possible. He passed the time in resting, with light reading for
diversion. The diet, which he himself selected, was somewhat smaller
than that of the subject of the first two experimerts and furnished
considerably less protein and energy.

The daily menu throughout the experiment was as follows:

TABLE 16.—Daily menu, respiration experiment No. 3 (digestion experiment No. 13).

Broakiast. Ilinmer. Supper.

| (Frams. (i s, (i,

]':g;r“lilllll-ll-l-i-lllil----l 113 '::I'ITI]!'.E!II hﬂl"f ------ CEE L1 | 3!1!‘: EEEEEA A AR EEEEE R - :I'lﬂ:l

B e s 10 Batter- s s s ot aons 10 | Bremd o oosis bR ety 125

1 | e S s 100 ) Milk .o cccvanicnanas G0 [T oo e e R 10

LT T e A e i 75 | Peaches or pears......- 200
e e e e o LI s T o 20
A T e T 85 || Potatoes _.ccaanccananas L0
Tea or coffee, abont ...-.| 300 || Peachesa or pears . cccea- 150
T or coftee, abont ... aun

—_— — —e ——

The amounts, composition, and fuel values of the food and feces and
the coeflicientsof digestibility for the whole period (eight and one-third
days), and the amount, composition, and fuel value of the food for the
period in the respiration chamber (five days) are shown in the follow-
ing tables:

TasLe 17.—Food eafen and digested during the whole experimental period, 8% days (diges-
lion experiment No, 13).

Loalice- |

Weight Fuel

N - for Total | pootein Carbo- | value,
:.'::1!1.'1. SuC oo EXperi- ::‘fftgi."} N6z T Ihydrates, deter-
s ment. d mined.
3 Grams, | Grams, | Groms. | Groms. | Grame. | Celorics.
2704 | Boaf, friedl. . cccatissssssssancanns TEE 2R9 337 [t et 2 1, 85T
705 | Egga, i T | e L e LTIES 256 137 B B S 1,010
P L R T T e e 170 152 2 T e 1, 434
T R N A e D, 380 T17 178 245 204 4, 341
e T L e e 2, 275 1, 367 157 a0 1, 1560 G, o
270B | Potatoes, boiled . oo niicainnn, & 300 554 52 i 450 FL T
T ey e e e 755 L 2 1 U6 413
TR o BT TR S AR R R 1,400 146 3 2 156 GAL
L e T A R S A e e 1, 400 217 | 3 1 273 1, 121
Q) By LI S e 400 T e | B, 400 1, 505
15y et e E e R T | d 587 oG BLE 2, B48 2], 041
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The amount of earbon dioxid produced during the period in the res-
piration chamber is shown in Table 20,

TasLe 20.—Carben diexid produced in respivation experiment No. 3.

Muarch 16, 11 a. m., to
March 17, 11 a. m.

Mareh 157, 11 6. m., to
March 1%, 11 o m.
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10Of the periesd from 7 a. m. to 1 p. m., Mm’ch 17, four hounrs luf-l-nng to the first and the remainder to

the second day of the

X prer iment.

In like manner cach experimental ]mrm-ii is miade 1o end at 11 4. m., the amount of OO, eliminated in
the period in which the day ends being divided botween that day anid the next proportionately to the

time.

The balance of income and outgo of nitrogen and earbon, as computed

from the data given in Tables 18, 19

, and 20, is shown in Table 21:

TasLE 21.—Balance af income and onigo of nitrogen and carbon (respivation experiment

No. 2).
Nitrogen. | Carhon, | Fuel value.
Gain 1 Inres | Goin
Date. Tn | In | In !{+1 or| In In | In | Pi™ |civor| of OfF
foodl. | urine. fecesa. | losa | food. |orine. feces. '.I:"::':"';[ C | 1oaa food. |nrine feces.
i I =) ucts, | =k
i Calo- | Cala-| Calo-
Marels 18<17, 11 | Gmee. | e e | Goee. | s | Gang, | Goes. | Goes. | Gk, riek. | ries. | ries,
ELTE T 0 I R L) LT 234. 3 8.7 G| 22009 | — 2.2 | 265 08 73
March 17-15, 11
am.tolla m.| 153 | 13.5 D400 532 00| 09| 2163|422 ZGs| 113 74
March 18-1%, 11
a.mm. tolla. m.| 5.3 [ 13.6 9| 0.8 | 2343 | 106 | 6,9 | 2188 | — 20| 26| 12 bl
March 19-20, 11
M:'l.ni.'lull:l..ﬁ. 1a.% | 157 A T 2343 | 11,8 GO 2229 | —T.3) 2045 1M i
amreh 5031,
am. tolla m.| 158 | 15.2 9| —0.8]| 234.3 (13.6| 65| LT | — 70| 264638 1564 70
Tutal, Sdays | 76.5 | 68.7 4.5 | 433 Il. 170.6 | 5.6 | 3.5 [1,000.6 | —17.2 | 18,225 | 619 395
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The calenlated gaing and losses of protein and fat are shown in
Table 22:

TanLe 22 —(iain or loss of protein and fad (respivation erperiment No, 3).

; | A &Il‘-:i ic

L : . P Fat
- e - o Fotal Carbon in differenes =
n"::l;;:':":l“ Iﬂ:‘;:‘”:l' carbon | protein | between to- Ji".;i}l::l
Dhate. (+) or | (1) op | Edined | zained | tal carbon | , " r'
loat 1) lnh-t =) l'. ) or i {-f-p o | amad 4-r|r1-u|1: '1M._
] . 0 loat (—). | lost {(—). | in protein ’
| =M. | 0. 7650,
Grams. | Grams. | Grams. | Grams. | Framas. firitns,
March 16-17,11 a. m. 10 11 A- M. nnenun. +1.7 10 & 2 i 5.8 7.8 =10, %
March 17-18, 11 a. .t 11 s M0 e oc s g & I 6.6 S 4 &0 — 0.8 | — 1.0
March 18-18,11 aam. o lla.m........ -0 8 b 5.0 — 20 4+ 2.7 — 4.7 | — 6.1
March 120,11 aam. to 1l aom. oo . 0.7 - 4.4 — T-5 = 2.1 — b6 12 G
March 20-21,11 a m. lo 1l a. m........ -1 & - 5.1 — 70 —-E.TI —_ 5.2 — B
Cotal BdATh. . o inenes s 188 + 20, 6 | —17.2 410 9 —28. 1 —36. 7

= RESPIRATION EXTERIMENT No. 4 (DIGESTION EXPERIMENT No. 14).

The last experiment was more detailed than the previons ones and
the observations were more thoronghly systematized. The subjeect
was a physicist (A. W, 8.), 22 years old, and weighed (without elothing)
at the beginning of the experiment 69.9 kilograms (154 pounds). The
experiment began with breakfast March 19 and ended with dinner
April 4, thus covering sixteen and two-third days and including lifty
meals. During the twelve days beginning 3 p. m. March 23 and ending
3 p. m. April 4 the subject was in the respiration chamber. The twelve
days were divided into five periods, the first of one and five-eighths,
the fifth of one and three-eighths, and the others of three days’ dura-
tion each.- The first and fifth periods were preliminary and supple-
mentary. In these preliminary and supplementary periods thus reck-
oned as one the subject did not engage in any muscular or mental
work except such reading and very slight physical exercise as were
needed to pass away the time comfortably. For convenience in making
the calenlations of income and outgo, it was assumed that the amounts
of ingredients of food and exeretory products for the five-eighths
and three-eighths days, respectively, made up the corresponding pro-
portions of the total daily amounts. Of course this assumption does not
affect the other periods of the experiment. The second period, of three
days duration, was devoted to mental labor. The subject engaged for
eight hours a day or thereabouts in the active work of either caculating
results of previous experiments or studying a German treafise on
physics. The mental application was as intense as it could well be
made. The third period, likewise of three days’ duration, was glven
~ to nearly absolute rest. During this time the subject avoided musenlar
and mental exercise so far as possible. During a larger part of the
time he reclined upon the bed. Of course it was impossible to avoid
all intellectual activity, but the amount was made as small as practi-
cable. The fourth period was one of intense muscular activity. A
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pulley was attached to the top of the ehamber. Over this passed a
cord. Omne end of the cord was attached to a block of iron weighing
9.7 kilograms (12,5 pounds); on the other end was a handle. This pro-
vided for active exercise, not only of the arms, but also of the legs and
other parts of the body. The whole arrangement was guite similar
to some of the forms of apparatus very commonly used for gymnastic
exercise. With this the subject worked severely for eight hours on
each of the three days, zo that at the end of each day’s work he was
thoroughly tired. He perspired very freely during the working hours,
This period was followed by the final short period of rest,

In examining the detailed results of the experiments it was interest-
ing to note that whatever had been the oceupation during the day o
period of 6 hours’ rest was suflicient to bring the elimination of carbon
dioxid back to a normal quantity. Ewven after the large elimination of
carbonic acid which aceompanied each period of hard museular work,
amounting at times to 500 grams for six hours, the simple return to rest
was followed almost immediately by a return to the normal elimination
(see Table 27),

In the ecase of the elimination of nitrogen in the urine, however, the
increase consequent upon hard muscular work or its decrease when the
body was in a state of rest did not manifest itself until some hours
after the musenlar work began or ended (see Table 26). 1In the ealeula-
tions for Table 26 a period of six hours was allowed for the lag in the
urine. By consulting that table, however, it will be seen that the
increase of nitrogen in the urine following the hard work of Mareh 31
did not manifest itself until apparently thirty hours later, and did not
cease for an equally long period after the close of active exercise on
the evening of April 2, during which time the body had been in a
state of as complete inactivity as possible. This subject is referred
to beyond.

The character of the food consumed during this experiment is shown
in the following daily menun:

TaBLE 23 —Daily menu, respiration experiment No, 4 (digestion experiment No. 14).

Freaklnat. [ Dinmner. | Supper.
|
—— - — p—— - - - I- rrrr—
i, 1ﬂﬂmm. |Ep e (Fran.
- White bread . .coceeeaoo.| g5 1 Cooked boaf. . .occneen. | L | - = | (Wb
AT e s R e S 40 || White bread ........... 7o || Brownbiead ...oeneanan 250
Beansi. ... ccaeczpmaaois 120 || Mashed potatoes ....... L1
T | e e e e IR0 Bber - e e 1l
i e et L3N AppIes . e a 1%
o e e e 20

Tables 24 and 25 show the amounts, eomposition, and fuel values of
the food and feces and the coeflicients of digestibility for the whole
period (sixteen and two-thirds days) and the amount, composition, and
fuel value of the food for the period in the respiration chamber (twelve
days).
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TABLE 26.—Nilrogen and carbon in urine and feces—Continned.

Lab- . =
ora £ el o
tory Urine amid leces, = Nitrogemn. Carbon, [ por | fuel Eemarks.
TINITTE- =] _ gl_m" value,
b, - | i g
Per | | Per | | Cal- | Cal-

| Gms. | cend. | Ghma, | eent, | s | ories | ories.

TUring fl‘[:'lﬂ‘ll SB-20, 12 m. fo | 1,713 | 070 1190 | 076 | 1% o2 II.I. nRe | 152 |
12 1. |
foay | 1“rti!u 1h[ awrch 29-30, 12 m, to | 1107 | 1.12 [ 12 40 l TG | &4 | . 0EG 00 \No work.
L ‘2 1L )
]l rine q"l.lm‘r'h 30-31, 12 m. to | 1,422 | .92 I 13. 08 L6 | 10 BL | | 0E0 136 |
12 m.} 1 |
Urine ["u'[1r1 b 31-April 1, 12 m. i ! 1.97 | 11.68 | 1.1 B.6BT | 151 a[11] ]
eas tan 12 mi. ) | | {Mnscular
st Urine ( 1|.|rri]1 2, 12m. tol2m.). .| 841 | 196 1 1640 | 131 | 11.02 | L1561 127 [[ work.
Urine { A pril 2-3, 12 m, to12m.) .. T8 | 1T | 1429 1. 31 | 10045 | . 151 1%1 :
- | - [{(Supplemen-
T rine (A pril 3-4, 12m. to 12 m.) 1,520 | 1056 | 16,13 | .72 | 11.16 | 055 B4 ! 2
5026 || e (Aril 4, 12 1. 109 p. ). | Ma22| e | mae| iva| con|less| 45 (Y L0,
L ! : |
Total. . ---z-- ..uu'l:},ﬂﬂ'r' e e e e LA | e e A TSR R NS 1,311
2761 | Feoes [1\er|ﬂ'u for 111:.1.]: ....... | 25.4 546 | 1.39 4l. -H.l 10. 52 4723 120
Total . e e Y I i 16.64 |.nae. l"ﬁ 20 I ______ 1, 440
|

The amount of carbon dioxid produced {Im'lug the period in the
respiration ehamber is shown in Table 27.

Tarsre 27. —Carbon diorid pro odueed in rﬂi‘pirm‘mn P.r,prnmcn: No. 4.

o

B — e
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| Dam. o2 pom....[ 21,350 . 5 12,77 | 12.22 BED. 8
March 25, 6 2.m., to ]| 3 L l
. pom.todpm....| 21,970 . Gl 11,96 | 11.36 249, 6 44,3
March 26, 6. m. )| g0 p to3a.m....| 21,060 62| 1034 | w72 2048
| #a.m.toBa.m....| 21,370 o | mm| sarif GERR
| 9am.todp.m....| 21,240 56| 12me| 72| =480 1
March M, 6 a. m., to ¥ ‘
B0 m.to9m. ... 22,110 60| 1L44 | 10085 ! 23900 23.6 |
March 27, 6 8. . |l g5 11 t03 a.m....| 20,760 . 56 9.47 | 8.91| 1849 i |
Za.m toDa.m....| 21,470 .55 s.70 | 8.z ff The ]
Sp.m.fod3p.m.-..| 20,760 . ol 10,96 | 10, 40 215. 8 ]
March 27, 6 4. m., to Y o
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March 29, 6a.m. || g0y toBa m....| 21520 .57 11.31 | 10.74 2312 ]
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9am todpm._..| 20 650 63| 1230 1.67| 24000 : ]
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March 30, 6 4. m. [ Op.m.todam....| 20,790 .55 9.50 | ®96| 1863
3a.m.te Oam....| 20,350 . 56 9.67 | o.01 Th
fa.m.to3 pom....| 25320 .58 12,00 | 11.62 247.8
March 30 6 1. 10 | s p.m.toGp.m..oc| 21200 ‘80| 1072| 1012|2155 2432
' e fpmtodam....| 21,976 AL 10, 88 | 10, 27 225.8 .
3am.tofam....| 20,35 65| 145 10090 { i
. 9a.m.tod pm....| 21,040 88|  z2noo| 2051 | 4316
H‘Eh:'islliﬁa"i“:ﬁ ol apm.tof pom....| 21,240 61| oos7 | 19.76 | 4106 348.0
r ' f! pmtodam....| 20,750 . a8 1030 | 10,62 Fﬂﬂ.ﬂ
Sa.mtodam....| 20,240 a3 s | et SRR

1 Each experimental day ended at 6 a. m.; therefore the amonnt of GOy in the iml from 3 a. m, to
9. m, is divided uqu:l.'l.ly%ﬁt-wnuu the twao ILI}H 5
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The ealeulated gains and losses of protein and fat are shown in the
following table:

TasLe 29.—(ain or loss of protein and fat (vespiration erperiment No. 4).

Tatal. loast Al{ Iyl 1:r11|.||]l:|." Fat
| s ’ » . ot arbom in| ference he. | .
}'3t'Ff"LELi" Trl_'r‘rtm:; earbon | protein | tween tofal gained
Thate, Fain Aot eaineld | rmined carbon {-+) or
tr';":' {in I:!+t' oL CEYor =+ or and carbon ! I"';:'I (=}
(AeEk =k (oAb by oat {—).| loat (—). | in protein | l.]'["i'ﬁ.':-
=3, | )
S R I -
s, | (g, | I Feeng. | fa FeaTnE., (S Iars, | {Fria g,
March 23-24. 0p. m. to 12m......... 40,1 0,6 4 09| + 0% 4+ 0.6 + 0.8
March 24=-25 12w to 12 M. . ceociunn. | 0. F F od.4 | 11.0 + 2.3 s — 17.4
March 26=26. 12 . t0 12 M. ecucnvanas +1.7 106 | — 16.6 - BB — 2R — 200
March 26-27. 12 m. to 12 M. eeeeenransn +1.1 + B0 | = 69 S i — 10,8 PR o 5 -
March27-28. 12 m. o 12 M e e s nneees 4. 9 +15. 8B 1 + 7.8 — nan e |
March 852812 m. to 12 M. va v vwnnse- +2.9 +15.1 | — 20.0 + 0.6 — ™. G — BR.7
March29-30, 12 m. 0 12 M rneneas +2.4 +15.0 | — 4.2 4 B. ¥ = —15.8
Moarch 031,12 m. ta 12 M. v - cvvncn- +1.5 4+10.6 | — 20.4 + b6 — 6.0 — 3.8
March 'iI 'l.'p:ril L. 12 m-. 1..n1 . .... 3.1 419.4 | —125.1 =10, & —133. 4 —174. 4
April 1-2,12m. to 12 m . e —1.6 —10.0 | —162.2 — b —156.9 | —H6.1
:'L]l'l‘:IIE—.I 12 1. o 12 1. e +0.5 + #1 | —I15B.6 - 1.G —160. 2 —N. 4
..-'L;|1:r'|1:'l-l.I‘Em.tnlﬂm.....__...... —]. 3 — B.1 | — 203 — 4.3 — i — 9.9
Aprild, 12 m o O pim . .cusanana e 0.3 + 1.2 | —13.3 LB — 129 — 16.9
Total, 120858 . cmmeeeceencceaa]| 1T | 4-85.6 | —0b3.3 | -+45.3 i —D0E. 6 I —T82. 4
|

DIRCUSSION OF RESULTS.
VENTILATION ARD PRODUCTION OF CARBON DIOXID,

The observations regarding ventilation and the effects of the presence
of carbonic acid in large quantities are of decided interest. The incom-
ing air, which was ordinary fresh air from the outside of the building,
contained on the average from 0.5 to 0.6 of a milligram of earbon
dioxid per liter; in the outgoing air the amount of earbon dioxid aver-
aged about 11 milligrams per liter, though the variations from this
amount were considerable. 1In the last experiment, especially, the dif-
ferences in bodily activity in the different periods were very large, and
the differences in earbon dioxid exhalation were correspondingly great.
The results are epitomized in Table 30, which shows the guantities of
air supplied and carbon dioxid produced in each of the four experi-
ments:

TasLeE 30.—Admount of carbon diveid produced in the respiration apparatus.

| 7 A.lllnuulaﬂi'l'_i{)g]'mrlilarl Aver
Experi- ']_)um.f tﬁi::‘ | in ontgoing air. | mncﬁ:};.t?
ment tion o « | N
]:;:;]_ Subject. Ohecnpation. ux|3uri- | P]llitur[] e | i gwa;‘ﬂcﬂ'
L ment, illlillllm._ THLLLELL | o, | e, ]::uﬁ
i Days. | Liters.| 2y. M. My, | Grame.
1 | Janitor (B. 0.} ... -..| Besto.....o.coc 23 45 8.0| 13.4| 110 774. B
| R do s = Fe i R 23 11 8.1 12,5 1.4 TiM, 6
3 | Chemist(0.F.T.)..... nghthmantal 5 | 75 4.6 6.4 7.4 EiG. 4
work.
§ | i e 1§ 55 A1 12.8 10,2 348.9
Mental work. ... 3 55 B.7 12.8 10. 5 851. 5
4 | Physiciat (A. W.5.) .. {Rest ccccvaancas a bb a0 1.5 10. 9 BTL.7
t Musgeular work . 3 56 0.9 2.6 16, 0 1, 3623
| et 1| 55 10. 9 134 11. 8 BT T
1 oxrerapa ] Sy s 12 | ah | 8.1 2.6 12,1 9892

= N W

ol = e
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The table shows that the quantity of carbon dioxid in the incoming
air was normal, ranging from 0.55 to 0.60 milligrams per liter. The
ventilation in experiments Nos. 1 and 2 was at the rate of abount 50
liters of air per minute; the carbon dioxid in the outgoing air varied
from 5 to 135.4 and averaged 10,7 milligrams per liter.

In experiment No. 3, with an average ventilation of 75 liters of air
per minute, the range of carbon dioxid in the air was from 4.6 to 9.9
milligrams per liter and the average 7.4 milligrams per liter. The
smaller quantity of carbon dioxid in the air as compared with experi-
ments Nos. 1 and 2 was due to the larger ventilation, sinee the average
weight of carbon dioxid given off in twenty-four hours was 843.9 grams
as compared with 775.6 grams in experiment No. 1 and 796 in experi-
ment No. 2, In these experiments the sobject was either at rest or
engaged in light mental work or reading.

Experiment No. 4 is of much more interest in this connection, since
the differences in mental and physical exercise were much wider,
During the first and fifth periods of one and five-eighths and one and
three-eighths days, respectively, the subject was at rest. During the
second period, which lasted three days, he was engaged in rather severe
mental work. The third period was one of as nearly absolute rest as was
practicable. In the fourth period the subject was engaged in severe
museular work for eight hours per day. The rate of ventilation was
55 liters per minute. The temperature of the air in the chamber was
generally from 19° to 20° O, though it fell at times to 17° and rose
during the periods of hard musecular work to 22°,

The weight of carbon dioxid given oftf in twenty-four hours ranged
from about 850 to 900 grams for the days at rest and was no larger with
mental work, but averaged over 1,360 grams for the days of muscular
work. Dauring two periods of six hours each of hard muscular work
the elimination of carbon dioxid reached 513 and 501 grams, respec-
tively. During the night, or sleeping period, the exhalation of earbon
dioxid was singularly constant irrespective of the day’s occupation, 1t
amonnted to 175 grams in six hours, with but slight variation from that
figure,'

The weight of carbon dioxid in the ontgoing air during the periods
of rest and mental work ranged from 8.1 to 13.4 milligrams per liter,
but averaged not far from 11 milligrams per liter. During the period
of muscular work, however, the range was from 9.9 milligrams per liter
in the hours of rest, e. g,, at night, to 24.6 milligrams per liter in the
hours of severe work,

Authorities on ventilation commonly estimate the maximum of earbon
dioxid permissible in the air of inhabited rooms at one part per thousand
by volume, which corresponds to about 1.97 milligrams of earbon dioxid

b = - =

"For recent observations of the variations in the amoonnt of carbon dioxid
exereted during sleeping and waking and under varions conditions of work and
rest, see investigations by Sondén and Tigerstedt (Skand. Areh, Physiol., 6 (1805),
Nos, 1-3, pp. 1-224; abstracted in Experiment Station Record 5, p. 242),
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per liter. It will be observed that the amounts of carbon dioxid in the
air in the respiration chamber during these experiments was from 8 to
25 milligrams per liter, and averaged 10 to 12 milligrams per liter. In
other words, the subjects of these experiments lived constantly in an
atmosphere containing from five to =ix times the amount of earbon dioxid
in the standard just referred to.  In experiment No. 4 the earbon dioxid
rose to nearly thirteen times the amount in the standard.

The interesting tact in this connection is that no one of the sab-
jects appeared to experience any inconvenience whatever from either
these large amounts of carbon dioxid or from any other products of
exhalation.

The subject who remained in the apparatus during the five days of
the third experiment was as comfortable in every way, according to his
repeated statements both during the experiment and afterwards, as if
he had been in a room sapplied with a larger amount of air. Even
in the fourth experiment the subject was not aware of the least incon-
venience or discomfort during the twelve days of his sojourn in the
chamber.

It may be added that these results are in accord with the late experi-
ments by Billings, Mitehell, and Bergey," which imply that the discom-
fort experienced in poorly ventilated rooms is not due to the excess
of carbon dioxid. It seems probable, however, that one canse of the
discomfort felt in badly ventilated rooms ocenpied by a number of people
may be the large amount of moisture which acenmulates in the air, wnile
at the same time the temperature rises, Some of the observations
made in the experiments above described accord with this hypothesis.®

In anticipation of a special treatment of this phase of the experiments
in another place, further discussion is omitted here.

NUTRIENTS ANI» FUEL VALUES.

The nutrients and fuel values of the food eaten and digested in the
four experiments are briefly summarized in the following table:

TasLe 31.—Tolal and digested nulrients and fuel value of daily food in the four respivation

erperiments.
I imm_ In total food. __' a In digested food.
E.EE::}E Bon | | Fuel Fanl
i » | . | : |
- -‘!u].ljl:'l'.l-. I:F'Ir‘::'f'- ]-p:._"” | Fat. L:il.'r\':.:ﬂa value, P'I_'ﬂ- Fat. | C?:ﬂ:l-ﬂ- 'I"EI.'EIHA‘
r. 1:]|Junt iein,  drates deter- | tein. d -dra:'t:en dater-
| : SV mined. * I mined.m
I | Cal- Cal-
| | Daye. | Groms. Grams, Gframes.| ories. | Grome| Grams,| Grams.| ories.
1 | Jamitor (E.0.)..... | 23 142 126 | 206 | 3, %30 136 123 200 2,970
| e B ..“......| 23 120 112 | 281 2,085 110 104 277 2, 650
3 | Chemist (0. F.L.).. il | G Ta | 338 | 2,645 | 9 69 331 2, 460
4 | FPhysicist (AW, H.jl 12 | 101 B | 329 | 2,740 I 93 62 321 2,410

@ Fuel value of total food leas that of feces and nrine.

10mn the composition of expired air and its effect on animal life. Smithsonian Con-
tributions to Knowledge, Vol. XXIX (No. 989, Hodgkins fand).

2 Defren (Tech. Quart., 9 (1896), No. 2-3, p. 238; E. 8. R., 8, p. 385) has suggested
that the deleterions effect of badly ventilated rooms may be due to the presence of
nitrites, which he has found in considerable quantities in the air of such rooms.
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The balance of income and outgo of nitrogen and carbon and the gain
or loss of body protein and fat in the four experiments are briefly sum-
marized as follows:

TABLE 32.— Balance of income and outgo of nitrogen and carbon and gain or loss of body
protein and fat in the fouwr vespiration experiments,

= - g i | Pro- | o
E E Nitroren. Carhan. Lo Fat.
:.:?- |E - - 7 | ] *: =
£E EETEE Oceupa- |28 s =] et il e
oo -t e S BN W B PR | (el P ey
e el b E sl =) = | 8l Elas | ===
28 2 |Zl513|=8| B |E 2|82 |2 |=8]|at
=8 E = Lol e e =) (- G BN - Ll B8 T
= A |A|d|8[lc | A |&|Aa|8 |G |3 |o
| s, 05 i g, (roms, (G | (fms | Guog, Gme (e Gms, | Guee, | Gwes, | Fius,
1| Janitor | Rest....| 2| 454 50.2 L84 4.4 576.6) 22.7| 18.0] 428, 2 5100, 7|27, 5 +124. 3
(E. (). | | |
el ...,:lﬁ...| 903 4] 36.1| 22— 0.9 521.° 28.6 19.8 445 14 3T.70— B T4 53.2
3 Chemint Light 5 | TG.5 BT 4.5+ B3 0TLE 546 3451, O, 6 — 17, 3420, 06— 36.7
{(0.F.T.).] mental | |
Wul'll;. | | | 4
Heat . ... 13 26.3) 23.3) 2.3+ 0.8 3067 135 17.1} 376, 2— 100114 G.0/— 166
Mental 3| 4B.6) 30.4) 4.2 - 5.0 T32.% 267 2.5 606 — T2 14313 — 5.5
work. | | { | |
4 | Phvniciat Rest....] 3| 48.6 37.4) 4.2+ 7.00 7323 22,2 1.5 T13. 2|— 44, 6|43, 7/— BR. 6
B I uscn-| 3 ) 48.6] 42.4] 4.2 2.0 7325 30.1] 30, 5[1, 114. 6| —443. 0} 4-12. 55889
(A.W.5.). lar w'k.) | | | | | |
Reat....] 13 223 215 1.9/— 1.1 23560 17.2 14.4] 296, 6/— 72.6/— 4.9/— 37.8
Whoele 12 19441659168 413 72,928, 2 119. 3 126, 02, 297, 2) 55656, 3 -85, 6 —T82. 4
ot 2

As explained previously, the total ineome is represented by the food
actually eaten (with drink and the oxygen of inhaled air), and the net
income by the total income minuns the outgo in the feces, tuking into
account also the incompletely oxidized material excreted in the urine.
The net income represents that part of” the food which is available for
the body. If the amount available is just saflicient for the needs of
the organism it will all be burned in the body to yield energy. If it is
insufficient some of the body tissue will be burned also, and if it is more
than sufficient some material may be stored. The nitrogen in the urine is
assumed to represent the nitrogenous material which has been (ineom-
pletely) burned in the body. In the present experiments it is assumed
that the earbon in the urine is from the same source. The carbon of
the respiratory products is taken as representing the carbon which has
been completely burned.

In Table 33 are shown the nitrogen, carbon, and energy in the daily
net meome and the material actually burned in the body in the four

experiments.
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TaprLe 33.—Daily wel income awd waterial actually burned in the body in the four
experimenis,

Ex- | Dhura- Digesated food. | Material burned in the
peri- | : tion | by,

ment | Subject. Ceenpation, |of EX=l - - e L e
THIARN- | peri- | Nitro- Parhio Fuel MWitro- (Carbon.  Fuel

Lere. | ment. Eam. 1.';|||||'. ga:.n, T ' 1.":|_|,'|:|_{|_

Ihrye. (frmms.| Grones, Colories. | Gframs, (frams. Calories.
o = =

1 | Janitor (E. 0).)__.. 1 11177 e R - 21.8 280, 3 070 | 19 & el 2 410

B e N s e S | [ e 2 17. & N, T 2 650 | 18,0 va1.8 | PR

3 | Chemist(0. F.T.) ].-i.'.fllrll:ll{‘-llliﬂ i 14.4 | 297.4 2,460 18T | 230, 9 2 505
Waork.

|_f:I'|i;;um‘...TL ..... e 1§ 148 233.6| %535 | 14.3 | 298.4 @ GRS

W cead il - antal work. . ot 14. 8 LR 2. | 13.1 41,0 2, 52

i1 ':‘:";"“ 0t (A-W. Wpoat. .. Z| 14.8| 2336 T405| 125 | 484 o G5

] Muacuolar work 3 14. & 933 6 | o505 | 14.1 AEL G 4, 505

| L] e R 13 4.8 2386 | 2 500 15.2 | 2602 2, B75

I ] L s | e e ot s 4. 8 233. G 2 510 13.6 | 27T 3,085

a Witrogen of urine, i, e, of ineompletely oxidized nitrogenous material of feod and body.
b Carbon of respirgtory prodocts plus that of urine.

In the first experiment the amount of protein was rather large. The
subject, a laboratory janitor, was accustomed to somewhat active mus-
ealar work and had a very hearty appetite. The diet was of his own
selection and proved more than sufficient for the needs of his organism
during the experiment when he was comparatively inactive. His
organism stored both protein and fat.

In the next experiment, which was made with the same person, the
diet was the same in kind, but less in gunantity, The ration proved
insufficient to maintain the nitrogen equilibrinm, althongh some fat
was stored. In this case, however, the quantities of protein lost and
of fat gained were quite small, so that the organism was very nearly in
equilibrinm, especially as regards nitrogen.

In the third experiment the diet was considerably smaller in protein
and energy than in the two preceding. The subject, a chemist, was
accustomed to rather less musenlar labor than the subject of the first
and second experiments, He was also rather lighter in weight. The
diet which he chose was smaller in both nutrients and energy. The fig-
ures indicate a slight gain of protein and loss of fat during the experi-
ment, but on the whole the organism was very nearly in equilibrinm in
respect to both nitrogen and carbon. The fuel value of the material
actually consumed in the body was larger than in either of the two
preceding experiments, though somewhat smaller than that in the fourth
experiment under similar conditions.

In the fourth experiment the subject was a physicist. He was taller
than the subject of the third and heavier than either of the subjects
in the preceding experiments. The diet was of his own selection, as
in the previous c¢ases. The amount of nitrogen was less than in the
first two experiments, thongh slightly more than in the third. The
potential energy of the digested food was a little larger than in that
ot the third experiment. Nevertheless, the tigures indicate a slight
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gain rather than loss of protein during all of the periods of the exjeri-
ment when there was no especially great muscular activity, though
there was constant loss of fat from the organism. In the period of
muscular activity the loss of fat was very much larger, the loss of
carbon being 1S grams per day.

In discussing the gain or loss of protein the nitrogen lag is an impor-
tant factor. It has been stated above that in experiment No. 4 an
allowanee of =ix honrs was made for the lag of the nrine. That this
time was insuflicient was also pointed out, and thirty hours was sng-
gested as probably more nearly representing the period of lag., Table
34 gives the nitrogen and carbon in the net income and ontgo for the
three important periods of this experiment, with the calculated nitro-
gen and earbon actually burned in the body and energy liberated,
allowing for both six hours’ lag and thirty hours’ lag.

TapLe 34.—Daily wet income and matevial actuwally burned in the body, allowing for G
hours’ and 30 hours' lag of urine.

“foml. | in the | fosd. | in the

: —5 MNitragen. Carbon.
| e ] i
| : Ill HIEE Ean In ma- Fat Fuel-
| 2 | Indi- | terial g_..'_:;l::r :t,::,,::r Indi | terial loss. | "lﬂ;:‘“
| £ |ee sted | burned Pl i gestedd | burped | Loss.
]

=]

body. | by
Allowing 6 honrs' | |
lag: 'Days. Grams.| Grame. Grame. Grams,| (frames.| Grame.| Grams.| Grams.| Calories,
Mental work. . & 14. B 181 | 4L7T| +10.4 233.6 | HLO |— 7.4 |— 1638 = 1
1 S 3| 148 1225 | 423} 4-14.06 230.6 | HE4 [— 4.8 |— M5 — N
Muscular work . 3| I4.8 W1| +0.7| +14.2 | 2356 | 3615 | —147.9 —106.3 —1, £
-'\.Ilurmgal}hlmru [
H.ﬂ:l%ll'ﬁ"ﬂlk & 14. 8 127 | 21 | +15.0 | 3L 6 | A3 |— AT |—2LT — 135
Heat........ | 148| 12.4| 42.4| +15.0 | 236 | 7.0 |—13.4 |—27.8| — 180
Muscular wnrk 3 14.8 15. 6 i —LB|=50]| 36 ’ d82. 4 |[—148.8 J—]!H.l.l =1, §25

—— e —— - = SR

When the nitrogen lag is assumed to be six hours there is a small
gain of protein during the period of musenlar work; but when it is
assumed to be thirty hours there is a small loss. When a thirty-hour
nitrogen lag is assumed the gains in protein during the periods of rest
and mental labor are somewhat larger than when a six-hour lag is
assmmed.

It will be noticed that there are marked differences in the ways the
snhjects in the four experiments utilized the food material at their
disposal. The differences in age, weight, oceupation, and diet have
been referred to. It will, however, be of interest to add that some
studies had been previously made which throw a little more light upon
the dietary habits of two of them.

Two dietary studies were made in the family of the laboratory janitor,
one in February and the other in March, 1894." In these the average
pmtﬂm in the food eaten per man per :lay was estimated at 126 grams,

'Boa Report of Storrs (Conn. }Agriuulturul L.ximrimaui- Stutmn lwl, pp- 180 and 195,
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and the total energy of the nutrients at 3,900 calories. The correspond-
ing amounts digested were estimated at approximately 116 grams of
protein and 3,660 calories. This was, on the whole, a liberal diet. It
is slightly larger than the American standard' suggested for a man at
moderately severe musenlar work.

Two dietary studies were made by the subject of experiment No. 4
at his home in a country town in another State, on the oceasions of
vacation visits, one in the winter and the other in summer.* There was
but little difference between the results of the two. It seems fair to
assume that they may represent the dietary habits which the subject
had naturally acquired. The averages per man per day were approxi-
mately 79 grams of protein and 3,125 calories of energy. These gquan-
tities are estimated to correspond to about 71 grams of protein and
2,955 calories of energy in the food actually digested.

It will be observed that, according to the above estimates, the labo-
ratory janitor, who was accustomed to moderately active muscular
work ten hours per day, and who was what would be called a * hearty
eater,” actually burned during the first experiment 122 grams of the
136 grams of digestible protein in his food and at the same time stored
the remaining 14 grams, according to the calculations of these experi-
ments. Of the 2,970 calories in the food digested he burned material
corresponding to 2,310 calories. The digested nutrients of the food
furnished an excess of carbohydrates and fats as well as protein, so
that his organism stored fat and protein corresponding to 660 calories
of energy. In the second experiment his diet was reduced so as to
supply only 110 grams of digestible protein and 2,650 calories of energy.
In this case his organism was estimated to burn 113 grams of protein,
a trifle more than the food supplied, and 2,420 calories of energy. The
organism gained considerable fat, enough to make a gain of material
corresponding to 230 calories of energy.

The subjects of experiments Nos. 3 and 4, who were acenstomed to
only light muscular activity, chose for their diet materials computed
to supply 90 and 93 grams of digestible protein, respectively, and other
digestible nutrients sufficient to furnish about 2,500 ealories of energy
per day. In the respiration apparatus when at rest or engaged in
either light or severe mental work they burned in the body from 78 to
86 grams of protein and from about 2,500 to 2,700 calories of energy.
It was evident that this consumption must have been reasonably eco-
nomiecal, since the food in experiment No. 3 supplied only a trifle more
protein and a trifle less energy than was utilized; while in experiment
No. 4, when the snbject was at rest or engaged in mental work there
was with a slight apparent gain of protein a decided loss of fat. Al-
though the subject of experiment No. 4 was a man of larger frame and
greater weight than the Ellb_]&[.-t of experiment No. 3, ]113 nrga.ulsm

tU &, Dapt fs.gr Dﬂ’icsa uf Experiment Stations Bul. 21, p. 213.
*See Reports of Storrs (Conn.) Experiment Station, 1895, p. 137, and 1896, p. 144,

5
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burned less protein; but this seems to accord with the results of dietary
studies mentioned above, which implies that he was in the habit of con-
suming small quauntities of protein. While his organism burned smaller
quantities of protein, it burned more fat and utilized more energy than
was the ease with the snbject of experiment No. 3. When the same
person engaged in severe muscular work the amount of protein burned
rose from 78 to 95 grams perday. At the same time the energy ntilized
rose from 2,695 to 4,325 calories. That there should be such an inerease
in the amouant of both protein burned and energy utilized with the
severe muscular work is not at all surprising. How the amount of pro-
tein burned during the period of muscular work would have been
affected if the quantity of earbohydrates and fats had been sufficient
to supply the needed energy is a question to be answered by further
experiment.
CONCLUESIONE.

The experiments above deseribed offer considerable material for dis-
enssion. Since, however, they are of a preliminary character and are
to be followed by others in which the results of the experience here
obtained will be used, it is deemed best to reserve the discussion nntil
more of the anticipated work shall have been accomplished. Mean-
while the following statements are perhaps in place:

(1) The experience here obtained emphasizes the desirability of
longer experimental periods than have been customary in experiments
of this class. Although a considerable number of respiration experi-
ments have been made with animals and man, the periods have rarely
exeeeded twenty-four hours, The fignres in the tables above are suffi-
cient to show that the results obtained in periods so short are less con-
clusive than is to be desired.

(2) Much care needs to be bestowed npon the analyses of the mate-
rials of income and outgo. In the majority of experiments thus far
reported the composition of food and solid and lignid exceretory prod-
uets has been in large part assumed, rather than estimated from direct
analyses of specimens of the materials belonging to the experiments.
In like manner there is need of the greatest possible care and aceuracy
in the determination of the gaseous excretory produets. Nor can any
of the organic matters given off in perspiration and exhalation be left
out of account if the fullest acenracy is to be attained.

(3) It is to be hoped that fature experience may lead to such
improvements as shall insure the accurate measurement of all the
chemieal elements involved in the income and outgo. It is evident that
there are no insurmountable obstacles in the way of reasonably acen-
rate estimation of the income and outgo of nitrogen and carbon. As
regards the hydrogen, the difficulties of determination have thus far
been more serious, but they do not appear to be by any means insur-
mountable. The quantities of sulphur and phosphorus are so small
that extreme accuracy is needed for their estimation in order to insure
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satisfactory comparison of income and outgo, The experience gained
in this laboratory since the experiments here described were made indi-
cates that by refinement of methods reasonably reliable results may be
obtained.

(4) The prospects for obtaining a satisfactory balanee of income and
outgo of energy are, on the whole, decidedly encouraging. The deter-
minations of heats of combustion by the bomb calorimeter are emi-
nently satisfactory, and there seeins to be good ground to hope that
ultimately the measurements of heat given off’ from the body may also
prove sufliciently accurate for sueh purposes.  Satisfactory results have
already been reported by other experimenters with small animals and
with men during experiments of short duration. Experience in this
laboratory since the above experiments were made have yielded results
agreeing very closely indeed with the theoretical figures.

(3) The results of these experiments and of similar investigations
elsewhere bring out very clearly the difference in the amonnts of nutri-
ents and energy required by the organisms of different persons nnder
different conditions, and confirm the results of previous inguiry in
showing that museular labor is performed at the expense of the fats,
sugars, and starches. They also make it clear that the body may draw
upon protein for this purpose, although it has not yet been determined
just what are the conditions under which this is done. A large amount
of work will be needed to secure the experimental data necessary for
accurate generalizations. The importance of the subject is such as to
call for the most extensive and painstaking research.
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