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LETTER OF TRANSMITTAL.

U. S. DEPARTMENT OF AGRICULTURE,
BUREAU OF CHEMISTRY,

Washington, D. C., August 15, 1907.

SIR: I have the honor to transmit for your approval the results

of the investigations which have been made in this Bureau to deter-

mine the effects of sulphurous acid and sulphites upon digestion and

health. The work is a continuation of that reported in Parts I and II

of Bulletin 84, dealing respectively with boric acid and borax, and

salicylic acid and salicylates, and I recommend that this investigation
be published as Part III of that bulletin.

The plan of the experiment .is practically the same as that followed

in the previous reports. The more elaborate study of sulphur metabo-

lism, which was of special importance in this investigation, was made

by Mr. F. C. Weber, who also conducted the hygienic table. Mr.

W. D. Bigelow had charge of the general analytical work on the foods

and feces. Mr. B. J. Howard made the microscopical examination

of the blood and urine. The Bureau of Statistics, as in the previous

investigations, rendered valuable aid in the compilation of the

analytical data, a work of great magnitude.

Respectfully,
H. W. WILEY,

Chief ofBureau.
Hon. JAMES WILSON,

Secretary of Agriculture.
HI
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INFLUENCE OF FOOD PRESERVATIVES AND ARTI-

FICIAL COLORS ON DIGESTION AND HEALTH.

III. SULPHUROUS ACID AND SULPHITES.

INTRODUCTION.

The relations of sulphurous acid to health are perhaps of greater

importance than those of the preservatives already studied namely,
boron compounds and salicylic acid and its salts. The reason of this

is found in the fact that the use of sulphurous acid at the present time

is more general, and in certain classes of food products, according to

the statements of manufacturers, more nearly approaches a necessity

than is the case with boron or salicylic acid compounds.

Sulphurous acid in some form is extensively employed in many
technical operations in the preparation of foods. This is especially

true in the production of wine, in the preparation of evaporated or

desiccated fruits, and in the manufacture of molasses. The problem

presents itself under two aspects namely, the use of sulphurous acid

or its compounds for technical purposes in the preparation of foods

and its application to the finished products as a preservative.

In the preparation of foods, sulphurous acid is chiefly employed in

the form of the fumes of burning sulphur, applied either to the food

products themselves in the course of manufacture or to the con-

tainers in which the food products are held. In the ripening of the

wines in cellars it is customary to fumigate the barrels with burning

sulphur each time the wines are racked. In this manner it often

happens that the wine before it is finally ready for sale on the market

may have been placed in five or more freshly sulphured containers.

By this treatment the wine absorbs a varying quantity of the sul-

phurous acid, depending to some extent upon the amount of sulphur
used in fumigating.
When sulphurous acid is used as a preservative for food products

after the manufacture has been completed it is usually employed in

the form of bisulphite of lime or some similar preparation. Sulphur-
ous acid has the property of uniting with certain organic radicals,

such as aldehydes and some sugars, to form compounds which are

761



762 INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

more or less stable, and in this form it is known as combined sulphur-
ous acid. When it exists in the form of an absorbed gas or in com-

bination with an ordinary metallic base, such as soda, potash, or lime,

it is said to be in a free state. Combined sulphurous acid is set free

from the organic combination by treatment with an acid with the aid

of heat, or with a dilute alkali in the cold.

In the accompanying report the effects of the combined sulphurous
acid are not to be considered, except in so far as the combination

takes place with the foods with which the sulphurous acid may be

mixed after entering the stomach. The purpose of the investigation

is, therefore, to determine practically the effect of free sulphurous
acid that is, sulphurous acid in a gaseous state absorbed by water or

united with a base rather than the effects of combined sulphurous
acid. In no case has any question been considered in these investi-

gations relating to the food value of the organic sulphur existing in

proteids and other foods.

It is true that probably in the process of digestion complete saponi-
fication of the combined sulphur compounds takes place, so that

finally they appear in the small intestines in a free state that is, as

sulphurous acid or sulphites and are then oxidized to sulphuric acid,

as is the free sulphurous acid, during the metabolic processes.

Practically, in the technical use of sulphurous acid in the manu-
facture of food products only the fumes of burning sulphur are

employed. Desiccated fruits, pared or unpared, are subjected, after

the removal of the pit or core, to the fumes of burning sulphur in

what is known as a
"
sulphur box." In the manufacture of wines

a piece of so-called
"
sulphur candle" that is, a piece of cloth which

has been dipped in melted sulphur is burned. This candle is

attached to a wire, ignited, placed in the barrel, the bung inserted,

and the candle allowed to burn until the whole of the sulphur is con-

sumed. Previous to the sulphuring it is the custom to thoroughly
wash the barrel so that the interior thereof at the time of sulphuring
is moist. The moist surface of the wood absorbs the sulphurous
acid more freely than does the dry wood. The ostensible object of

the sulphuring is to keep the barrels sweet; in other words, to destroy

any yeasts or other ferments which may adhere to the surface of the

wood or be present within it. The barrels are often sulphured some

days, or even weeks, before they are filled; at other times the filling

of the barrel with wine takes place immediately after the sulphuring.
In both cases notable quantities of sulphurous acid become diffused

throughout the wine itself. It is evident that some care must be

exercised in the use of sulphur in wine making for two very impor-
tant reasons. In the first place, if too much sulphur be used, red

wines would to a certain extent be bleached. In the second place,
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if the wines become entirely saturated with sulphurous acid the sec-

ondary fermentations which produce the ripening of the wine would

not take place. In such cases the wines apparently appear to be

perfectly mature within one or two years, whereas the proper matura-

tion of a wine requires a much longer time. In the manufacture of

non-fortified sweet wines much larger amounts of sulphur are used

than in the manufacture of dry wines. This is an important fact,

since it shows that the large quantities of sulphur are not necessary
for the preservation of dry wines, because it is well known that red

wines, which are generally very dry, are quite as well preserved as

white, although containing much less sulphurous acid. It is claimed

that in the manufacture of sweet wines that is, those in which the

natural sugars coming from the juice of the grape are not entirely

fermented larger quantities of sulphur are necessary to prevent
fermentations after the wine is mature. If the sweet wine be made
from a suitable kind of grape that is, one which is so rich in sugar
that it gives a certain maximum quantity of alcohol and still leaves

some unfermented sugar it is evident that no excess of sulphurous
acid will be necessary. In such a case the wine would be preserved

by its natural alcoholic content. If, on the other hand, a sweet wine

be made from a must so poor in sugar that it is necessary to add an

additional quantity, the product can not be regarded as a natural

wine, and hence there seems to be no necessity for providing for

its manufacture.

In the. manufacture of sirups and molasses it is quite customary
to expose the freshly expressed juices of the canes to the fumes of

burning sulphur. The "
sulphur box" used in this case is so con-

structed that the juice falling over shelves by gravity absorbs the

fumes of the burning sulphur rising from the box, which to this

extent serves as a chimney. The sulphur dioxid becomes incorpo-
rated with the components of the juice forming more or less stable

compounds which are not entirely broken up by subsequent boiling.

The sulphur in this form, as well as that which may still be present
in the free state (that is either as an absorbed gas or in combination

with metallic bases), passes into. the finished product. When sugar
is made there is a concentration of the sulphur compounds in the

molasses and this concentration becomes greater in proportion to

the number of crops of sugar crystals removed. In very low grade
molasses the sulphur naturally occurs in extraordinarily large quan-
tities.

In the preparation of evaporated apricots, peaches, pears, and
mandarins sulphuring is practiced for the following reasons:

(1) To produce as clear and intense a yellow color as possible.

(2) To conceal decayed portions of the fruit which have been overlooked in trimming.

(3) To prevent fermentation and decay during the drying of the fruit.
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(4) To protect the fruit during drying from flies and other insects, the larvse of which
would otherwise develop after the fruit was stored.

(5) To kill the cells of the fruit and thus make the texture more porous, which

expedites drying.

In the application of the fumes of burning sulphur in the prepara-
tion of evaporated apples the principal object appears to be the preser-
vation of the color of the finished product. Fruits which have been

sulphured before evaporation seem to have a lighter color than

those which are dried without sulphuring. At the same time it is

well known that highly sulphured fruits are preserved with a lower

degree of desiccation than those not sulphured, and for this reason

a greater weight of fruit is produced from a given weight of the raw
material when sulphur is used. It is not difficult to preserve a water

content of 30 per cent or over in the finished product when liberal

sulphuring is practiced. The use of sulphurous acid also makes it

easier to protect the finished product from mold and fungous growths
in general after manufacture. That excessive quantities of sulphur
are not necessary for the production of evaporated fruits of pleasing

appearance is well attested by analytical data obtained by the exam-
ination of fruits purchased in the open market having a light and

pleasing color, and at the same time containing only a small quantity
of sulphurous acid. On the other hand, it is quite easy by certain

forms of treatment during the process of manufacture to obtain a

product in which sulphurous acid is present in excessively large

quantities. The analytical data also show that a portion of the

sulphurous acid used in the preparation of such products becomes

oxidized into sulphuric acid after a certain time, thus artificially

increasing the small amount of sulphates naturally present in some
food products, which does not appear to be a desirable practice.

As sulphurous acid in some form is almost universally employed in

the manufacture of wines, molasses, and sirups, and in the prepara-
tion of desiccated fruits, it is evident that the prohibition of its use

would necessitate a radical change in methods of manufacture. This

fact, however, it might be stated, has nothing whatever to do with

the purposes of the present investigation. Assuming that in the

manufacturing processes certain added bodies are used which are

found on investigation to be injurious to health, the rational conclu-

sion of such an investigation would be, not to excuse or overlook the

use of such bodies, but to institute investigations looking to their sup-

pression. If, therefore, the results of the present study indicate that

sulphurous acid, even in small quantities, is a deleterious substance

when added to foods, it would be reasonable to expect that manufac-

turers, as well as investigators, would immediately take steps looking
to the early suppression of the injurious substance. While it is not

likely that such an event could be accomplished within a year or two,

it is reasonable to suppose that it could be eventually brought about
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without any disturbance to manufacture and without any diminution

in the output of the article.

In matters of this kind it is advisable to proceed when possible

with conservative steps and to avoid any attempt at sudden and

revolutionary changes in methods of manufacture. In all such cases,

however, it will be found not only possible and desirable to make the

food product in question without the use of the deleterious substance,

but there is evidence to show that the products thus manufactured

will be more palatable, more wholesome, and more valuable than

those made according to the methods commonly used at present.

Practical experiments have shown, for instance, the possibility of pro-

ducing a high-grade sirup from cane juice and other saccharine saps
without the use of the fumes of burning sulphur. Analytical data

show the presence on the market of considerable quantities of desic-

cated fruits of good appearance in which the quantity of sulphur is

so small as to be ascribed rather to the conversion of the natural sul-

phur content of the product than to the addition of the sulphur in

its manufacture. At the present time considerable quantities of wine

are made without the addition of sulphur of any description, and
these wines are of fine appearance, excellent flavor, and of noted

purity and wholesomeness.

In so far as the mere tint of the food product is concerned, it is

not a difficult matter to familiarize the public with a tint of a differ-

ent kind from that which would be produced by the use of sulphur.
The only arguments of any force favoring the use of sulphurous
acid in food products are those which relate either to the preserva-
tion of the food product or to its color. As the preservation of the

product can be easily secured, and a slight change in color rendered

familiar without working any hardship, these arguments seem to

have no force whatever in justifying the continuation of the use of

sulphurous acid in foods. It may be the part of wisdom in the

administration of food laws to tolerate existing methods of manu-
facture for a certain length of time looking to their amelioration or

change, but that is a question with which this investigation is not

concerned.

There is reason to believe, therefore, as a result of the present

studies, which have shown that the use of sulphurous acid in foods

is deleterious, that a rapid change will be made in the processes of

manufacture looking to the Complete and somewhat speedy suppres-
sion of its employment. The use of sulphurous acid and sulphites
never adds anything to the flavor or quality of a food, but renders

it both less palatable and less healthful. Every fact which has been

brought out, therefore, in the investigation tends to accentuate the

justness of the conclusion, namely, that the use of sulphurous acid

in foods should be suppressed. The data on which these conclusions

are based are given in detail in the following pages.



SERIES VII.

ADMINISTRATION OF THE PRESERVATIVE.

SCHEDULE OF ADMINISTRATION.

The fore period in Series VII began on February 1, 1904, and the

after period closed on Mar.cn 11. The fore period extended over a

period of ten days, the preservative period lasted twenty days, and the

after period ten days, a total of forty days under observation. The
divisions of the periods are shown in Table I.

TABLE I. Dates of periods and subperiods, Series VII.

Periods and subperiods.
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sulphite and 2 grams as sulphurous acid gas, with the exception of

No. 7, who received only 1 .6 grams. During the third preservative sub-

period the total quantity of sulphurous acid as sulphites administered

was 3.81 grams for all except No. 5, who received 2.54 grams. The

quantity of sulphurous acid gas administered was 2 grams with the

exception of No. 7, who received 1.8 grams, and of No. 12, who received

1.6 grams. For the fourth preservative subperiod the total quantity
of sulphurous acid given as sodium sulphite was 3.81 grams for Nos.

1 and 2, 0.381 gram for No. 3, 5.1 grams for No. 4, and none at all

for Nos. 5 and 6, who had become so ill that they could not take any
more of the preservative. The quantity administered during the

fourth preservative subperiod as sulphurous acid gas was 2 grams,

except in the cases of Nos. 7 and 12, who by reason of illness took

none at all.

The total and average amounts of the preservative administered

and all individual variations in the quantities taken, may be found in

Table II.

TABLE II. Schedule of administration of preservative, Series VII.

Period and date
(1904).
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METHOD OF ADMINISTRATION.

The organization of the work in general was practically identical

with that of the previous investigations. A slight variation in the

administration of the preservative was introduced by the fact that it

was deemed important that the investigation should include sulphur-
ous acid in a gaseous state as well as in combination as sulphites.

The most convenient method for the administration of the gaseous

sulphurous acid was found to be by the preparation of an aqueous
solution of the acid of standard strength taken, after dilution with

water, as an ordinary drink. Water proved to be a more convenient

vehicle than milk or other beverages for this purpose.
In the form of sulphites the method of achninistration in capsules

was practiced. This method, as in the previous investigations, was

found not only to be the most convenient, but also, all things con-

sidered, the most desirable form in which to administer a substance

of this kind.

Attention has been called in the previous reports to the distaste

which the subject would acquire for a food product in which he knew
the preservative had been mixed, and therefore less disturbance of

the mental equilibrum was caused by the administration of the capsule,

the envelope of which is itself a food product and would be soon dis-

solved in the acid digestive juices of the stomach. Moreover, in the

solution of this capsule the whole of the preservative is not discharged
at once into the contents of the stomach, but the capsule dissolving

at different points presents gradually increasing surfaces at which solu-

tion of its contents may take place, and this, in connection with the

peristaltic action of the stomach, results in a complete incorporation
of the preservative with the food in the stomach in a reasonable

period of time. Thus, in substances which do not possess any active

escharotic action, no possible damage can be done to the walls of the

stomach by this method of administration. The objections which

have been made to this form of administration are undoubtedly of

a merely captions character, for the purpose, if possible, of prejudicing
the public against the conclusions reached. Inasmuch as the cap-
sule is a common method of administering solid remedies at the

present time the practice of the medical profession approves unani-

mously this method of exhibition.

It will be observed that in all the discussions which follow summa-
ries are prepared for Nos. 1 to 6 and 7 to 12, the individuals being

grouped in accordance with the nature of the preservative admin-

istered, i. e., Nos. 1 to 6 receiving sodium sulphite, and Nos. 7 to 12

sulphurous acid. Additional summaries are given for Nos. 1 to 4, 5

and 6, and 8 to 11, these subgroups being arranged according to

common -variations in administration of the preservative.

a Bui. 84, Part I, p. 11; Part II, p. 479.
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DAILY MEDICAL AND CLINICAL NOTES.

INDIVIDUAL DATA.

As in the previous investigations, the young men were selected

from a number of volunteers and were required to subscribe to the

pledges described in Part I.
a The members of the table were sub-

jected to careful examination throughout the course of the experi-

ments for the purpose of recording the medical data which are

presented in the following pages by periods and subperiods.

No. l.C. W. N.

No. 1 of this series began the fore period with all functions in nor-

mal condition. His recorded temperature on the first day was

98.4, pulse beats 78 per minute, and weight 68.5 kilograms. This

normal condition continued throughout the first subperiod, the tem-

perature ranging from 98.3 to 98.6, and the pulse being constant

for the last four days at 66 beats per minute. His body weight on

the last day of this subperiod was 68.5 and the average weight for the

five days was 68.44 kilograms.
On the first day of the second subperiod No. 1's temperature and

pulse were normal, being 98.4 and 66 beats, respectively, and weight
68.5 kilograms. .On the second day a slight febrile condition existed,

his temperature registering 99 and pulse 84. This condition dis-

appeared, however, by the following day, and for the remainder of

the period his pulse and temperature were normal, but the weight
had decreased during the period, 68 kilograms being recorded for

the last day, while 68.25 kilograms represented the average weight
for the second subperiod of the fore period. The average weight for

the entire fore period is 68.34 kilograms.
The clinical examination of the urine during the fore period

showed the kidneys to be in normal condition, no albumin or casts

present. The general condition of the subject was good.
The same normal condition prevailed at the beginning of the first

preservative subperiod and continued till the last day of the sub-

period, when he complained of pain in the stomach and frequent

urinations; his temperature and pulse for this day, February 15,

were normal. The body weight had slightly increased, as com-

pared with that of the last day of the fore period, the average for

the subperiod being 68.31 kilograms.
In the second preservative subperiod the subject complained at

intervals of pains in the stomach, particularly after meals, his tem-

perature and pulse were still normal, and the body weight had

steadily increased, giving an average of 68.44 kilograms for the

subperiod.

a Page 12,
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The third preservative subperiod was characterized by pains in

the stomach throughout the period, and on the first day of the

period the subject complained of being weak and feeling chilly.

His temperature for this period ranged from 98.2 to 98.6, and his

pulse was somewhat varied, ranging from 55 to 70 beats per minute.

The body weight, however, showed a slight gain, 68.10 kilograms

being recorded on the first day and 69.20 on the last day of the

period. The average weight for this subperiod was 68.64 kilograms.

During the first part of the fourth preservative subperiod No. 1

still complained of abdominal pains, but by the end of the period the

subject reported himself as feeling
" normal" and with no "

symp-
toms." The temperature and pulse were normal during this sub-

period, the average body weight being 68.94 kilograms. The average

weight for the entire preservative period was 68.58 kilograms.

During the preservative period No. 1 developed a very minute
trace of albumin in his urine; the microscopical examination, how-

ever, did not show any marked change.
The preservative period, as a whole, had quite a noticeable effect

on this subject, though he was loath to admit it. His general

appearance was below normal and he seemed much depressed, but

improved in the last preservative subperiod.
In the after period no symptoms are recorded; the temperature

remained normal, 98.4 throughout, pulse normal, and the whole

general appearance somewhat improved.
The average weight for the first after subperiod was 68.48 kilo-

grams, for the second after subperiod 68.76 kilograms, and for the

entire after period 68.62 kilograms.

No. 2.W. P.

This subject began the fore period with a temperature of 98.1,

pulse 69 beats per minute, and a body weight of 70.72 kilograms.
The only point of note during the fore period is the uniformly low

temperature and the fact that the pulse is somewhat lower during
the second fore subperiod, the average for the five days being 62.

No. 2 had had no previous sickness and was in good condition during
the fore period. The average body weight for the first subperiod
was 70.31 kilograms, for the second subperiod 70.04, and for the

entire fore period 70.18 kilograms. A clinical examination of the

urine of No. 2 showed a slight albuminuria.

No. 2 passed through the first preservative subperiod without

any apparent change, his temperature still remained subnormal,

pulsations were very constant, registering 59 and 60 throughout; his

average body weight was 69.94 kilograms. On the fourth day of

the second preservative subperiod he reported a feeling of dizziness

at times, which did not occur, however, on the succeeding day. His
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temperature and pulse remained practically the same as in the

previous subperiod. The average body weight for the second

preservative subperiod was 69.66 kilograms.
The first day of the third preservative subperiod No. 2 reported

himself as
"
feeling all right." On this day his temperature reg-

istered 98 and pulsations 65, body weight 69.37 kilograms. The
next day he complained of a slight pain in the stomach. No other

complaint or symptom is registered on the three following days of

the subperiod, his temperature remaining at 98 and pulse 60 beats

per minute. The average body weight for the third preservative

subperiod was 69.44 kilograms.
No symptoms or complaints of any nature are registered during

the fourth preservative subperiod. His temperature for the first

four days of this subperiod was considerably below normal, but not

sufficient to cause any suspicion, considering the uniform subnormal

temperature of this subject throughout; on the last day the tem-

perature registered 98.6 F., pulse 66, which is just a few beats higher
than in the previous period. His average body weight for this

subperiod was 69.41 kilograms. The average for the entire pre-
servative period was 69.61 kilograms.
The condition of the kidneys remained about the same, a slight

trace of albumin being shown throughout, with scarcely any change
in the microscopical examination.

On the first day of the after period No. 2 had u a little pain in the

stomach," which was of slight duration and did not recur again

during this period. His temperature and pulse remained practically
constant throughout at 98 and 60, respectively. The average body
weight for this period was 69.41 kilograms.

In the second after subperiod the subject reported a headache and

pain in the stomach on two successive days. His temperature

registered 98 F. throughout and pulsations averaged 64, with very
little variation. The average body weight for this subperiod was
69.13 kilograms, while the average for the entire after period was
69.27 kilograms.
The examinations of the urine in the after period again indicated

a slight albuminuria.

The administration of the preservative seemed to have compara-

tively little effect on this subject. He complained once of dizziness

and headache during the preservative period and on three days in

the after period of pain in the abdominal region and headache, but

for ,the greater part of the time was in good condition. He suffered

an average loss of weight
'

during the entire observation amounting
to almost 1 kilogram, although his symptoms were not nearly so

pronounced as those of No. 1, who made a slight gain in weight.
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No. 3. W. F. H. ,

This subject entered the fore period in good condition with all

bodily functions normal. He had reported no sickness previous to

entering on this work and had never been very ill. While in college

he belonged to the rowing crew and sometimes had palpitation of the

heart after severe training. Occasionally he had a touch of heartburn,
but no serious indigestion.

The first fore subperiod passed with the subject in good condition,

though his temperature was below normal, averaging 98 F., and

pulse quite high, being on an average 84 beats per minute. His

average body weight for this period was 63.54 kilograms.
There was no change in the subject's condition during the second

fore subperiod. His temperature remained about the same, 98,

though on the first two days of the period it was normal. His pulse

was normal, averaging 74 beats per minute for the period. His aver-

age weight was 64.08 kilograms.
He reported nothing wrong during the first preservative subperiod,

and seemed, from outward appearances, to stand the preservative
well. His average temperature for this period was 98.5 and average

pulse beats 81. The body weight averaged 64.18 kilograms.
No. 3 began the second preservative subperiod with a temperature

decidedly subnormal, 97.7, taken before dinner, and pulsations 76.

His temperature after dinner of the same day was 98.6 and the body

weight 64.25 kilograms. On the evening of this day No. 3 became

very much alarmed. He reported violent palpitation of the heart,

with occasional loss of a beat at 10.30 p. m. of this day, which was

directly brought about by a brisk walk for half a block to catch a

car. He also experienced a sensation of giddiness and blurred vision

and difficulty of breathing. These symptoms lasted during the

night, and at 9 a. m. the next day his pulse was beating 120 per
minute. In the afternoon he had an attack of indigestion, some

headache, and continued dizziness.

At 5.30 p. m. of this day his temperature was normal, 98.4, and

pulse beats 76 per minute. The body weight was 64 kilograms.

During the remainder of this period the indigestion evidently con-

tinued, as he experienced eructations of gas and occasionally belched

a mouthful of food. He also had pain in the abdomen and over the

left side and sensations of dizziness. His temperature and pulse
were quite variable, registering 98.6 on February 19 and pulsations
80. On February 20, the last day of the second subperiod, his tem-

perature is reported as 97.9 and pulsations 68. The average body

weight for this subperiod is practically the same as for the previous

one, 64.19 kilograms.
The third preservative subperiod began February 21, and a tem-

perature, before dinner, of 98.9 F. and a pulse of 72 are recorded.
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The subject was all right with the exception of a slight feeling of

weakness. On the next day his temperature and pulse were exactly

the same as on February 21. He was feeling very tired, although
he had not taken any extra amount of exercise; lips were dry and

parched and he had a bad taste in his mouth. He did not experience
so much trouble from indigestion as on the preceding few days, but

was troubled with quite severe heartburn. On February 23 his

temperature and pulse were normal, 98.4 and 76, respectively. He

reported "abdominal pains" and expulsions of gas during the day.

He was feeling much better the next day, but on February 25 was

quite uneasy again; had a very restless sleep and a return of pains
in stomach, also dizziness. His temperature and pulse for this day
were 97.9 and 80, respectively. His average body weight for the

third preservative subperiod was 64.39 kilograms.

On the first day of the fourth preservative subperiod No. 3's tem-

perature was 99.4 F. before dinner and 100 F. after dinner; pulsa-

tions, 100; he had decreased considerably in weight from the previous

day and reported that he had had severe dizziness during the evening
and day and another attack of palpitation, became nauseated, and

had an attack of vomiting during the afternoon. The administration

of the preservative was discontinued from this time on, but for the

remainder of this period the same symptoms were noticeable, particu-

larly a feeling of dizziness and pains in abdomen.

The last day of the preservative period No. 3 reported himself as
"
feeling good." His temperature was 98.90 F., pulse 72, and body

weight 64.32 kilograms. The average body weight for this subperiod
was 63.51 kilograms.
The average body weight for the entire preservative period was

64.07 kilograms, a little higher than the average for the fore period,
but a glance at the daily platted weights (fig. 1) shows a marked

falling off in weight corresponding to the large administration of pre-
servative and an increase in weight when the preservative was with-

drawn. The subject showed the effects of the preservative to a marked

degree. His general appearance at the end of the preservative period
was much below normal, his color was not good, and he was in a much

depressed condition. He was quite ill on February 26, and though
somewhat alarmed, the fact that he was a senior medical student

would permit of full credence being given to the symptoms as he

described them. The urine examination during the preservative

period showed a minute trace of albumin at end of period.
In the first part of the after period the symptoms of digestive dis-

turbance were still recorded by No. 3. The last part of the first

subperiod he reported himself as feeling well. His temperature and

pulse, which had been somewhat irregular, returned to normal, 98.6 F.
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and 74, respectively, at end of the subperiod. The average body

weight was 64.34 kilograms.
On the first day of the second after subperiod No. 3 reported a

slight feeling of malaise and that he easily became tired. His tem-

perature was 99.3 F. and pulsation 80. He felt all right the following

day, but had a headache in the morning of the third day of the period,

which passed away before evening. No symptoms are shown on the

last two days of the period, his temperature and pulse being normal.

The average body weight for this subperiod was 64.66 kilograms
and for the entire after period 64.50 kilograms. The small trace of

albumin in the urine still persisted during the after period.

No. 4.F. E. B.

At the beginning of the fore period No. 4 was suffering with a severe

cold. He had some fever, his temperature on the first day of the period

registering 100.1 F. and pulsation 96. He weighed 63.31 kilograms
on this day. In the evening he took 4 grains of quinine and 15 grains
of phenacetin. The next day his temperature had fallen to 99.6

and his pulse was 86 beats per minute. The cold was still quite severe,

but improving. It gradually wore off as the period advanced, till at

the end of the first fore subperiod the subject felt about normal,

though he still had a slight cold with an occasional headache. His

temperature on the last day of this period was 98.6 F., pulse 74, and

body weight 62.91 kilograms. The average weight for the period was

63.11 kilograms.
He still suffered slightly from the cold during the first part of the

second fore subperiod, but gradually improved, till at end of the

period he reported himself as entirely normal and feeling all right.

The average temperature for this subperiod was 98.4 and pulse 69,

with only slight variations from these averages. The average body
weight was 62.89, the average weight for the entire fore period being
62.97 kilograms.

No. 4 passed through the first preservative subperiod without any
feeling of discomfort, and in a normal condition. His temperature
was a little below normal, 98.2 F., and pulse averaged 67 beats per
minute. His average weight for this period was 63 kilograms. There

were no abnormal symptoms during the second preservative sub-

period, temperature and pulse being also normal and the average body
weight 62.82 kilograms.
The same statement also applies to the third preservative subperiod,

with the exception of the temperature, which is a little subnormal,

especially toward the end of the period, when only 98 is recorded.

The body weight for this period averaged 62.69 kilograms.
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FEBRUARY MARCH
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FIG. i.- Daily and average body weights for Series VII, Nos. 1 to 6 and summary. (No. 5 is

included in the summary throughout the fore period . )
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During the fourth preservative subperiod No. 4 received 4 grams of

sodium sulphite per day (equivalent to 1.020 grams SO 2). On the

first two days of the period he records that he felt normal in every

way. His temperature was subnormal on the first day, 98 F., but

normal, 98.6, on the second day, and the pulse was normal. On the

third day he developed a slight headache and some fever; temperature

99.4, pulsations 78. The headache and fever continued, though
slight, on the fourth day; temperature 99.5 F. and pulsations 78.

On the fifth day the headache still continued, though the temperature
had dropped back to normal, 98.6 F., pulsations 74. The average

body weight was 62.40 kilograms for the last subperiod and for the

entire preservative period it was 62.73 kilograms.
He reported himself as normal throughout the first after subperiod.

His temperature, however, was quite below normal, averaging 97.9

F. for the period, pulse normal. The average weight was 61.91

kilograms.
The condition was normal throughout the second after subperiod,

temperature and pulse normal, average weight 61.85 kilograms.
The average for the entire after period was 61.89 kilograms.

No. 4 showed less effects from the preservative than any other

members of the class, though starting under rather unfavorable

conditions in the fore period. The symptoms developed in the fourth

preservative subperiod differ from those of others in absence of

pains in lower abdomen and intestines and sensations of dizziness;

a headache developed accompanied with a slight and quickly rising

fever, which disappeared as quickly as it appeared.
The urine was normal throughout the whole experiment as shown

by the clinical examination.

No. 5.C. C. P.

This subject entered at the beginning of the second fore subperiod,
the original No. 5 having been excused. His medical history pre-
vious to entering this experiment was fairly good. He had been

No. 3 in Series VI on salicylic acid, and while he was not an ideal

subject for such experimental work as concerned his own observations,
his analytical data are correct. He was quite young and easily

influenced by surroundings. Further, he was negligent in caring for

his own bodily functions and in the previous experiment was very

constipated, which condition to some extent obtained during this

series.

During the relaxation period the subject had had a slight cold the

greater part of the time. An examination of his heart revealed a

very quick action.

In the fore period his temperature and pulse were high throughout,

averaging 99.1 F. and 93, respectively. He reported a headache
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on one or two occasions, but had no other symptoms to account for

the continued high temperature except the effects of the cold from

which he was just recovering. His average weight for this period
was 52.72 kilograms.
The high temperature and pulse continued throughout the first

preservative subperiod, the temperature ranging from 98.9 to 99.2 F.

and pulsations 91. On the third and fourth days of the period he

complained of pains in region of shoulder and left side. Otherwise

his condition was apparently the same as in the fore period. The

average body weight for this subperiod was 52.81 kilograms.
The same condition was manifest in the second preservative sub-

period, namely, high temperature and high pulse. The subject com-

plained of increasing pains in back and side, till on the fourth day of

the period, when he complained of headache; pains in left side, and
felt "all broken up." His temperature for this day was 99.8 F.

and pulsations 100. He took 8 grains of quinine in the evening.
The average weight for the period was 52.91 kilograms.

In the third preservative subperiod these complaints gradually

increased; high temperature and pulse also continued, till on the

third and fourth day of the period his temperature reached 100.2 F.

and pulsations 106. He appeared to be contracting a severe cold and
was quite ill; complained of headache, pains in stomach and chest,
and loss of appetite. No preservative was given after February 24,

the fourth day of this subperiod. The average wr

eight was 52.57

kilograms.
There was not much change in the subject's condition during the

fourth preservative subperiod, maximum temperature and pulse

being reached on the second day of period, 100.5 F. and 100, respec-

tively, the minimum, on last day of period, being 99.2 F. and 90,

respectively. His average body weight for the fourth subperiod was

51.69, and for the entire preservative period 52.49 kilograms.
In the after period the subject reported himself as feeling all right;

temperature, however, was still high, 99.1 F. and pulsations 90; he
did not regain his appetite and gradually lost weight throughout.
The average weight for the after period was 51 kilograms. The

urinary examination throughout the period of observation revealed

nothing abnormal.

This subject was quite unsatisfactory throughout. He began the

observation under adverse conditions, having had a cold throughout
the period of relaxation, bu! had improved considerably at the end of

the fore period. It is rather difficult to discriminate in this case

between the symptoms induced by the preservative and the effects of

the cold.
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No. 6.L. M. S.

No. 6 was confined to his room eleven days during the relaxation

period with an attack of la grippe, his temperature at one time rising

to 103 F. He still felt weak at the beginning of the period of obser-

vation, but was regaining his strength and feeling normal with good

appetite. Aside from the facts above noted the subject passed

through the fore period in good condition. He gained weight

slightly, as might be expected, the average for the first fore subperiod

being 58.65, for the second fore subperiod 58.82, and for the entire

fore period 58.74 kilograms. Temperature and pulse were somewhat

irregular during the fore period, but not to such an extent as to be

abnormal.

The subject passed through the first preservative subperiod in good
condition; temperature and pulse were normal. The average body
weight for this subperiod was 58.77 kilograms.

In the second preservative subperiod No. 6 had an average tem-

perature of 98.5 F. and pulse constant at 78 beats per minute. He
had a slight attack of indigestion but was normal in all other respects.

The average body weight for this subperiod was 58.71 kilograms.

Temperature and pulse remained normal throughout the third pre-
servative subperiod. The subject complained of slight loss of appe-
tite on the first day, which he regained, however, on the two succeed-

ing days. He also complained of indigestion and an uncomfortable

feeling in the stomach and headache after meals. He was taken with

nausea after lunch on February 24, but retained food, and the nau-

seated feeling finally passed away. The average body weight was 58.66

kilograms for this subperiod.
No preservative was given during the fourth preservative period.

The first three days of this period No. 6 had a temperature of 98.2 F.,

pulsations 78. He had sensations of pain in the region of the stom-

ach, felt faint at times and dizzy; reported headache on one or two

occasions. On the last two days of this period his temperature and

pulse were normal, but he still had a touch of indigestion. His aver-

age body weight for this period was 58.50; for the entire preservative

period 58.66 kilograms.
This subject's general appearance during the preservative period

was decidedly below normal, and he showed the effects of the preserv-
ative to quite an extent.

In the first after subperiod there was shown a tendency to a subnor-

mal temperature, though on the first day the temperature and pulse
were normal. He complained on this day of a faint feeling in the

stomach, which was relieved after eating ;
this same feeling manifested

itself on the following day, though in other respects he was feeling

well. On the last day of this subperiod his temperature was 98.2 F.,

pulsations 78, average body weight 58.65 kilograms.
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The second after subperiod opened with the subject's temperature
at 98.6 F. and pulsations 79 per minute. He reported a headache

during the entire day and a u bad feeling in the stomach." The head-

ache continued during the following two days, temperature for these

days being somewhat below normal, 98.1 F. and pulse 78 beats per
minute. The after period closed with the subject feeling well, tem-

perature and pulse normal. His average body weight for this sub-

period was 58.21, and for the entire after period 58.43 kilograms.
The examination of the urine showed a " small quantity" of albumin

throughout the entire observation; this is evidently pathological in

this case, as the same is reported in the previous series of which No. 6

was a member
;
the microscopical examination is not so alarming, a

large number of mucous cylindroids and a few casts being found. As
a whole, the urinary examination would point to the existence of a

slight nephritis which had been of long standing.

No. 7.J. N. B.

This subject was in excellent physical condition and had had no
illness of any nature during the period of relaxation. His heart

action and kidneys were normal; temperature somewhat subnor-

mal, but uniformly so. The normal condition continued throughout
the fore period, his average body weight for that time being 70.46

kilograms.
On the last day of the first preservative subperiod the subject

reported a slight headache during the afternoon; there was no change in

temperature or pulse and the body weight was practically the same as

in the last fore subperiod. The average weight for this preservative

subperiod was 70.02 kilograms.
No. 7 complained of a headache at the beginning of the second pre-

servative subperiod, but this symptom disappeared by the following

day. On the third day of the period he felt tired, especially in the

lumbar region, and on the following day had a recurrence of headache

accompanied by dizziness and feeling of weakness. His temperature
and pulse were somewhat higher on this day. His body weight
remained practically the same, averaging 70.06 kilograms for the

subperiod.
In the third preservative subperiod this subject complained of feel-

ing weak and tired, with a dull, depressed sensation; also of intense

pain in the region of the kidneys. His average weight for this sub-

period was 69.95 kilograms, a slight loss as compared with previous
records. The administration of the preservative was discontinued

at the beginning of the fourth subperiod, as the subject still com-

plained of pain in the region of the kidneys and some headache. In

fact, by the middle of the fourth preservative subperiod these feel-

ings of uneasiness, combined with a vivid imagination, resulted in
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his believing that he was going to be very ill, and after February 27

of this period the observation of this subject ceases, and the data are

therefore excluded from the general summaries. A careful examina-

tion of the urine during the time that this subject complained of

suffering so intensely with his kidneys revealed nothing abnormal.

Notwithstanding the exaggeration of his symptoms by this subject
it is safe to conclude that the preservative did, as in other cases, pro-
duce headache, a sensation of dizziness, some loss of appetite, and

slight indigestion, though the body weight remained fairly constant.

No. 8.W. C. L.

This subject presents a very interesting case. He was very con-

scientious, regular in his habits, and gave the strictest attention to

every detail. His personal idiosyncrasies and their possible effect on

the metabolic processes must, however, be considered. He regu-

larly took a prescribed laxative throughout the observation and

drank a large quantity of water (a quart at a time was no unusual

amount) on rising and, at other times during the day, and in addi-

tion drank a cup of hot water at meal times.

He had suffered somewhat from a cold before beginning the fore

period. The heart action and other body functions were normal.

During the fore period No. 8 felt that he was taking cold, and took

10 grains of quinine on three different days; otherwise he passed

through the fore period in good condition and his temperature and

pulse were normal. The average weight for the fore period was 61 .68

kilograms. He passed through the first preservative subperiod feel-

ing
u

all right," and temperature and pulse remained normal, the

average weight being 61.63 kilograms.
On February 16, the first day of the second preservative subperiod,

No. 8 became dizzy and nauseated. This feeling came on while he

was smoking his usual cigar, and may have been due to that, though
he stated it was not a strong cigar. He felt all right, however, the

next day, and also on the 18th. On the 19th he had a slight head-

ache and a feeling of depression; his temperature and pulse, however,
were normal. He 'complained on the last day of this subperiod of

headache and eyes aching and a "
grippe-like

"
feeling, which largely

disappeared after he had. completed his wheel ride before dinner.

The average weight for the period was 61.99 kilograms, a slight gain
over the preceding period.

During the third preservative subperiod No. 8 had a great variety
of symptoms, some of which seemed to be irrelevant. On the first day
he complained of a depressed and drowsy feeling, though he had

plenty of exercise; at other times during the period he complained
of headache, occasional loss of appetite, and drowsiness. On Feb-

ruary 25, the last day of the period, he reported that he had a slight
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feeling of nausea the night before and a mild pain in the stomach

during the night and day. The sensation of drowsiness continued.

His temperature throughout this subperiod shows a tendency to be

below normal; pulse normal. The average body weight for the sub-

period was 61.55 kilograms, a loss of 0.44 kilogram.
In the fourth preservative subperiod No. 8's symptoms were about

of the same nature as those of the previous period. He experienced
occasional headache and nausea, and the feeling of drowsiness still

continued, though he was getting his regular amount of sleep. His

temperature was occasionally subnormal; pulse remained normal and

very constant throughout. His average weight for the period was

61.74 kilograms, the average for the entire preservative period being
61 .73 kilograms.

In the first after subperiod No. 8's symptoms were as varied as

usual; he was still in a somewhat depressed condition, which gradually
wore off. His appetite toward the end of the period returned, but he

still complained of being drowsy and seemingly not able to get a suf-

ficient amount of sleep. The average weight for this subperiod was
61.78 kilograms.

No. 8 was practically normal in the second after subperiod; his

temperature was subnormal on one or two days; pulsations normal

throughout. His average weight for this subperiod was 61.88, and
for the entire after period 61.83 kilograms. While this subject was
the weakest man, physically, in the class^ he seemed to stand the

effects of the preservative better -than any of the other members.
The excessive quantity of water he drank allowed of a greater dilu-

tion of the preservative and a more rapid elimination, which undoubt-

edly is the explanation of his ability to withstand its action, though
he developed symptoms of headache, nausea, dizziness, and loss of

appetite during part or whole of the preservative period. He showed
a slight gain in weight throughout the entire period of observation.

No. 9.G. W. L.

No. 9 was in excellent condition on entering the fore period. His
heart action and other conditions were normal. He passed through
the fore period very well, having no trouble of any description. His

temperature was normal, registering 98.5 F. most of the time; pulsa-
tions averaged 80 beats per minute for the period. The average
body weight for the entire /ore period was 62.23 kilograms.
No difficulty whatever was experienced in the first preservative

subperiod; temperature and pulse were normal. The average
weight for the period was 62.32 kilograms.
On the first day of the second preservative subperiod a slight rise

in temperature is noted, 99 F. being registered, and pulsations 81.
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He had a burning sensation in the sesophagus and stomach and some

headache. This passed off, and he felt all right the next day and for

the remainder of the subperiod. Temperature and pulse were normal

after the first day. The body weight was 62.29 kilograms.
He was feeling well and temperature and pulse were normal on the

first day of the third preservative subperiod. The following day he

complained of a pain in the chest, and noted that he had passed a

much larger quantity of urine for the day, i. e. 1,730 cc. He felt

all right on the third day, but on the following day complained of

being hungry and the ration not being large enough.

February 25, the last day of this subperiod, No. 9 still had a feeling

of hunger, and also complained of a slight urethral irritation, which,

however, was not of any importance, as it was not noticed after-

wards. The average body weight for this subperiod was 62.70 kilo-

grams.
In the fourth preservative subperiod he complained on one occasion

of a severe headache, but aside from that was feeling well. Tem-

perature and pulse were normal; average weight for the subperiod,

62.71 kilograms. The average weight for the entire preservative

period was 62.50 kilograms.

During the after period the subject reported that he felt well at all

times. His temperature and pulse showed a little more variation

than usual, but aside from this he was apparently in good condition.

The average weight for the entire after period was 62.37 kilograms.
This subject experienced very little effect, as far as could be noted,

from the preservative. His general appearance declined somewhat,
but judging from the symptoms recorded in the medical history, there

was very little change in the subject's condition.

JVb. 10. R. D. D.

There was nothing abnormal in the case of No. 10 during the relaxa-

tion period. The heart action was all right, but with a very strong
first beat. He indulged in only normal exercise during the period of

relaxation and was in good physical condition at the beginning of the

observation.

His temperature and pulse averaged 98.2 F. and 70 beats per

minute, respectively, for the fore period, being normal throughout
this

period
in all respects. The average body weight was 57.09

kilograms.
No. 10 developed a slight cold in the head during the first part of

the second preservative subperiod and complained of cramps in the

stomach on the night of February 19, also of a slight headache on

February 26. The temperature and pulse remained normal through-
out the preservative period, except for a slight rise at the time the

cold was noted. His general appearance was normal, and he had
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the least difficulty of any member of the class in passing .through the

observation.

The average weight for the entire preservative period was 57.17

kilograms, practically the same as in the fore period.

This subject complained once or twice of a sensation of hunger

during the first part of the after period, but had no other symptoms.
His temperature throughout the after period is somewhat subnormal,

pulsations normal. The average weight for the entire after period

was 57.42 kilograms, a slight gain over the preservative period.

No. 11. A. M.

This subject was in good condition during the relaxation period.

Heart action was normal, and the urinary examination revealed

nothing wrong with the kidneys or other organs,. He entered the

fore periods in excellent condition, temperature on the first day

registering 98.4, pulsations 75 beats per minute, and weight 66.6

kilograms. These figures remained remarkably constant throughout
the entire fore period. His average weight for the fore period was

66.46 kilograms.
The same conditions prevailed during the first preservative sub-

period, though a slight headache developed on the last day- of the

period, which passed away, however, before the following day. No
rise in temperature or increase of pulse was noted during this sub-

period, for which the weight was 66.52 kilograms.
The second preservative subperiod passed with no incidents worthy

of mention. Temperature and pulse for the period were 98.3 F.

and 66, respectively. The body weight was 66.55 kilograms, practi-

cally the same as in previous period.

On the first day of the third preservative subperiod No. 11 had a

slight headache. It disappeared by the following day, but returned

on the next day, on which there is recorded a slight increase of tem-

perature and pulse, but not sufficient to be called abnormal. The

body weight for this subperiod was 66.52 kilograms, being very con-

stant so far.

No. 11 was apparently normal at the beginning of the fourth pre-
servative subperiod, temperature 98.5 F. and pulse 72 beats per
minute. He had a headache accompanied with sensation of dizzi-

ness on the following day, and temperature registered 99 F., pulse
normal. He had no further trouble until the last day of the sub-

period, when he complained of having pains in the region of the

kidneys and symptoms of taking a slight cold. Temperature and

pulse on this day were 98.7 F. and 75, respectively. His average

weight for this subperiod was 66.75 kilograms, a slight gain. The

average weight for the entire preservative period was 66.59 kilograms.
A slight trace of albumin in the urine developed during the latter
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part of the preservative period, which continued during the after

period.

In the first after subperiod No. 11 reported normal condition with

the exception of one day when a slight cold was noted. Tempera-
ture and pulse were normal; the body weight 66.70 kilograms.

On the second day of the second after subperiod he complained of

of pains in the region of the kidneys all the afternoon. The tem-

perature registered 99 F., pulse normal. He reported himself as

normal on the third day, March 9, but on the fourth day of the period,

March 10, he became nauseated during the evening and night and

after breakfast of the last day vomited most of the meal. He felt

some better at dinner, but could not eat his allowance. His tempera-
ture and pulse, however, for these days were normal. This condition

lasted one or two days after the observation closed, when the sub-

ject returned to normal. The slight trace of albumin continued dur-

ing the after period.

The average weight for the entire after period was 66.66 kilograms,

showing a slight gain in body weight throughout the whole period
of observation.

No. 12. F. B. R.

No. 12 had a slight cold during the relaxation period. There were

no noticeable bad effects from it, how
r

ever, and his appetite continued

good. All observed functions were normal during the fore period,

the general physical condition of the subject being excellent. His

temperature, though slightly subnormal, was constant throughout,
and pulse was normal. The average weight for the fore period was

69.54 kilograms.
No. 12 to all appearances continued normal during the first pre-

servative subperiod. His average weight for this time was 69.77

kilograms. On the first day of the second preservative subperiod he

reported a "cold in the head" and a bad headache. On the follow-

ing day he still suffered with dull constant headache and cold; he

also reported that at 9.30 p. m. of this day, February 17, his pulse

rose to 104, but subsided later in the day. At 5.30 his temperature
and pulse were normal, 98.6 F. and 74, respectively. He also men-

tioned on this day that for the past two or three days his kidneys
seemed irritated, and noted that he had passed a larger amount of urine

than usual. A heavy, oppressed feeling in the stomach was experi-

enced. This feeling had evidently disappeared somewhat by the fol-

lowing day, as he reported that his appetite w^as good. February 19

he had a recurrence of stomach trouble, accompanied by headache,
and was much fatigued, this lasting all day. He felt very badly

during the night, with pains in stomach and head; also experienced
some discomfort in the intestines during the night and the following

day. He had very little appetite at breakfast, but felt better toward
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noon. The feeling of weariness and fatigue continued to such an ex-

tent that the subject had some difficulty in performing his work,
and headache continued during the day. Temperature and pulse
were normal throughout this subperiod. The body weight averaged
69.57 kilograms.

No. 12 had a headache throughout the third preservative sub-

period. He also complained and had noted on several occasions that

immediately after taking the preservative sharp pains would appear
in his head, which would last from one to four hours. The taking
of the preservative gradually became more and more irritating to the

throat, an observation made by several of the subjects. On the second

day of the subperiod he had a headache and felt tired, though he had
not exercised as much as usual. The tired and weak feeling con-

tinued on the next day, February 23, with pain in stomach and

head; complained on next day of pains in region of kidneys, heavy
sensation in stomach, and the usual headache. On February 25, the

last day of the period, he recorded that he had passed a very uncom-
fortable night; had pains in stomach and intestines; felt very weak
and exhausted and had a severe headache during the day. His

average weight for this period was 69.70 kilograms.
No preservative was given No. 12 during the fourth preservative

subperiod. The headache, pains in region of kidneys, and general

feeling of weakness continued. His general appearance was consid-

erably below normal; his temperature appeared to be slightly lower
4

during this period; pulse normal. A slight trace of albumin was
detected in the urine in the fourth preservative subperiod, which con-

tinued during the after period. The average weight for this sub-

period was 69.63 and 69.67 kilograms for the entire preservative

period.
In the first after subperiod No. 12 on the first day felt weak, espe-

cially in the back in the region of the kidneys. He felt very well

the following two days, with appetite gradually improving; on the

last day, however, his appetite was not so keen. The body weight
for this subperiod was 69.70 kilograms.

During the second after subperiod his appetite gradually returned,
and he reported himself as feeling very well, but occasionally weak
and tired at night. On the first day of this subperiod it is noted that

for the week preceding he had suffered considerably with irritable

kidneys and bladder. At times he had no control over the bladder

and passed urine almost involuntarily. His general appearance was

considerably improved at the end of the after period, though he was

quite slow in getting back to a normal condition again. The average

body weight for this period was 69.62 kilograms, the same as in the

preservative period, and a slight gain over the fore period, the weight

being very constant
r THE

VERSITY
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CONCLUSIONS.

It may be argued that in a class of this size, composed of young men
who knew that they might have symptoms during the administration

of the preservative, the reports would represent the effect of the sub-

ject's imagination rather than the action of the preservative. As in

previous experiments, this point was kept in mind, and a careful

record was made daily of the mental condition of the men, a personal

acquaintance with them helping to a great extent to eliminate any
effects from imagination or mental attitude. Where such existed, due

credit is given in the medical history; this, as well as any other idi-

osyncrasy of the subject, being considered in connection with the daily

observations.

From a general review of Nos. 1 to 6, who received sodium sulphite,

it may be safe to conclude that the preservative in the majority of

cases caused headache and sensations of dizziness. In some cases

decided symptoms of indigestion and pains in the stomach and intes-

tines accompanied one or both of these symptoms. Nausea is re-

ported in one case.

With Nos. 7 to 12, who received sulphurous acid, headache was

quite common, dizziness not so pronounced; nausea and feeling of

exhaustion and weakness noted.

There is some tendency on the part of the preservative to produce
albumin in the urine and a marked tendency to increase the amount
of urine.

Taken as a whole, the most general symptom was that of headache,
which developed about the middle of the second preservative sub-

period. There were also some complaints of dizziness, pain in stomach

and intestines, and a weak and depressed condition generally.

BODY WEIGHTS.

VARIATIONS IN BODY WEIGHTS.

In order that a comparison of the variations in weight of the several

members of the table and the summaries may be more readily made,
the data have been reduced to graphic form, as shown in figs. 1 and 2.

These graphic charts show the daily determinations of weight for the

several members and the averages by periods reduced to a straight

line for purposes of comparison. All of the weight figures are in-

cluded in these expressions, irrespective of variations in other data,

and therefore they vary slightly from some of the averages as given
in Table III.

In the case of No. 1 the chart shows a slight increase of weight

during the preservative period and a very small additional increase in

weight during the after period. In the case of No. 2 there is a marked

loss of weight during the preservative period, and this is continued,
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though in a less degree, during the after period. In the case of No. 3

there is a marked increase in weight, both in the preservative period
and in the after period. In the case of No. 4 there is a decrease in

weight in the preservative period, and this decrease is still more
marked in the after period. In the case of No. 5 there is a very slight

FEBRUARY MARCH

63

SUMMARY N.5 8-9-IO-ll-IZ RECEIVED HoSO3

SUMMARY ENTIRE SERIES-N9 7 OMITTED

FORE PERIOD PRESERVATIVE. PERIOD AFTER PERIOD

WE-/GHT

FIG. 2. Daily and average body weights for Series VII, Nos. 7 to 12 and summary, together with
the general summary for the entire series.

loss of weight during the preservative period and a marked loss during
the after period. The average weights, as charted for Nos. 1 to 6,

inclusive, who received sulphurous acid in the form of sodium sul-

phite, show a slight loss of weight during the preservative period, and
this continues in a more marked degree during the after period,

11240 Bull. 84, pt 307 3
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The charts for Nos. 7 to 12, who received sulphurous acid in an

uncombined form, show in the case of No. 7 a marked increase during
the preservative period. No data are given for the final period for

reasons already stated. In the case of No. 8 there is a very slight

increase in weight during the preservative period and a continued

increase during the after period. No. 9 shows a marked increase in

weight during the preservative period and a slight decrease therefrom

during the after period. In the case of No. 10 there is a very slight

increase in weight during the preservative period, and this is increased

to a perceptible amount during the after period. No. 11 made a

slight increase in weight during the preservative period and a slight

increase over this during the after period. In the case of No. 12 there

is a slight increase in weight during the preservative period, but the

weight remains the same in the after period as in the preceding

period.
There is next brought together in one graphic expression the

weights for Nos. 8, 9, 10, 11, and 12, who received uncombined

sulphurous acid. No. 7 is omitted from the average because the

weights were not ascertained during the fourth preservative sub-

period nor the after period. These data show a very slight increase

in weight during the preservative period and a similar slight increase

during the after period. Combining all the data for weight and

expressing the same in graphic form, omitting the weights of No. 7,

the general average shows that there is no change in weight in the

preservative period over the fore period and a slight loss in weight

during the after period.

These data indicate that the administration of sulphurous acid

combined as sulphites, in the quantity administered, tends to produce
a slight decrease in the weight of the body, a continued decrease

taking place in the after period, but its administration in the form of

uncombined sulphurous acid, in a smaller quantity, is accompanied

by a very slight increase in the weight of the body. The final average
effect upon weight for the 11 men shows no change in the pre-
servative period and a slight decrease in the after period.

RATIO OF FOOD WEIGHT TO BODY WEIGHT.

The ratio of food consumed to the body weight for each member of

the table is given in Table III. In the case of No. 1 the average body
weight during the fore period is 68.34 kilograms, during the preserv-
ative period 68.58, and during the after period 68.62 kilograms.
These data show a very slight change in the weight of the body during
the period of observation, a slight increase, amounting to 0.24 kilo-

gram, occurring during the preservative period.
The average weight of dry food consumed is slightly less in the

preservative period than in the fore and after periods. The weight of
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the dry food consumed is almost 1 per cent of the weight of the body,

being 0.98 per cent in the fore period, 0.99 in the after period, and

0.95 in the preservative period.

The average weight of No. 2 in the fore period is 70.18 kilograms, in

the preservative period 69.61, and in the after period 69.27. The

average weight of dry food consumed daily by No. 2 is 664 grams in

the fore period, during the preservative period 658 grams, and in the

after period 663 grams. The ratio of dry food consumed to the

weight of the body is practically constant for No. 2 during the entire

period of observation, being 0.95 per cent for the fore period, 0.95 for

the preservative period, and 0.96 for the after period.

The average weight of No. 3 for the fore period is 63.81 kilograms,
for the preservative period 64.07, and for the after period 64.50.

There is thus seen to be a slight gradual increase in weight during the

entire observation. The average weight of dry food consumed daily

by No. 3 is very constant, amounting to 660 grams during the fore

period, 662 grams during the preservative period, and 683 grams

during the after period, representing 1.03, 1.03, and 1.06 per cent,

respectively, of the body weight.
The average weight of No. 4 during the fore period is 62.97 kilo-

grams, during the preservative period 62.73, and during the after

period 61.88. In this case there is an opposite tendency shown to

that of No. 3, namely, a progressive decrease in weight during the

period of observation, and this has taken place in connection with a

small increase in the weight of dry food consumed daily, which, in

the fore period, is 608 grams, in the preservative period 621 grams,
and in the after period 631 grams, equivalent to 0.97, 0.99, and 1.02

per cent, respectively, of the weight of the body.
The observations for No. 5 in the fore period are confined to the

second subperiod. The data, although they are given in full in so far

as obtained, are not of much value, because of the febrile disturbance

in the case of No. 5, described in the medical history.
The data show the average weight for the fore period to be 52.72

kilograms, for the preservative period 52.49 kilograms, and for the

after period 51 kilograms. The average daily quantity of dry food

consumed in the fore period is 626 grams, in the preservative period
536 grams, and in the after period 502 grams, equivalent in the fore

period to 1.19 percent of the body weight, in the preservative period
to 1.02 per cent, and in the

1

after period to 0.98 per cent.

The average weight of No. 6 during the fore period is 58.74 kilo-

grams, during the preservative period 58.66, and during the after

period 58.43, showing a slight tendency to a decrease in the weight
of the body. The average quantity of dry food consumed daily by
No. 6 is 598 grams during the fore period, 614 grams during the pre-
servative period, and 642 grams during the after period. Thus, the
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decrease in weight is associated with a very slight increase in the

quantity of food consumed, amounting to 16 grams a day in the pre-
servative period and 44 grams per day in the after period, as com-

pared with the fore period. The weight of the dry food consumed
in the fore period is 1.02 per cent of the weight of the body, in the

preservative period 1.05 per cent, and in the after period 1.10 per
cent.

The average weight of No. 7 during the fore period is 70.46 kilo-

grams, and the average weight of dry food consumed is 560 grams,

amounting to 0.79 per cent of the weight of the body. The data for

the remainder of the observation in the case of No. 7 are incomplete
for the reasons given in the medical history. In this case we undoubt-

edly find an illustration of the results of a vivid imagination in con-

nection with the symptoms produced by the preservative period, which

finally led the subject into a state of susceptibility which rendered it

inadvisable to continue the experimental work with him.

The average weight of No. 8 during the fore period is 61.68 kilo-

grams, during the preservative period 61.73, and during the after

period 61.83. The average quantity of dry food consumed by No. 8

during the fore period is 647 grams, during the preservative period
641 grams, and during the after period 661 grams. The percentage
of dry food consumed compared with body weight is 1.05 in the fore

period, 1.04 in the preservative period, and 1.07 in the after period.
These data show a very slight increase of weight during the pre-

servative period, although the quantity of food consumed is 6 grams
less per day. During the after period, when the quantity of food

consumed was 14 grams per day larger than in the fore period, the

average increase in weight amounted to 100 grams over the preserv-
ative period.

The average weight of No. 9 during the fore period is 62.23 kilo-

grams, during the preservative period 62.50, and during the after

period 62.37. The average quantity of dry food consumed daily is

550 grams in the fore period, 548 grams in the preservative period,
and 549 grams in the after period. These data show a very slight

increase in the weight of the body during the preservative period and
an almost constant quantity of dry food consumed. The percentage
of dry food consumed, based on the weight of the body, is 0.88 for each

of the three periods.

The average weight of No. 10 during the fore period is 57.09 kilo-

grams, during the preservative period 57.17, and during the after

period 57.42. The average quantity of dry food consumed daily by
No. 10 is 593 grams in the fore period, 600 grams in the preservative

period, and 589 grams in the after period. The percentage of body
weight consumed as dry food is 1.04 in the fore period, 1.05 in the

preservative period, and 1.03 in the after period. These data show a
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slight increase in weight during the preservative period and a slight

increase in the quantity of food consumed. They also show a marked

increase in weight during the after period, though the quantity of food

consumed is 4 grams less daily than in the fore period and 1 1 grams
less daily than in the preservative period.

The average weight of No. 11 during the fore period is 66.46 kilo-

grams, during the preservative period 66.59, and during the after

period 66.66 kilograms. The average daily quantity of food con-

sumed is 742 grams in the fore period, 754 grams in the preservative

period, and 739 grams in the after period. These data show a very

slight increase in weight during the preservative period, accompanied

by an increase of 12 grams daily in the quantity of food consumed.

There is also another very slight increase in weight in the after period,

though the quantity of food consumed is 3 grams less daily than in the

fore period. The dry food consumed constitutes 1.12 per cent of the

weight of the body in the fore period, 1.13 per cent in the preservative

period, and 1.11 per cent in the after period.

The average weight of No. 12 in the fore period is 69.54 kilograms,
in the preservative period 69.67, and in the after period 69.66. The

average quantity of dry food consumed during the fore period is 659

grams, during the preservative period 685 grams, and during the

after period 644 grams. These data show a slight increase in weight

during the preservative period, accompanied by an increase in the

quantity of food eaten. The increase in weight is almost maintained

in the after period, while the quantity of food consumed is 15 grams
per day less than in the fore period. The amount of dry food con-

sumed is 0.95 per cent of the weight of the body in the fore period,
0.98 per cent in the preservative period, and 0.92 per cent in the after

period.

Several summaries are submitted, drawn up according to common
variations in the data, but only those for Nos. 1 to 6 and 8 to 1 1 will

be discussed as representing most completely the two groups taking
sodium sulphite and sulphurous acid, respectively.

The average weight of Nos. 1 to 6 for the fore period is 63.71 kilo-

grams, for the three subperiods of the preservative period 62.78, and
for the after period 62.28 kilograms. The average quantity of dry
food consumed for the fore period is 639 grams, for the preservative

period 629 grams, and for the after period 634 grams. The dry food

consumed is practically 1 per cent of the body weight for all three

periods.

The summary for Nos. 8, 9, 10, and 11 shows an average weight in

the fore period of 61.87 kilograms, in the preservative period 62 kilo-

grams, and in the after period 62.07 kilograms. The average daily

quantity of food consumed in the fore period is 633 grams, in the pre-
servative period 636 grams, and in the after period 635 grams. A
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slight tendency is shown here to an increase in weight, while the quan-

tity of food consumed remains practically constant. The dry food

consumed, expressed as percentage of body weight, is 1.02 during the

fore period, during the preservative period 1.03, and during the after

period 1.02, showing a remarkable constancy in this particular. As

is seen under variations in body weight, no marked influence is shown

in the case of sulphurous acid, while for those receiving sodium sul-

phite there is a decrease in weight both in the preservative and after

periods.

TABLE III. Amount of moist and dry food consumed, expressed as percentage of body
weight, Series VII.

[Averages are per day.]

Period.
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TABLE III. Amount of moist and dry food consumed, expressed as percentage of body
weight, Series VII Continued.

[Averages are per day.]

Period.
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TABLE III. Amount of moist and dry food consumed, expressed as percentage of body
weight, Series VII Continued.

[Averages are per day.]

Period.
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TABLE III. Amount of moist and dry food consumed, expr<

weight, Series VII Continued.

[ Averages are per day. ]
'

as percentage of body

Period.
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TABLE III. Amount of moist and dry food consumed, expressed as percentage of body
weight, Series VII Continued.

[Averages are per day.]

Period.
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TABLE III. Amount of moist and dry food consumed, expressed as percentage of body
weight, Series VII Continued.

[Averages are per day.]

Period.
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TABLE III. Amount of moist and dry food consumed, expressed

weight, Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

percentage of body

Period.
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TABLE III. Amount of moist and dry food consumed, expressed as percentage of body
weight, Series VII Continued.

[Averages are per man per day.]

Period.
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TABLE III. Amount of moist and dry food consumed, expressed as percentage of body
weight, Series VII Continued.

[Averages are per man per day.]

Period.
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INDIVIDUAL DATA.

The average weight of the moist feces for No. 1 for the fore period
is 66 grams, containing 69.68 per cent of water and 20 grams of dry
matter. For the preservative period the average weight of the feces

is 89 grams, containing 79.95 per cent of moisture and 18 grams of dry
substance. For the after period the average weight of the moist feces

is 37 grams, containing 65.14 per cent of water and 13 grams of dry
substance. These data show a very complete absorption of the ingested

material throughout and consequently a small excretion of feces. There

is a marked increase in the water content of the feces in the preserva-
tive period and a slight decrease in the quantity of dry matter

excreted. In the after period there is a decrease in the quantity of

water in the feces, as compared with the fore period, and a marked
decrease in the quantity of dry matter excreted.

The data for No. 2 show in the fore period that the average weight
of the feces is 87 grams, containing 68.74 per cent of water and 27

grains of dry matter. For the preservative period the mean quantity
of moist feces is 99 grams, containing 69.72 per cent of water and 30

grams of dry matter. For the after period the average quantity of

feces excreted is 100 grams, containing 73.03 per cent of water and

27 grams of dry matter. These data show little change in the fecal

excretion during the three periods of observation. There is a slight

increase in the percentage of water in the preservative period and a

still greater increase in the after period. The quantity of dry matter

in the feces during the preservative period is increased by 3 grams

per day, while the quantity of dry matter in the fore period and after

period is the same.

In the case of No. 3 there is found in the feces during the fore period
55 grams of moist feces daily, containing 64.62 per cent of water and

20 grams of dry matter. During the preservative period the average

daily excretion of moist feces is 78 grams, containing 65.49 per cent of

water and 27 grams of dry matter. In the after period the average

daily quantity of feces is 60 grams, containing 68.38 per cent of water

and 19 grams of dry matter. In this case the percentage of water in

the feces does not vary much during the period of observation, though
it is slightly increased in the preservative period and again increased

in the after period. The quantity of dry matter in the feces is very

markedly larger in the preservative period, the increase amounting
to 35 per cent, while the quantity of dry matter excreted during the

after period is almost exactly the same as in the fore period.
In the case of No. 4 the average quantity of moist feces excreted daily

is 96 grams in the fore period, 121 grams in the preservative period, and
110 grams in the after period. The quantities of water in the feces

for the three periods, respectively, are 73.54 per cent, 79.02 per cent,
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and 77.48 per cent. The quantity of dry matter in the feces remains

the same for the three periods. The variations in weight, therefore, of

the feces are due solely to the differences in the percentages of water,

the amount of water being smallest in the fore period and largest in

the preservative period.

The data for No. 5 are, as has before been explained, incomplete.
In so far as obtained they show an average daily excretion of 66

grams of moist feces in the fore period, 87 grams in the preservative

period, and 74 grams in the after period. The content of water in

the feces is 76.53 per cent, 77.88 per cent, and 77.43 per cent, respec-

tively, for the three periods. The quantity of dry matter excreted

is 16 grams, 19 grams, and 17 grams, respectively, for the three periods.

These data show a slight increase in the percentage of water in the

preservative period and a slight increase in the quantity of dry matter

excreted in the feces.

The observations made on No. 6 show an average daily excretion

of 113 grams of moist feces in the fore period, 128 grams in the pre-

servative period, and 131 grams in the after period. The quantities

of water contained therein are 78.85 per cent, 79.23 per cent, and 80.47

per cent, respectively, for the three periods. The weights of dry
matter excreted in the feces are 24 grams, 26 grams, and 26 grams,

respectively, for the three periods. These data show a slight

increase in the percentage of water in the feces in the preservative

period and another slight increase in the after period. The quantity
of dry matter excreted is slightly increased in the preservative and

after periods over the fore period.

For No. 7 the average amount of moist feces excreted in the fore

period is 94 grams, and for the first, second, and third subperiods of

the preservative period 77 grams; the percentage of water and amount
of dry matter are slightly decreased in the preservative period.

By reason of the incompleteness of these data a comparison of those

secured is not of much value.

No. 8 has an average daily excretion of moist feces in the fore

period of 107 grams, in the preservative period of 113 grams, and in

the after period of 144 grams. The percentages of water contained

in the feces are for the fore period 77.43, for the preservative period

78.08, and for the after period 83.37. The average daily quantities
of dry matter excreted are for the fore period 24 grams, for the pre-
servative period 25 grams, and Aor the after period 24 grams. The

percentage of water in the feces is slightly increased in the preserv-
ative period and largely increased in the after period. The quantity
of dry matter excreted in the feces is slightly increased in the preserva-
tive period and is the same in the fore and after periods.

No. 9 shows an average daily excretion of moist feces in the fore

period of 57 grams, in the preservative period of 59 grams, and in the
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after period of 109 grams. The percentages of water contained in the

feces are 68.73 for the fore period, 67.51 for the preservative period,

and 73.87 for the after period. The quantities of dry matter excreted

in the feces are 18 grams for the fore period, 19 grams for the pre-
servative period, and 28 grams for the after period. These data

are apparently abnormal, as indicated by the large increase in the

feces excreted during the after period.

The average daily quantities of moist feces excreted by No. 10

are 71 grams for the fore period, 108 grams for the preservative

period, and 104 grams for the after period. The percentages of mois-

ture contained therein are 75.35 for the fore period, 79.38 for the

preservative period, and 74.86 for the after period. The quantities
of dry matter in the feces are 17 grams for the fore period, 22 grams
for the preservative period, and 26 grams for the after period. In

this case there is a marked increase in water content in the pre-
servative period, accompanied by a considerable increase in dry
matter, which continues in the after period, through the water content

markedly decreases.

The data for No. 11 show an average daily quantity of moist

feces in the fore period of 112 grams, in the preservative period of

126 grams, and in the after period of 105 grams. The percentages of

water contained therein are 75.53 for the fore period, 77.19 for the

preservative period, and 76.36 for the after period. The average

quantity of dry matter excreted in the feces during the fore period
is 28 grams, during the preservative period 29 grams, and during the

after period 25 grams. In this instance both the quantity of water
in the feces and the amount of dry matter excreted are largest in the

preservative period.

The data for No. 12 show a daily excretion of 84 grams of moist feces

for the fore period, 97 grams for the preservative period, and 75 grams
for the after period. The percentages of moisture contained therein

are 71.62 in the fore period, 74.34 in the preservative period, and 73.36

in the after period. The average daily quantities of dry matter
excreted are for the fore period 24 grams, for the preservative period
25 grams, and for the after period 20 grams. In this case also the

percentage of water in the feces and the amount of dry matter excreted
are greatest in the preservative period.

JSTJMMABIES.

In the summary for Nos. 1 to 6, inclusive, who received sodium

sulphite, the following results are obtained : The average daily quan-
tity of moist feces excreted in the fore period is 82 grams, during the

first, second, and third subperiods of the preservative period 103

grams, and during the after period 85 grams. The average percentage
11240 Bull. 84, pt 307 4
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of moisture in the feces in the fore period is 72.50, during the preserva-

tive period 76.15, and during the after period 75.40. The average

daily quantity of dry matter excreted in the fore period is 23 grams, in

the preservative period 25 grams, and in the after period 21 grams.
This summary shows that there is a decided tendency on the part of

the sulphites administered to cause an increase in the percentage of

moisture in the feces, thus indicating a slight tendency toward cathar-

sis. It is also noted that there is a distinct tendency to increase the

dry matter excreted in the feces, this increase amounting to 2 grams
in the preservative period, or 8.7 per cent. On the withdrawal of the

preservative there is a marked decrease in the quantity of dry matter

excreted, amounting to 8.7 per cent in this case also, as compared with

the fore period.
It will be recalled that the average daily quantity of dry food

consumed for the fore period by these men is 639 grams and for the

preservative period 629 grams. Thus, while the quantity of food

consumed has been slightly diminished, the quantity of dry matter

excreted in the feces has been markedly increased. It would appear,

therefore, in the light of these data, that the preservative administered

has had an inhibiting effect upon the total quantity of material

digested and absorbed. This phenomenon may also have been

accompanied by an increased katabolism.

Next to be considered are the summaries of the men who received

sulphurous acid in an uncombined state. Only the most complete
summaries are discussed, although others are submitted for com-

parison.
The summary of Nos. 8 to 11, inclusive, shows an average daily

excretion of moist feces in the fore period of 87 grams, in the preserva-
tive period of 102 grams, and in the after period of 115 grams. The

percentages of water contained in the feces are for the fore period

74.97, for the preservative period 76.60, and for the after period 77.63,

respectively. The average daily excretion of dry matter in the feces

is 22 grams in the fore period, 24 grams in the preservative period, and

'26 grams in the after period.
These data show an increase both in the water content of the feces

and in the amount of dry matter excreted during the preservative

period, and the increases are continued in the after period.

Considering the data now as a whole it is evident that the adminis-

tration of sulphurous acid, both as sulphites and in the form of uncom-
bined acid, has a marked tendency to increase the percentage content

of moisture in the feces and the total quantity of dry matter excreted

during the preservative period. In the case of those receiving sodium

sulphite the opposite tendency is shown in the after period, while In

the summary for Nos. 8 to 11, receiving sulphurous acid, there is a

continued increase in dry matter excreted and in percentage of water.
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TABLE IV. Weight and water content offeces by periods, Series VII.

[Averages are per day.]
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TABLE IV. Weight and water content offeces by periods, Series VII Continued.

[Averages are per day.]
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TABLE IV. Weight and water content offcces by periods, Series VII Continued.

[Averages are per day.]
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TABLE IV. Weight and water content offeces by periods, Series VII Continued.

[Averages are per day.]
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TABLE IV. Weight and water content of feces by periods, Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

Period.
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TABLE IV. Weight and water content of feces by periods, Series F/7 Continued.

[ Averages are per man per day.]

Period.
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periods named are 1.0300 for the fore period, 1.0293 for the preserva-

tive period, and 1.0297 for the after period. The average total quan-

tity of dry solids excreted during the fore period is 67.7 grams, for the

preservative period 68.6 grams, and for the after period 68.7 grams.
In this case the volume of urine is considerably increased during the

preservative period and diminished somewhat during the after

period, but does not fall to the amount of the fore period. The

specific gravity is slightly diminished during the preservative period,

and in the after period is increased to almost the same figure as in the

fore period. The quantity of total solids excreted is increased by
nine-tenths of a gram daily in the preservative period and by 1

gram daily in the after period, as compared with the fore period.

The volume of urine excreted by No. 2 in the fore period is 1,577 cc,

1,565 cc during the preservative period, and 1,470 cc during the after

period. The specific gravity of the urine during the fore period is

1.0191, during the preservative period 1.0187, and in the after period
1.0195. The total weight of dry solids excreted daily during the fore

period is 73.7 grams, during the preservative period 71.7 grams, and

during the after period 70 grams. These data show a slight decrease

in the volume of liquid and also in the specific gravity in the preserv-
ative period, an additional decrease of almost 100 cc per day in the

after period, attended, however, by an increase of specific gravity.
The total quantity of solids eliminated is diminished by 2 grams daily
in the preservative period and by an additional 1.7 grams during the

after period.
In the case of No. 3 the average daily volume of urine during the

fore period is 1,231 cc, during the preservative period 1,290 cc, and

during the after period 1,251 cc. The specific gravities of the urine

for the three periods are 1.0212, 1.0221, and 1.0214, respectively.
The total weights of dry solids excreted daily during the three periods
are 63.5 grams, 69.3 grams, and 65.5 grams, respectively. In this

case there is a slight increase in the volume of the urine and also in

the specific gravity during the preservative period. The volume
excreted during the after period is less than during the preservative

period, but not so small as in the fore period. The specific gravity
also falls in the after period, but is slightly higher than in the fore

period. The weight of total solids excreted is greatest in the preserv-
ative period, falling in the after period, but not to quite so low a

number as in the fore period.
The average daily total volume of urine excreted by No. 4 during

the fore period is 973 cc, during the preservative period 1,041 cc, and

during the after period 997 cc. The specific gravities of the urine

during these periods are 1.0300, 1.0291, and 1.0296, respectively.
The average weights of dry solids excreted daily for the three periods
are 71.6 grams /

74.2 grams, and 72.2 grams, respectively. There is an
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indication in this case that the administration of the preservative has

increased the volume of the urine 68 cc daily. This increase is partly
lost in the after period, but the average daily quantity excreted is

still greater than in the fore period. The specific gravity of the urine

falls slightly during the preservative period and rises during the after

period, but does not quite reach the average of the fore period. The
total quantity of solids excreted in the urine increases by 2.6 grams
daily during the preservative period, falling during the after period,
but not to the average amount excreted in the fore period.

The data for No. 5, as already explained, are incomplete. They
show an average daily excretion of urine during the single fore sub-

period of 936 cc, in the preservative period of 1,049 cc, and in the

after period 862 cc. The specific gravities of the urine for the three

periods are 1.0232, 1.0202, and 1.0200, respectively. The average

daily quantities of solids excreted in the urine are 53.2 grams, 52.3

grams, and 42. 1 grams, respectively. These data show a large increase

in the volume of the urine during the administration of the preserva-

tive, attended by a very marked decrease in specific gravity. There

is a very marked decrease in the volume of urine during the after

period, amounting to 187 cc per day, as~compared with the preserva-
tive period. There is also a decrease in the total solids excreted,

which are 0.9 gram less than during the fore period and 10.2 grams
less during the after period than in the preservative period.

In the case of No. 6 the data show the average daily excretion of

838 cc of urine during the fore period, 930 cc during the preservative

period, and 933 cc during the after period. The specific gravities of

the urine for the three periods are 1.0276, 1.0276, and 1.0275, respec-

tively, showing practically no change. The total solids excreted

daily in the urine amount to 56.7 grams in the fore period, 62.9 grams
in the preservative period, and 62.8 grams in the after period. These

data show a marked increase in the volume of the urine during the

preservative period, which is continued and even slightly increased

during the after period. There is a corresponding increase in the

quantity of total solids eliminated, and this increased rate of elimina-

tion continues through the after period.

In the case of No. 7 the volume of urine excreted in the fore period
is 930 cc and in the first, second, and third subperiods of the preserva-
tive period 1,038 cc. The specific gravity in the fore period is 1.0210

and in the preservative period 1.0202. The quantity of total solids

daily excreted is 47.7 grams in the fore period and 53.6 grams in the

preservative period. The data are not complete, but show an increase

in both the volume of the urine and the quantity of solids excreted.

The volume of urine excreted by No. 8 is 1,536 cc in the fore period,

1,959 cc in the preservative period, and 2,048 cc in the after period.
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These data show again an increase in the volume of urine under the

administration of the preservative. The specific gravities are low, as

would be expected where so large a volume is excreted. The numbers

expressing the specific gravities for the three periods are 1.0162,

1.0133, and 1.0124. These figures are very low, and the specific

gravity is diminished in the preservative period and again in the after

period. The average daily weight of solids excreted is for the fore

period 61.2 grams, for the preservative period 63.5 grams, and for the

after period 61.5 grams, showing an increase in the excretion of total

solids, amounting to 2.3 grams per day. This increase disappears

during the after period.
- The data for No. 9 show an average daily quantity of urine of 989 cc

for the fore period, 1,146 cc for the preservative period, and 1,075 cc

for the after period. The specific gravities for the three periods are

1.0251 for the fore period, 1.0237 for the preservative period, and

1.0251 for the after period. The average quantity of total solids

excreted is 60.7 grams for the fore period, 66.7 grams for the preserva-
tive period, and 66.2 grams for the after period. These data show a

marked increase in the volume of the urine during the preservative

period, attended with a slight decrease in specific gravity and an

increase of 6 grams daily of solid matter excreted. The increase in

solid matter continues during the after period, but with a tendency to

return to the conditions of the fore period.
In the case of No. 10 the average daily volume of urine is 937 cc in

the fore period, 1,142 cc in the preservative period, and 1,230 cc in the

after period. The specific gravities for the three periods are 1.0257

for the fore period, 1.0197 for the preservative period, and 1.0193 for

the after period. These data show a great increase in the volume of

urine during the preservative period, which is accentuated during the

after period. The specific gravity rapidly falls in the preservative

period and is not increased during the after period. The quantity of

total solids excreted decreases 4.8 grams during the preservative

period, a part of which is regained during the after period.
In No. 11 's case the volume of urine excreted during the fore

period is 1,321 cc, during the preservative period 1,361 cc, and during
the after period 1,307 cc. The specific gravities for the three periods
are 1.0221 for the fore period, 1.0205 for the preservative period,
and 1.0221 for the after period. The quantity of total solids dimin-

ished notably during the preservative period, the decrease amounting
to a daily average of 3.4 grams daily. This was partially recovered

during the after period.
In the case of No. 12 the average daily volume of urine excreted

during the fore period is 1,156 cc, during the preservative period 1,388

cc, and during the after period 1,123 cc. These data show a strong
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tendency to increase the volume of the urine during the preservative

period. During the after period the quantity of the urine excreted

diminished to even a smaller figure than in the fore period. The

specific gravity of the urine decreased during the preservative period
and was restored to a little higher than the normal during the after

period. The total quantity of solids excreted daily is 66.1 grams in

the fore period, 69.6 grams in the preservative period, and 64.7 grams
in the after period. These data show a notable increase of 3.5 grams
in the preservative period, while in the after period the quantity
excreted is 1.4 grams less than in the fore period. The diuretic effect

of the preservative is very marked in this case.

SUMMARIES.

The summaries for Nos. 1 to 6, inclusive, are complete, with the

exception of the fourth preservative subperiod. The average daily

volume of urine for the six men is 1,092 cc in the fore period, 1,139 cc

in the preservative period, and 1,076 cc in the after period. The

specific gravity is practically the same in the three periods. The

average daily quantity of solids excreted is 1.2 grams greater in the

preservative period and 1.9 grams less in the after period than in the

fore period. These data show a slight diuretic effect, the total

increase in the volume of the urine in the preservative period being
47 cc daily.

For Nos. 8, 9, 10, and 11 complete data are available for a sum-

mary. In these cases the average daily increase in the quantity of the

urine excreted under the influence of the preservative is extremely

great, amounting to 207 cc daily. This diuretic effect is continued

in the after period, though with diminished intensity toward its close.

The quantity of solids excreted daily in the preservative period

remains practically unchanged, and in the after period the quantity
is only 0.7 gram greater than in the fore period.

The general effect of the administration of sulphurous acid upon
the volume, specific gravity, and total solids in the urine is therefore

seen to be to increase the volume of the urine, to increase the total

quantity of solids eliminated, and to decrease the specific gravity. In

so far as the volume is concerned the diuretic effect is more marked
in the cases where the preservative is given as sulphurous acid (Nos.

8 to 11) than when it is given as sodium sulphite (Nos. 1 to 6). These

data indicate plainly a disturbance of the metabolic activities pro-
duced by the preservative, in both forms.
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TABLE V. Urine determinations Volume, specific gravity, and total solids, Series VII.

[Averages are per day.]
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TABLE V. Urine determinations Volume, specific gravity, and total solids, Series VII
Continued.

[Averages are per day.]



SULPHUROUS ACID AND SULPHITES. 817

TABLE V. Urine determinations Volume, specific gravity, and total solids, Series VII
Continued.

[Averages are per day.]
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TABLE V. Urine determinations Volume, specific gravity, and total solids, Series VII
Continued.

[Averages are per day.]
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TABLE V. Urine determinations Volume, specific gravity, and total solids, Series VII-
Continued.

SUMMARIES.

[Averages are per man per day.]

Period.
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TABLE V. Urine determinations Volume, specific gravity, and total solids, Series VII
Continued.

[Averages are per man per day.]

Period.
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The data for No. 1 show an average excretion of 1,109 cc per day
in the fore period and 969 cc in the preservative period, indicating

a considerable diminution in the volume of urine. In the case of

No. 2 the average quantity of urine excreted in the fore period is 1,296

cc and in the preservative period 1,150 cc, showing again a decided

decrease in volume. In the case of No. 3 the average quantity of

urine excreted in the fore period is 1,053 cc and in the preservative

period 1,142 cc, showing a marked increase.

These three men received sulphurous acid in the form of sodium

sulphite. For Nos. 4, 5, and 6, who received sulphurous acid in the

form of a gas in solution, the following results were obtained:

In the case of No. 4 the average quantity of urine excreted in

the fore period is 687 cc and in the preservative period 1,028 cc,

showing a marked increase. In the case of No. 5 the average quan-

tity excreted in the fore period is 1,198 cc and in the preservative

period 1,170 cc practically no change in volume. In the case of

No. 6 the average quantity of urine excreted in the fore period is

953 cc and in the after period 1,080 cc, showing a marked increase.

SUMMARIES.

The summary for Nos. 1, 2, and 3, receiving sodium sulphite, shows

the average quantity of urine excreted in the fore period to be 1,153

cc and in the preservative period 1,087 cc, a notable decrease in

volume. In the case of Nos. 4, 5, and 6 the average quantity of urine

excreted in the fore period is 945 cc and in the preservative period

1,093 cc, showing a notable increase.

The summary for the six subjects shows that the average quantity
of urine excreted in the fore period is 1,056 cc and in the preservative

period 1,090 cc, showing only a slight increase in volume.

The data in regard to the volume, while not showing as distinct a

diuretic effect as in the original series, still shows some relationship.
In the average for Nos. 1, 2, and 3, who received sodium sulphite,
there is seen some tendency to diminish the quantity of urine excreted

during the preservative period. On the other hand, in the original
series an increase in the volume is observed. The quantity of pre-
servative administered, it may be well to note, was considerably
smaller during the preservative period of this special study than

during Series VII a fact which probably influenced the results con-

siderably. Nevertheless, ifi the case of those subjects receiving

sulphurous acid there is seen a slight increase in the volume during
the preservative period, which seems to bear out the conclusion indi-

cated in the original study, namely, that free sulphurous acid exerts

more of a diuretic effect than when administered as sodium sulphite.
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TABLE VI. Urine determinations Supplemental study of volume and acidity,

Series XIII.

Period.
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TABLE VI. Urine determinations Supplemental study of volume and acidity,
Series XIII Continued.

Period.
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TABLE VI. Urine determinations Supplemental study of volume and acidity,
Series XIII Continued.

SUMMARIES.

Period.
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of albumin are all negative with the exception of that for the third

preservative subperiod, when a very minute trace is reported. Nos.

9 and 10 are negative throughout. No. 11 is negative until the third

preservative subperiod is reached, when a very minute trace is

recorded, which continues throughout the remaining periods of

observation
.
with the exception of one negative result in the after

period. No. 12 is negative until the fourth preservative subperiod,
when a minute trace is reported, which continues throughout the

after period.

These limited data are not sufficiently decisive to establish any
general effect as produced by the preservative, and further studies

were made of this point in the special series, as before mentioned,
where the same contradictory evidence is furnished by the data

obtained for five men, which precludes the drawing of any positive
conclusion in regard to the production of albumin in the urine by this

preservative. In the cases of Nos. 1, 3, 11, and 12 of Series VII,

however, a slight tendency is shown on the part of the sulphurous

acid, whether combined as a sulphite or in a free state, to develop
albumin in the urine when it is not present.

In the special Series XIII before mentioned (see Table VI) the

question of the influence of the preservative on the acidity of the

urine is considered.

The acidity is expressed as cubic centimeters of tenth-normal

sodium hydroxid per 100 cc of urine, and the number of acid and

amphoteric reactions obtained with litmus paper is also given. With
the exception of No. 4, an increase in acidity is shown in every case

throughout the preservative period. Summarizing the average

figures according to the form of preservative administered, it is seen

that for those receiving sodium sulphite the acidity in the fore period
is expressed by 28.1 and for the preservative period by 42.1. There
is also a marked increase shown by the reactions obtained by testing
with litmus paper, 33 per cent of the tests being acid in the fore

period and 93 per cent in the preservative period.
In the case of Nos. 4, 5, and 6, who received sulphurous acid, a

slight increase is also shown, from 30 in the fore period to 32.7 during
the preservative period. The litmus-paper tests show an increase in

these cases also, from 83 to 98 per cent. Considering the set of sub-

jects together, it is seen that as an average 29.1 cc of tenth-normal
sodium hydroxid were required to neutralize 100 cc of urine during
the fore period and 37.4 cc during the preservative period. Lit-

mus paper gives an acid reaction in 58 per cent of the tests during
the fore period and in 96 per cent in the preservative period.
There is evidenced a strong tendency to render the urine acid, which

tendency is much more marked when sodium sulphite was adminis-

tered. This subject is further discussed under Series XI, page 1021.
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RATIO OF SULPHUR, SULPHATES, AND PHOSPHATES TO THE
NITROGEN EXCRETED IN THE URINE.

In Table VII a study is given of the relations of sulphur as total

sulphur and as sulphates, and phosphorus as phosphoric anhydrid
to the nitrogen. Inasmuch as in this case the quantity of sulphur
and sulphates is largely increased in the preservative period and

increased to a certain extent in the after period, theoretically the

ratio of these bodies to the nitrogen would be smaller in the pre-
servative period and in the after period than in the fore period. The

practical point, therefore, to be kept in view would be the influence

exerted by the sulphurous acid upon the relative -proportions of nitro-

gen to phosphoric acid in the urine. For this purpose the small

variations in the amounts of these two bodies ingested in the various

periods may be left out of consideration. In the case of No. 1 the

ratio of phosphoric acid to the nitrogen rises in the preservative

period from 1:6.1 to 1:6.4. This increase is maintained also in

the after period, where the ratio rises to 1 : 6.5.

In the case of No. 2 the phosphoric acid ratio in the preservative

period remains almost the same as in the fore period, and is the

same in the after period as in the preservative period, namely, 1 : 5.3.

In No. 3 the ratio of phosphoric acid to the nitrogen is increased,

rising from 1:6.8 to 1:7.1. This increase is practically maintained

in the after period, where it is 1:7.0.

The ratio of phosphoric acid to nitrogen in the case of No. 4 is

considerably decreased in the preservative period, falling from 1:6.0

to 1:5.2, and remaining practically the same in the after period,

namely, 1:5.3. In the case of No. 5 the data are incomplete for

the fore period, and a comparison is of little value. For No. 6 the

ratio of phosphoric acid to nitrogen is increased from 1:5.0 to 1:6.0

in the preservative period and maintained almost at the same point
in the after period, namely, 1:5.9, the phosphoric acid in this case

being greatly reduced.

In the case of No. 7 there is a marked increase in the magnitude
of the phosphoric acid ratio, which rises from 1:6.6 in the fore

period to 1:7.2 in the preservative period. There is a decrease in

the ratio of phosphoric acid to nitrogen in the case of No. 8, where
it falls from 1:6.2 in the fore period to 1:5.7 in the preservative

period, rising, however, in the after period to 1:6.6. The ratio of

phosphoric acid to nitrogen is decreased in the case of No. 9 in the

preservative period from 1:6.5 to 1:6. 2. A slight increase is observed

in the after period, the magnitude of the ratio reaching 1:6.3. The

phosphoric acid ratio rises in the case of No. 10 from 1:5.9 in the

fore period to 1:6.0 in the preservative period, falling again in the

after period to the same magnitude as at first.

In the case of No. 11 there is again an increase in the magnitude
of the phosphoric acid ratio in the preservative period, rising from
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1:5.9 in the fore period to 1:6.2 in the 'preservative period and

increasing to 1 : 6.3 in the after period.

In the case of No. 12 there is a gradual decline throughout the

observation in the ratio of phosphoric acid to nitrogen, falling from

1:6.2 in the fore period to 1:5.9 in the preservative period and to

1 : 5.3 in the after period.

Comparing the summaries of Nos. 1 to 6, inclusive, with those of

Nos. 8 to 11, inclusive, it is seen that the ratio of the phosphoric
acid to nitrogen for Nos. 1 to 6 in the fore period is 1:5.8, in the

preservative period 1:5.9, and in the after period 1:5.8.

This shows a slight tendency on the part of the preservative,

namely, sodium sulphite, either to increase the excretion of nitrogen

or to diminish the excretion of phosphorus in relation to each other.

In this case it is noticed that the quantities of nitrogen and of phos-

phorus excreted are both decreased somewhat. In the after period
the ratio is restored to the same magnitude as that in the fore period.

In the summaries for Nos. 8 to 11, inclusive, the ratio of the phos-

phoric acid to nitrogen is 1:6.1 in the fore period, 1:6.0 in the pre-

servative period, and 1:6.3 in the after period. In this case the

opposite condition obtains from that noted in the preceding instance.

The administration of the sulphurous acid in the form of a free acid

or gas has apparently increased the excretion of phosphoric acid in

relation to the nitrogen excreted, since the ratio is less.

The disturbances which have been caused by the administration of

the preservative between the relative excretion of nitrogen and

phosphoric acid are not of a sufficient magnitude to warrant any
certain conclusions. If the two summaries be considered together,

it is evident that there has been practically no disturbance of the

relation between the excretion of these two substances. Considering
the two summaries separately, it would appear that the administra-

tion of the sulphurous acid in the form of sulphites tends to decrease

the elimination of phosphoric acid in relation to nitrogen, while if

administered in the form of uncombined acid it tends to increase the

excretion of phosphoric acid in relation to nitrogen. This change,

however, is so minute that it may be said that very little influence is

exerted by the preservative upon the relative excretions of phosphoric
acid and nitrogen in the urine.

The problem may also be looked at from a different point of view,
as illustrated in Table Vllf. In this table the ratios are based on
the amounts of nitrogen, sulphur, and phosphoric acid excreted in

the urine, expressed as percentage of amounts ingested, instead of

making the comparison between the actual amounts of these sub-

stances excreted. In the preservative period the calculation for

sulphur excreted is made on the sulphur exhibited in the food plus
the sulphur administered as a preservative.
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In the case of No. 1 the ratio of the phosphoric acid in the preserva-
tive period remains unchanged, while it is slightly increased in the

after period. In the case of No. 2 there is no change whatever in the

ratio of the phosphoric acid to the percentage of nitrogen in the food

excreted in the urine. In the case of No. 3 the ratio is slightly

increased, and this increase is maintained in the after period. In the

case of No. 4 the nitrogen is diminished in the preservative period,

and this loss is partly regained in the after period. In the case of

No. 5 the ratio is considerably increased in the preservative period,

and decreases in the after period almost to the initial point. In the

case of No. 6 the ratio of the phosphoric acid is again increased, and

this increase is maintained in the after period. In the case of No. 7

the ratio in the preservative period is slightly increased. In the case

of No. 8 the ratio is slightly increased in the preservative period and

again" in the after period. In the case of No. 9 the ratio remains

unchanged throughout the three periods. In the case of No. 10

there is a slight increase in the preservative period, and this is main-

tained in the after period. The same remark is true of No. 11. In

the case of No. 12 there is a slight diminution in the preservative

period, and this diminution is maintained in the after period.

Summarizing the data for Nos. 1 to 6, inclusive, and Nos. 8 to 11,

inclusive, we find in the first instance that the ratio of the percentage
of phosphoric acid ingested that is excreted in the urine to the per-

centage of nitrogen excreted in the urine is 1 : 1.46 in the fore period,
1: 1.55 in the preservative period, and 1: 1.53 in the after period.
These figures indicate a tendency on the part of the preservative
administered in the form of sulphite to diminish the relative excretion

of phosphoric acid, as-compared with that of nitrogen. This tendency
is also noticed in the after period, but to a less extent. In the second

summary for Nos. 8 to 11, inclusive, having received sulphurous
acid in a free state, it is noticed that the ratio in the fore period is

1: 1.49, in the preservative period 1: 1.53, and in the after period
1: 1.58. In this series, as in the first one, there appears to be a

tendency on th'e part of the preservative to diminish the quantity of

phosphoric acid excreted in proportion to the quantity of nitrogen

excreted, and this tendency is even more marked in the after period.
The average results expressed in this manner are concordant for

both summaries, showing a slight tendency to diminish the relative

excretion of phosphoric acid, with the one exception that the results

as given in Table VII show a slight tendency on the part of free

sulphurous acid to increase the relative excretion of phosphoric acid.

Taken as a whole, and considering the slight variations of the

ratio from the normal, it is evident that the preservative does not

exert any great influence in changing the relative amounts of phos-

phoric acid and nitrogen excreted.
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TABLE VIII. Urine determinations Relative amounts of nitrogen, sulphur, and

phosphoric acid excreted, expressed as percentages of amounts ingested, Series VII
Continued.

SUMMARIES.

Period.
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over the fore period. Referring to the table of administration of

the preservative it is seen that 564 milligrams of SO
2 , equivalent to

282 milligrams of sulphur, were given in the form of sodium sulphite.

The feces, however, showed a marked decrease in sulphur during the

preservative and after periods (Table X), which might be thought to

account for the increase of sulphur excreted in the urine above the

amount exhibited in the preservative. The average data given in

Table X do not indicate, however, that such an influence was exerted.

One point worthy of notice is the increase of neutral sulphur dur-

ing the preservative and after periods. This increase during the

preservative period amounts to 203 milligrams of SO3 ,
or 81 milli-

grams of sulphur. There is a little over half this increase in the after

period over the fore period. Considering the sulphates determined

as such it is seen that there is an increase of 549 milligrams of SO3 ,

which is equivalent to 219 milligrams of sulphur. There is a decrease

in the after period to a quantity less than in the fore period. Fur-

ther, it is seen that this increase is entirely in the quantity of inor-

ganic or preformed sulphates, the quantity of ethereal or organically
combined sulphuric acid remaining remarkably constant in the case

of this subject throughout the period of observation. If, as is said

to be the case, the ethereal sulphates are an indication of putrefactive

changes taking place in the intestines, there seems no evidence of

such a condition in this instance.

The average ratio of ethereal sulphates to inorganic sulphates is

commonly given as 1: 10. In the case of No. 1, this ratio in the

fore period is 1: 13.4, in the preservative period 1: 17.0, and in the

after period 1:13. Naturally the ratio would be greatly disturbed

when sulphur is exhibited in the preservative, but it is of interest

to note the magnitude of this disturbance in the individuals and that

it is due, in every case but two, to a large increase in the amount
of inorganic sulphates.
The results expressed in percentage of the total sulphur eliminated

show a large increase of neutral sulphur in the preservative period
which is slightly increased in the after period. The total sulphates
show a gradual falling off during the observation which is quite
marked in the preservative period. The ethereal sulphates fall from

6.2 per cent in the fore period to 4.8 per cent in the preservative

period, rising again to 6.1 per cent in the after period, while the inor-

ganic sulphates gradually decrease in percentage amount throughout,

notwithstanding their large increase in actual amount eliminated.

A point worthy of comment here is the increase in the actual and

percentage amount of neutral sulphur and the decrease in the per
cent of ethereal sulphates. Since the total sulphur is so largely

increased it does not follow that the decrease in the percentage
amounts of the other forms means a decrease in the actual amounts,
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and as is seen, such is not the case, but the increase of neutral sul-

phur shows an increase of unoxidized sulphur from some source.

The data for No. 2, as given in Table XI, agree very closely with

those discussed for No. 1. One notable exception is the decrease in

this case of the percentage amount of neutral sulphur during the

preservative period, though there is an increase in actual amount of

63 milligrams of neutral sulphur, as SO
3

. The ethereal sulphates in

this instance are again constant, ranging from 213 milligrams of sul-

phur as SO
3
in the fore period to 216 milligrams during the preserva-

tive period and 205 milligrams during the after period. The ratio of

ethereal sulphates to the inorganic varies from 1:11.2 in the fore

period to 1:13.4 in the preservative period, and 1:11.3 in the after

period. As in the case of No. 1, the greatest increase of sulphur is in

the form of inorganic sulphates.
In the case of No. 3 there is an increase in total sulphur, sulphates,

and neutral sulphur, and also a notable increase in the ethereal sul-

phates during the preservative period. The percentage amount of

neutral sulphur and inorganic sulphates is slightly increased during
the preservative period, while "the total sulphates show a slight

decrease in percentage amount and the ethereal sulphates a consider-

able decrease during the preservative period. The ratio of the ethereal

sulphates to the inorganic varies from 1:11.7 in the fore period to

1:14.0 in the preservative period, and 1: 11.9 in the after period.
With one exception the data for No. 4 agree with those of No. 1 in

every respect. The percentage of inorganic sulphates of the total

sulphur excreted shows an increase of 0.8 per cent in the preservative

period, while there is a decrease in the case of No. 1. There is a con-

tinued decrease in the after period in both instances. The ratio of the

ethereal sulphates to the inorganic is 1 : 15 in the fore period, 1 : 19.5

in the preservative period, and 1 : 17.4 in the after period.
In the case of No. 5 there is an increase in all the sulphur con-

stituents during the preservative period, with a decrease in the after

period to a less amount than is shown in the fore period. The per-

centage amounts of these substances remain practically the same in

the preservative period as in the fore period. The neutral sulphur
and inorganic sulphates show a decrease in the after period over the

fore period, while the total ethereal sulphates show an increase. The

average ratio of the ethereal sulphates to the inorganic is 1 : 16.9,

1 : 17.2, and 1 : 12.7 for the three periods respectively.
No. 6 shows an increase of neutral sulphur throughout the obser-

vation, while in the case of the ethereal sulphates there is an increase

during the preservative period, returning, however, in the after

period to the same amount as in the fore period. The chief increase,
as in the previous subjects, was in the amount of inorganic sulphates.
The ratio of ethereal sulphates to the inorganic is 1 : 14.3 in the fore
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period, 1:17.8 in the preservative period, and 1:17.1 in the after

period.
The amounts of sulphur expressed in percentage of the total sulphur

excreted shows practically the same variations as those previously
mentioned. The data for No. 7, being incomplete, are not included

in the averages, but are inserted as a matter of record.

For No. 8 there is seen an increase in the amount of total sulphur,
neutral sulphur, and inorganic sulphates. The ethereal sulphates in

this case remain practically constant, there being a slight diminution

in the preservative and after periods as compared with the fore period.
The ratio of ethereal sulphates to inorganic sulphates is 1 : 9.2 in the

fore period, 1 : 12.1 in the preservative period, and 1 : 10.3 in the after

period. The percentage amounts of neutral sulphur for this subject
show a decrease in the preservative period from the fore period, with

a large increase in the after period, to an amount greater than in the

fore period. The total sulphates show an increase in the preservative

period and a decrease in the after period. The ethereal sulphates are

decreased in the preservative period, while the inorganic sulphates
show a corresponding increase.

In the case of No. 9 the data in a general way agree closely with

those for No. 8. A striking contrast, however, is the decrease during
the preservative period of the ratio of ethereal to inorganic sulphates,

falling from 1: 14.1 in the fore period to 1: 13.4 in the preservative

period, remaining constant, namely, 1 : 13.3 in the after period. This

decrease is due to the relatively larger increase of ethereal sulphates
over the inorganic during the preservative period. This is also seen

where the amounts are expressed in per cent of the total sulphur.
The ethereal sulphates are practically constant throughout.
The data for No. 10 agree in a general way very closely with those

of No. 8. The increase in the sulphur elimination is shown entirely

by the neutral and inorganic sulphates, the ethereal sulphates remain-

ing practically constant throughout.
No. 11 shows a noticeable increase in the ethereal sulphates and a

ratio of this form to the inorganic sulphates which is abnormally high

throughout. In the fore period it is 1 : 21.4, in the preservative period
1 : 20.3, and in the after period 1 : 21.4. This ratio is similar to that of

No. 9 in the fact that it is lower in the preservative period.

The neutral sulphur shows an increase throughout the period of

observation, while the inorganic sulphates are largely increased in the

preservative period, but fall to an amount less than in the fore period

during the after period.

In the case of No. 12 there is a notable increase in the actual amount
of ethereal sulphates which causes the ratio to inorganic sulphates to

be but slightly higher during the preservative period. The neutral
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sulphur^rowsHr decided increase during "the preservative period,

which is maintained during the after period, but to a less extent. The

inorganic sulphates again bear the greater part of the increase. The

percentage elimination of neutral sulphur is increased during the

preservative period, while the other forms are decreased.

Reviewing the entire individual data, there is seen an increase in

every instance in the amount of neutral sulphur, while there is a

decrease in the percentage amount in the cases of Nos. 2 and 8 and a

noticeable increase in the actual amount of ethereal sulphates in the

cases of Nos. 3, 5, 6, 9, 1 1, and 12. The percentage amount of neutral

sulphur is largely increased in the cases of Nos. 6 and 8 in the after

period. Nos. 9 and 1 1 present a peculiar condition, namely, a decrease

in the preservative period in the ratio of the ethereal to inorganic

sulphates. This shows a relatively larger increase in the ethereal

sulphates for these subjects than in the inorganic sulphates.

The relative increase or decrease in the sulphur compounds which

are affected by the administration of the preservative are shown in

Table IX. In the case of those subjects receiving sodium sulphite

it is strikingly shown that when there is a decrease or but a slight

increase in the percentage amount of neutral sulphur eliminated there

is an increase in the inorganic sulphates. In the case of No. 1 the

converse is true, there being a large increase in neutral sulphur and a

corresponding decrease in inorganic sulphur.
The subjects receiving sulphurous acid show that when the per-

centage amounts of neutral sulphur are largely increased the inor-

ganic sulphates show a corresponding decrease. In this instance the

converse is true of No. 8, which shows a decrease in neutral sulphur
and an increase in inorganic sulphates.

TABLE IX. Urine determinations Daily increase or decrease of the percentage amounts
of neutral sulphur and inorganic sulphates eliminated during the preservative period,
Series VII.

Number.
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milligrams. The amount of sulphur in the after period is 4 milli-

grams less than that excreted in the fore period. There is an increase

of 107 milligrams as neutral sulphur over that found in the fore period
and an increase of 60 milligrams in the after period over the fore

period. The total sulphates show an increase of 567 milligrams in the

preservative period and in the after period a decrease from that of the

fore period of 70 milligrams. The amount of ethereal sulphates is

practically constant throughout the fore period and preservative

period, falling to 156 milligrams in the after period. Inorganic sul-

phates show an increase, namely, 565 milligrams. The ratio of the

ethereal to the inorganic sulphates for the fore period is 1:13.1, for

the preservative period 1 : 16.4, and for the after period 1 : 13.5. This

increase in magnitude in the preservative period is due wholly to the

increase in the inorganic sulphates, which points to the fact that the

sulphur ingested in the preservative has all been oxidized. It should

be noted in this table that the data for the after period fall to the

same amounts, or even less, than the amounts eliminated in the fore

period. In considering this, it should be explained that the fourth

preservative subperiod is omitted in the summary for these subjects,

as three of them, namely, Nos. 3, 5, and 6, did not receive the preserv-
ative during the fourth subperiod and No. 5 during only part of the

third subperiod. Since the actual after period in the case of these

subjects covered fifteen days, it is only natural that the data for the

after period as given have returned to normal, showing that all the

sulphur ingested was eliminated during this length of time. It is seen

that there is a slight increase in the percentage amount of neutral sul-

phur eliminated, which increase is shown also in the after period.

The percentage of total sulphates is fairly constant for the fore period
and the preservative period, but is reduced somewhat in the after

period. There is a decrease in the percentage of ethereal sulphates in

the preservative period and a slight increased percentage elimination

of the inorganic sulphates, which decreases in the after period to a

quantity less than in the fore period. In this summary it is seen that

the large increase of sulphur excreted is found as inorganic sulphates.

The average daily amount of sulphur ingested in the preservative for

these six men for the three subperiods is 484 milligrams, as SO
2
or 242

milligrams of sulphur as S, and the total sulphur eliminated in the

preservative period is 270 milligrams above that of the fore period.

It is evident, therefore, that there has been an increase in the excre-

tion of metabolized sulphur during the preservative period over the

amount of sulphur given in the preservative, indicating an increased

katabolism. There is also an increase in the amount of neutral sul-

phur eliminated, which tends to show that some of the sulphur,

whether obtained directly from katabolism or from the sulphur



SULPHUROUS ACID AND SULPHITES. 845

ingested in the preservative or food, has been eliminated in an unox-

idized or organically combined form.

In the summary for Nos. 8 to 11, inclusive, the increase in sulphur
eliminated in the preservative period is 164 milligrams. In the after

period there is also an increase of 81 milligrams over that of the fore

period. Taking the fore period as the normal elimination of sulphur
for these men, it is seen that the total elimination of sulphur during
the preservative and after period is 245 milligrams (as S) above that of

the fore period. In tracing the course of the preservative, this man-
ner of calculation namely, including the increased elimination in the

after period may be considered permissible, as whatever disorder is

occasioned by the administration of the preservative may still influ-

ence the excretion during the after period. The amount of neutral

sulphur is here increased during the period of observation, there being
an increase of only 90 milligrams in the preservative period and 128

milligrams in the after period over that of the fore period. The total

sulphates show an increase of 321 milligrams over the fore period,

there being a slight increase also in the after period over the fore

period, amounting to 75 milligrams per day. There is also an increase

in this case of ethereal sulphates in the preservative period, returning

however, to practically the same magnitude in the after period as in

the fore period. The increase in the amount of inorganic sulphates,

therefore, is not the increase of the total sulphates, but, as is seen, is

306 milligrams, the ethereal sulphates increasing 15 milligrams, while

in the after period there is a strong tendency to return to normal,

only 73 milligrams of sulphur being excreted in excess of that in the

fore period. The ratio of ethereal sulphates to inorganic sulphates
is 1:13.9 in the fore period, 1:14.5 in the preservative period, and
1 : 14.2 in the after period.

As is seen, the relation between the ethereal sulphates and the

inorganic sulphates is not so strongly marked as in the case of Nos.

1 to 6, where the sulphur, in the form of sodium sulphite, and in a

large quantity, was ingested. In the summary for Nos. 8 to 11, who
received sulphurous acid, this relation was disturbed by the increase

in the ethereal sulphates.
The percentage elimination of the neutral sulphur in the fore period

is 11. 9, in the preservative period 13.4, and in the after period 15. 9. The
total sulphates show a corresponding decrease throughout the period.
There is very little diffefence in the percentage excretion of ethereal

sulphates in this summary, while the percentage of inorganic sulphates
shows a gradual diminution for the three periods. The average
amount of sulphur in

v
the cases of Nos. 8, 9, 10, and 11, ingested in the

form of sulphurous acid, is 343 milligrams of sulphur as SO2 , equiva-
lent to 172 milligrams of sulphur as S. The increase in sulphur elimi-

nated in the preservative period alone is 164 milligrams per day. It
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is evident, therefore, after considering the preservative period alone,

that practically the entire amount of sulphur was eliminated in the

urine. The increase in the total sulphates, which is 321 milligrams

(as SO3 , equivalent to 128 milligrams sulphur as S) accounts for the

greater amount of sulphur which is ingested in the preservative. In

addition to this there is an increase in the amount of neutral sulphur
of 36 milligrams (as S), which, if added to the increase in sulphates

during the preservative periods, amounts to 164 milligrams, 8 milli-

grams less than enough to account for the sulphur given in the form

of sulphurous acid. Taking into account the increase of sulphur in

the after period, it is again apparent that more sulphur has been elim-

inated than was ingested as preservative and in the food and that

the greater part (nearly 75 per cent) of the sulphur, which was given
in the form of sulphurous acid gas, is eliminated in a completely
oxidized form, namely, sulphates. One point of difference shown in

the comparison of these two summaries is a considerable increase in

the amount of ethereal sulphates eliminated in the preservative period

for Nos. 8 to 11. It may be well to mention in this connection the

opinion held by some authorities that the ethereal sulphates result

from free sulphurous acid formed in the intestines during digestion.

The data, as a whole, show the same tendency throughout, namely,
the elimination of practically all of the sulphur in an oxidized form.

In the case of the subjects Nos. 1 to 6, who received the preservative

as sodium sulphite, there is a greater excretion of neutral sulphur

during the preservative period than in the cases of Nos. 8 to 11, who
received sulphurous acid, while in the after period the converse is

true. In the case of sodium sulphite more sulphur is eliminated

during the preservative period than is ingested in the preservative.

In order to obtain the data in a more comprehensive form for

comparison, Table X is compiled from the sulphur balance sheets

(Table XVII), schedule of administration (Table II), and Table XI,
and shows the amount of increase or decrease of sulphur in the

food in the preservative and after periods over the fore period ;
also

the amount of increase or decrease of sulphur in the feces, the average

amount of sulphur given in the preservative, and the increase of total

sulphur, of neutral sulphur, and of total sulphates in the urine.

For ready comparison with the amount of preservative adminis-

tered the numerical values of the increase or decrease of the sulphur

compounds are expressed in terms of the element S in Table X, though
the data in Table XI are expressed as SO3

and in the table of adminis-

tration in terms of SO
2

. This is done in order to compare more easily

the ingestion and excretion of the preservative, and the figures are

easily obtained from the other tables by taking one-half the value

expressed as SO2
and two-fifths of the value when expressed as SO3 .
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TABLE X. Urine determinations Average daily increase or decrease of sulphur excreted

in the preservative and after periods over the fore period, as compared with the amounts

ingested, Series VII.
PRESERVATIVE PERIOD.

Individuals, totals, and averages.
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to only 4 milligrams. The average daily amount of sulphur as pre-

servative given to each man throughout the entire preservative period
amounted to 193 milligrams. The total increased elimination of sul-

phur in the urine is 218 milligrams, and of this amount 185 milligrams
is in the form of sulphates and 41 milligrams in the form of neutral

sulphur.
The summary for Nos. 1 to 6, inclusive, who received sodium

sulphite, shows an average decrease of 58 milligrams of sulphur in the

food during the preservative period and an increase of 9 milligrams in

the feces, both of which would tend to decrease the amount of sulphur
in the urine, though this influence would be small.

There is an average ingestion of 235 milligrams of sulphur per man

per day in the preservative period from the administered preservative
and a total increased elimination of 275 milligrams, 232 milligrams of

which is in the form of sulphates and 43 milligrams as neutral sulphur.

Nos. 8 to 11 show practically no influence by the decrease of sulphur
in the food, which is but 34 milligrams less than in the fore period,

while the amount eliminated in the feces is only 6 milligrams greater
than in the fore period. The average daily ingestion of sulphur in the

form of sulphurous acid amounted to 172 milligrams per day. The

increase in total sulphur eliminated amounted to 165 milligrams; 128

milligrams of this was in the form of sulphates and 36 milligrams as

neutral sulphur.
A comparison of the averages of Nos. 1 to 6 and 8 to 11, who

received sodium sulphite and sulphurous acid, respectively, shows in

the case of Nos. 1 to 6 a considerably greater quantity of sulphur
eliminated than was given in the preservative, while the amount of

sulphur which was eliminated in an oxidized form is practically the

same as that administered in the preservative. In the case of Nos.

8 to 11, the increase of total sulphur eliminated in the preservative

period and the administered sulphur agree very closely. In the after

period the conditions seem to be reversed for these two summaries.

Nos. 1 to 6 show more of a tendency to return to normal, with an

average decrease in the excretion of sulphates as compared with the

fore period, while Nos. 8 to 11 still show an increase of sulphates
excreted in the after period. This difference may be partly due, as

is explained in the discussion of the summary, to the comparison of

only three preservative subperiods for Nos. 1 to 6 with the four pre-

servative subperiods for Nos. 8 to 11. The neutral sulphur in the

cases of Nos. 8 to 11 is seen to be increased, and this increase still

persists to a greater degree during the after period.

Prescha found a large increase of neutral sulphur after the inges-

tion of flowers of sulphur in experiments on men, and concluded that

aVirchow's Archiv, 1890, 119: 148.
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the elimination was in part in form of organic compounds, and indi-

cated that the organism synthetically made use of inorganic sulphur.

Whether sulphurous acid and sulphites would be used in this manner

is somewhat doubtful, and from the data it would be difficult to say
with any assurance that these two substances were used in the body

economy, even though the neutral sulphur is largely increased, par-

ticularly in case of sulphites where the total sulphur eliminated is

in excess of the sulphur ingested, and would indicate an increased

tissue katabolism. That the sulphurous acid is disposed of in a some-

what different manner is evident. In the preservative period 95.93

per cent of the preservative sulphur is immediately eliminated,

assuming that the total increase of sulphur is derived from the sul-

phur ingested in the preservative; 74.4 per cent of this being as sul-

phates and 21.5 per cent as neutral sulphur, while in the after period
the increased elimination of sulphur is still marked, particularly as

neutral sulphur. In the after period the variations of the quantities
in excess of the fore period are naturally not so marked and, in fact,

not much more marked than one would expect to find in the period

following any derangement of the metabolic processes. This without

doubt shows a very rapid elimination of the preservative from the

body, with- scarcely any accumulative action.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII.

[Averages are per day.]

No. 1.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

IN"o. 2.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

No. 3.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

No. 4,

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.J

No. 5.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

No. 6.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

No. 7.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII -Continued.

[Averages are per day.]

ISTo. 8.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

No. Q.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series FIT Continued.

Averages are per day.]

No. 10.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

No. 11.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per day.]

No. IS.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphatet
and neutral sulphur, Series V*II Continued.

SUMMARIES.

[Averages are per man per day.]

CTos. 1 to 6.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[ Averages are per man per day.]

, 8 to 11.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphate,
and neutral sulphur, Series VII Continued.

[Averages are per man per day.]

!N~os. T and. 4.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series F/7 Continued.

[Averages are per man per day.]

ISTos. 5 and. 6.

Period.
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TABLE XI. Urine determinations Ratio of preformed sulphates to ethereal sulphates
and neutral sulphur, Series VII Continued.

[Averages are per man per day.]

. 71 and 13.

Period.
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MICROSCOPICAL EXAMINATION OF THE URINE.

This examination includes the bodies enumerated in Table XII.

The numbers are interpreted by the following key, namely, = none.

1 = very few, 2 = few, 3 = fairly numerous, 4 = numerous, 5 = extremely
numerous. The method of procedure was that described in Part II,

page 574.

URIC ACID CRYSTALS.

No uric acid crystals are found in the case of No. 1 during the fore

period. They are numerous in the second part of the preservative

period, very few in the third part, and few in the after period. In

this case the formation of uric acid crystals was slightly greater in the

preservative period.

In the cases of Nos. 2, 3, 4, 5, 6, 9, and 12 no uric acid crystals are

observed during any period of the experiment.
In the case of No. 7 there are a very few in the fore period and at

the second test in the preservative period.

For No. 8 there are very few found in the first test in the preserva-
tive period and at the close of the after period.

In the case of No. 10 there are very few found in the fore period
and in the first part of the preservative period, and a few at the second

test in the preservative period.

For No. 11 there are very few present in the second preservative

period only.

With the exception of No. 1, therefore, it may be said that there is

no tendency shown on the part of the sulphurous acid to affect the

formation of uric acid crystals.

The figures expressing the relative occurrence indicate a slight tend-

ency to increase the formation of uric acid crystals during the pre-

servative period, the figures for the three periods being 18.2, 31.4, and

22.7, respectively.
URATES.

No urates are found in any case during the whole period of obser-

vation.

CRYSTALS OF CALCIUM OXALATE.

In the case of No. 1 there are very few crystals found during the

first part of the preservative period, a few at the second test, a very
few during the last part of ^ie preservative period, a very few at the

first test in the after period, and a few at the close of the period. In

the case of No. 2 there are no crystals found except a very few in the

after period.

a These examinations were made by B. J. Howard, chief of the microchemical

laboratory.

11240 Bull. 84, pt 307 8
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In the case of No. 3 a very few crystals are found in the fore period,
the first test in the preservative period, and both observations of the

after period.

For No. 4 there are a very few crystals found in the latter part of

the preservative period and in the first part of the after period.
In the case of No. 5 there are no crystals observed except a very

few in the after period.
In the case of No. 6 there are no crystals observed except in the first

part of the preservative period.

No. 7 shows a very few crystals at the first and second tests in the

preservative periods.

For No. 8 no crystals are observed except a very few in the after

period.
In the case of No. 9 a very few are found in the last part of the pre-

servative period and also in the after period.

For No. 10 a very few crystals are reported in the fore period, a few
in the first part and a very few in the latter part of the preservative

period, and a very few in the latter part of the after period.
No. 1 1 shows a very few crystals in the fore period and at the second

and third tests in the preservative period and none in the after period.
For No. 12 a very few crystals are reported in the last part of the

preservative period. There is a slight indication of an increase in the

oxalate of lime crystals during the preservative and after periods,
which is about in proportion as expressed by the figures representing
the aggregate relative occurrence, namely, 27.3 for fore period, 45.7

for the preservative period, and 54.5 for the after period.

CRYSTALLINE PHOSPHATES.

No crystalline phosphates are observed in the urine of Nos. 2, 3, 4,

5, 6, 7, 8, 9, and 12.

A very few crystals are found in the case of No. 1 in the first part
of the preservative period.
A few are found in the case of No. 10, and a very few in the case of

No. 11, in the fore period.

AMORPHOUS PHOSPHATES.

No amorphous phosphates are found in any case with the exception
of No. 5 in the after period, and No. 10 in the fore period,' a few being
observed in both cases. Both forms of phosphates are seen to occur

infrequently in the urine
;
a slight tendency is indicated, however, to

suppress these forms during the preservative period, as shown by the

figures for their relative occurrence.
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EPITHELIUM CELLS.

These forms are found in many instances during the whole period
of observation. In the case of No. 1 a few are found in the fore

period, the first part of the preservative period, and the after period,
and very few during the second and third parts of the preservative

period. In the case of No. 2 a few are found in the fore period, and

they are fairly numerous in the other periods. In the case of No. 3

a very few are found in the fore period, a few in the first and second

parts of the preservative period and in the after period, and very few

in the last part of the preservative period. In the case of No. 4 a

very few are found in the fore period, the first part of the preserva-
tive period, and the last part of the after period, and a few at all

other tests. In the. case of No. 5 a few are found in the first and
second parts of the preservative period and in the after period, and a

very few in the third part of the preservative period. In the case of

No. 6 a few are found at all observations. No. 7 shows a very few
in the fore period and a few in the first and second parts of the pre-
servative period. No. 8 exhibits a very few cells in the fore period,
in the last part of the preservative period, and in the after period.
No. 9 shows a few cells in the fore period, the first and second parts
of the preservative period, and a very few at all other observations.

No. 10 shows a very few cells in the fore period, a few during the

whole of the preservative period and in the first part of the after

period, and very few in the latter part of the after period. No. 11

shows a very few cells at all tests, except in the latter part of the after

period when a few are found. No. 12 exhibits a few cells in the fore

period and in the first part of the preservative period, and a very few
at the other observations.

The figures expressing the relative occurrence show a notable

increase during the period in which the preservative was adminis-

tered, and a slight decrease in the after period as compared with the

preservative period.
LEUCOCYTES.

These occur regularly through all the periods of observation. They
are especially evident in the case of No. 12. In the case of No. 1 a

very few are found in all the periods, except at the second test in

the preservative period, when they disappear. In the case of No. 2 a
few are found in the fore period and the second and third parts of

the preservative period, a very few in the first part of the preserva-
tive period and the last part of the after period, and none in the
first part. In the case of No. 3 a very few cells are found in all

the periods, and the same is true of Nos. 4, 8, 10, and 11. In the
case of No. 5 a very few cells are found in the first part of the pre-
servative period, a few in the second and third parts and in the last
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part of the after period, and a very few in the first part of the after

period. In the case of No. 6 a very few cells are found in- the fore

period and the first part of the preservative period, and a few at the

other observations. In the case of No. 7 none is found in the fore

period and a very few in the first and second parts of the preserva-
tive period. In the case of No. 9 a very few cells are found in the

fore period, in the first part of the preservative period, and in the

after period, and a few in the second and third parts of the preserv-
ative period. In the case of No. 12 a very few cells are found in

the fore period and the first part of the preservative period; they are

fairly numerous in the second part of the preservative period and in

the last of the after period, numerous in the third part of the preserv-
ative period, and extremely numerous in the first part of the after

period. Here also is shown by the relative occurrence figures a

tendency to increase these bodies during the preservative period,
which tendency in this case continues during the after period.

RED BLOOD CELLS.

In no instance during any of the periods of observation are any
red blood cells found.

HYALINE CASTS.

Hyaline casts are present during the most of the periods of obser-

vation. No. 1 exhibits a few of these casts in the fore period and the

first part of the after period, and a very few during the other periods
of observation.

In the case of No. 2 there are found a few of these casts in the fore

period, the last part of the preservative period, and the first part of

the after period. A very few are found in the other periods.

In the case of No. 3 are found a few casts in the fore period, none

in the first part of the preservative period, and a very few at the other

observations.

No. 4 shows a very few casts at all observations except the first one

in the preservative period.

In the case of No. 5 are found a very few at the first and third pre-

servative periods, and the first in the after period.

No. 6 exhibits a very few casts in the fore period, in the second part

of the preservative period and in the after period, and a few toward

the last of the preservative period.

No. 7 is only under observation a part of the time and shows a very
few casts 'at the first and second observations of the preservative

period.
The urine of No. 8 is almost free from hyaline casts, only a very

few being discovered during the last of the preservative period and

the first of the after period.
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In the case of No. 9 there seems to be quite an increase in the num-
ber of hyaline casts during the preservative period, none being found

in the fore period and a very few in the after period.
No. 10 shows a few casts in the first part of the preservative period,

very few at the second and third observations in the preservative

period and the first of the after period, and a few toward the end of

the after period.

No. 1 1 shows extremely few casts in all the periods except the first

part of the preservative period, where a few are found.

No. 12 shows a very few casts at all the observations except in the

first part of the after period. The numbers expressing relative occur-

rence are 90.9, 100.0, and 100.0, respectively, for the three periods,
which evidently indicate a slight increase of these casts during the

preservative period.

FINELY GRANULAR CASTS.

In the case of No. 1 these casts are observed only in very small

numbers in the first part of the after period.
In No. 2 a similar amount are observed at the first and last obser-

vations of the preservative period and in the first of the after period.
In the case of No. 3 a very few casts are observed in the fore period,

and in the case of No. 4 the same toward the end of the preservative

period.

No. 5 shows a very few casts at the second observation in the pre-
servative period, and a few at the third observation, and a very few

in the first of the after period.
No casts are found in the case of No. 6, except 'a very few in the last

part of the preservative period.
In the case of No. 7 are found a very few casts in the first part of

the preservative period.
No. 8 has a very few at only one examination, which is at the last

of the preservative period.
In the case of No. 9 there are no casts in the fore period and a very

few at each of the other observations.

No. 10 has no casts except a very few in the first and third parts of

the preservative period and the first part of the after period.
In No. 11 are found a very few casts in the fore period and the first

and third parts of the preservative period, and the same observation

is true of No. 12. The figures expressing the relative occurrence of

these bodies show that there is quite an increase during the preserva-
tive period, the greater part of which occurs in the latter part of the

period.
COARSELY GRANULAR CASTS.

These do not appear in very great quantities in any part of the

observation. A very few are found in the first of the after period of
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Nos. 1 and 2, in the first of the preservative period and last of the
after period of No. 3, in the last of the preservative period and first

of the after period of No. 4. In the case of No. 5 the casts are fairly
numerous in the last of the preservative period, but appear at no
other time. In the case of No. 6 a very few casts are found in the

fore period and none at any other time of the observation. In the

case of No. 7 these casts are found only in very small numbers in the

second part of the preservative period. Nos. 8, 10, and 12 have no

coarsely granular casts at any time of the observations. No. 9 shows
a very few in the second part of the preservative period and the first

part of the after period, and No. 1 1 a very few in the first and second

parts of the preservative period and the first part of the after period.
Here is also shown a tendency to increase the occurrence of these

forms of casts in the urine during the preservative period, and the

increase continues in the after period.

EPITHELIAL AND OTHER FORMS OF CASTS.

No epithelial or other forms of casts were observed in any of the

cases in any of the periods.

MUCOUS CYLINDROIDS.

In the case of No. 1 there are few mucous cylindroids found during
the fore period, the first part of the preservative period, and the last

of the after period; they are fairly numerous during the second part
of the preservative period and the first part of the after period, and
numerous during the last part of the preservative period.

Nos. 2 and 4 present the same record, namely, a very few of these

bodies present during all the periods of observation with the exception
of the first after period, when a few are found.

No. 3 shows a very few during the fore and preservative periods
and an increase to a few during the after period.

In the case of No. 5 a very few are reported during the first and

second part of the preservative period, and a few during the latter part
of the preservative period and the after period.

No. 6 showed the largest quantity of these bodies of any of the

subjects, being numerous in the fore period and the second part of

the preservative period, fairly numerous during the first part and

increasing until extremely numerous at the end of the preservative

period, which condition continues throughout the after period.
In the case of No. 7 there are very few of these bodies reported in

the fore period, they are fairly numerous in the first part of the

preservative period, and a few in the second part. This subject is

not under observation during the remainder of the experiment.
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No. 8 shows very few of these bodies during the fore period and the

after period; they are fairly numerous during the first part of the

preservative period, and there are a few during the latter part.

In the case of No. 9 a very few are recorded during the fore period

and the first part of the after period, and at the other observations

a few are found.

No. 10 shows a very few in the fore period and the second part of

the preservative period. At the other observations a few of these

bodies are observed.

In the case of No. 11 a very few are found in the fore period, a few

in the first and latter part of the preservative period and the latter

part of the after period. In the second part of the preservative period

they are numerous, and are fairly numerous in the first part of the

after period.

No. 12 shows a few of these bodies in all the periods with the excep-
tion of the latter part of the preservative period and the first part of

the after period, when a very few are found.

The figures for the relative occurrence of these bodies are 145.5, 200,

and 209.1 for the three periods respectively, which shows a consider-

able increase of these bodies during the preservative period, which

increase is maintained in the after period.

MUCOUS STRANDS.

Mucous strands were observed in all cases and in all periods. They
occur most abundantly in the cases of No. 1 and No. 6, being fairly

numerous in the fore period of No. 1, numerous in the preservative,

and extremely numerous in the after period.

In the case of No. 2 there were very few in the fore period and the

preservative period and a few in the after period.

No. 3 shows a very few casts in the fore period and the first part of

the preservative period, a few at the second and third observations of

the preservative period, a few in the first part of the after period, and

a very few in the second part of the after period.

No. 4 shows a few casts in the fore period, in the second part of the

preservative period and in the first part of the after period, and a very
few at the other observations.

No. 5 shows very few casts at the first and second observations of

the preservative period, a
s
few in the last part of the preservative

period and in the after period.
In the case of No. 6, the mucous strands occur in the greatest

abundance, being numerous in the fore period and in the first and

second parts of the preservative period and last part of the after

period, and extremely numerous in the last part of the preservative

period and the first of the after period. . .
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No. 7 shows a few casts in the fore period; they are numerous in

the first part of the preservative period, and fairly numerous in the

second part of the preservative period. During the other periods
No. 7 is not under observation.

No. 8 has a few casts in the fore and after periods, and in the second

and third parts of the preservative periods, and they are fairly

numerous in the first part of the preservative period.
No. 9 has a few casts in the fore period, and the second part of the

preservative period and the latter part of the after period; they are

fairly numerous at the first and third observations in the preservative

period.

No. 10 shows a few casts in the fore period and the first part of the

preservative period, very few in the second observation of the preserv-
ative period, fairly numerous at the third observation, and very few

in the after period.
No. 11' exhibits a few casts in the fore period and the first and third

parts of the preservative period; numerous casts are recorded in the

second part of the preservative period, and they are fairly numerous
in the after period.

No. 12 shows a few casts in the fore period and the first and second

parts of the preservative period, and very few in the other periods.

Judging by the figures obtained to express the relative occurrence of

these bodies in the urine, there is a slight tendency to an increase

during the preservative period.
For purposes of comparison an expression is obtained, as explained

in Bulletin 84, Part II, page 575, showing the general summary of the

occurrence of these bodies in the aggregate in the urine for the entire

period of observation. In the fore period the number is 54.5 as

representing the relative occurrence of all the bodies; in the preserv-

ative period 66.7, and in the after period 65.5, showing a tendency
to increase the occurrence of these bodies, which is continued in the

after period.
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TABLE XII. Microscopical examination of the urine, Series VII.

(None, 0; very few, 1; few, 2; fairly numerous, 3; numerous, 4; extremely numerous, 5.)

No.
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TABLE XII. Microscopical examination of the urine, Se?ies VII Continued.

No.
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TABLE XII. Microscopical examination of the urine, Series VII Continued.

No.
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In the after period the numbers of red and white corpuscles and the

percentage of hemoglobin tend to return to the numbers for the fore

period. The color index for this subject during the three periods is

0.98, 0.88, and 1.01, showing a decrease in this index during the pre-

servative period.

In No. 2 there is noticed a decrease in the number of red and white

corpuscles and in the amount of coloring matter during the preserva-
tive period. The decrease in the red corpuscles is more than com-

pensated for in the increase in the after period, and tfee same is true

of the white corpuscles, while the hemoglobin is restored almost to

the initial point The color index, however, shows a sfight decrease

in the preservative period and a more marked decrease in the after

period.

In No. 3 there is a marked decrease in the number of red corpuscles

during the preservative period and a slight increase in the number of

white corpuscles. The intensity of the coloring matter is almost the

same, being slightly diminished. The number of red corpuscles con-

tinues to diminish during the after period, while the white show a

slight increase over the fore period, but are diminished from the pre-

servative period. The color index is increased during the preserva-

tive period.

In No. 4 there is a slight decrease in the number of red corpuscles

and a very striking decrease in the number of white corpuscles during
the preservative period. There is also a decrease in the percentage
of hemoglobin. In the after period the number of red corpuscles is

very largely increased and the number of white corpuscles is almost

the same as in the fore period, and the intensity of the coloring matter

exactly the same as in the fore period. The color index is decreased

during the preservative period and the decrease is more marked dur-

ing the after period.

In the case of No. 5 there is a marked decrease in the number both

of red and white corpuscles during the preservative period and a

slight decrease in the intensity of the coloring matter. There is an

increase in the number of white and red corpuscles in the after period
over the number in the preservative period. The color index again
is decreased in the preservative period and the decrease is more

marked in the after period.

No. 6 shows a decrease in the number of red and white corpuscles

and a slight decrease in the intensity of the coloring matter in the

preservative period. There is an increase in the number of red cor-

puscles in the after period and a very large increase in the number
of white corpuscles, and a marked decrease in the coloring matter.

The color index is very slightly increased during the preservative

period and decreases in the after period.
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In the case of No. 7 the data are fragmentary, but permit of a com-

parison between the fore and preservative periods. There is a de-

crease m the number of red corpuscles in the preservative period and

an increase in the number of white corpuscles, the percentage of color-

ing matter remaining the same. The color index shows an increase in

the pre ervative period and no data are available for the after period.

In the case of No. 8 there is a very marked decrease in the number
of red corpuscles during the preservative period and this decrease is

still further continued in the after period. There is a very large

decrease in the number of white corpuscles in the preservative period
which is only partially restored in the after period. There is a slight

decrease in the preservative period in the percentage of coloring mat-

ter and this is continued in a somewhat more marked way in the after

period. The color index is increased in the preservative period and

the increase is maintained to a greater extent in the after period.

In the case of No. 9 there is an increase in the number of red cor-

puscles and an enormous increase in the number of white corpuscles

during the preservative period. At the same time there is a slight

decrease in the percentage of coloring matter. In the after period
a tendency is manifested to restore the conditions which obtain in

the fore period. The color index is decreased during the preservative

period and rises again in the after period to practically the same fig-

ure as in the fore period.

The data in the case of No. 10 show a marked decrease in the num-
ber of red and white corpuscles during the preservative period and
a slight decrease in the percentage of coloring matter. In the after

period there is a restoration of the numbers of white and red cor-

puscles almost to the initial number in the fore period, but the per-

centage of coloring matter remains the same as in the preservative

period. The color index is increased during the preservative period,

returning to practically the same figure in the after period as in the

fore period.

In the case of No. 11 there is a small decrease in the number of

red corpuscles and a large increase in the number of white corpuscles

during the preservative period. The percentage of coloring matter
remains the same. There is a large increase in the number of red

corpuscles in the after period, but the number of white corpuscles
is smaller. The percentage of coloring matter remains almost the

same in the three periods. The color index is increased during the

preservative period, falling in the after period to a figure below that

of the fore period.
In the case of No. 12 there is a slight decrease in the number of

red corpuscles and an increase in the number of white corpuscles

during the preservative period, the percentage of coloring matter
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remaining the same. There is a large increase in the number of

red corpuscles in the after period and a decrease in the number of

white corpuscles, falling below the number in the fore period. The

percentage of hemoglobin remains the same in all three periods. The
color index is very slightly increased in the preservative period, fall-

ing in the after period to a figure below that of the fore period.

SUMMARIES.

Summaries are given for Nos. 1 to 6, inclusive, who received sodium

sulphite, and for Nos. 8 to 11, who received sulphurous acid in the

free state and practically completed the full period of observation.

The mean number of corpuscles in the blood of Nos. 1 to 6 for the

fore period is very markedly greater than during the preservative

period and slightly greater than during the after period. This sum-

mary shows that the administration of sulphurous acid in the form

of sulphites exerts a marked tendency to decrease the number of

red blood corpuscles. The same tendency is shown in respect of

the number of white ^corpuscles, which are almost a thousand less in

the preservative period than in the fore period and almost 2,000 less

than in the after period. There is a tendency also on the part of

the preservative to diminish the hemoglobin, and the diminution is

maintained during the after period. The color index is very slightly

increased in the preservative period, but is decreased in the after

period below the figure for the fore period.

In the case of the men receiving sulphurous acid in a free state,

there is also shown a marked tendency on the part of the preserva-

tive to diminish the number of red corpuscles in the blood. In this

case the number of white corpuscles is slightly increased. There is

also manifested a very slight tendency to diminish the percentage
of hemoglobin, and this diminution continues in the after period.

The color index shows a slight increase during the preservative period

and a return to the figure of the fore period in the after period.

In respect of the number of white corpuscles mentioned above,

attention is called to one abnormal result in the number of white

corpuscles recorded in the case of No. 9. It is not possible at this

time to trace the cause of this abnormality, but it is of a magnitude
which seems to indicate an error, as the number is twice as great

as would be expected under the circumstances. For this reason it

is found advisable to omit No. 9 and make a new summary for Nos.

8, 10, and 11. This summary indicates a marked tendency on the

part of the preservative to diminish the number of red corpuscles,

which are almost 1,000,000 less in the preservative period than in

the fore period. In the after period this loss is in great part restored,

though not completely. There is also in this case a marked tendency
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to diminish the number of white corpuscles, which are more than a

thousand less than in the fore period. This loss is partially restored

in the after period. The color index is increased during the pre-

servative period, falling in the after period.

The data collected, therefore, are very striking in showing the

tendency of the sulphurous acid to diminish the number of corpus-
cles in the blood, both red and white, and also to diminish slightly

the intensity of the color of the blood. These results of the investi-

gation are worthy of especial consideration.

TABLE XIII. Average, by periods, of corpuscles and hemoglobin in the blood, Series VII.
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TABLE XIII. Average, by periods, of corpuscles and homoglobin in the blood,
Series VII Continued.

SUMMARIES.

Period.
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the preservative period but the number is restored in the after period
and even increased beyond the number in the fore period. There is

a very marked decrease in the number of white corpuscles, and this

decrease continues in the after period. The color index rises in the

preservative period, falling to a smaller figure in the after period than

in the fore period.

In the case of No. 2 there is a slight increase in the hemoglobin,
both in the preservative and in the after period. There is a decrease

in the number of red corpuscles in the blood in the preservative period
and an increase in the after period, though the number is not restored

to that of the fore period. The white corpuscles in this case increase

during the preservative period and still further increase in the after

period. The entire data of No. 2 show that the administration of

sulphurous acid in this case had no marked tendency to diminish

the number of blood corpuscles, having decreased only slightly the

number of red corpuscles and increased to a very marked extent the

number of white corpuscles. Perhaps a better form of expression in

this case is that the administration of the sulphurous acid was attended

with a slight decrease in the number of red corpuscles and a marked
increase in the number of white corpuscles. The color index increases

in the preservative period and remains practically the same in the

after period.

No. 3 shows a decrease in the number of red corpuscles during the

preservative period and a notable increase in the corpuscles in the

after period, the number rising to a higher figure than in the fore

period. There is a slight increase in the number of white corpuscles

during the preservative period and a marked increase during the after

period. The hemoglobin data for No. 3 show an increase in the pre-
servative period, which is maintained in the after period. The color

index increases during the preservative period, falling in the after

period to an amount less than in the fore period.
No. 4 shows a very marked decrease in the number of red corpuscles

during the preservative period and a still further decrease in the

after period. There is also a very marked decrease in the number of

white corpuscles in both periods. Here the data show that the admin-

istration of the sulphurous acid was attended by a marked decrease

of both the red and the white corpuscles.
The data for No. 5 show a very marked decrease in the number of

red corpuscles during the preservative period and a slight recovery,
that is, a slight increase in the number of red corpuscles in the after

period over the preservative period, but not a complete restoration to

the number present in the fore period. There is also a marked
diminution in the number of white corpuscles during the preservative

11240 Bull. 84, pt 307 9
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period, but this loss is entirely recovered and a slight increase noted in

the number of white corpuscles in the after period over the fore period.
The data for No. 6 are not so valuable for comparison because only

one observation was made of the number of corpuscles in the fore

period, the original No. 6, who was under observation for four days,

having been unavoidably removed from the table and a new man
substituted, for whom the count was made only once before the

administration of the preservative. In this case there is an increase

in the number of red corpuscles during the preservative period over

the one count of the fore period, and a diminution in the number of

white corpuscles. On account of the incompleteness of the data of

No. 6 they are not used in the general summary.

SUMMARIES.

Nos. 1 to 3, inclusive, of the members of the squad received the

sulphurous acid in the form of sodium sulphite, and Nos. 4 to 6,

inclusive, in the form of free sulphurous acid. No. 6 is excluded

from the summary, as the data are incomplete.
In the case of those who received sodium sulphite there was a

marked decrease in the number both of the red and the white corpus-
cles during the period of observation. The data for Nos. 4 and 5, who

completed the course with free sulphurous acid, show also a marked
diminution in both the number of red and white corpuscles. The

average percentage of decrease of the red corpuscles in the case of

Nos. 1 to 3, inclusive, is 2.5, and of the white corpuscles, 3.1. In the

case of free sulphurous acid the average percentage decrease of Nos.

4 and 5 in red corpuscles is 3.6 and in white corpuscles 14.6.

Figure 3 sets forth graphically, both for the individuals and for the

summaries, the extent of the diminution of the red and white blood

cells. Unmistakably the data for the special study bear out those

obtained in Series VII, and seem to establish the fact that the admin-

istration of sulphurous acid both in the free state and in the form of

sulphites tends to diminish the number of the red and white cor-

puscles in the blood.
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METABOLIC PROCESSES.

The effect of the preservative upon the metabolic processes is

shown in the balance sheets made for the principal food elements,

namely, nitrogen, phosphoric acid, sulphur, fat, calories, and total

solids. The data include the amounts of food ingested, by periods and

subperiods; the absolute quantities and percentage amounts of the

respective elements excreted in the feces and the urine, and the

balance, together with a statement as to the amounts of preservative
administered.

NITROGEN BALANCE.

INDIVIDUAL DATA.

The average daily quantity of nitrogen consumed by No. 1 is 17.58

grams in the fore period, 16.97 grams in the preservative period, and

16.95 grams in the after period. Of this quantity, there appear in the

feces 1.26 grams, 1.14 grams, and 0.73 gram, respectively, for the

three periods; and in the urine 16.06 grams, 14.89 grams, and 15.37

grams, respectively. The total quantity of nitrogen recovered in the

feces and urine is 17.32 grams, 16.03 grams, and 16.10 grams, daily,

respectively, for the three periods. Calculated to percentage, it is

seen that of the total nitrogen in the food 7.19 per cent appears in the

feces in the fore period, 6.74 per cent in the preservative period, and

4.34 per cent in the after period; and in the urine, 91.38 per cent in

the fore period, 87.74 per cent in the preservative period, and in the

after period, 90.64 per cent. The nitrogen balance for all three

periods is positive and amounts to 0.26 gram in the fore period, 0.94

gram in the preservative period, and 0.85 gram in the after period. In

this case it is noticed that there is a smaller quantity of nitrogen
recovered in the excreta during the preservative period and therefore

a greater nitrogen balance. By reason of the abnormally low amount
of nitrogen recovered in the feces in the after period the balance for

that period is only slightly less than for the preservative period.

In the case of No. 2 the data for the preservative period is not

complete, including only the first, second, and third subperiods.

There is little variation in the amount of nitrogen ingested in this case,

it being slightly greater, however, in the preservative period. The

quantity recovered in the feces is almost exactly the same in the fore

and after periods and is slightly greater in the preservative period.

The quantity recovered in the urine is practically the same in the

preservative and after periods, being somewhat less than in the fore

period. Of the total amount of nitrogen recovered in the feces and

urine it is seen that a less quantity is recovered in the preservative

period than in the fore period and a slightly less quantity in the after

period than in the preservative period. The nitrogen balance is
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negative in the fore period, but by an extremely small amount,

namely, 0.02 gram. The balance in the preservative period is posi-

tive and quite large, namely, 1.16 grams. In the after period the

balance is also positive and amounts to 1.03 grams. The data show

a decreased excretion of nitrogen during the preservative period,

which is due to the decrease in metabolized nitrogen, and this inhibi-

tion is continued, though not to the same extent, in the after period.

With No. 3 the average daily quantity of nitrogen ingested is some-

what greater in the preservative period and notably greater in the

after period than in the fore period. This, however, is riot sufficient

to account for the increase in the excretion of the nitrogen, both in the

feces and in the urine, during the preservative period. There is a

large positive nitrogen balance in the fore period, which is diminished

almost one-half in the preservative period and is doubled in the after

period, where the balance appears to be abnormally high. These

data indicate an increased excretion of nitrogen during the preserva-
tive period in a larger quantity than would be due to the increase in

the amount of nitrogen ingested. This is especially true of the

unmetabolized nitrogen.
The amount of nitrogen consumed by No. 4 is slightly larger in the

preservative period and after periods than in the fore period. The

quantity excreted in the feces is increased, both in the preservative
and after periods, over the fore period. The quantity excreted in the

urine is markedly diminished in the preservative period. The total

quantity excreted in the feces and urine is very considerably dimin-

ished in the preservative period and is almost the same in the fore

and after periods. The nitrogen balance in the fore and after periods
is large and negative; in the preservative period it is small and nega-
tive. In this case there is a marked decrease in elimination of nitro-

gen during the preservative period, though the quantity of nonmetab-
olized nitrogen excreted is increased.

The data for No. 5 are incomplete, for reasons already stated. No
comparison can be made between the fore period and the after period,
and the figures for the balance have no signification for comparative

purposes. The tendency shown in three of the preceding cases to

increase the excretion of non-metabolized nitrogen is again shown.

The quantity of nitrogen consumed by No. 6 is slightly less in the

preservative period than in the fore period and is slightly greater in

the after period than in th*e preservative period. The quantity of

nitrogen found in the feces is very materially increased in the pre-
servative period, although the amount of nitrogen in the food is

diminished. In the after period the quantity in the feces is almost
the same as in the fore period. The quantity of nitrogen in the urine

is also very considerably increased in the preservative period, being
1.67 grams per day greater than in the fore period. This increase is
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even more marked in the after period. The total quantity of nitro-

gen excreted during the preservative period is very considerably
increased over the fore period and is exactly the same as that excreted

during the after period. The nitrogen balance in the fore period is

abnormally large and positive. It is still large and positive in the

preservative period, though only about one-half the magnitude of the

fore period. Lrthe after period it is somewhat larger than in the pre-
servative period.

The data in the case of No. 7 for the nitrogen balance are incom-

plete, on account of the absence of any data for the after period, and

for the further reason that only three subperiods of the preservative

period are considered. These data therefore are of little or no value

for comparative purposes.
The quantity of nitrogen in the food in the case of No. 8 is quite

uniform in all the periods. The quantity excreted in the feces is

almost the same for the fore and preservative periods and slightly

less for the after period. The quantity of nitrogen excreted in the

urine is slightly greater in the preservative period and is^ncreased

agarin in about a like proportion in the after period. The quantity
in the feces and urine together is increased to a slight extent in the

preservative period and also in the after period. The balance in the

fore period is positive and amounts to 1.06 grams daily. It is also

positive in the preservative period and amounts to 0.88 gram. In

the after period the balance is again somewhat diminished and is 0.71

gram.
The quantity of nitrogen excreted in the feces of No. 9 in the fore

period is very low and the positive balance, therefore, is exceptionally

high. There is a notable increase in the nitrogen excreted during the

preservative period, being over 1 gram per day more than in the fore

period, and in the after period there is still an increase. The balance

in the preservative period is positive and more nearly normal than in

the fore period. There is a further diminution in the magnitude of

the balance in the after period. The decrease in the positive balance

in the preservative period appears to be due to a considerable increase

in nitrogen katabolism, and in the after period the decrease in the

balance is even more marked. This indication is further borne out

by the percentage figures for the preservative period, while in the

after period the greater elimination is in the feces.

The balances in the case oi No. 10 are all unusually large, amount-

ing to 2.55 grams daily in the fore period, 3.08 grams daily in the pre-

servative period, and 2.17 grams daily in the after period. A larger

quantity of nitrogen is excreted in the preservative period in the feces

than in the fore period, but the opposite is true of the nitrogen in the

urine, which is very largely decreased in the preservative period. The

data in this case indicate a tendency on the part of the preservative
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to inhibit the excretion of total nitrogen, but there is again an in-

crease in the quantity of nonmetabolized nitrogen excreted.

The quantity of nitrogen consumed by No. 11 is exceptionally

large, amounting to more than 20 grams per day. The quantity
excreted in the feces is slightly greater in the preservative period than

in the fore period, while in the after period it is less than in the fore

period. There is a diminution, however, in the amount of nitrogen

excreted in the urine, while its loss is partially restored in the after

period. The total quantity of nitrogen excreted in the feces and urine

is markedly less in the preservative period. The balances are large in

all the periods and especially so in the preservative and after periods.

The quantity of nitrogen consumed by No. 12 is slightly greater

in the preservative period and considerably less in the after period
than in the fore period. The amount excreted in the feces is decid-

edly less in the after period than in either of the other periods. The

quantity of nitrogen excreted in the urine is somewhat greater in

the preservative period than in the fore period and a greater quantity
is excreted in the feces and urine together than in the fore or after

periods. The nitrogen balance is positive in all cases, slightly less

in the preservative period and markedly less in the after period than

in the fore period.

SUMMARIES.

The summaries for the nitrogen balances, as for all of the principal
food elements, are submitted for Nos. 1 to 6, who received sodium.sul-

phite and are complete with the exception of the fourth preservative

subperiod. For Nos. 8 to 11, receiving sulphurous acid, the data

are complete for the entire observation. These two summaries are

discussed and compared, while the smaller summaries for Nos. 1 and

4, 5 and 6, and 7 and 12, and the partial summary for Nos. 7 to 12

are submitted without comment.
In the summary for Nos. 1 to 6 the average daily amount of nitro-

gen consumed is 17.77 grams in the fore period, 17.42 grams in the

preservative period, and 16.71 grams in the after period. The aver-

age daily quantity of nitrogen excreted in the feces is 1.33 grams for

the fore period, 1.49 grams for the preservative period, and 1.25

grams for the after period. The average daily quantity of nitrogen
excreted in the urine is 15.12 grams in the fore period, 15.19 grams
in the preservative period, and 14.74 grams in the after period. The
total quantity of nitrogen excreted in the feces and urine is 16.45

grams in the fore period, 16.67 grams in the preservative period,
and 15.99 grams in the after period. These data show a slight

increase in the quantity of nitrogen excreted in the preservative

period, although the amount in the food is slightly less. In the

after period there is a decrease in the quantity of nitrogen in the food
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and practically the same decrease in the amount excreted. The
balance is positive in all cases and has a magnitude of 1.32 grams
in the fore period, 0.75 gram in the preservative period, and 0.72

gram in the after period

Considering the percentage data it is seen that in the fore period
7.50 per cent of nitrogen appear in the feces and 85.10 per cent in

the urine, while in the preservative period 8.54 per cent appear in

the feces and 87.17 per cent in the urine, an increase of 1.04 per cent

of nonmetabolized nitrogen excreted and 2.07 per cent of metabolized

nitrogen. In other words, there is a total increased excretion of

nitrogen of 3.11 per cent, notwithstanding a daily decrease of nitro-

gen ingested amounting to 0.35 gram. In the after period there is

a marked decrease both in the absolute quantity and percentage
amount of nonmetabolized nitrogen excreted and a decrease in the

quantity of metabolized nitrogen, though the percentage amount is

again increased, amounting to 88.17 per cent, the reason for this

being that the average daily quantity of nitrogen consumed in the

after period is 0.71 gram less than in the preservative period. The
total quantity of nitrogen excreted is somewhat less in the after

period, though the percentage excretion is practically the same as in

the preservative period, reducing the balances in the preservative
and after periods to 0.75 and 0.72 gram, respectively, or about one-

half the balance of the fore period.

These data seem to show a marked change in nitrogen metabolism

from the conditions of the fore period and indicate a tendency on the

part of the preservative to diminish the assimilation of the proteid
constituents of the food; the data for weight and water content of

the feces also bear out this point, these figures increasing during the

preservative period. After the withdrawal of the preservative more

nitrogen is absorbed and metabolism is evidently more active.

Nos. 8 to 11 furnish summarized data for the entire period of

observation. The quantity of nitrogen in the food consumed by
these subjects is almost constant, being slightly less in the preserv-
ative period and in the after period than in the fore period. The

quantity excreted in the feces is 1.42 grams for the fore period, 1.53

grams for the preservative period, and 1.62 grams for the after

period, and in the urine 14.27 grams in the fore period, 13.81 grams
in the preservative period, and 14.24 grams in the after period.
The total quantity of nitrogen excreted in the feces and urine is

15.69 grams in the fore period, 15.35 grams in the preservative

period, and 15.86 grams in the after period. The balance is positive
and has a magnitude of 2.02 grams in the fore period, 2.11 grams in

the preservative period, and 1.69 grams in the after period. There

do not appear to be any notable effects produced upon the nitrogen
balance in this case by the administration of the preservative, though
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the balance is slightly increased in the preservative period, notwith-

standing the increase in the percentage elimination of nonmetabo-

lized nitrogen.

It is now possible to compare the summary for Nos. 1 to 6, inclu-

sive, who received sodium sulphite, and that for Nos. 8, 9, 10, and

11, who took free sulphurous acid. In respect of the influence of

the preservative upon the excretion of nitrogen in the feces, it is seen

that there is an increase of 0.16 gram daily in the amount excreted

in the preservative period in the case of Nos. 1 to 6. In the after

period, on the contrary, the amount excreted is 0.08 gram less than

in the fore period. This increase in the amount of nitrogen excreted

in the feces is the more pronounced in the preservative period when
it is noticed that the quantity of nitrogen in the food is greater *by
0.35 gram during the fore period than during the preservative period.

When we compare these data with the summary for Nos. 8, 9, 10, and

1 1
,
we see a similar increase in the preservative period of the nitrogen

excreted in the feces, this increase amounting to 0.11 gram daily.

Unlike the summary for Nos. 1 to 6, however, there, is no diminution

of this amount in the after period. On the contrary, the increase is

greater, amounting to 0.20 gram per day. As is the case with the

summary for Nos. 1 to 6, this increase in the amount of nitrogen
excreted in the preservative period is attended with a decrease of

nitrogen in the food of 0.25 gram per day. It is therefore even more

significant than appears from its actual magnitude.
If the excretion of nitrogen in the urine be taken into consider-

ation, it is noticed that there is a slight increase in the preservative

period over the fore period for Nos. 1 to 6, amounting to 0.07 gram
per day, while there is a marked decrease in the after period, amount-

ing to 0.38 gram per day.
The same data in the summary for Nos. 8, 9, 10, and 11 show a

decrease in the amount of nitrogen excreted in the urine, amounting
to 0.46 gram per day in the preservative period, whereas in the after

period the amount excreted is restored almost to the original figure.

The agreement between the two summaries is found only in the case

of the feces. The conclusion, therefore, to be drawn is this: That

sulphurous acid, both in the form of sulphites and in the uncombined

state, tends to increase the excretion of the nitrogen in the feces.

The preservative in the form of sulphites has but little effect upon
the excretion of the nitrogem in the urine, though the tendency here

is also to increase the amount. On the contrary, when sulphurous
acid is administered there is a decrease in the amount of nitrogen
excreted in the urine, which is greater than could be accounted for

by the decrease of nitrogen in the food.

The general results of the study of the nitrogen balance lead to the

conclusion that there is a measurable disturbance of the process of
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metabolism of nitrogen, especially that part appearing in the feces

which is credited as nonmetabolized nitrogen. The preservative,

both in the form of sulphites and in a free state, gives concordant

results in this respect. There is little effect upon the metabolized

nitrogen in the urine, though the sulphites appear to slightly increase

the amount metabolized and the sulphurous acid to slightly diminish it.

TABLE XV. Nitrogen balances for Series VII.

[Averages are per day.]

No. 1.

Period.



SULPHUROUS ACID AND SULPHITES. 897

TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.]

No. 2.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.]

Period.



SULPHUROUS ACID AND SULPHITES.

TABLE XV. Nitrogen balances for Series FZT Continued.

[Averages are per day.]

899

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.]

No. 5.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.]

No. 6.

Period.
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TABLE XV. Nitrogen balances for Series F// Continued.

[Averages are per day.]

N"o. "7.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.]

USTo. 8.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued,

[Averages are per day-]

USTo. 9.

Period.



SULPHUROUS ACID AND SULPHITES. 905

TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.]

IN"o. 1O.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.]

No. 11.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per day.] 9

No. 12.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

USTos. 1 to 6.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per man per day.]

NOB. 8 to 11.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per man per day.]

IN~os. I and. <t.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per man per day.]

!N~os. 5 and. 6.

Period.
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TABLE XV. Nitrogen balances for Series VII Continued.

[Averages are per man per day.]

CTos. 7 and. 13.
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PHOSPHORIC ACID BALANCE.

INDIVIDUAL DATA.

The quantity of phosphoric acid consumed by No. 1 is slightly less

in the preservative period than in the fore period, and the quantity
in the after period is also smaller than in the fore period but larger

than in the preservative period. The quantity excreted in the feces

is markedly less in the preservative period, but the decrease is no

greater than could be accounted for by the decrease in the amount in

the food. This deficit also persists in the after period and to even a

greater extent. The quantity excreted in the urine is also diminished

to a greater extent than it should have been considering the amounts

in the food, but is increased slightly in the after period. Expressed in

percentages, it is seen that while 32.84 per cent of the phosphoric
acid in the food is excreted in the feces in the fore period, only 29.72

per cent is excreted in the preservative period and 24.67 per cent in

the after period. A like decrease in percentages occurs in the amount
excreted in the urine, but not to such an extent. Expressed as total

excretion, it is seen that 97.22 per cent of the phosphoric acid in the

food is excreted in the fore period, 91.00 per cent in the preservative

period, and 83.98 per cent in the after period. The balances there-

fore increase in proportion as the percentage of the ingested phos-

phoric acid excreted diminishes. In the fore period the balance is

positive, being 0.114 gram, rising to 0.341 gram in the preservative

period and 0.637 gram in the after period. There is an apparent tend-

ency indicated here to diminish the quantity of phosphoric acid

excreted, both in a metabolized and nonmetabolized form. In this

connection, however, it should not be forgotten that during the first

subperiod there was an abnormal excretion of phosphoric acid, the

elimination of which would not make the difference so great.

In the case of No. 2 the data for the preservative period are not

complete, but indicate an increase in the total quantity of phosphoric
acid excreted, due to an increase in the feces. In this case, however,
there is another abnormal period, namely, the second preservative

subperiod, in which a very large excess of phosphoric acid is excreted.

In all cases the balances are positive, amounting to 0.140 gram in the

fore period, 0.076 gram in the preservative period, and 0.457 gram
in the after period.
The case of No. 3 shows #n extreme condition of disturbance of the

balance during the preservative period. There is a very low excre-

tion of phosphoric acid both in the fore period and the after period, the

balance in the fore period being 0.727 daily and in the after period
0.997 gram. During the preservative period there was a uniform

abnormally high excretion of phosphoric acid in the feces, so that the

balance became a negative quantity, amounting to 0.224 gram.
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The data of the balance sheet show a marked effect on the metabolism
of phosphorus during the progress of the experiment. In the after

period there is a tendency to return to normal conditions, although
the decrease in the phosphorus eliminated in the urine continues.

For No. 4 the quantities of phosphoric acid ingested during the

different periods remain fairly constant, being almost identical in the

fore and preservative periods and slightly increased during the after

period. The quantities excreted in the feces are also almost the same,

being slightly less in the after period, when the amount in the food is

greater, which causes a considerable difference in the percentage of

elimination. The quantities of phosphoric acid excreted in the urine

are increased slightly, both in the preservative and after periods.

The total quantities excreted in the feces and urine gradually
increase with the three periods, rising from 4.108 grams daily in the

fore period to 4.356 grams daily in the after period. The percentages
of elimination remain fairly constant. The balance for the fore

period is 0.257 gram, for the preservative period 0.104 gram, and for

the after period 0.171 gram. The tendency is shown here in the pre-

servative period to increase the elimination of phosphoric acid, due

to an increased excretion in the urine, and thus to diminish the

magnitude of the positive balance.-

The data for No. 5 are rendered incomplete by reason of the short-

ness of the fore period, which extends over only one subperiod, and

there is also a considerable variation in the quantity of phosphoric
acid exhibited in the food. These two facts somewhat decrease the

value of the comparative study of the data of the balance sheet. In

spite of the fact that the phosphoric acid ingested in the preservative

period was very materially less than in the fore period, the nonme-
tabolized phosphoric acid excreted was markedly greater in the pre-

servative period. This fact, taken into consideration with the slight

change in the elimination in the urine, indicates a tendency on the

part of the preservative to decrease the absorption of phosphorus.
In the case of No. 6 the amount of phosphoric acid in the food

remains almost constant for the three periods. The excretion of phos-

phoric acid in the feces is considerably increased during the preserva-
tive period, rising from 1.180 grams daily to 1.400 grams daily. In the

after period a tendency is shown to return to the conditions of the

fore period in so far as the excretion of phosphoric acid in the feces is

concerned. The quantity of phosphoric acid excreted in the urine is

diminished during the preservative period, falling from 2.438 grams

daily to 2.282 grams. The quantity rises again in the after period,

being almost the same quantity as in the fore period. The sum of the

quantities excreted in the feces and urine is almost the same for the

three periods. The balance is positive and its magnitude in the fore

period is 0.583, in the preservative period 0.495, and in the after

period 0.689 gram.
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The data for No. 6 show a somewhat increased elimination of phos-

phoric acid. This was due entirely to the increased amount in the

feces, for the amount eliminated in the urine was considerably less in

the preservative period than in the fore period. The influence of the

preservative appears, therefore, to have been to decrease the absorp-
tion of phosphoric acid. In the after period there is a tendency shown

to return to the conditions of the fore period.

The data for No. 7 are complete only for the fore and preservative

periods. The quantity of phosphoric acid excreted in the fore period
is considerably larger than in the preservative period. There appears
to be a tendency in this case to diminish not only the quantity, but the

percentage of phosphoric acid excreted and thus to increase the posi-

tive balance. It should be noted in this connection that a smaller

amount was ingested in the preservative period.

The data for No. 8 are complete for the three periods. The quan-

tity of phosphoric acid exhibited in the food is fairly constant. There

is an increased excre'tion of phosphoric acid in the feces during the

preservative period and a marked decrease in the after period. The

quantity of phosphoric acid appearing in the urine for the three

periods is almost identical.

Notwithstanding the fact that the total amount of phosphoric acid

excreted was increased during the preservative period, the amount
excreted in the urine was considerably decreased. The amount
excreted in the feces was largely increased. These conditions point
to a marked tendency on the part of the preservative to decrease the

absorption of the phosphorus. In the after period there is a marked

tendency to return to the conditions of the fore period. The balance

in the fore period is 0.124, in the preservative period 0, and in the after

period 0.432.

The quantity of phosphoric acid ingested in the food of No. 9 is

almost the same in all three of the periods. There is a slight increase

in the excretion of phosphoric acid in the feces during the preserva-
tive period, and this is still more marked in the after period. There

is also a marked increase in the excretion of phosphoric acid in the

urine in the preservative period, and this increase is maintained,

though not quite to the same degree in the after period. There is a

notable increase in the total amount of phosphoric acid excreted dur-

ing the preservative period, and a further increase during the after

period. The balance during the fore period is 0.683, during the pre-
servative period 0.305 gram, and during the after period 0.055 gram.
The effect of the preservative in this case appears very strongly
marked in increasing the metabolism of phosphorus, and this increased

activity is manifested in the highest degree during the fore part of the

after period. In marked contrast to the greater part of the data

11240 Bull. 84, pt 307 11



916 INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

already discussed is the increase in the excretion of metabolized phos-

phorus in the preservative period.

The quantity of phosphoric acid ingested in the food of No. 1-0 is

almost the same for all periods. The quantity of phosphoric acid

excreted in the feces is notably increased in the preservative period
and still more so in the after period. The quantity occurring in the

urine is diminished in the preservative period and restored, but not

quite to the original quantity, in the after period. The total quantity
of phosphoric acid excreted is slightly diminished in the preservative

period and considerably increased in the after period. The balance

is positive and quite large, amounting to 0.817 gram in the fore

period, 0.845 gram in the preservative period, and 0.548 gram in the

after period. The influence of the preservative appears to have been

to decrease decidedly the absorption of the phosphorus. The phos-

phoric acid eliminated in the urine was greatly decreased in the pre-

servative period over the amount eliminated in the fore period, while

the reverse is true of the phosphoric acid eliminated in the feces. In

the after period there is a tendency to return to the conditions of the

fore period with respect to the urine, but the amount excreted in the

feces was still further increased.

The quantity of phosphoric acid exhibited in the food in the case

of No. 11 is almost the same in the three periods. There is a notable

increase in the amount excreted in the feces during the preservative

period and a decrease in the after period to an amount less than in

the fore period. In respect of the urine, there is a marked decrease

in the quantity excreted during the preservative period and a slight

gain over this quantity in the after period. In regard to the total

phosphoric acid excreted, it is seen that it is slightly less in the pre-

servative period than in the fore period, and is still further dimin-

ished in the after period. The balance is very large in all cases,

amounting to 0.737 gram in the fore period, 0.887 gram in the pre-

servative period, and 1.272 grams in the after period.

No. 12 received about the same quantity of phosphoric acid in

all three periods. There is a slight increase in the amount excreted

in the feces in the preservative period and a very marked decrease

in the amount excreted in the after period. In the urine there is also

an increase in quantity in phosphoric acid excreted, and the amount
excreted in the after period is almost the same as that in the pre-

servative period. The balance in this case is positive and amounts

to 0.184 gram in the fore period, 0.116 gram in the preservative

period, and 0.144 gram in the after period. These data show a slight

tendency on the part of the preservative to increase the metabolism

of phosphoric acid.
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SUMMARIES.

The summary for Nos. 1 to 6 covers the entire experiment, with the

exception of the fourth subperiod of the preservative period. This

summary shows that the average quantity of phosphoric acid given
is almost identical in each period, amounting to 4.478 grams in the fore

period, 4.386 grams in the preservative period, and 4.394 grams in

the after period. The quantity of phosphoric acid excreted in the

feces is notably increased during the preservative period, rising from

1.340 grams in the fore period to 1.594 grams in the preservative

period, and decreasing in the after period to an amount slightly less

than that in the fore period, namely, 1.314 grams. In the urine

there is a slight decrease in the amount of phosphoric acid excreted,

falling from 2.688 grams daily in the fore period to 2.580 grams daily
in the preservative period, and 2.531 grams daily in the after period.

Taking the total excretion of phosphorus in the feces and the urine, we
find that the daily average quantity in the fore period is 4.029 grams,
in the preservative period 4.174 grams, and in the after period 3.845

grams. These data show a slight increase in phosphoric acid elimi-

nated in the feces, a slight decrease in the urine, and a slight increase

in the total elimination. The balance in the fore period is 0.449

gram, in the preservative period 0.212 gram, and in the after period
0.549 gram.
These figures show quite a distinct effect of the preservative to

increase the excretion of phosphoric acid, while the data for the feces

and urine indicate that this effect is produced by reason of the greater
excretion of nonmetabolized phosphoric acid.

The summaries for Nos. 8, 9, 10, and 11 are complete for all the

periods. The quantity of phosphoric acid in the food is almost con-

stant during the three periods. The quantity of phosphoric acid

excreted in the feces is notably greater, both in the preservative and
in the after period, than in the fore period. The quantity excreted

in the urine is slightly less both in the preservative period and in

the after period. The total quantity excreted is notably greater both
in the preservative and after periods. The balance for the fore

period is 0.591 gram, for the preservative period 0.435 gram, and
for the after period 0.549 gram. The general effect of the preserva-

tive, therefore, is to increase the excretion of total phosphoric acid,

notwithstanding the decrease in metabolized phosphorus eliminated,
and thus to diminish the positive balance.

In the summaries for Nos. 1 to 6 it is seen that the phosphoric
in the feces is markedly increased during the preservative period,

>eing 36.34 per cent of the amount ingested in the food as com-
>ared with 29.93 per cent, which is the percentage amount elimin-

ated in the feces in the fore period.
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* The average percentage amount of phosphoric acid eliminated in

the urine for these men in the preservative period is 58.82 per cent,
which is only 1.21 per cent less than in the fore period.

This same general condition is seen in the cases of Nos. 8, 9, 10,

and 11, but not to such a marked extent. There is an increase of

4.32 per cent of phosphoric acid in the feces in the preservative

period over the fore period as compared with 6.41 per cent for Nos.

1 to 6. In the urine there is a decrease in the preservative period
for Nos. 8, 9, 10, and 11 of only 0.81 per cent from the fore period.

In the after period the data do not agree quite so well, though
the same tendency is manifested in each case. In the cases of Nos.

1 to 6 the percentage amount eliminated in the feces is the same
as in the fore period, with a less amount eliminated in the urine

than in the preservative or fore periods. For Nos. 8, 9, 10, and 11

the excretion of phosphoric acid in the feces in the after period is

less by 0.47 per cent than in the preservative period, but exceeds

the amount in the fore period by 3.85 per cent. In the urine in

the after period there is less phosphoric acid excreted than in the

fore period and preservative period by 2.65 per cent and 1.84 per

cent, respectively.

Considering that the data in the fore period represent the normal

excretion of phosphoric acid, it is seen in each case that under the

influence of the preservative a large amount of phosphoric acid is

not absorbed, but is excreted in the feces, and therefore does not

take any part in the metabolic processes. This is much more marked
in the case of the subjects (Nos. 1 to 6) who received the preserva-
tive in the form of sulphites than in those subjects (8 to 11) who
received it in the form of sulphurous acid. This difference is no

more than would be expected when the larger amount of SO2 ,

which was administered as sulphites, is compared with the amount
of SO2 administered as sulphurous acid; that it occurs in both cases,

and to a less degree with the smaller amount administered, seems to

be conclusive evidence as to the effect produced by the preservative.

There is only a slight diminution in the amount of phosphoric acid

excreted in the urine, while the total amount excreted in the preserv-

ative period is larger than in the fore period, though the amount of

phosphoric acid in the food is less in each case.

In the after period this condition appears to have gradually
returned to normal in the cases of Nos. 1 to 6, showing at the same

time a retention" of phosphoric acid in the body. Nos. 8 to 11, on

the other hand, show the same tendency, but appear not to have

reached their normal condition at the conclusion of the experiment.
It is therefore evident, and the conclusion can safely be drawn,

that the administration of the preservative, both in the form of sul-

phites and as sulphurous acid, inhibits the absorption of phosphoric
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acid from the digestive tract; and under these conditions the kata-

bolic action with respect to the phosphoric acid is seemingly but

slightly retarded.

TABLE XVI. Phosphoric-acid balances for Series VII.

[Averages are per day.]

No. 1.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

N"o. 3.

Period.
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TABLE XVI. Phosphoric-acAd balances for Series VII Continued.

[Averages are per day.]

:NO. 3.

Periqd.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

No. 4.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

:sro. 5.

Period.
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TABLE XVI . Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

No. 6.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

IN"o. 7.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

N"o. 9.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

:sro. 10.

927

Period.
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TABLE XVI. Phosphoric-acid balances for. Series VII Continued.

[Averages are per day.]

:N~O. 11.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per day.]

:N\>. is.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

N"os. 1 to 6.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per man per day.]

USTos. 8 to 11.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per man per day.]

. 1 and. 4.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per man per day.]

. 5 and. 6.

Period.
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TABLE XVI. Phosphoric-acid balances for Series VII Continued.

[Averages are per man per day.]

USTos. 7 and. 13.
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SULPHUR BALANCE.

A study of the metabolism of sulphur in this series is of special

interest because it treats not only of the organic and inorganic sul-

phur ingested in the foods, but also of sulphur in the form of sulphur-
ous acid and sulphites administered as the preservative. The changes

through which the sulphurous acid passes, and the final.form in which

the added sulphur is excreted are of importance. Assuming that the

sulphur added to the foods in the form of sulphurous acid and sul-

phites would all appear in the feces and urine, we expect to find a

strongly negative balance during the preservative period.

The sulphur balances are calculated in two ways. A balance is

made first, taking into consideration the sulphur in the food only, and

the second balance considers in addition the sulphur administered in

the form of sulphurous acid or sulphites. It is evident that the first

balance would be largely negative, its increase over the normal bal-

ance, assuming the metabolic functions to continue normal, being the

amount of sulphur ingested as the preservative. In the balance

which takes into consideration the sulphur of the preservative, the

presence of a minus balance indicates a tendency on the part of the

preservative to increase the elimination of sulphur.

INDIVIDUAL DATA.

The quantity of sulphur in the food administered to No. 1 in the fore

period is 1.303 grams daily, and it is almost exactly the same in the

after period. During the preservative period the average amount is

about 0.08 gram per day less. In the feces the quantity of sulphur
excreted in the fore period is 0. 135 gram, in the preservative period 0.115

gram, and in the after period 0.078 gram. It is evident from these

data that none of the sulphur added to the food as sulphurous acid

appears in the feces. On the contrary, there is a tendency to diminish

the sulphur in the feces, and this tendency is very marked in the after

period. The quantity of sulphur appearing in. the urine in the fore

period is 1.133 grams, in the preservative period 1.433 grams, and in

the after period 1.169 grams. In this case it is evident that the large
increase in the excretion of sulphur in the urine in the preservative

period and the small increase during the after period are due solely
to the sulphur added in the form of sulphites. The activity of the

kidneys in excreting the products of the added sulphurous acid and

sulphites is shown in a marked degree in the percentage of sulphur
excreted in the urine, which is 86.90 in the fore period, 117.26 in the

preservative period, and 89.41 in the after period. The balance in

the fore period is positive and its magnitude is 0.035 gram. In the

preservative period the first balance, considering the food sulphur only,
is negative, and its magnitude is 0.326 gram; the second balance,
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including the sulphur as preservative, is 0.044 gram, and in the

after period the balance is again positive, with a magnitude of 0.061

gram.
No. 2 shows similar conditions. The sulphur in the food remains

almost constant during the three periods. Likewise the amount
excreted in the feces is practically constant in the three periods. The
excretion in the urine is very largely increased in the preservative

period and diminished very slightly from the fore period in the after

period. Practically the whole of the added sulphur appears in the

urine. The balance in the fore period is positive and its magnitude
is 0.014 gram; in the preservative period the first balance is negative
and its magnitude is 0.206 gram; the second balance is positive,

amounting to 0.043. In the after period the balance is again positive
and its magnitude is 0.09 gram. Unlike the case of No. 1, there

appears to be a retention of sulphur in the preservative period.

In the case of No. 3 the quantity of sulphur administered in the

food is quite constant, being slightly greater in the after period. The
amount excreted in the feces is almost the same for the fore and after

periods, but is considerably increased in the preservative period,

showing in this instance an excretion in the feces of a part of the

sulphur added as sulphites, or a less complete absorption of the sul-

phur of the foods. A great increase of the excretion of sulphur in

the urine is found in the preservative period. The balance in the

fore period is positive and its magnitude is 0.109 gram; in the pre-

servative period the first balance is negative and its magnitude is

0.243 gram; the second balance is positive, amounting to 0.006. It is

again positive in the after period and its magnitude is 0.166 gram.
There appears to be no marked effect produced on the sulphur metabo-

lism in this case.

In the case of No. 4 the amount of sulphur in the food is practically

the same for the fore and preservative periods and slightly increased

in the after period. The amount of sulphur eliminated in the feces

is almost the same for the three periods. The elimination in the

urine is largely increased in the preservative period. The balance in

the fore period is an abnormal one that is, it is negative, although its

magnitude is very small, amounting to 0.079 gram. The first balance

in the preservative period is strongly negative, its magnitude being

0.379 gram; the second balance is also negative, but amounts only to

0.064 gram, accounted for by the increased katabolism of sulphur.

The balance is also negative in the after period, its magnitude being

0.06 gram.

Comparison of the data of No. 5 is unsatisfactory because of the

ii regularity in the fore period. The data show again an increase in

the sulphur eliminated in the urine in the preservative period. There

is a positive balance in the fore period of 0.181 gram daily, a nega-
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tive balance in the preservative period of 0.228 gram considering the

food sulphur only, a negative balance of 0.073 gram considering also

the sulphur as preservative, and a positive balance in the after period

of 0.009 gram.
With No. 6 the quantity of sulphur administered in the food during

the preservative period is markedly less than during the fore and

after periods. The quantity excreted in the feces, however, is very

slightly increased in the preservative period. The chief increase in

the excretion of sulphur is, as in the other cases, found in the urine,

where the.amount excreted in the preservative period is 0.340 gram

greater than that of the fore period. It should be noted, however,
that the excretion in the urine in the fore period is abnormally low,

resulting in a large positive balance. The first balance in the preserv-

ative period is negative, having a magnitude of 0.135 gram; the

second balance is positive, amounting to 0.052 gram. The balance

is again positive in the after period, its magnitude being 0.079 gram.
In the case of No. 7 the incompleteness of the data render a com-

parison of the balances less valuable. The quantity of sulphur in

the food is also much less in the preservative period than in the fore

period. The balance in. the fore period is +0.252, becoming nega-
tive in the preservative period, in the case of the first balance, and

amounting to 0.014, while the second balance is +0.128. There

is no after period.

With No. 8 the quantity of sulphur in the food is not constant,

being largest in the after period and smallest in the preservative

period. The quantities excreted in the feces do not vary greatly
for the three periods; but inasmuch as the sulphur in the food is less

in the preservative period, a part of the sulphur excreted in the feces

in the preservative period may have come from the added preserva-

tive, or be the result of incomplete absorption. The balance in this

case is positive in the fore period and amounts to 0.089 gram; it is

negative in the preservative period in the case of the first balance

and amounts to 0.127 gram, while the second balance is positive and

amounts to 0.045. It is positive in the after period, although of a

very small magnitude, namely, 0.003 gram. Here, again, the bal-

ance obtained by taking into consideration the sulphur of the pre-
servative is materially smaller than is found in the fore period. This

fact may be taken as an indication of the accelerating effect of the

preservative on the elimination of sulphur, and, as has already been

shown in the special sulphur and sulphate studies of the urine (p. 850),
this takes place largely in the form of neutral sulphur and inorganic

sulphur.
The quantity of sulphur administered in the food of No. 9 is

almost exactly the same for the fore and after periods and slightly
less in the preservative period. The amount excreted in the feces is
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the same in the fore and preservative periods, and markedly greater
in the after period. The quantity of sulphur excreted in the urine

is markedly greater in the preservative period. The balance in the

fore period is positive and its magnitude is 0.239 gram. The balance

of the preservative period is negative when the sulphur of the food

only is taken into consideration. When the sulphur preservative is

considered, the balance is positive. At the same time, it is much
less positive than in the fore period, and this fact indicates a tend-

ency of the preservative to increase the excretion of sulphur. Since

the amount of sulphur eliminated in the feces in the preservative

period was the same as in the fore period, this increase is entirely due

to the sulphur eliminated -in the urine. The effect of the preservative
in this respect bears out the data as obtained for No. 8 and shows a

marked influence on the metabolism of sulphur. The balance is

positive in the after period, its magnitude being 0.022 gram.
The quantity of sulphur administered to No. 10 is almost the same

in the fore and after periods, but slightly less in the preservative

period. The quantity excreted in the feces is slightly greater in the

preservative and after periods, while the amount excreted in the

urine is less than in any of the previous instances; in fact, the excess

over the other periods is not very well marked. The balances are all

positive and of the following magnitudes for the three periods

respectively: 0.212 gram, 0.086 gram, and 0.135 gram.
The quantity of sulphur administered in the food in the case of

No. 1 1 is practically the same in all the periods. The elimination of

sulphur in the feces is almost the same in the fore and preservative

periods and slightly less in the after period. There is a slight increase

in the amount of sulphur eliminated in the urine in the preservative

period, which, when only the sulphur in the food is taken into con-

sideration, is not sufficient to produce a negative balance. This fact,

as in the preceding case, is peculiar, inasmuch as in the case of all

the other subjects negative balances .were obtained, as would be ex-

pected. It is possible that a part of the sulphurous acid gas adminis-

tered escaped before entering the digestive processes and becoming
oxidized. The positive balances in this case amount to 0.219 gram in

the fore period, 0.108 gram and 0.279 gram in the preservative period,
and 0.248 gram for the after period.
The quantity of sulphur in the food of No. 12 is practically the

same in the fore and preservative periods and slightly less in the after

period. The elimination in the feces is less in the preservative

period and markedly less in the after period than in the fore period.
The increase of the sulphur in the urine in the preservative period is

sufficient to produce a negative balance of 0.04 when only the food

sulphur is considered. Balance II is positive and amounts to 0.072

gram. The balance is positive in the after period and of a magni-
tude of 0.083 gram.
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SUMMARIES.

In the summary for Nos. 1 to 6, inclusive, the quantity of sulphur

ingested in the food is seen to be slightly greater in the fore period

than in the preservative and after periods. The amount of sulphur
excreted in the feces is slightly greater (0.007 gram) in the preserva-

tive period than in the fore period and less (0.02 gram) in the after

period than in the fore period. From this it would appear that a

very small part of the preservative sulphur was excreted in the

feces, or, there was a less complete absorption from the alimentary
canal during the preservative period.

a The data in the phosphoric
acid and nitrogen balances, in which there was a similar increase in

elimination of these elements in the feces during the preservative

period, seem to justify the latter conclusion.

There is an average increase of 0.270 gram sulphur in the urine

during the preservative period, the quantity in the after period being

practically the same as in the fore period. This corresponds to a

percentage increase of 24.11, considering the first balance, that is the

sulphur in the food only, but even when the sulphur in the preservative
is considered (balance II) there is seen to be an increase of 6.75 per cent

over the amount excreted in the fore period. There is thus shown in

this general summary an increased excretion of sulphur during the

preservative period over that ingested as preservative. This is also

shown in the balances, there being a positive balance in the fore period

amounting to + 0.080 gram, while balance II, taking the sulphur of the

sodium sulphite into consideration, is positive, but amounts only to

0.008 gram. The first balance in the preservative period naturally is

negative, amounting to 0.234 gram, which is only 0.008 gram less than

the average quantity of preservative sulphur ingested. The balance

in the after period is positive, amounting to 0.057 gram.
From these data, considered in connection with those for nitrogen

and phosphoric acid, it can be safely concluded that under the influ-

ence of the preservative there is a decrease in the assimilation of these

constituents and that the sulphur balance shows a decided increase

in katabolic activities, two conditions diametrically opposed to normal
metabolism. Considering, however, the special studies made of sul-

phur and sulphates in the urine (p. 839) ,
it is seen that the increase in

sulphur eliminated, over the amount ingested in the preservative

period, is due to neutral siliphur, and there is some doubt whether

sulphur in this form is due to katabolism.

In the summary for Nos. 8 to 11, inclusive, the men who received

sulphurous acid gas, there is a fair agreement shown in the amount of

sulphur ingested in the food during the three periods, though there is

a slight deficiency in the preservative period. The quantity of

See also discussion on p. 847, Table X.
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sulphur excreted in the feces is slightly greater in the preservative

period than in the fore period and there is still another slight increase

in the after period. Expressed in percentage amounts, considering
the first balance, this increase is 0.8 and 0.68 per cent, respectively,

for the preservative and after periods.

The average amount of sulphur excreted in the urine during the

preservative period is greater by 0.164 gram than during the fore

period, and in the after period there is an increase over the fore

period of 0.081 gram. There is a percentage increase during the

preservative period, considering balance I, of 15.27 per cent and for

balance II, including the preservative sulphur, of 4.43. For the

after period there is 6.22 per cent more sulphur excreted than in the

fore period. It should be borne in mind, too, that the sulphur in the

food is slightly less in the preservative period and practically the

same in the fore and after periods.

The balance in the fore period is positive and amounts to 0.190

gram. During the preservative period the first balance (food sul-

phur only) is only slightly negative, amounting to 0.015 gram, while

the second balance is positive, amounting to 0.157 gram. In the

after period the balance is +0.102.

The reduction in the positive balance for these subjects during
the preservative period corresponds almost exactly to the reduction

in the amount of sulphur ingested in the food. In the first balance,
the sulphur eliminated in excess of that from the ingested food that

is, the sulphur in the preservative is of sufficient amount to cause

a negative balance of 0.015 gram, which if added to the first balance

gives 0.172 gram, exactly the average daily amount ingested as pre-

servative, the urine alone showing an actual increase of 0.164 gram.
If we assume all of the sulphur here excreted to come from the admin-

istered preservative, a very rapid elimination of the sulphurous acid

by the kidneys is shown, but in the after period there is again an

increase over the fore period in the sulphur eliminated, both in

the feces and urine, which of course represents some of the sulphur of

the preservative that has been carried into the after period. Con-

sidered from this point of view there is still evidence of an increased

excretion of sulphur over that administered as preservative, and

there is also a slight decrease in the absorption of sulphur.
In comparing these two summaries it should be remembered that

the fourth preservative subperiod for Nos. 1 to 6 is lacking and there

is a lapse of five days before the after period began for three of these

subjects. There is also a difference in the quantity of SO
2
adminis-

tered as sulphites and as sulphurous acid gas, which must be taken

into consideration. For Nos. 1 to 6 the average daily amount

expressed as sulphur is 0.242 gram, while for Nos. 8 to 11 it is 0.172

gram. There is thus a constant difference of 70 milligrams of sul-

phur ingested per day.
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During the preservative period for Nos. 1 to 6 the negative bal-

ance is 0.234 gram, while for Nos. 8 to 11 it is 0.015. There is, how-

ever, a much greater positive balance in the fore period in the case of

Nos. 8 to 11 than for Nos. 1 to 6. Also, the difference in the quantity
of preservative sulphur ingested as well as the diminished increase

in the amount of sulphur eliminated during the preservative period,
above that ingested in the .preservative, has caused this difference

in the magnitude of the negative balances.

Considering the percentage elimination of sulphur in the preserv-
ative period, the total increase that is, in the feces and urine over

the fore period, is 25.03 per cent for Nos. 1 to 6, while Nos. 8 to 11

show 16.07 per cent. The increase in the after period is 1.61 per
cent for Nos. 1 to 6, making a total increase of 26.64 per cent, while

for Nos. 8 to 11 this increase in the after period is 6.90 per cent, giv-

ing a total increase for these subjects of 22.97 per cent. It will be

remembered that Nos. 9 and 10 of this summary show a. relatively
small increase of sulphur eliminated during the preservative period,
which probably accounts for part of this difference of 3.67 per cent

increased elimination of Nos. 1 to 6 over Nos. 8 to 11. There is a

possibility that some of the sulphurous acid gas may have escaped
soon after its ingestion, but from the general similarity and agree-
ment of the two summaries, bearing in mind the variations and con-

ditions already noted, there is seen a marked influence on the metabo-
lism of sulphur, namely, a decrease in its assimilation and an increased

excretion over the quantity ingested in the preservative. This is

more marked in the case of the men receiving sodium sulphite.
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TABLE XVII . Sulphur balances for Series VII.

[Averages are per day.]

No. 1.

i

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

UNTO. 2.

Period.
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TABLE XVII. Sulphur balancesfor Series FIT Continued.

[Averages are per day.]

]STo. 3.

Period.
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TABLE XVII. Sulphur balances for Series F7I Continued.

[ Averages are per day. ]

No. 4.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

IN-o. 5.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

No. 6.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

N"o. 9.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

USTo. 1O.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

No. 11.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per day.]

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

USTos. 1 to 6.

Period.
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TABLE XVII. Sulphur balances for Series FIT Continued.

[Averages are per man per day.]

!N"os. 8 to 11.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per man per day.]

TsTos. 1 and 4.-.

Period.
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TABLE XVII Sulphur balancesfor Series VII Continued.

[Averages are per man per day.]

NOB. 5 and 6.

Period.
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TABLE XVII. Sulphur balances for Series VII Continued.

[Averages are per man per day.]

USTos. 7 and. 13.

Period.
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FAT BALANCE.

INDIVIDUAL DATA.

The quantity of the fat ingested in the food which is converted into

heat and energy is determined by ascertaining the fat balances. The

amount of fat in the food of No. 1 varies but little in the three periods,

but is slightly less in both the preservative and after periods than in

the fore period. This accounts in part for the diminution of the fat in

the feces, which is seen to fall almost in the same quantity as the loss of

fat in the food. It appears, however, that a larger percentage of the

fat in the food appears in the feces in the fore period than in either

the preservative or the after period, and therefore the data indicate a

slightly increased absorption of fat. The balance is almost the same
in the fore period and preservative period, but is slightly less in the

after period.

The data for No. 2 show a slightly larger amount of fat in the food in

the preservative period than in either the fore or after periods. There is

an increase in the amount of fat in the feces in the preservative

period, but as shown by the increased balance this is not as great as

the increase in the amount in the food. There is a considerable

increase in the amount of fat in the feces in the after period.

The data for No. 3 show a slightly decreased digestion of the fat, as

judged by the larger amount occurring in the feces. The balance in

the preservative period, however, is largely increased, owing to the

unusual increase in the amount ingested.

In the case of No. 4 the fat appears to be more thoroughly utilized

in the preservative period and the after period than in the fore

period, showing an increased consumption for heat and energy in

those two periods.

The data for No. 5 are not complete and by reason of the large

variation in the quantity of fat consumed in the food in the three

periods are not comparable.
The data for No. 6 are complete and show almost no variation in

the quantity of fat consumed in the food in the three periods. There

appears to be a slight retardation of the- digestive process indicated by
the very slightly increased quantity of fat in the feces during the

preservative and after periods. The balances remain almost constant,

showing only the variations in harmony with the preceding statement.

On account of the incomp4eteness of the data for No. 7 the same are

of limited value. There appears to be very little change in respect of

the digestion of the fat in the fore and preservative periods. There
is a slightly larger amount of fat in the food of the fore period and a

corresponding increase in the quantity of fat in the feces as compared
with the same data in the preservative period.
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In the case of No. 8 no tendency in the preservative period to

modify the metabolism of the fat is shown, the variation in the

amount ingested and the variation in the balance being practically

compensatory. The amount in the feces is only very slightly greater
in the fore period than in the preservative period, but in the after

period there is a notable increase in the quantity of the fat in the

feces, while the quantity of fat ingested has decreased. The tendency
in this case seems to be to produce practically no effect during the

administration of the preservative, but to inhibit the absorption of

the fat during the after period.
No. 9 is notable by reason of the large quantity of fat consumed.

In this case there is an increase in the quantity of fat in the feces

during the preservative period, and this increase is continued and

augmented in the after period. It is evident that there is a tendency
on the part of the preservative to inhibit the absorption and com-

bustion of the fat. This is shown also by the percentage data.

The same conditions which have just been described in the case of

No. 9 occur again in No. 10. In the after period the amount of fat

in the feces increases. These data, taken in conjunction with those

of the percentage elimination, show a slight tendency on the part of

the preservative to inhibit the combustion of fat and also show that

this tendency is continued in a very marked degree in the after period.

The data in the case of No. 11 also show a slight increase in the

percentage of fat in the feces during the preservative period, with a

recovery in the after period. These data, taken* in connection with

the considerable increase in the amount of fat in the food and the

slight increase in the balance, show a tendency to inhibit the absorp-
tion of fat.

Very little change is noticed in the metabolism of the fat in the

case of No. 12. There is a slight increase in the amount of fat in the

feces in the after period, and this is shown also in the magnitude of

the percentage eliminated and by the balances.

SUMMARIES.

A comparison of the summaries of Nos. 1 to 6 and Nos. 8 to 11,

inclusive, shows the general effect upon the fat metabolism of the

administration of sulphur. The total amount of fat in the food of

Nos. 1 to 6 daily is 102.27 grams in the fore period, 103.67 grams in

the preservative period, and 97.09 grams in the after period. There

remain in the feces in the fore period 3.83 grams, in the preservative

period 3.92 grams, and in the after period 3.52 grams. Apparently
there is a slight tendency on the part of the preservative to inhibit

the absorption of the fat from the alimentary canal, but this is too

slight to warrant any conclusion. There does not seem, therefore,

to be any notable effect produced upon the metabolism of the fat by
the administration of sulphites.
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In the case of Nos. 8 to 11, inclusive, there is an increase in the

amount of fat ingested during the preservative period and also an

increase in the amount in the feces. When the quantity of fat falls,

as it does in the after period, to the same magnitude as that in the

fore period, we find there is still an increase of fat in the feces, indi-

cating an inhibitory effect. This is an indication, though not of a

very marked character, that free sulphurous acid, even though
administered in smaller doses, tends more strongly than sulphurous
acid in the form of sulphites to interfere with the digestion of fat.

This interference, however, is too slight to warrant serious consider-

ation, especially in connection with the variations in condition

between the two groups which have already been noted.

TABLE XVIII. Fat balances for Series VII.

[Averages are per day.]

INTo. 1.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per day.]

INo. S.

Period.
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TABLE XVIII. Fat balances for Series FIT Continued.

[Averages are per day.]

No. 3.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[ Averages are per day.]

USTo. 4.

Period.
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TABLE XVIII. Fat balancesfor Series VII Continued.

[Averages are per day.]

USTo. 5.

Period.
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TABLE XVIII Fat balances for Series VII Continued.

[Averages are per day.]

No. 6.

Period.
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TABLE XVIII. Fat balances for Series FIT Continued.

[Averages are per day.]

No. 7.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per day.]

Itto. 9.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per day.]

No. 1O.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per day.]

isro. 11.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per day.]

No. ~L2.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

. 1 to 6.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per man per day.]

ISTos. 8, 9, 1O, and. 11.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per man per day.]

NOB. 1 and 4.

Period.
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TABLE XVIII. Fat balances for Series VII Continued.

[Averages are per man per day.]

5 and. 6.

Period.
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TABLE XVIII. Fat balances for Series FIT Continued.

[Averages are per man per day.]

Nos. 7 and. 1.2.

Period.
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CALORIES BALANCE.

INDIVIDUAL DATA.

The extent of the combustion of the other elements of the food is

also of interest, and these data include not only the fat constituents,

but also all others in the foods capable of yielding heat on combus-

tion. These figures are also important from a dietetic point of view,

as they show the number of calories required by normal young men
when choosing a ration designed to keep them in a state of equilib-

rium. The number of calories in the food of No. 1 does not vary to

any extent in the three periods. There seems to be a tendency to

more complete combustion in the after period, when the calories in

the feces fall to 63, while at the same time they increase by a slight

amount in the urine. In both the feces and urine there are fewer

calories in the after period than in either of the other periods.

The calories ingested in the food in the case of No. 2 do not greatly
differ in the three periods. There appears to be little effect in this

case produced by the added preservative upon the utilization of

calories.

The number of calories in the food of No. 3 is not very constant,

being least in the fore period and greatest in the after period. There

is very little difference in the amount or percentage of calories uti-

lized and the balances remain practically the same.

No. 4 received about the same number of calories a day in the

preservative and after periods and slightly less in the fore period.
There is little difference in the utilization of the calories between the

three periods and therefore no very great difference in the balances.

There is but little disturbance produced in this case in the utilization

of the food heat by the administration of the preservative.
No. 5 will not be discussed, as the data are incomplete.
In, the case of No. 6 it is seen that the number of calories in the

food is slightly increased in both the preservative period and in the

after period. The amounts appearing in the feces and urine are

considerably increased in the preservative period. There is, how-

ever, very little corresponding effect noticed upon the balances, which
remain practically constant. This disturbance in the amount of the

calories in the feces and urine with scarcely any variation of the

balances is explained by the different quantities of calories consumed
in the food.

In the case of No. 7 the data are again incomplete and show no
notable changes such as could be ascribed to the use of the pre-
servative.

For No. 8 the number of calories in the food remains almost con-

stant during the three periods. There is also practically no variation
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in the total quantity of calories remaining in the feces and urine.

These data show practically no effect upon the utilization of calories

produced by the administration of the preservative.
The data for No. 9 show a slight increase in the calories in the feces

and urine in the preservative period, and this is still more marked in

the after period. In this case it is probable that the administration

of the preservative tends to increase the calories in the feces, and thus

to diminish the heat and energy which the heat units of the food

should have furnished.

The quantity of calories in the food of No. 10 are quite constant

throughout the whole period .
of observation. The total quantity

appearing in the feces and urine is increased during the preservative

period and still further increased* in the after period. These data

indicate a slight disposition on the part of the added preservative to

decrease the utilization of the heat-forming elements of the food.

The food of No. 11 contained a large number of calories, which is

quite constant for the three periods. There is only a slight variation

in the number of calories excreted in the feces and urine. Apparently
in this case there is no influence produced by the administration of

the preservative in so far as the utilization of the calories is concerned.

In the case of No. 12 there is a notable decrease in the calories

administered during the after period. This doubtless accounts in a

satisfactory way for the decrease in the number of calories in the

feces and urine. It is fair to conclude, therefore, from these data that

there is no marked influence upon the utilization of the heat-producing
elements of the food due to the administration of the preservative.

SUMMARIES.

Comparing the summaries of Nos. 1 to 6 and Nos. 8 to 11, inclusive,

we find that the average number of calories in the food of Nos. 1 to 6

is 3,224 in the fore period, 3,195 in the preservative period, and 3,171

in the after period. The total number of calories appearing in the

feces and urine is 195 for the fore period, 203 for the preservative

period, and 185 for the after period. This, in connection with the

small decrease in the number of calories in the food in the preservative

period, indicates a slight tendency on the part of the preservative in

these six cases to diminish the absorption of the food, which is in

harmony with the conclusions drawn from the other balances. <

In the summary for Nos. 8 to 11, inclusive, the number of calories

in the fore period is 3,245, in the preservative period 3,259, and in the

after period 3,254, numbers which are, for all practical purposes, identi-

cal. The number of calories appearing in the feces and urine in the

fore period is 184, in the preservative period 194, and in the after

period 208. In this case there appears to be a very slight tendency
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on the part of the preservative to interfere with the absorption of the

heat-producing substances, resulting in an increased excretion of calo-

ries, and this tendency is somewhat increased in the after period. No
notable difference can be seen between the two summaries except the

diminution of the calories in the feces of Nos. 1 to 6 in the after period,

and their increase in the urine in the preservative period. In general
it may be said that no marked influence is exerted upon the utilization

of heat and energy of the food by reason of the administration of the

preservative. The tendency indicated, however, points to a decreased

absorption of food elements, as already stated.

TABLE XIX. Calories balances for Series VII.

[Averages are per day.]

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.]

Period.
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TABLE XIX. Calories balancesfor Series VII Continued.

[Averages are per day.]

USTo. 3.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.]

No. 4.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.]

No. 5.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.]

No. 6.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.] .

No. 7.



986 INFLUENCE OF FOOD PRESERVATIVES ON HEALTH.

TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.]

No. 8.

Period.
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TABLE XIX. Calories balances^for Series VII Continued.

[Averages are per day.]

No. 9.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.]

No. 1O.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.] .

No. 11.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per day.]

No. 13.

Period.



SULPHUROUS ACID AND SULPHITES. 991

TABLE XIX Calories balances for Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

:N"o.s. 1 to 6.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per man per day.]

. 8 to 11.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per man per day.]

!N~os. 1 and. 4.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per man per day.]

N"os. 5 and. 6.

Period.
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TABLE XIX. Calories balances for Series VII Continued.

[Averages are per man per day.]

ISTos. *7 and. 13.
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SOLIDS BALANCE.

INDIVIDUAL DATA.

The total solids of the food are considered and the balance deter-

mined. In the case of No. 1 the quantity of solid matter that is,

dry matter ingested is quite constant during the three periods of

observation. The amount of solid matter recovered in the feces is

practically the same for the fore period and the preservative period,
but decreases considerably during the after period, while the solids

in the food are slightly increased. The quantity excreted in the

urine is uniform for the three periods. Naturally the balances are

positive and of very large magnitude, as the greater part of the solid

bodies of the food are digested and absorbed.

The quantity of solids in the foods of No. 2 is also quite constant,
and the amounts recovered in the feces and urine suffer very little

variation during the three periods.

In the case of No. 3 the solids in the food are quite constant,

ranging from 660 grams per day in the fore period to 682 grams in

the after period. The solid matter excreted in the feces is slightly

increased during the preservative period. The amount excreted in

the urine is practically constant in the three periods, being slightly

increased in the preservative period. There is shown, therefore, a

slight increase of total solids eliminated during the preservative

period, although the quantity of solid material used by the body
remains practically the same, owing to the slight increase in the

amount ingested.

No. 4 shows a marked uniformity both in the amounts of total

solids ingested and eliminated during the three periods. It is evident

from these data that the preservative in this case does not exercise

any decided influence upon the metabolism of total solids.

For -reasons which have already been given, the data for No. 5 are

incomplete and do not afford any basis of comparison.
In the case of No. 6 the quantity of total solids in the foods is

considerably increased in the after period, but the amount excreted

is not proportionally increased. There is, however, a slight ten-

dency shown to ^retard the absorption of solids and to increase

elimination.

The data for No. 7 are incomplete and in so far as they are recorded

do not show any notable influence of the preservative, although there

is a slightly increased elimination in the urine. The balance is

reduced in the preservative period, but corresponds to the reduction

of the solids in the food.
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No. 8 has a fairly uniform quantity of total solids in the food

and a uniform excretion in the feces and urine, and no marked dis-

turbing influences are noticed as a result of the administration of

the preservative.
In the case of No. 9 there is a marked increase in the excretion of

total solids in the feces in the after period, while there is a notable

increase in the amount eliminated in the urine in the preservative

period. The preservative period in this instance evidently has a

slight tendency .to inhibit the absorption of the total solids and to

increase the katabolic activities.

With No. 10 there is' a considerable increase in the total solids

excreted in the feces both in the preservative period and in the after

period. The amount eliminated in the urine decreases in the pre-

servative period. There is a slight indication in this case of meta-

bolic derangement under influence of the preservative in respect of

total solids.

In the case of No. 11 the quantities or total solids in the food and

the quantities excreted in the feces and urine show no marked vari-

ations in the three periods, but the same general tendency is indi-

cated as in the case of No. 10.

In the case of No. 12 there is a slight increase in the quantity of

total solids in the feces in the preservative period and an increase in

the amount excreted in the urine. There is again a slight tendency
to inhibit assimilation and increase excretion.

SUMMARIES.

The summaries of Nos. 1 to 6 and Nos. 8 to 11, inclusive, are

interesting in showing the relations of the total solids in the food

and in the feces and urine, but do not throw any additional light

upon the subject of the effects produced by the administration of the

preservative upon the general metabolic activities as affecting the

total solids of the food. The variations between the periods as

shown in the summaries are very small, but indicate the tendency
noted for the majority of the individuals to inhibit assimilation and
increase elimination.
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TABLE XX. Solids balances for /Series VII.

[Averages are per day.]

HSfo. 1.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

!N"o. 2.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

3STo. 3.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

No. 4.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

No. 5.

Period.
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TABLE XX. Solids balances for Series VII. Continued.

[Averages are per day.]

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]



SULPHUKOUS ACID AND SULPHITES. 1005

TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

No. 8.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

No. 9.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

No. 1O.

Period .
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

No. 11.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per day.]

No. 12.

Perfod.
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TABLE XX. Solids balances for Series VII Continued.

SUMMARIES.

[Averages are per man per day.]

. 1 to 6.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per man per day.]

USTos. 8 to 11.

' Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per man per day.]

!N"os. ~L and. 4.

Period.
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TABLE XX. Solids balances for Series VII Continued.

[Averages are per man per day.]

5 and. 6.



1014 INFLUENCE OF FOOD PEESERVATIVES ON HEALTH.

TABLE XX. Solids balances for Series VII Continued.

[Averages are per man per day.]

CTos. 7 and 13.
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SUMMARY OF EESULTg.

MEDICAL AND CLINICAL DATA.

These data clearly show that the administration of sulphites and of

sulphurous acid in a free state in the quantities employed produces
harmful effects. A tendency is manifested in practically every case

to produce headache and digestive disturbances. In some cases

these symptoms are not clearly marked, while in others they are

extremely well defined. In many cases uneasy sensations and even

pain were developed in the stomach and intestines, and there were

complaints of "heartburn." The occurrence of this class of symp-
toms during the administration of the preservative and their gradual

disappearance during the after period seem to be conclusive evidence

that they could have been due only to the effect of the preservative
itself. There were also in some cases attacks of dizziness and palpi-

tation of the heart. In a few cases nausea was developed to the

extent of vomiting.
It was recognized, as in previous experiments, that the mental

attitude of the subject might play some part in producing these

symptoms or at least might affect the description of them by the man
himself. That this, however, does not exercise a dominant influence

was more than established by the remarkable effects of the administra-

tion of salicylic acid, where, with the same opportunities for mental

effects of a depressing character, there was manifested, on the con-

trary, a persistent demand for more food, the salicylic acid apparently

serving as a stimulant. There is no doubt, therefore, of the fact that

the symptoms which are described in the medical history are those

actually experienced by the young men, any tendency to exaggera-
tion in the reporting of these symptoms having been carefully con-

sidered at the time.

In the case of the men who received sodium sulphite the conclusion

is inevitable that the administration of this preservative in the great

majority of cases causes headache, sensations of dizziness,

v

and occa-

sional nausea, indigestion, pains in the stomach, and other unfavor-

able symptoms. With the men who received sulphurous acid in an

uncombined state, headache was very common, there was a slight

tendency to dizziness, accompanied in some cases by nausea, and a

feeling of exhaustion and weakness.

In general it may be said that the most prominent symptom was
that of headache, which could hardly have been caused by the imagi-
nation. This symptom was very commonly and very persistently

experienced at some time during the preservative period.
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BODY WEIGHT.
c

The administration of the sodium sulphite was accompanied by a

slight average loss of weight during the preservative period, but the

full effect of the preservative in diminishing the weight of the body
was shown only toward the end of the preservative period, and there

was a continued loss in weight during the after period.

It appears, therefore, that the administration of sulphurous acid in

the form of sulphite tends to reduce the weight of the body slowly,

and that this tendency is continued for a considerable time after the

withdrawal of the preservative. There was a very slight increase in

the average weight of the body under the administration of the sul-

phurous acid in the uncombined form, which increase continued in

the after period. The comparison of the weights for individuals and

for the summaries is best made by consulting the graphic charts (figs.

1 and 2).

COMPOSITION OF THE FECES.

The administration of the preservative showed a marked tendency
to increase the amount of water in the feces. This was not of suffi-

cient magnitude to warrant classing the preservative as a purgative
or cathartic, as the stools were not of a watery consistency. Further,

there was no tendency manifested to lessen the secretion of the urine,

in fact in general a diuretic effect was shown. It is of interest to

note this tendency in connection with that of other salts classified

as purgatives, and the other disturbances caused by the preservative.

There was a larger quantity of dry matter excreted in the feces

under the administration of the preservative, showing a tendency to

decrease to this extent the absorption of the food from the intestinal

canal. There is thus manifested a tendency on the part of this pre-

servative to derange the metabolic process in so far as these changes in

the composition of the feces are concerned.

, THE URINE.

VOLUME AND ACIDITY.

A notable effect of the preservative upon the urine in Series VII

was in the increase in volume, thus showing a slight tendency to

produce a diuretic effect. This tendency to diuresis is more marked

in the cases where sulphurous acid is given in a free state than when

it is combined as sulphite. The total solids in the urine were also

slightly increased, and there was a marked tendency to increase the

acidity, especially in the case of the administration of sodium sulphite.

It is evident, therefore, that sulphurous acid has a disturbing effect

upon the excretion of the urine and this effect in general is confirmed

by the special Series XIII, in which the sodium sulphite produced a
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very slight reduction in volume, while sulphurous acid again showed
a diuretic effect.

In the special Series XI no diuretic effect is shown; it must be

noted, however, that only three subjects took part in this experiment,
none of whom was in the original series, and the time of year also may
have influenced this result to the slight extent shown, inasmuch as

Series XI was conducted in the spring and Series VII in the winter.

PRESENCE OF ALBUMIN.

The data which have been recorded for Series VII and XI show
unmistakable evidence that the preservative in certain cases produced
albuminuria. In the cases in which traces of albumin are present
in the fore period, however, there is no proof that the condition was
accentuated by the preservative. A further study will be necessary
to definitely establish this point.

MICROSCOPIC BODIES.

In general, there is shown an increase in the various bodies indi-

cated in the routine examination, particularly in the case of mucous
strands and mucous cylindroids. There was no evidence shown which
would indicate any lesions produced, as would be evidenced by a

largely increased production of the various casts, but the data taken

as a whole indicate a strong tendency on the part of the preservative to

produce an increased renal activity as evidenced by the general
increase of the microscopic bodies.

DISTRIBUTION OF NITROGENOUS BODIES.

In the special study (Series XI) made to determine the effects of

the preservative on the distribution of the nitrogen-bearing bodies

in the urine, there is shown a decrease in the quantity of urea excreted

during the preservative period. There is also a decrease in the total

nitrogen excreted which is contrary to the tendency shown in Series

VII. For the reasons given under the discussion of the volume of

the urine the data for Series VII must be given greater weight.
The other bodies remain very constant. There is a tendency to

slightly decrease the amounts of uric acid and ammonia, under the

influence of the preservative, while kreatinin is slightly increased.

This disturbance, the decrease of urea and the increase of kreatinin,
shows an interesting relation in so far as the normal processes in

regard to the excretion o*f these bodies is concerned. Urea, which of

all the materials excreted contains the largest amount of nitrogen, is

believed by some to be an indication of the proteid metabolism.

Recently the excretion of kreatinin has received more attention and
is regarded by Folin and others as an index to katabolic changes, as

during normal metabolism it should remain constant.
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The fact that here one is decreased, while the other is increased, is

quite significant, and, considered in connection with other disturbances

noted, shows that the preservative has exerted a marked influence in

deranging the metabolic functions.

SULPHUR.

Under the conditions of the experiment the sulphur studies present

especially interesting data.

As would be expected, the quantity of inorganic sulphates excreted

in the urine is very largely increased by the administration of sulphur-
ous acid and sulphite, this increase, whether sulphite or sulphurous
acid was ingested, accounting for the greater part of the preservative

sulphur eliminated.

In addition to the increase in inorganic sulphates, an important
fact brought out by the data is the increase in the organic combina-

tion of sulphur, known as neutral sulphur. This sulphur was uniformly
increased in every case, during the preservative period, and in some

instances, particularly in the subjects receiving sulphurous acid,

where there was no interval between the preservative and after

periods, this increase was carried into the after period.
A point worthy of notice here is the fact that the sum of the

increase in neutral and inorganic sulphur in the preservative period
alone more than accounts for the preservative sulphur ingested.

'

This, when the after period is considered, may be derived from an

increase in katabolic activities. There does not appear to be any
marked effect on the excretion of ethereal sulphates. Half of the

subjects, however, show an increase in the excretion of this form of

sulphates, which, in the case of these individuals, may indicate a

slight increase in the putrefactive changes taking place in the intes-

tines, although, since this increase occurred in the case of the sub-

jects receiving sulphurous acid, it may be attributed to direct com-

bination in the intestines.

There is the same tendency shown throughout by the data, namely,
the rapid elimination of practically all of the preservative sulphur in

an oxidized form in the urine.

MICROSCOPIC EXAMINATION OF THE BLOOD.

One of the most important conclusions established by the experi-

mental data is that which relates to the comparative number of blood

corpuscles and the quantity of hemoglobin, as influenced by the action

of the sulphurous acid. The data here are of such a character as to

admit of no doubt whatever as to their interpretation. Under the

influence of the sulphurous acid both the number of red and of white

corpuscles in the blood is largely diminished. This is true whether

the sulphurous acid is exhibited in the form of sulphites or as free
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acid. In Series VII the number of red corpuscles in a cubic milli-

meter of the blood is about one million less in three individual cases,

and a uniform decrease is recorded for all but two individuals. In

the special study, Series XIII, this effect is confirmed. During the

after period the loss in the number of red corpuscles is partially

restored and doubtless would have been completely restored had the

after period .been continued longer. The relative decrease of the

white corpuscles is even greater than that of the red corpuscles, but

is not marked by the same uniformity. This loss is also partially

restored during the after period. The data, therefore, are very strik-

ing in showing the tendency of the sulphurous acid to diminish the

number of both red and white corpuscles, and also to diminish the

percentage of hemoglobin. The relation between the decrease in

hemoglobin and red corpuscles, as expressed by the color index, shows

that the relative decrease of hemoglobin in the blood is not so great
as that of the red cells.

NITROGEN METABOLISM.

The general effect of the preservative upon the assimilation and

excretion of nitrogen, as shown by the balance sheets, is not strongly
marked. It is evident, however, that there is some disturbance of

nitrogen metabolism, especially in inhibiting the absorption of nitro-

gen in the intestines, inasmuch as both summaries agree in showing
an increase of nonmetabolized nitrogen during the preservative

period. There was a much more marked disturbance in the case of

the subjects receiving sodium sulphite, those receiving sulphurous
acid (representing a smaller ingestion of SO

2 ) showing but little vari-

ation from normal conditions.

PHOSPHORIC-ACID METABOLISM.

The summaries show that there is quite a marked tendency on the

part of the preservative to derange in a measurable degree the metab-

olism of phosphoric acid. Sulphur both as sulphite and as free

sulphurous acid tends to increase the quantity of phosphoric acid

excreted in the feces and to decrease the quantity excreted in the

urine. It may, therefore, be said to have a decidedly inhibiting effect

upon the phosphoric-acid metabolism.

SULPHUR METABOLISM.

The most important point brought 'out by an inspection of the

sulphur balance sheets is the increased elimination of sulphur over

that ingested as preservative. There is an increase in both the urine

and the feces, the increase in the urine during the preservative period
alone in the case of the subjects receiving sodium sulphite being
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greater than the amount of preservative sulphur ingested, while in

the case of sulphurous acid the increase corresponds almost exactly
to the amount of preservative sulphur ingested.

The increase in the feces, considering the same tendency shown in

the nitrogen and phosphoric-acid balances, can hardly be attributed

to an elimination of preservative sulphur through this channel, but

rather, as is before mentioned, to a decrease in assimilation and

absorption from the ingested food. This fact, together with the

probable increase in katabolic activities shown as regards the sulphur,
indicates that the administration of the preservative produced decid-

edly unfavorable effects.

These tendencies are more marked in the case of sodium sulphite,

though the variations in the conditions of the experiment must be

considered in making this statement.

TABLE XXI. Comparative summary of principal determinations made, Series VII.

Data.



SERIES XI.

THE EFFECT OF SULPHUROUS ACID AND SODIUM SULPHITE ON
THE DISTRIBUTION OF THE NITROGENOUS ELEMENTS OF THE
URINE.

INTRODUCTION.

This special study was undertaken in the spring of 1905 to supple-
ment the work already done in Series VII in regard to the effects of the

preservative on the distribution of the nitrogenous bodies in the urine.

The same methods of analysis were employed as in the special study
made in regard to salicylic acid and salicylates, the experiment having
been conducted at the same time. a

SCHEDULE OF ADMINISTRATION OF THE PRESERVATIVE.

In Table I are given the dates of the periods and subperiods for the

special study and the amounts of preservative administered:

TABLE I. Schedule of administration of preservative, Series XL

Period.
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PRESENCE OF ALBUMIN AND REACTION OF THE URINE.

A special comparison of the reaction of the urine and the presence
of albumin is made in this supplemental study, the results being

given in Table II. The acidity is expressed in quantities of tenth-

normal sodium hydroxid required to neutralize the acid of 100 cc of

urine. Nos. 3, 4, and 10, in this supplemental series are not the

same individuals as those so designated in Series VII.

In the case of No. 3, it is noticed that the urine is decidedly more
acid in the preservative period than in the fore period and less acid

in the after period than in either of the other periods, as measured

by sodium hydroxid. The urine reacted acid four times and was

amphoteric four times in the fore period, as determined by litmus

paper. It reacted acid twelve times and was amphoteric twice in

the preservative period, determined in the same way. In the after

period the reaction with litmus paper is acid in every case. In

regard to the tests for albumin, three tests out of five are negative
in the fore period. In the preservative period reactions for albumin

are positive three times and negative four times. In the after period
the reaction for albumin is positive once and three times the tests

are negative. There is a slightly greater relative occurrence, there-

fore, of albumin in the preservative period than in either of the others.

In the case of No. 4 the acidity of the urine as measured by sodium

hydroxid is greater in the preservative period than in the fore period.

The number of amphoteric reactions of the urine in the fore period
is greater than that of the acid reactions, and in the preservative

period the number is the same, while in the after period 7 tests give
an acid reaction, while only 1 gives an amphoteric reaction. Traces

of albumin are found at all observations in the urine of No. 4.

In the case of No. 10 the acidity is greater in the fore period than

in either the preservative or after period. The reaction is acid in all

cases except two and uniformly acid during the preservative period.

Albumin is found at every test during all periods of the observation.

The summary for Nos. 3,4, and 10 show the average acidity meas-

ured by sodium hydroxid to be 42.9 in the fore period, 44.3 in the

preservative period, and 34.6 in the after period. The average num-
ber of acid reactions in the fore period is. 12, in the preservative

period 34, and in the after period 21, while the number of amphoteric
reactions is 10 in the fore period, 9 in the preservative period, and 2

in the after period. Albumin occurs in 10 tests out of 13 in the

fore period, in 16 out of 20 in the preservative period, and in 11 out

of 14 in the after period. These data indicate a very slight tendency
on the part of the preservative to increase the number of albumin

reactions in the urine.
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TABLE II. Reaction of the urine and presence of albumin, Series XL

No. 3.

Period and subperiod.
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TABLE II. Reaction of the urine and presence of albumin, Series X/ Continued.

3STo. 4.

Period and subperiod.
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TABLE II. Reaction of the urine and presence of albumin, Series XI Continued.

No. 1O.

Period and subperiod.
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TABLE III. Reaction of the urine and presence of albumin, Series XI Continued.

Snm.rn.ary (IN~os. 3, 4, and. 1O).

Period and subperiod.
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In the case of No. 3 the volume is diminished during the preservative
1

period and slightly increased in the after period. There is a gradual
increase in solids excreted throughout the periods of observation.

There is also shown a tendency on the part of the preservative to

diminish the total quantity- of nitrogen appearing in the urine. The

quantity of urea is also less in the preservative period than in the fore

period. The total nitrogen in the urine and the nitrogen as urea are

increased during the after period. The uric acid is slightly decreased

during the preservative period, and there is also a slight decrease of

xanthin, while kreatinin is increased in the preservative period. The
ammonia diminishes and the undetermined nitrogen increases. The

percentage of nitrogen excreted, based on the total ingested, also

diminishes in the preservative period, and likewise the percentage of

nitrogen excreted as urea and as uric acid.

In the case of No. 4 there is an indication, as in the case of No. 3, of

a diminution in the average volume of urine excreted. The total

solids excreted during the preservative period is greater than in the

fore period or in the after period. The total nitrogen excreted in the

urine is less in the preservative period than in the.fore period, and the

total urea is likewise less. The uric acid excreted in the preservative

period is almost the same as in the fore and after periods. There is

little change in the distribution of the other nitrogenous bodies of the

urine, kreatinin again being slightly increased. The percentage of nitro-

gen excreted in the urine, based on the total nitrogen ingested, decreases

during the preservative period and again in the fore period. The per-

centage of nitrogen excreted as urea increases in the preservative

period and again slightly in the after period ;
the percentage excretion

of uric acid remains almost the same. The percentage of kreatinin-

nitrogen is slightly increased in the preservative period. The per-

centage of nitrogen excreted as ammonia is the same in the fore and

preservative periods, and is slightly decreased in the after period.
_ In the case of No. 10 the volume of the urine is slightly increased

during the preservative period and to a much greater extent in the

after period. The weight of total solids excreted is slightly diminished

during the preservative period, but very markedly increased in the

after period. The total nitrogen excreted in the urine is somewhat
less in the preservative period than in

the^fore period. The nitrogen
excreted as urea is also less in the preservative period than in the fore

period. The quantity of nitrogen excreted as ammonia slightly

increases in the preservative period over the fore period. The per-

centage of nitrogen excreted in the urine of total ingested nitrogen is

very markedly decreased in the preservative period, while it rises to

some extent in the after period. The percentage of nitrogen excreted

as urea is slightly less in the preservative period and is increased in the

after period over the percentage of the fore period. The percentage
of nitrogen as uric acid is slightly increased during the preservative

11240 Bull. 84, pt 307 18
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period and also the percentage of nitrogen excreted as ammonia.
The nitrogen excreted as kreatinin is slightly less in the preservative

period than in either the fore or after periods.

SUMMARIES.

Summaries are given for Nos. 3 and 4, and for 3, 4, and 10, but

only the latter is discussed, as the two show the same general ten-

dencies throughout.
The volume of the urine is slightly less in the preservative period

than in the fore period, while it is considerably increased over the

fore period in the after period, due to the large increase in the case

of No. 10. There is no indication in this case, therefore, of any
diuretic property of the preservative. The total solids in the urine

are slightly increased during the preservative period, and this increase

is repeated in the after period. The total nitrogen in the urine is

slightly decreased in the preservative period, but there is a tendency
shown in the after period to restore the amount to that of the fore

period. The quantity of urea excreted during the preservative

period is less than during the fore period, and there is a tendency
shown during the after period to increase the quantity to that of the

fore period. The excretion of uric acid does not seem to be appre-

ciably affected by the exhibition of the preservative. There appears
to be no notable effect produced upon the excretion of xanthin under
the influence of the preservative. In respect of kreatinin there is a

slight increase in the quantity excreted in the preservative period.
The excretion of ammonia is not greatly affected by the exhibition

of the preservative, but there is a tendency shown to a diminished

excretion.

The percentage of nitrogen excreted in the urine of the total

ingested nitrogen is considerably diminished during the preservative

period and is not fully restored in the after period. The percentage
of nitrogen excreted as urea is slightly diminished in the preservative

period, but is increased in the after period to a larger percentage
than in the fore period. The percentage of nitrogen excreted as

uric acid is practically the same in the preservative and after periods.
The percentage of nitrogen excreted as xanthin is less in the pre-
servative period and is decidedly less in the after period. The per-

centage of nitrogen excreted as kreatinin is notably increased in the

preservative period, while it is almost the same in the after period
as in the fore period. The percentage of nitrogen excreted as am-
monia is decreased in the preservative period and increased in the

after period to a slightly greater amount than in the fore period.
A summary of the data shows quite unmistakably a tendency on

the part of the added preservative to diminish the percentage of urea

nitrogen excreted. This diminution is shown to a less extent in all

of the nitrogenous constituents of the urine except kreatinin, which

slightly increases.
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GENERAL CONCLUSIONS.

From a careful consideration of the data in the individual cases

and the summaries of the results, it appears that the administration

of sulphurous acid in the food, either in the form of sulphurous acid

gas in solution or in the form of sulphites, is objectionable and pro-
duces serious disturbances of the metabolic functions and injury to

health and digestion. This injury manifests itself in a number of dif-

ferent ways, both in the production of clinical symptoms which indi-

cate serious disturbances, malaise, or positive suffering, and also by
inducing certain changes in the metabolic processes which are not

manifested in the way of ordinary clinical symptoms, and are only
detected by careful chemical and microscopical study of the excretory

products. It can be safely said from the evidence adduced that the

administration of sodium sulphite and sulphurous acid as above indi-

cated produces a marked influence of an unfavorable character on
metabolism. As a result of this action an assimilation of food mate-
rials containing organic phosphorus is retarded, while there is evidence

of increased sulphur katabolism. The sulphur balance sheets show
what an immense burden has been added to the already overworked

kidneys, which are called upon in this case to remove nearly all, if not

quite all, of the added sulphur from the body, previously converted,
in great part, to sulphuric acid. It is not possible that placing upon
the kidneys this increased work of excreting sulphur can result in

anything but injury. The fact that the microscopic crystalline and

amorphous bodies in the urine are increased in number under the

influence of the added sulphur, is another indication of the extraordi-

nary demands made upon the kidneys in such circumstances.

This increase is interesting in respect of the effect which the con-

tinued exhibition of sulphurous acid must eventually have upon the

structure of the kidney. It is reasonable to suppose that the con-

tinued use of a body which*produces such results would cause lesions

of a histological character that eventually would develop conditions

which would give serious apprehension. In the nature of these exper-
iments it was not possible to examine the organs of the body histologi-

cally and hence the above conclusion is only based upon experience of

a similar character where the organs in question have been subject to

such examinations. While there might be no distinguishable lesion

1039
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of the kidneys produced during a period of twenty or thirty days, or

even longer, it is plain that sooner or later lesions of a very serious

character producing organic diseases, possibly of an incurable type,
would be induced. The further observation that there is a marked

tendency to the production of albuminuria, although of an incipient

character, is an indication of the unfavorable results of the adminis-

tration of the sulphurous acid. It is, therefore, evident that by
increasing the burden upon the excretory organs, the administration

of sulphur in the form mentioned is highly detrimental to health.

All of these tendencies can not be interpreted as being other than

of a decidedly harmful nature. Another effect which the administra-

tion of the sulphur produced, and one of a more serious character still,

is found in the impoverishment of the blood in respect of the number
of red and white corpuscles therein. The administration of a sub-

stance which diminishes by a notable
, percentage these important

component particles of the blood must be regarded in every sense as

highly prejudicial to health. Some of the most important functions

of the blood, as has been well established by careful physiological

studies, are intimately connected with the number and activity of

both the red and white corpuscles. The bleaching effect of the sul-

phurous acid upon the color of the blood is a matter of less consequence
and no great effect is produced upon the hemoglobins, but the dimi-

nution of the number of red and white corpuscles is a matter of serious

concern.

The variations of the metabolic processes from the normal, as indi-

cated in this series of experiments, were never of a character favora-

ble to a more healthy condition of the system, but, on the other hand,
all these variations, in so far as the effect of the changes could be dis-

tinguished, are of a prejudicial character. There is no evidence what-

ever that the sulphur added to the foods in the form of sulphurous

acid, or sulphites, takes any part in the nutrition of the tissues of the

body containing sulphur, namely, the proteids; hence, no claim of

food value can be established for these bodies. The evidence all points
to the fact that they are purely drugs, devoid of food value, having no

favorable effects upon the metabolic processes, but, on the other hand,

exerting deleterious and harmful effects. The conclusion, therefore,

is inevitable that, as a whole, the changes produced in metabolic activ-

ity by the administration of sulphur in the forms noted above in the

comparatively short time covered by the experiments are decidedly

injurious.

The verdict which must be pronounced in this case is decidedly
unfavorable to the use of this preservative in any quantity or for

any period of time, and shows the desirability of avoiding the addi-

tion of any form of sulphurous acid to products intended for human
food.
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