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INTRODUCTION

Literature records very few experiments on sodium
balance and none at all under tihe conditions of the present
study. In most of the reports dealing with sodium bslance,
tiie subjects were infants whose diet consisted chiefly of
milk, or hospitalized adults whose kidney function was
impaired.

This paper presents a balance study of sodium on two
pre-school boys. It is a portion of a larger experiment cover-
ing a period of forty-eight deys and including calories,
nitrogen and other minerals. The purpose of this study was
to determine the sodium balance of pre-school children on a
quantitative basis, to measure the effect of a high and low
protein diet on the sodium metabolism in pre-school children,
to observe the variations in excretion when the intake varied,
to compare the sodium metabolism with thet of chlorine, and

finally to compare the utilization of sodium by the two subjects.
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EXPERILENTAL PROCELURE

Subjects

The subjects used for this study were two boys D end
B aged four years and nine months end four years eand seven months
respectively. During the experimentel period both boys lived
under the supervision of treined persons, in an epartment in the
Home Economics Building. Thelr environrentel conditions - meals,
toilet habits, sleep, outdoor exercise and other activities were
constantly supervised and carefully regulated. They attended the
college nursery school and, therefore, were not denied the normsl
compenionship of other children. Observations made of their be-
havior during the study indicated they were mentally normal but
not superior children. Physical and medical examinations showed
them to be in good physieal condition at the time of the study
although there was some indication of their having hsd infantile
rickets. The childran had lived nearly all their lives in an
orphanage where their food habits had been carefully controlled
and where their diet was thought to have been adequste for
normal nutrition.

Table I shows the helght and weight of the two boys
at the beginning and at the end of the experiment as compared
with the Woodbury height-weight standards for children under six
years of age. It indicates that the children were of average

size.






PAYSICAL MBLSUREMENTS OF CHILDREX
AT BEGINYING L:TC END OF EXPERILENT

T p : -
#Veriations from
Subiect | __Age Height Yeizht cvero ze —eizht
mo. cm. kg. per cent
D 57 108.4 17.2 —2.6
B 55 109.7 18.6 +2.5
B 57 111.0 19,1 e 204

The experiment covered forty-eight days during which
time the boys nad, first, @ medium protein diet providiang 3 greams
of protein psr kilogrcm of body weight for 12 preliminery snd 21
collection days, and second, a high protein ciet supplying 4 grems
of vrotein per kilogrem of body weight for the following 15 doys.
Celculetions showed thut both the medium znd high protein diets
met 211 the physiologiczl needs of the children eccoriing to our
present stenderds. Subject D received 4% grems of codliver oils¢

¢nd B, 5 grams deily.

Diet

Tebles IT and III give the composition of thie medium
end hign protein diets ss calculated from standard tebles. Skim
milk wus edded and the amount of beef and eggs were increaused

to raise the protein content of the second diet. The varistions

* Woodbury, R. M., Heights and Weiyhts of Cnhildren under Six Yezrs
of Age, U. S. Depurtment of Labor, Caildren's Buresu #87 Table XXXI
page 76,

*#Prepared by E. L. Patch cnd Company, Boston, Masszchusetts.,



TABLE II
COMPOSITION OF THE MEDIUM PROTEIN DIET*
e e TR T TS [ T = T T Residue
ood - Protein Celories Sodium | Chlorine Calcium Magnesium | Potassium |Phosphorous| Sulphur| Iron Acid Base
o oIS . ZIS o gmse | gWSe gIS o gms o gIms o £1mS o gmse Jcc n/10 [ ec n/10
thole Milk 720 23,76 1196..8 063672 0.7632 | 048640 0,086l 1.0296 066696 " 062148 04001728 12946
Bgg L5 6403 6646 04064l 040477 | 0.0302 00050 0.0630 00810 060878 00013501 L949
Raw beef L5 9459 702 040405 040365 | 04005 040113 041625 01035 01098 [0.001080| 517
thole wheat bread 72 6498 17761 02837 014370 | 00360 040360 01498 041260 06086l; |06001152| 5246
Tueockod Farima 18 2,00 6562 060117 00137 | 060081 00045 00216 060761 060279 |0.000900 | 1743
Cooked Potato 63 1439 5243 0401%2 040239 | 0,0088 060176 0.2703 040365 060189 04000819 3748
Bt rainodihanataes 90 1,73 %740 040135 0.0495 | 0.0180 040090 042790 04033 000126 |0.001710 5044
" PO Syt 70 0eli2 1663 060727 06,0259 | 040212 060151 0.2066 0.0126 040158 04000792 7748
" e 90 0489 6245 040621 040153 | 040219 040195 049270 040353 040333 [0e003800 | 15640
" TS % 0418 11 43 040099 0s00L5 | 00063 00072 0e11L3 0.0108 0,005; |0.000270 Li0e5
TLettuce 1L oyl 2T 060038 04010 | 040060 06002 040475 060059 040020 04000098 1044
Streined orange
e 180 77 0401l 0,005 | 040522 00198 063276 0.0288 0.0162 04000360 8140
Bugar 18 7240
Butter 18 0418 138 0.1418 042182 | 040027 040002 040025 0.0031 0.0018 04000036
Cod liver oil Lie5 Lo e5
Total 153945 53432 1518.98 1.,0989 16512 | 140808 0426040 346013 1.2226 046627 04011095 | 32745 L2745

* Table represemts quantities given to De Subject B weighed approximately Oel more than D and therefore was provided with lel times the
amounts givens

Percentage composition calculated from the following sources: Blatherwick, ieR., Studies of Urinary Aciditye II.The Increased Acidity
Produced by eating Prunes and Cranberries JeBeCe 57, pages 815-818, 1923 Rose, liary Se., Hendbook for Dietitics, 3rd Edition, MeAdblMillan 1929.

Storms, Lillian Be, Analytical Date Included in pamphlet "Baby's Vegetables" - Gerber Products Company, Fremont, liichigene

Waller, Dorothy Se., Nutritive Value of Foodss George Wahr, Ann Arbor, Michigan 1932
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TABLE III

COMPOSITION OF THE HIGH PROTEIN DIET#*
T L Residue
Food Weight Protein | Calories | Sodium [ Chlorine | Calc ium | Magnesium | Potesium | Phosphorous | Sulphur | Iron Acid Base
= ZmSs o " gmss gns e £MS o gmse gms o Zms e gms e glS e gms e cc n/10 | ce n/10

fhole milk 125 1403 | 29343 | 042168 | 044505 | 045100 | 0.0510  [0.6078 0+3953 fr i QeuliaD %
Skin milk 125 1li5 | 157.2 | 042210 | 0.4675 | 065185 | 040510 | 046333 0.L080 BellS5 104001063 i
Egg 90 12406 133.2 | 041287 | 0,095 040603 | 040099 041260 041620 061755 |0002700] 9949
Raw bees 90 19.17 10. | 0,0810 | 00729 0,0108 | 0.0225 043249 042070 062196 [04002160| 10345
Wthole wheat bread 60 5682 14746 04236l | 0e36L2 040300 040300 0e12L8 Re1028 Bib720 1400090013 J2 4P
Uncooked Farina 18 2400 6542 | 040117 | 040137 | 0.008L | 0.0045 | 040216 0.0761 040279 1040009001~ 1743
Cooked potato 50 1.10 [1e5 040105 |0.0190 | 040070 | 0401L0 04215 2 i e i
Streined tomatoes 100 1.92 2.1  |0.0150 | 040550 | 040200 | 0s0100  [043100 0.0371 040140 104001900 ohe

o carrots 70 ' Oulil 15,8 |040707 | 040252 040206 | 040147 062009 040123 040154 104000770 756

i prunes 90 0489 6245  |[0s0621 | 040153 040219 | 040495 049270 040353 040333 [04003800 | 15640

: applesauce 9 018 1l1e3 |0.0099 [0400L5 040063 | 040072 041113 040108 040054 04000270 Li0e5
Lettuce 1l 0417 2.7 040038 | 04010k 040060 | 04002} 040475 040059 040020  |04000098 1044
Orange juice 200 8640 (040160 | 040060 040560 | 040220 043640 040320 00180 (04000400 90 0
Sugar 10 1060
B ” B 153.8  |0.1576 |0.2k2l 040030 | 0,0002 040028 040034 040020 04000040
Cod liver oil Lie5 L0a5

Total 175645 7240 | 156342l [L.2412  [1.8L420 1,2805 | 042889 L1019l 15192 0.893L 04016731 | L21e5 | L5545

* Same as medium protein diete.







in the quantities of the other foods were verv slight. These
tables also indicate that the mineral conitent end the acid/base
residue of the two diets were relatively constant. On both
diets the children drank a measured amount of distilled water
daily.

The investigators made careful plans to eliminate as
many errors as possible in the feeding of the diets. They pur-
chased in advance canned and dried foods sufficient to last for
the entire experiment. They obtained perishable foods in quan-
tities large enough to last for a three day period. The helpers
removed the fat and grisle from the meat and ground the lean
portion, beat all eggs thoroughly, cooked and mashed the poteatoes
and pureed the vegetables and fruit. They then mixed together
thoroughly the quantity necessary for a three day period until
it formed a homogenous mass. Next they welghed all the neces-
sary portions for a three day period into individual uténsils.
The children consumed the portions directly from these utensils
in which they were first cooked. In order to be sure of quan-
titative consumption the helper supervising the meal wiped each
dish out with a small portion of the days allotment of bread,
which the children ate and then rinsed the dishes with some of
the measured distilled water. This was added to some other food
which the child had not yet eaten.

Two identical portions of the homogenous mixture were
weighed at the same time for analysis. They were placed in

enamel bowls, partly dried over a steam bath and then placed in



a constant temperature oven at 60 degrees Centigrade until they

reached a constant weight. They were then ground several times

and put through a fine mesh sieve. If some of the material

was too hard to pass through the sieve, this was mortared, sif-

ted and added to the other portion. From 15 to 20 grams samples
of the food were wéighed in duplicate. These samples were ashed
in platinum dishes, at a dull red heat, dissolved in 5 - 10%

H C1l and made up to a volume of 100 cc for later analysis.

Specimens

Care was taken to collect the excreta as quantitatively
as possibles The children were trained to follow a definite
schedule for collection and thereby prevent the loss of urine.

If there was an unavoldable accident the specimen” for the en-
tire day was discarded and the results for the other two days of
the period were averaged. Decomposition was limited by keeping
the samples in an ice box at all times. After the 24 hour
specimens had been measured end the specific gravity taken they
vere made up to a definite volume vith distilled viater. Duplicate
and triplicsate detefminations of sodium vere made on daily
specimens of the fresh urine.

In an attempt to collect daily excretion of feces
quantitatively, carmine and charcoal were fed on alternate days
es markers. Since the emount excreted daily was small, it was
difficult to separste the samples accurately. After collection,
the fecal specimens vere dried et a low temperature, mortated

end sieved in the same manner as the food. They were ashed at



a tempersture below red heut, dissolved in H Cl and mede up

to a volume of 100 cc.
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CHEXICAL METHODS

Review of Literature

There are five general methods for the cuantitative
determination of sodium, the platine-chloride, the pyroantimonate,
the perchlorate, the caesium bismuth nitrite end urenyl scetate
methods. (3, 4, 6, 7, 8, 9, 10, 11, 13, 15, 16, 19, 20, 25a,
25b, 26,‘27, 28, 29, %2, 33, 35, 39), Various workers have adapted
these methods to either volumetric, colorimetric or gravimetric
procedures. A brief discussion of the methods follows.

In the plstinic-chloride method the sodium and potas-
sium are weighed together as sulphates and the potassium is
determined as a chloro-platinate (22). Thus the sodium is subject
to the greater error because it is determined by difference. In
the pyroantimonate method, sodium is precipitated with potassium
pyroantimonate solution and titrated with sodium thiosulphate
using potessium iodide as an indicator (32). Peters and Van Slyke
atate that this "method offers the only micro-titration method
for sodium.® They say further that, "it is capable of giving good
results, but is susceptible to error from slight chenges in tech-
nicue, and the potassium pyrosntimonate used &s & resgent, obtained
from dealers, has often been unsatisfactory.? (32). The perch-
lorate method has not been edapted for use with biological mater-
ials (29). According to NcCence and Shinp the preciritation of
sodium as caesium bisruth nitrate presents many technical difficul-
ties, the chief of which is that the preciritete must be kept in

a cold room twenty-four hours (28). The preceeding methods were
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not used to determine sodium in this study, either because nre-
vious investigators reported thet they presented technical
difficulties or they had not been adapted to use with biological
material,

A number of workers have reported thet the uranyl
acetate method vas satisfactory for use with biological material,
The basig of this method is that sodium forms quantitatively a
triple sal? with a saturated solution of uranium and either
magnesium or zine aéetate. This triple salt is very slightly
soluable in 95% alcohol, ether or glacial acetic acid. The high
molecular welght of the salt makes it possible to determine very
small amounts of sodium. The precipitate may be weighed or
adapted to colorimetric or volumetric analysis. (3, 4, 6, 7, 8,
9, 10, 13, 15, 19, R5a, 25b, 26, 28, 35).

The history of the method indicates that the earlier
voriers used magnesium acetate to form the triple salt while the
later investigators used zinc acetate. In 1886, the earliest
record of the uranyl acetate method, Streng used the magnesium
salt to precipitate sodium (35). Although other authors as
Blanchetiére, have used a magnesium reagent, Barber and Kolthoff
say that his method showed errors from -6.0 to +3.0 percent, and
"Crepaz reports the method too inaccurate for the gravimetric
determination of sodium® (la, 3). Caley and his associates used
magnesium reagent for the determination of sodium in inorganic
material (7, 9, 10, 11, 19). They applied their method to

gravimetric and colorimetric procedures and found it satisfactory
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if the amounts of sodium determined did not. fall below 0.2
milligrams (7).

There has been considerable dispute regarding the
composition of the triple salt. Streng originally sssigned the

fornula (U 0,) Mg Na (CHg CO0)g . 9 H,0, which Blenchetiére

2)5
later confirmed. 1'ilholic, however, believed thet it contaired
only six molecules of water. IMore recently Barber and Kolthoff
have studied the composition of the salt. They precipitated the
sodium with zinc rather than megnesium and obteined better
results (la). They agreed with ilholiec and gave the formula
(UOZ)S Zn Na (CH3000)9. 6 H to their product. The ratio of
the weight of sodinm to that of the triple salt is, therefore,
0.01435:1 (35).

Barber and Kolthoff also studied extensively the in-
fluence of various ions on the determination of sodim by this
methode They found thet ammonium, calcium, barium and magnesium
do not interfere, that caesium end rubidium do not influence the
results if present in cuantities ss small #s 0.1 grams or less,
that lithium, strontium and organic acids interfere, that po-
tassium introduced an error if present in as large amounts =s
50 milligrems per 1 cc, that phosphates end arsenates interfere
and, therefore, must be removed by & megnesia mixture.

Butler and Tuthill modified the method of Barber =nd
Kolthoff end applied it to the quantitative determinstion of

sodium in urine. Their results were satisfactory with samples
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containing as little as 1.5 milligrems of sodium (6). Salit
adapted the above method to a colorimetric procedure for use

in determining sodium in biological material. He obtained
excellent results vhich showed an error of not more than 2 - 3%

with samples conteining as low as 0.05 milligrams of sodium (36).

Chemical }Method Used

Both the Butler and Tuthill and Salit modifications
vere tried in this laboratory. Prelimirnary checks were made on
knovn solutions of sodium salts, on urine and on samples of the
same specimen of urine nlus a knovn quantity of chemically pure
sodium salt,

In general, the Salit procedure was as follows: 2 cc
of the samcle vias placed in a centrifuge tube. The same quantity
of a standard sodium chloride solution, containing approximately
the same smount of sodium wes nlaced in snother centrifuge tube.
To tnese was added 6 cc of the uranyl zinc acetate reagent. Suc-
cessive 0.3 cc portions of absolute alcohol were edded to each
tube and the contents stirred. Vhen precipitation was complete
the tubes were centrifuged for 10 minutes. The supernatant
fluid was decented and the tube allowed to drain on filter paper.
The precipitate was weshed with glacial acetic acid saturated
with uranyl zinc acetate which had been freshly filtered. The
precipitate was transferred to a 50 cc volumetric flask by rins-
ing with distilled water end was then made up to volure. An

aliquot sample was removed (the size of the portion depending
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upon the smount of sodium present) and 0.5 cc of a 20% po-
tassium ferrocysnide solution was sdded. The samnles vere

then read in the colorimeter (%5). To determine the accuracy
of this procedure the sodium was recovered on thirty-four
samples of a known sodium chloride solution end on twenty-five
samples of a standard sodium sulphate solution. As shovm in
Table IV, there wes a wide variation in the per cent recovery,
the averages being 97.63% and 21.16% for the sodium chloride
and the sodium sulphate solutions. The unsatisfactory results
obtained with the Selit modification mey he explained in part
by the fact that the colorimetric procedure is subject to var-
iations due to the difficulty some workers have in mstching color
values. Also the vwork was done in extremely hot weather when
the latoratory temperature freonuently exceeded 100 degreses
Fahrenhelt and elevations of temperature affect the soluability
of the uranium salt,

Table IV indicates that more corsistent results were
obtained vith the Butler and Tuthill gravimetric method. At
first an attempt wes made to dry the precipitated sodium uranium
zinc acetate to constant weight. This gave as unsatisfactory
results as the Salit method. Since Butler and Tuthill had stated
that it wes sufficient to dry the precipitate and the filter con-
taining it in as dissicetor over caslcium chloride for % hour before
weighing, this procedure was followed =snd the recovery of known

salt was considerably more constant. Fourteen determinations were
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TABLE IV

PERCENT RECOVERY ON KNOWN SOLUTIONS OF A SODIUM SALT

USING TWO METHODS

Lﬁ_ Concentration Determin4 Range of Average
od Salt Salt Solutiom**Urine | ationg ,recovery | recovery
ce ce noe. per cent per cenq
[Salit Na C1 2 0 . B4 80.71-125.00 97.68
(Colorimetric) | N3, Sq 2 0 25 75.76- 98.35 | 91.16
Aﬂutler and Na C1% 2 0] 14 94.06-100.93 98.22
Tuthill Na C1 2 0] 14 99.05-102.51 | 100.21
(Gravimetric) Ne12 So: 2 0 2 94.12- 99.97 97.25
N% S% 2 0 1 97.89-100.35 99,19
Na C1 | 1 1 5 96.10-100.15 98.49
Na Cl 2 1 5 98.68-100.10 | 99.38
L Na Cl 5 1l 5 98,88-100.16 99,52

# Dried in ovem to constant weight.

¥*% Same standard solution of Na Cl and Na2 So 4 used for both methods.
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made using the letter method on 2 cc semples of stendurd sodiam
chloride solution and eleven on 2 cc portions of a kno'm sodiunm
sulpncte solution. The percentage recovery of sodium cver:sced
100.21% end 99.19% respectively. To further check the cccurecy
of the method five determinations ezch wvere mede on dilutions

of 1 cc of urine plus 1, 2, 2nd 3 cc of the known sodium chloride
solution. The averege psrcentage recovery wes in order 98.49%,
99.38% =nd 99.52%. These results were deeme’ sufficiently sccur-
ate to warrant the use of the method ¢s outlined below,

Certcin preliminary steps ware necessary with eszch of
the biological products before tie general method of precinitation
of the trinle sslt w s put into effect. For urine a 6 cc sample
wes pipetted into a test tube. To this wzs added epvroximetely
0.2 grams of calcium hydroxide togetier with 1 drop of phenol-
thelein. (The calcium hydroxide was used to precipitate the
phosphates, The 'wrine had previsusly been tested ant found to
be free of protein, therefore, it w:s not neces:uary to remove it.)
After standing 30 minutes the solution wcs filtered and the
filtrate used for the determinetion of sodium. In the cazse of
food & sample of the dried meterizl weighing between 15 and 20
grems wes dry ashed and tne ash made up to a volune of 100 cc.

An aliquot portion of this was removed for enslysis, the size of
wihicn depended upon the originel weight of the ashed sample.
Exactly six, ten or twenty cc portions of the ash solution was
measured into a tést tube and approximetely 0,2 grsms of celcium

hydroxide wes added to precinitate the phosphate.
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After 30 minutes this was filtered snd the filtr:ite evevorated

to & volume of epvroximetely 2 cc. Some slight rodificeations

were neceesary in the method for the determinetion of sodium in
the feces. The guentity of sodium wes so smell thet it wos
neceseery to &dd a known emount of stundard sodiim chloride solution
to each semple. BReceuse of a limitec emount of meteriel votessium
andé sodium were determined on the seme semple, The potessium

and sodium were precinitated as sulphates enc the precipitete

wes transferred to a 100 cc becker by successive weshings with
¢istilled weter. This was then evevorstec to dryness to remove
the H C1 preseni. The dried meteriel was dissolved in distil-

led water end spproximetely 0.2 grems of powdered calcium hycdroxide
edded. After stending 30 minutes it was filtered end the

filtrete eveporeted to approximately 2 cc. [fter the prelimin-
ary steps nad been tcken the precipitetion of the sodium es a
triple selt wes essentielly the seme. A solid rubber stovnper

wes fitted from below into the bottom of a 30 cc porous gless
filter (Jena Gless filter size 2, cepzcity 30 milliliter, por-
osity 1 G 4) that hed been dried end esccuretely weighed. 20 cc

of the urenyl zinc ecetete reagent (freshly filtered) wes placed
in the gluss filter end the scmple added. This solution wes
stirred with a smell gless rod until 2 precipitete epreared

en¢ several minutes therezfter, The filter was then covered

with a wetch gless and ellowed to stend et room temperszture for

1 houwr. The rubber storrer was removed end the filter pleced

in & suction flcsk and suction applied. The precipitate wes
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first viashed vith 95% alcohol vhich had been seturated vith the
triple selt end then with ether end finally dried in a dessice-
tor over night. The dried precinitete ves weighed end the
amount of sodium’ in the se¢mple deterrined by multirlyirg its
velght by the fsctor 0.01425., Flank corrections were ncde on
all samples. In the cese of feces the sodiwr in the cermirne
and charcosl used es merkers vns deterrined snd subtractecd

from the veight of the firsal preciritate. Checks within 4 2%
vere obtteined vwith food ~nd vrire using samples that contained
as lov &s 0,3 milligrems of sodium, This vwee considered suf-
ficiently accurate for our purpose. flthough the results on
feces vere less s~tisfaclory than those on the other rateriels,
+he results viere considered sccurste enough for the small cuen-
tities of sodium excreted by way of the intestinel trect.

No attempt vas made to deterrine the sodium lost in
perspiration or teers. Previous voriers differ as to vhether
the loss is sufficierntly greet to corsider. Rominger and Keyer
using infants fed on cow's milk concluded thet the amount of
soéium lost through the skin did not meterizlly sffect is re-
tention., Swanson and Iot, hoviever, stated "It is anmrarent from
our data that no metelolic exneriment involving retertion of
ninerals can be correctly evalusted unless loss through the skin
is determined " (40). To have rede this determination on the
present evperiment vould have presented great difficultie in

collection of the materiel.
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RESULTS AND DISCUSSION

Socdiun Metebolism — Dzily - Medium and High Protein Diets

Table V presents the daily sodium balances obtained
on the two cﬂildren used in tais study, end Taeble VI data on
a per kilogram basis.* They indicste theat the daily amounts
of sodium injested for eesch day during a three day period were
identical due to the method of preparing tane food. The emounts
from period to period, however, veried considerzbly since a
smell quentity of unweighed sodium cnloride was added to tae
food during preparation. Nevertheless, this amount was the
same in the analyzed ssmple es in the food eaten by the child-
ren. As & result the actual number of grams received by the
" children daily were slightly higher than was anticipated in
the calculated diets. In addition to the inteke, Table V shows
the doily fecal and urinary output, the retention end absorp-
tion of sodium for the two subjects on the medium and high
protein diets. The tendencies evidenced by the two subjects
were remarkebly consistent and are, therefore, discussed
together.

Although the sodium in the food varied only by three
dey periods, there were wide variations in the daily fecal end
urinsry excretion. The fecal sodium was low and there wére

probably errors incurred by deily collection for the samples

* Figures for tne first six days of the experiment obtained from
unpublished data determined by Mrs. Merle M. Bray, Division of
Home Economics, Michigan State College.
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TABLE V

DAILY SODIUM BALANCES

T = " Absorption Retention 57
Proportion Proportion
Date Intake Feces Urine Total | Total -m‘pf intake _,n_q?31k~wﬁu__“L,.--
--75&5:,_ 5§m;: gIms e . gNS e gMSe per cent 2S o ner cent
2/16 14558 0:033 | 1el20 | 1e453 | 14525 979 04105 6Tl
2/17 14558 06013 | 14698 | 1711 | 1e5L45 992 -04153
2/18 14558 04018 1643 14661 14540 9848 -04103
2/19 1,069 04009 1.193 1,202 1,060 992 -0e133
2/20 1,069 0.031 | 04802 | 04838 | 1.038 971 04236 22408
2/21 1068 06056 | 0,892 | 0.948 | 1,013 9l4e8 0e121 11432
2/22 lell5 06000 | 1405 | 14045 | Le1l5 10040 04100 8e73
223 1o145 06002 | 0493L | 04936 | Lell3 998 04209 18425
2/2l, 14145 06000 | 14092 | 14092 | lell5 10040 04053 L+63
2/25 14063 | 0,002 06933 | 0935 | 14061 99.8 0e128 1240l
2/26 1,063 06000 | 0,952 | 069L2 | 14063 10040 0121 11,38
2/27 14063 06,01y | 1,004 | 14018 | 109 9847 04045 L1e23
2/28 1le159 0,015 | 04932 | 0,947 | Llellky 9847 04212 18429
2/29 14159 04008 | 14026 | 1,034 | lel51 9 o3 0el25 10479
3/1 1le159 04016 120804 (120960 | 151k3 9846 04063 5 elils
3/2 1.02} 06002 | 06997 : | 04999 | 14022 9948 04025 2elily
3/3 1.62) 04,000 | 04862 | 0.862 | 1.02L 10040 0e162 15482
3/l 1,02l 0400 04905 06090 14020 9946 04115 11423
3/5 1,028 040000 | 15133 | 1133 | Le028 10040 ~04105
3/6 1,028 04001 | 0,979 | 0,983 | 1.02L 9946 0405 11438
3/7 1.028 06021 [ 0493, | 04955 | 1.007 9840 04073 7410
3/8 1.198 06002 | 1456 | 11458 | | 1.196 9949 04010 2467
3/9 1,498 04000 1287 1.287 1.98 100,40 0e211 111409
3/10 1..98 aeeus METLaTh (12T 1.495 9948 0221 14475
3/11 1,104 04000 1,121 4 o 1.104 100.0 -04017
3/12 1.104 06002 | 04895 | 04897 | 1el02 9.8 04207 18475
3/13 1.104 §2000 | 1177 | 2e177 [1s10h 10040 -0.073
3/1L, 1.343 0,000 |1e2%6 | 14256 | 1e343 10040 04087 64148
3/15 1.3L3 04001 | | 15201 '1.202 [1es5ke 99.9 Oelll 10450
3/16 143L3 04000 Jieomls 1ieih. il 1e3k3 100,40 04129 9.61
3/17 1.09L (o5 57 2 v 9 - ] 1 90 9% 49 0,031
3/18 ° 1,094 0400 1,051 14051 1.094 10040 040L3 3493
3/19 1,094 06005 | 14050 | 1.055 | 1.089 99e5 0039 3456
3/20 1,190 06000 | 14149 | 1ell9 | 14190 10040 04041 365
3/21 14190 04009 | 0,972 | 04981 | 14181 99e2 04209 1756
3/22 14190 0,000 | 04916 | 0.916 | 14190 10040 04274 23403
2/16 1.71L L0 iEes: || 1,388 | ‘La688 9845 06326 19402
2/17 1a71h 06025 | 1a4478 | 14503 | 14689 9845 04211 12431 1)
2/18 Yo7tk 04039 1477 1.516 1.675 97.7 04198 11455 0
2/19 LeE76 06072 | 14310 | 14382 | 1a104 9349 -04206
2/20 1.176 QeoToR | “Hethar 158 ) | (13166 991 0.018 1e53
2/21. 14176 06030 | 14066 | 14096 | lelh6 Tely 04080 6480
2/22 14260 06005 | 14023 | 14028 | 14255 9946 04232 18.L41
2/23 14260 04020 14157 16177 14210 98l 04083 6459
2/2l, 14260 06035 | le131 1.166 | 14225 9742 0409 o)
2/25 1.169 0600l | 00980 | 0.98L | 14165 N7 04185 15483
2/26 14169 0401l 0.949 0.963 14155 98.8 04206 17462
2/27 1.169 04011 1.018 1,029 1.158 99,1 0el1L0 11.98
2/28 1.275 04009 14298 1307 1,266 9943 ~04032
2/29 1.275 95012 " | 11287 | 152k9), | 14263 Pl 04026 2,0l
3/1 1275 04008 | 0.91L | 06922 | 14267 Nl 04353 27469
3/2 14126 |*04013 el 192100 | 1113 98! -0.08l
3/3 1.126 D000 It TIOT 0 R 15010 [P TA1R6 10040 0116 10430
3/l 1,126 0,012 04983 04995 Lol 9849 04131 11.63
3/5 14131 0,008 | 1.131 [ 1.139 1.123 9943 20,008
3/6 L] o s o A G U0 Al 0 5 o T2 N B B 1 9746 0029 2.5
ST 1.131 0s0hly | 1411 | 14158 | 1.087 %1 04027 ‘
%/8 1.618 06,01l | 1l.261 1.275 1.63L 9942 04373 20,63
3/9 1.618 ol 1o S W 0 T2 N s 0 T S A S 9949 04158 9459
3/10 1.618 06013 | 14503 | 1e516 | 14635 9942 04132 8401
3/11 1215 0:0L0. i 15300 | 71e520" | 14205 9.2 -04095
3/12 14215 06032 | 14126 | 1.158 | 1.183 9Ty 04057 L1469
3/13 1a285 0400L | 16326 14330 | le211 DT -04115
3/1L 1478 0.00L | L.l1h | 1,118 | 1.47h 9947 04360 21436
3/15 1.478 06025 | 1e335 | 1e360 | 1eL53 9843 0.118 7498
3/16 1.478 (5702 S T - R S e Ol 9 9949 -0e133
3/17 14203 00028 | 14017 | 1.0k5 | 1e175 9747 06158 13413
3/18 14203 04025 | 14348 | 1373 | 14178 9749 04170 :
3/19 14203 04001 | 1,162 | 14163 | 14202 9949 040L0 s
3,/20 14309 06000 | 0696L | 0496k | 14309 100.0 0e3L5 26436
3/21 14309 04008 | 04915 | 04923 | 1.301 el 04386 29419
3/22 14309 OR000 " 8102, | 14102 {4 1309 10040 04207 15:81
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3/6 el O‘Oj“g 0,000 040495 04057k 040651 060070
5/7 17415 0.0?89 O.Wmoa OOOng 060495 040587 040036
B 17L45 0589 .0000|  0406LS 040522 060093 0400
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vere small and it was difficult to separate them sharply.

A small amount of the injested sodium was excreted in the feces
and the major portion was eliminested in the urine. Urinary
sodium ranged from 0.802 grams to 1.698 grams daily for the
two subjects. There wes a small emount of fecal sodium and

a high degree of absorption. The per cent of injested sodium
absorbed daily by the two subjects durirg the entire experi-
ment renged from 93.9% to 100.0%. The smallest range in per
cent of intake was shown on the high protein diet as indicated
in Table V. In contrast to feces end urine the dally absorp-
tion of sodium closely paralled the intake. Inasmuch as
retention represents the difference between absorption and
urinary excretion it is otwvious that the deily retention var-
ied widely. Table V shovs & number of negative balances as
well as some balances when there was a relatively high reteﬁ-
tion of sodium. In sixteen cases out of tventy-four there was
a 8light drop in the daily amount of sodium retained following
a change in the sodium intake. This drop occurred whether the
dietary sodium had been increased or decreesed, This would
geen to indicaete that there was a lag in the elimination of
sodium from day to dey and that the subjects never vere in
sodium equilibrium,

As a result of the preceeding otservations statistical
determinations were rmade in order to ascertain the relationship
between intake and excretion, absorption and retention. Table VII
shows a definite correlation betveen daily intske and urine,

total excretion and absorption of sodium for the two subjects on
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the entire experiment. It shows no correlation between in-
take and totel excretion or retention. It indicates that in
all cases there vias a slightly higher correletion when the
comparisons were pade on a period basis. On the former basis
the range in values was smaller but otherwise the relation-
ships were the same. Because the diet was constant for a three
day period and it may eliminate some of the errors in fecal
output of sodium, the interpretation of results which follow
will be expressed in terms of the average amount of sodium for

& three dey period.

Sodium Metebolism by Periods - Medium Protein Diet
The sodium intake on the medium protein diet varied

widely from period to period on the basis of both the total
grams of sodium and the grams per kilogram of body weight as
shown in TablesVIII and IX. The range in sodium intake per
kilogram of body weight for subjects D and B was from 0,0588
to 0.0833 and 0.059% to 0.0902 grams per periode This provided
for a wide per cent varistion from the average period intake
ranging from $35.5% to -10.9%. Although the number of grams
of sodium per kilogram of body veight varied per dey and per
period the average inteke for the two subjects on the medium
protein diet was similar. Subject D averaged 0.0658 grams and
B, 0.0666 grams of sodium per kilogram of body weight per period.
Excretion of sodium in the feces vas small. Although
not es great es on a daily basis, the period excretion of sodium

in the feces varied considersbly. The sodium eliminated in this
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manner was only slightly more constent per kilogram of body
weight than in total grems per period. As shown in Table IX
the excretion of sodium in the feces of the two subjects ranged
from traces to 0.019 grems per kilogram. Table X indicates
that there was no correletion between the intake of sodium
from the medium protein diet and the amount of sodium excreted
in the feces of the two subjects.
Both children excreted a large proportion of the

sodiun from the medium protein diet in the urine. Subject D
eliminated 90,58 and B, 92.4% of the food sodium by way of
the kidneys. The period excretion of sodium in the urine ranged
from 0,960 to 1,587 grams for D and 0,992 to 1.469 grams for B,
Table IX indicates that there wass also a wide range in urinary
sodium per kilogram of body weight. Both for total and for the
-kilogram figures the per cent varietion from the average for D
and B was from 448.,5% to -15.9% and 425.6F to -14.5% respect-
ively. Averaging the three day figures for urinary elimination
smoothed out some of the daily variation and the period excre-
tion of sodium in the urine closely paralleled the intske. Graph
No. 1 reveals the close relationship between the intake and the
urinary sodium on beth diets for the two subjects. This rela-
tionship is confirmed in Table X which indicates that the co-
efficient of correlation between intake and urina:f sodium per
kilogram of hody weight was as high as 0,913 on the medium pro-
tein diet.

Practically all the sodium injested on the medium

protein diet was absorbed by the children. Subject D absorbed
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an average of 98.4 and B, 98.4% of the sodium from the food.
As shown in Graph No. 2, absorption closely paralleled the
intake of sodlum and there was therefore an sppreciable
variation from period to period. Tables VIII and IX show the
close relationship between intake and absorption and indicate
that there was a wide range in absorption per period. Table X
corraborates the above findings and presents a high coeffecient
of correlation between the sodium intake and absorption per
kilogram of body weight on the medium protein diet. Retention
of sodium was low and there was a wide variation from period
to period on the medium protein diet. The sodium retained in
the body by the two subjects ranged from 0.002 grams to 0.177
grams per period as shown in Table VIII. Table IX indicates
that there was also a wide range in sodium per kilogram of body
welght per period. Since the absorbed and urinary sodium fol-
lowed the intake very closely it might be expected that the
retained sodium, although small in amount, would vary with
the intake also. This was not true, however, and Table X shows
no correlation between intake and retention.

| On the medium protein'diet, therefore, the reactions of
the two subjects were similar, Intake was paralleled by absorp-
tion and urinary excretion of sodium per period and there was
no correlation between intrke snd either fecal excretion or re-

tention.

Sodium Metabolism by Periods - High Protein Diet
Results obtained when the children were on the high



=30=-

spot1zdl Aop e

VN 40 NOI1d¥OSaV
ANVLNI VYN

g9 1o3rans

NI31L0¥d HOIH NI310O¥d WNIG3IN

a 1Lo23arans

VN 40 NOILd¥OS8Y
3NVLNI VYN

NI1310¥d HOIH NIZLO¥d WNIGIN

NOlldH OsavY ANV 3MVINI WNIAos
Z 'ON HdJVY O

SAYYD o



=31~

protein diet were comparable in most respects to those on the
medium protein diet. The period intake of sodium, though slightly
higher than on the medium protein diet, shoved a simiiar varia-
tion on the higher level of protein. Subject D injested from
1.094 to 1.498 grams of sodium dally and B consumed between
1.2038 and 1.648 grams per period. The high protein diet also
exhibited an appreciable difference in the period intake of
sodium per kilogram of body weight, as shown in TableIX., The per
cent variation frou the average for both total and per kilogram
intake was from $20.2% to ~12.5% and 420.2% to 12.2% for subjects
D and B respectively. In accordance with the medium protein
diet, the average amount of sodium per kilogram of body weight
eaten by the two subjects was similar, Subject D received an
average of 0.,0715 grams and B 0.0720 grams per period. |
Fecal excretion of sodium was lower on the high than
on the medium protein diet and there was not as great a variation
between periods. Subject D excreted an average of 66.7% and B
45.0% less sodium on the high than on the medium protein diet.
This was true even though the high protein diet provided 8.7%
more sodium than did the medium protein. The range in fecal
sodium was from 0,001 to 0.018 grams per period on the high pro-
tein level - a much smeller rsnge than on the medium protein
diet. Tables VIII and IX indicate that the amount of fecal sodium
was small and the period excretion of fecal sodium was not con-
stant either for the individual subjects or when the two were
compared., Similar to the medium protein level the high protein
diet did not show a correlation between intake and fecal excre-

tion of sodium as indicated in Table X.
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Sodium output in the urine on the high protein diet,
like that on the medium, represented a major portion of the
amount injested in the food. Period elimination varied from
1.012 to 1.539 grams for D and 0.924 to 1.418 grams for B. As
shown in Table IX there was also a considerable variation in
urinary output of sodium per kilogram of body weight. The var-
lation from the average urinary excretion of sodium was from
+17.5% to -11.3% and 414.5% to -19.7% respectively, for subjects
D and B. Graph No. 1 demonstrates the close relationship between
the injestion and urinary excretion of sodium for both subjects.
As shovn in Table X there was a high correlation between intake
end sodium in the urine on the two diets.

Since the injestion of sodium was higher and fecal out-
put lower on the high protein diet than on the medium the absorbed
sodium was slightly higher also. The two boys absorbed between
98.8% and 100.00% of the food sodium on the higher level of pro-
tein, Tables VIII and IX indicate that the absorption and intake
were similar on both diets and Graph No. 2 that on the high pro-
tein diet also, absorption of sodium closely paralleled the
intake. The high coefficient of correlation between intake amd
absorption on the medium protein diet was simulated on the high
protein as shown in Table X,

A closer relationship existed between the retention of
godium by the two children, on the high than on the medium pro-
teln diet. Variation in sodium retention ranged from 0,017 to
0,312 grams per period on the high protein diet. Table IX in-

dicates that there was a similar wide variation on a kilogram
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basis. As opposed to retention on tae medium protein diet,
the sodium retained on tne high protein showed a positive
correlation with intake. There seemed to be some indicetion
es shovn in Table VIII, that as tne intzke increased the per-
cent of sodium retained incressed also. Tiis might imply that
when the sodium intske wes sufficiently high the intcke, absorp-
tion and retention were parallel and possibly that even the
high protein diet did not supply the optimun amount of sodium.
The chief difference in the sodium metabolism of tne
two subjects on the high protein diet from that on tne medium
seemed to be tnat the intake was slightly higher, the fecal

excretion lower and, tnerefore, absorption was more complete.

Comnarison of Sodium &nd Chlorine Metebolism

A number of investigators have felt that there was a
close relationship between sodium and chlorine metabolism (25,
31, 32, 46)., Wiley, Wiley and Waller working with hospital-
ized petients whose kidney function wzs impeired, made the
following stutement: "No relationship could be established be-
tween the excretion of the various bzses. It appears, however,
that the excretion of chloride parallels the output of sodium
more closely than any other bzse" (46).

The latter observation wes confirmed with resvect to the
two pre-school children in this study on both the medium and high
protein diets. A comparison of Grephs No. 3 end 4 indicate thst

the two children responded similarily with respect to sodium and
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chlorine metcbolism.¥* Very nearly ell of the sodium and chlorine
wag absorbed. Fecal chlorine showed less variation from period
to period then did the sodium in the feces. Graph No. 5 shows a
close resemblance in the retention of the two bases. Judging
from the above observations it would appear that under tne ex-
perimental conditions of the present study the utilization of

sodium and chlorine showed a marked egreement.

# Figures for chlorine obtsined from unpublished data determined
by Dr. Jean E. Hawks, Division of Home Economics, Michigsn
State College.
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SUMXARY

1. The materisl presented deals with a bslance study
of sodium on two pre-school boys covering a period of forty-eight
days end is a portion of a larger study vhich included calories,
nitrogen and other minerzls,

2. The subjects consumed, first, a medium protein Qiet
providing 3 grams of protein per kilogram of body weight for 12
preliminary and 21 collection days; and second, a high protein diet
providing 4 grams of.protein per kilogram of body weight for the
following 15 dayse.

3. Sodium intake, urinary and fecal excretion, absor-
ption and retention were determined by analysis of daily specimens
of food feces and urine.

4, DIxamination of the results revealed that on both
the medium and high protein diets the two subjects behaved similarily.

5. Although the sodium inteke varied by three day periods
there were wide daily variations in the fecal and urinary sodium.

6, Daily excretion of sodium in the feces was small,
absorption was very neerly complete and a major portion of the
injested sodium was eliminated in the urine.

7. Both subjects showed a few negative bslances.

8+ In a majority of ceses a change in the sodium intake,
vhether an increase or & decrease, was followed by a drop in the
amount of sodium retained.

9, Statistical determinations revealed & higher correla-

tion between intake and excretion, absorption and retention when the
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results were considered on a three day period basis rather than
on a daily., Since the injestion of sodium was the same for each
three day period the results were interpreted in terms of the
average amount of sodium for a three day period.

10. On the medium protein diet the sodium intake in
grans varied widely from period to period; nevertheless, the
average intake of sodium per kilogram of body weight was similar
for the two subjects.

11. MAlso on the medium protein diet very nearly all
of the sodium was absorbed, fecel excretion was small, retention
was low and varied widely from period to period and over 90% of
the injested sodium was eliminated in the urine. There was a
close correlation between intake, absorption and urinary sodium
but none bstween intake and fecal or retained sodium.

12, On the high protein level the results varied only
slightly from those on thé medium. The intake was somewhat higher,
absorption was more nesrly complete and there was a much smaller
range in the fecal excretion of sodium on the high than on the
medium protein diet. The urinary excretion of sodium, like on
the medium protein diet, accounted for very nearly all of the
injested sodium.

There was a high degree of correlation between in-
take, absorption and urinary sodium but none between intake and
fecal excretion of sodium.

Unlike the medium protein diet there was a positive
correlation between intake and retention of sodium on the high

protein level.
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1Z. Comparison v.as made between the sodium and
chlorine metabolism of the two subjects throughout the experiment.
It was noted that the tvo children responded similarily and
there was a marked agreement between the utilization of both

sodium and chlorine.



1.

2.

8

4.

Se

6.

Te

8.

o
)

10.

-41-

BIBLIOGRAPHY

Barber, H, H. end Kolthoff, I. M, (a) A specific reagent

for the rapid gravimetric determination of sodium.
J. Am. Chem. Soc., 50, 1625, (1928). (b) Gravi-
metriec determination of sodium by uranyl zinec
acetate methods II. Application in the presence
of rubidium, cesium, potassium, lithium, phosphate
and arsenate., J. Am. Chem. Soc., 51, 2233, (1929).

Bauer, W. W. and Aub, Joseph C. Studies of inorganic salt

metebolism, I. Ward routine and methods. J. Am.
Dietet. A., 8, 108-115, (1927).

Blanchetliere, A. Estimation of sodium in biochemical work.

Analyst, 48, 456, (1923).

Blenkinsop, A. A new volumetric method for the estimation of

sodium. J. Agr. Scj-o, .2_(_)_' 511’ (1950)0

Bogert, J. L. and McKitterick, E. Jo Studies in inorganic

metabolism, I. Inter relations between calcium
and msgnesium metabolism. J. Piol. Chem., $4,
363, (1922).

Butler, A.M. snd Tuthill, Elizabeth. An application of the

E.

E.

E.

E.

E.

uranyl zinc acetete method for the determination of
sodium in biological material. J. Biol. Chem., 293,
171, (1931).

Re Errors involved in the determination of minute
amounts of sodium by magnesium uranyl acetete method.
Je 2m, Chem., Soc., 54, 432, (1932).

R., Brown C, I., and Price, H. P. Rapid centrifugel
estimation of small amounts of sodium., Ind. Eng.
Chem., (analytical Ed.) 6, 202-205, (1934).

R. and Foulk, C. W. A gravimetric and colorimetric
method for the direct determination of sodium. J.
Am, Chem, SOC., §_1_, 1664, (1929).

R. A rapid method for the volumetric estimation of
BodiwII. J. m. CheBI. SOO., _§z_' 1849"1555’ (1950).

R, and Sickman, Darrell V. The direct determination
of sodium in the presence of aluminum and chromium.
Je Am, Chem, Soc., 52, 4247, (1930).



12,

13.

14,

15.

16,

17.

lg,

19.

20.

21.

2R,

23.

4.

Chaney, M. end Blunt K. The effect of orange juice on the
celcium, phosphorous, magnesium and nitrogen re-
tention and urinary organic acids of growing
children., J. Biol, Chem., 86, 829, (1925).

Chen, Go The microdetermination of sodium by the uranyl
zinc acetate method and the titration of uranium
with cadmium as the reductant. J. Lab, Clin.
Med., 21, 1198-1202, (1986).

Coons, Callie Mase. A procedure for metabolism studies.
J. Am, Dietet. A., 8, 111-117, (1930).

Dobbins, J. Te and Byrd, Re M. A volumetric method of
determining sodium. J. Am. Chem. Soc., 53,
5288, (1931).

Doisey, Edward A. and Bell, Richard D. The determination
of sodium in bloods J. Biol. Chem., 45, %13,
(1921).

Folin, Otto. Laboratory manual of biological chemistry, with
supplement., 3rd Ed. N. Y., Appleton, (1925).

Fresenius, C. Reneigus. A system of instruction in quantita-
tive chemical analysis. 2nd Americen Ed. N. Y.,
wiley, (1887).

Furmen, W, H., Caley, E. R. end Schoonover, Irl C. The in-
direct volumetric determination of sodium based on
the reduction and titration of the ursnium in mag-
nesium uranyl acetates Jo. Am. Chem. Soc., 54, 1344,
(1932).

Hawk, Phillip B. and Bergheim, Olaf, Practical biological
chemistry. 10th Ed, Phil., Blackiston, (198%1).

Hewks, Jean E., Dye, WMarie and Bray, Merle M. An improved
technic for metabolism studies in pre-school children
with a statistical determination of its reliability.
J. Nutrition, 13, 51-64, (1937).

Havks, Jean E., Bray, Merle, M. end Dye, Marie. The effect
of diet on the constancy of the urinary nitrogenous
constituents excreted daily by pre-school children.
J. Nutrition, 18, 179-192, (1957).

Hiller, Veda E., Variations in the calcium metabolism of pre-
schoo% children. Unpublished master's thesis 1M.S.C.
(1932).

Hoobler, B. Raymond. The role of mineral salts in the metab-
olism of infents. Am. J. Dis. Child., 2, 107-140,
(1911).



25.

26.

27.

28,

9.

3l.

32

33,

35,

-43~

Kehane, Ernest. (a) Determination of sodium by the ursnyl
magnesium acetate method. British Chem. Abs.,
A, 726, (1930) (b) Determination of sodium.
British Chem. Abs., A, 880-81, (1930).

Kramer, Benjamin and Tisdall, Frederick L. A simple
method for the direct quantitative determination
of sodium in small amounts of serum. J. Biol.
Chem., 46, 467, (1921).

Kramer, Benjamin, Direct quantitative determination of
potassium and sodium in small quantities of blood.
J. Biol. Chem., 41, 263, (1920).

McCance, R. A., and Shipp, He L. The colorimetric deter-
mination of sodium. Biochem. J., 25, 449-456,
(1931).

Muller, He Volumetric micro-estimation of sodium. Analyst,
49, 107, (1924).

Osborne, Thomas B. and Mendel, Lafayette. The inorganic
elements in nutrition. J. Piol. Chem., 34, 131-1329,
(1918). '

Paffrath, Hans and Massart, Jules. Prolonged studies on the
mineral and water metabolism of premature infants,.
Chem, Abst., 26, 2784, (19385).

Peters, Jom P. and Van Slyke, Doneld D. Quantitative clinicel
chemigstry. Vol. II, 1st Ed, Baltimore, Williems,
(1932). ’

Porter-Levin, Thelma., Calcium and phosphorous metabolism of
normal pre-school children. I. On diets contain-
ing plain end irradiated cereals. J. Am. Dietet.
A., 8, 482, (1932-83).

Roberts, L. J. and Vaite, M. A dietary study made in a day
nursery by the individuasl method. J. Home Econ.,
17, 142, (1925).

Salit, Peter Valdemar. A new triple acetate method for sodium
determination in biological materiels., J. PRiol.
Chem. 26, 659, (1952).

Sherman, H. C, and Haley, E. Calcium and phosphorous metab-
oliam)in childhoode Je. Biol. Chem., 53, 375-399,
(1922).



7.

40,

4l.

42,

43.

4.

45.

Shol, A.

ShOhl, A.

Smith, G.

Swanson,

Wang, C.

Viang, C.

Viang, C.

Weinbach,

-44-

T. and Sato, A. (a) Acid-base metabolism. I,
Determination of Base belance. J. Blole. Chem.,
58, 235, (1928-24). (b) Acid-base metabolism.
II. Minersl metabolism. J. Biol., Chem., 58,
257, (1923-24).

T., Wekermen, A. M. snd Shorr, E, Y, Mineral
metabolism on a high mineral diet. Am. J. Dis.
Child, 35, 576-579, (1928).

F. and Ross, J. F. Separation and determination
of the alkall metals by the use of perchloric
acid. III. Normal butyl alcohol and ethyl
acetate as the mixed solvents in the separation
end determination of potassium, sodium, and
lithiume J. Am. Chem. Soc., 47, 1020-1026,
(1925).

W. We and Iob, L. V. Loss of minerals through the
skin of infants. Am. J. Dis. Child., 45, 1036-
1039, (1933).

C., Frank M, and Kaucher, M. Metabolism of under-
nourished children. VI, Caloric belance. Am,
J. Dis. Child., 36, 979-988, (1928).

Ce, Hawks, J. E, and Kaucher, M. Metebolism of
undernourished children, VII. Effect of high
end low protein diets on the nitrogen and
celoric balance of undernourished children.
M, J, Dis. Child., 36, 1161-1172, (1928).

C., Witt, D. B. and Fletcher, A. R. Comparison
of the metabolism of some mineral constituents
of cows milk and breast milk in the same infant.
M, J, Dis, Child., 27, 352, (1924).

A. P. A micromethod for the determination of
sodium. J. Biol. Chem., 110, 95-29, (1935).

Wiley, Frank H., Wiley, Leon L. and Vialler, Dorothy S.

The effect of the ingestion of sodium, potassium
and emmonium chlorides and sodium bicarbonate on
the metabolism of inorgenic salts and water.

J. BRiol. Chem., 101, 75-82, (1933).



L
%










