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VARIATIONS IH 72X CaLCIUN ITEZTA30OLISGH CF
LRE-3CICCL CHIIDREN CH A MNFEDIUM
URCTZIN DIET

lntroduction

“here has been considerable attention paid to the cal-
cium requirements o0f pre-school chilaren in receat years.
while clkildren of this age had previously acted as subjects
in some dietary stuaies, uatil receatly they had served in
few balance studies. vCalcium is an important constituent
of the bones, teeth and plood and it is especially needed
by childrea of pre-schkool age because of the ragia growth
and bone developreat.

This paper is oaly =2 poftion 0f an investigation of
the metabolism of healthy pre-school children. The reasoas
for conauctiag this part of the investigation were; first,
to study the daily variations in the calcium reteations of
four normal pre-schkool childrean on a fixed, medium protein
diet; second, to determine the similarity of the reaction
of the four children; third, to determine the actual amouant
of calcium stored; and fourth, to determine the relationship
between the results of this study and those of other investi-

gators.,
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review of the Literature

Investigators in Germaany coaducted some of the first
balance studies, however, the results are hardly comparable
to those ootained ian this country. Yhe stuaies as a whele
were poorly coantrolled, the children were underanourished
and the diets were meagre.

Sherman and liawlev (14) reported one of the first hal-
ance studies with normal children as suhjects. Their study
included a series of four experiments. In the first series
twelve children from three to thirteen years of aze served
as subjects. 7<The purpose of this portion of the study was
to determine the relatioan of calcium storage to age. The
childrea received a normal mixed diet, includiagg 750 grams
of milk a cay, for a one aay rreliminary and a aine aay test
reriod. The daily reteations varied from 0.15 to 0.62 gram
increasing with the size aad age o0f the children, while the
retentions per kilogram were fairly uniform averaging 0.01
gram 0f calcium per day. Table I shows the values for the
children of pre-school age.

Trhe oonject oL the second series was to determiane the
amount of milk anecessary for optimum storage. In this series
three childrea, four, five, and twelve yearc of age, served
as subjects for eight consecutive experimental perioas of

six days each. ©The authors varied the diet each period by
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systematic changes in the amouat of milk used. Lhe amouats
were, 250, 500, 750, 1000, 1500, 1000, 750, and 500 grams
respectively. The calcium retentions ranged from 0.006 to
0.014 gram per kilogram of body weight. ilthough the dif-
ference netween the amount of calcium stored on 500, 750,
aad 1000 grams of milk was small, the authors stated that
the results seemed 10 indicate that 1,000 grams of milk per
day gave the optimum storage.

Sherman and nawley coanducted the third aad fourth
series to determine if the calcium from vegetables could
be as well utilized as that from milk. The three children
used in series II served as subjects for the third study of
three, nine day periods. For the first aad third period,

they received a mixed with 500 grams of milk aand in the
second period, they received 500 grams of milk aad enough
additional vegetables to double tkhe calcium coanteant of the
diet. Thus they received the same amouat of calcium as in
1,000 grams of milk. The results seemed to indicate that
the calcium of vegetables was not as well utilized as that
of milk. “he authors did not take into coansideration,
however, that the vegetables increased the bulzx of the diet
wkich would have a tendeacy to hasten the fooa through the
body and, thus, may have lowered the calcium absorpticn.
The childrea in the fourth series were anot of pre-school

age.
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In 1927, willard aad 3luat (17) compared tke ianfluence
of evaporated and commercially pasteurizea milk on the cal-
cium metabolism of four childarean three, four, eigkt, and
twelve years of age. Thke childrea received 810 grams of
pasteurized milk for one period and evaporated milk contain-
ing an equivaleant amount o0f calcium for the second. 4 three
day preliminary period preceded the exrerimeatal periods of
three daays each. Tre calcium intaxe for the children of
pre-schliool age ranged from 0.C64 to 0.070 gram aad the
retentioas from 0.009 to 0.013 gram per :ilogram of hody
weignt. Table I shows that tke calciumn storage was Ligher
during the period when the children received evaporated
milz. Tke authors stated that one of the children was
underwveigrt at the tire of the study and that the children's
diets may have been low in calcium previous to the experi-
mental period, therefore, the results can not ve justly
compared with studies having more anormal coanditioans.

wang and her associates (15) conducted a calciun
metabolism stuay on ten normal and fifty undernourished
childrean from four to thirteen years of age. During a three
day preliminary and a three day experimental period, the
children received a weighed diet containing from 0.061 to
0.062 gram per kilogram of body weifght. The reteantions
varied from 0.006 to 0.019 gram rer Xxilogram per day. Table

I shows that the individual absorption and reteation figures
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varied widely. .Jevertheless, the average reteations were
higher than those observed by Sherman and lawley.

In connectioa with her previous study, .iang and her
associates (16) tabulated the data on eigshteen children
accordaiag to the intake per xilogram ia order to determine
thie minimum calcium requirement. The daily calcium intake
varied from 0.019 to 0.CE2 gram of calcium per kxilofgram of
00dy weight and the reteations varied from 0.001 to 0.018
gram. Since a negative balance resultea when the diet con-
tained 0.0L3 gram of calcium or less per «<ilogram of hody
weight, tie authors concluded that for a twenty xilosram
cnild the minimum calcivm requiremeat was Q.46 gram per
daye

70 determine tre influeance of cereals on the calcium
retention, 3urton (3) conducted a study oan four normal boys
from three to five years of age. 'The study consisted of a
three day preliminary period and two test periods five to
six days each. Yhe chkildrea received a fizxed diet to whkich
was added either refined wheat or oatreal. 7Table I shows
that tle averape iantake on the wheat diet was 0.C&4 gram
per xilogram and the retention was 0.048 gram while on the
oatrieal diet, tihe intake was slightly lower, C.UbU gram per
kilogram, and the reteantion was oaly O0.C39 gram. Lhe childr=n
received ultra violet lifrt treatments auriang tre study which

may have been responsible for the higher reteantions reported.
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Lawks aand her associastes (7) determined the metabolism
of three normal childrea of pre-schodol azge. Lhey had a
three day preliminary and a three day collection veriod for
each protein level o0f two, three, sad four grams. Ca the
2 gram level the avera-e calcium intase was 0.0U42 gram per
kiloa2ram and tre reteation 0.009Y gram; on the 3 gram level,
trhe intaize was 0.0061 and tre reteation U.0UB gruam; aad, oa
the 4 pram level, tie intaike was 0.057 and the reteatioa was
Ce01l5 gram per wilogram.

In aa unpublisrea thesis, i:iller (¥) rerorted a rortion
of a study cn two norrmal pre-schodl childrea. Juring six
aays folloviag a «7 aay veriod on the same alet, the children
received U.l0o gram o1 calcium per ilosram and duriars the
next cice aays they receivea 0.077 gram. Lhe crildren re-
tiined U000 aad 0.003 fram on the former ciet aad a0th
storea C.ol2 fram on the latter uiet.

In a preliminzry vnaver ..unscher and otrerg (9 re-
rorted the data ¢ca trhe calcium storare oI Iovur children Ior
eleven to tveatr consecutive {ive war preriods. The childaren
w0 vere Irom tryree L0 tea tears ol are receivea 1.0 ~ranm
o caleium per uajp excevlt aurlios Zour L0 oiyit coansecutive

reriods wren treyr receivea 1.0 :rars. Len tihe intice was
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TABLE I
SUMMARY OF CALCIUM BALANCES PER KJLOGRAM PER DAY REPORTED BY OTHER INVESTIGATORS
: CHILDOREN RETENTION
INVESTIGATOR AGE] O+ TARE [TOTAL QUTPUY STDTAL | PER CERT — REMARKS
YR. GM. GM. . GM. %
SHERMAN=-HAWLEY 3-5 3 0.053 0.042 0.010 19.% MIXED CIET 750 GM._MILK
(1922) 4-5 2 0.020 0.01% 0.008 26«3 FIXED DIET 250 GM. MILK
4-5 2 0.035 0.023 0.013 35.5 FIXEC CIET 500 GM. MILK
SERIES TT 4=5 2 0.048 0.036 0.013% 25.8 FIXED DIET 750 GM. MILK
4-5 2 0.06% 0.049 0.014 a3 o FIXED DIET 1000 GM. MILK
Sy 2 0.089 0.076 0.009 E.7 FIXED DIETJ500 GM, MILK
SERI1ES TIT 45 2 0.0%3 0.026 0.007 2 ) - FIXED CIET S00 GM. MILK
4-5 2 0.051 0.046 0.004 8.7 FIXEC CIET R00 GM._MILK & VEG.
WILLARD-BLUNT| 3=4 2 0.070 0.058 0.01% 18.5 FIXED DIET, EVAPORATED MILK
(1927) 3-4 2 0.064 0.0R% 0.009 1%2.0 FIXED CIET, PASTEURIZED MILK
WANG 5 1 0.061 0.04% 0.012 19.0 10-15% UNDERWEIGHT .CHILD
(1928) 4=5 2 0.061 0.042 0.019 21.0 5-10% UNCERWE IGHT.CHILC
i | 0.082 0.07% 0.006 Tl VIGOROUS NORMAL CHILD
5 2 0.067 0.087 0.010 14.8 NORMAL IN WEIGHT ONLY CHILD
WANG 5 I 0.019 0.020 8.001 6.3 NORMAL CHILD
(1930) 5 ] 0.082 0.072 0.009 .3 NORMAL CHILD
4 ] 0.041 0.024 0.017 42 .2 NORMAL CHILC
4 [ 0.049 0.03]1 0.018 7.3 NORMAL CHILD
BURTON 3.5 | 4 0.084 0.041 0.048 55 .0 WHEAT CEREAL,ULTRA VIOLET LIGHT
(1930) 2.5 | 4 0.080 0.04% 0.030 46.0 OATMEAL ,ULTRA VIOLET LIGHT
HAWKS 4=5 | 3 0.042 0.033 0.009 21.4 2 GM. PROTEIN
45 | 3 0.061 0.054 0.008 1258 Z GM. PROTEIN
4L=5 X 0.087 0.042 0.01% 26 .3 4 GM. PROTEIN
HALLER 4% | 0.065 0.060 0.005 57 MED UM PROTEIN DIET ~
(1532) 1% I 0.005 0.062 6.003 5.0 MECTUM PRDTE IN CIET
A% ] 0.077 0.075 @.002 2.0 HIGH PROTEIN DIET
4% I 0.077 0.075 0.002 2.6 HIGH PROTEIN CIET
PORTER-LEVEN 5 [ 0.0%9 0.03% 8.004 10.0 PLAIN CEREAL
1 {1933) A 5 | 0.039 0.037 0.002 R.0 PLAIN CEREAL
3 I 0.042 0.03% “0.003 By PLAIN CEREAL
3 I 0.041 0.036 9.00% 12.0 PLAIN CEREAL
5 I 0.046 0.028 0.018 739.0 IRRADIATED CEREAL
) I 0.037 0.028 0.009 24.0 TRRADTATED CEREAL
3 ! 0.045 0.031 0.014 2]1.0 IRRAD IATEC CEREAL
: 3 I 0.042 0.033 0.009 2i.8 IRRAD IATED CEREAL
PORTER-LEVEN 5& | 0.04% 0.038 0.00% 10.9 CONSECUTIVE CIET
81 (1933%) 2% | 0.064 0.0%55 0.009 14.9 CONSECUTIVE CIET
4=2/31 1 0.054 0.047 0.007 13.5 CONSECUTIVE CIET
CANTELS & e i 0.0%1 9.010 15.6 COC LTVER OIL
CO-WORKERS 4% |10 0.082 0.010 1242 COD LIVER OIL
(1933) 4% |10 0.051 0.008 15.7 COD LIVER OIL — VIQSTERAL
R B, S ont 0.008 9.8 COD LIVER DIL-VI@STERAL
4% 3 0.049 0.007 14 .3 SUNSH INE
5 4 0.077 8.008 10.4 SUNSHINE
CANTELS & - 4% 1 0.072 8.014 19.4
({CO-¥D RKERS 5 e e 0.014 20.%
(1935) 5 l 0.047 89014 28.1
3 ] 0.092 0.013 14 .1
4z I 0,054 9.012 28 .2
4% I 0.073 0.012 16.3
5 I 0.075 0.012 16.0
4 I 0.051 0.011 Vb
4% | 0.046 0.011 2%.9
6 [ 0.081 0.012 14 .8
4 | 0.086 0.010 11.6
4% 1 0.043 0.011 25.6
6 ] 0.087 8.010 1.5
6 ] 0.080 6.009 11.3
3 ] 0.054 ©.009 16.7
5 ] 0.054 0.008 4.8
b5 1 0.044 0.007 15 .9
ba [ 0.044 0.007 15.0
3 K| 0.044 0.007 5.0
% 1 0.087 0.007 1225
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of one to three dare was considerea suificieat. .4 three
day meal screiuale a3 rereated eachk rericd throurhout tre
twenty reriods. The aiet contaired one gram of calcium
per aay for each of tie chilarea or irom (G.U043 Lo 0.(o4
gram per «ilogrsm of body welghte 4 wide individual vari-
atica from period to rerioa was noted with reteatioas
ranging Irom 0O.11 to C.14 gram of calcium per day or Irom
0.005 to C.00Y gram per xilogram of body weilgkt. e
guthor concluded that ia order to cover itre eatire raage
of variation ia reteations, it required from 15 to 21
consecutive aays on a constaant diet.

To determine tke calcium requirements of eight children
from three to five jyears of age, Daniels aad her co-workers
(4) reported a pilance study comvrising forty-cix metabo-
lism periocds. They divided this investigation into three
series. In series I, the chkildren receiveu cod liver 0il,
in series II, they received cod liver 0il and viosterol
and in series III, they received neitker cod liver o0il
nor viosterol, since this portion of the study was conducted
in the summer. sor part of each series the childrea re-
ceived a pint of nilk a day and for the rest of the.study
they received a quart of milk. Jince trhey stored approxi-
mately the same amount of calcium whether they received a
pint or a quart of milk a aay, the authors concluded if

trhe diet contained adequate amounts of phosyhorus, rrotein,

fat, and vitamins, a piant of milk a aay would furnish eaough
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calcium to meet the requirements of normal pre-school
children. Table I). Tihey also stated that the amount of
calcium retained was not primarily related to the arount
of Vitamin D in the diet if the diet contained more than
a piat of milk a day.

Two gyears later these same investigators (5) reported
a second study to determine the calcium needs of pre-school
children. Twenty childrea, three to six years o0ld, re-
ceived a mixed diet containing a sufficieat amouat of Vita-
min D, for a preliminary period of seven days and for two
consecutive test periods of four to five days each. The
authors varied the proportion of the calcium intake obtained
from milk, from 73 to 1 per cent. Table I shows that the
inpested calcium per kilogram varied from 0.042 to 0.092
gram. The retentions ranged from C.007 to 0.014 gram,
74 per cent of which were 0.010 gram per zilogram of body
weiaght or less. ''he authors believed that these results
seemed to show that the amouat of calcium required by
normal pre-school children may be lower than has hitherto
been considered necessary. They suggested that the re-
teations may be related to the physiological condition of
the children as well as to their size.

In all studies of this nature, there are many una-
voidable errors. Zarly investigators did ndt recognize
these errors but with further iavestigation they hecame

apparent. One 0f these errors was the short length of the
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prreliminary period. It was assumed that chilaren became
adjusted to a diet i1a from one to three aays, but a longer
period now seems advisable. The length of the test period
in the first studies was also short. Jince later studies
have shown that there is considerable variation from period
to period, the short test period may have rroduced inaccur-
ate balances because the period may have been one in which
tke retention was either high or low. 4n average of several
test periods seems advisable to show the metabolic tenden-
cies. There are other errors such as the collection of
feces samples. This source of error is still an importaat
factor.

The first investigators xnew notking conceraning the
relationship between Vitamin D and calcium storage. Zurton
(2) reported very high reteations probably due to the ultra
violet light treatments which the children received. rorter-
Levin (11) found that irradiated cereals seemed to increase
calciuvm storage.

Usually oaly a few childrea serve as subjects, siace
the amouat of work connected with a metabolism study is so
great that only a limited number of children may be used.
An extensive study on a few children may be more valuable
than a short study on many children.

It is difficult to compare the results of one author
witk those of another, since the physiological condition

of the children, type of diets used, and previous environ-
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mental conditions, are variables which influence the study.
This paper is given, therefore, to aad to the available

information on calcium balances of normal pre-school chil-

dren on a constant normal diet.

Plan of Study

General irlan

This study consisted of two parts, a six day prelimi-
nary period and a twenty-four day test period during which
the childrean received a coastant diet containing 3.0 grams
of protein and 92.0 calories per <ilogram of body weigkt.
Table II shows that the diet was adequate in all respects.

Two girls, J. He and C. B. both aged three years and
two boys, V. 4. four years 0ld and Z¢ C. four and one-half
gears 0ld served as subjects for this study. 4ll of t he
children were appareatly normal at the time of this experi-
ment. Table III gives a comparison o0f the children's
height and weight with the figures from Woodbury's Eeight-
ieight-iAge table (18). The variations of the heisht of the
children from average values ranged from -4.16 tc¢ $3.44
per cent while fluctuations in their weights varied from
-4,00 to 4+5.71 per cent. These percentages indicate that
all of the chiidren were within the normal range of average
children. The childrean lived in an apartment in the Home

Bconomics building. They were under constant supervision

and maintained regular habits as to exercise, sleep,eating
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TABLE II
COMPC3ITION OF DITT AS CALCULATTWD™:
Food weight Calories Protein Calcium
£mS . £TIS . £
Milk 800 FE2 £6.40 0.9580 |
Ralstons 20 7L C.69 0.004
Orange Juice 200 656 0.00 0.001
Beef (raw) 40 62 8.52 0.005
Eegges 40 59 5.326 0.027
Peaches 150 71 1.05 0.024
Applesauce 150 236 0.30 0.011
Celery 20 4 0.22 0.016
Beans 100 42 0.02 0.000
Tomatoes 100 23 0.01 0.000
Potatoes 80 66 1.76 0.012
Butter 20 154 0.20 0.003
Sugar 20 80 0.00 0.000
Bread 60 172 6.66 0.044
Total 1679 51.39 1.107

x

Dietetics (13).

Figures taken from Rose's Laboratory iandbook for

# BE. C. received the amount of food in tadble, V. A.

received 0.90 this amount, C. B. received 0.80 thkis

amouant and J. ne. received 0.75 this amount.
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TA3LE III

4 CClPARIGCY CF TLZ EEIGHET aAND WZIGEHT
C¥» 7U% CZIIDREN WITZ 77 FPIGURES IN WCCD3URY'3 TABLIES
lieight fleight
Woodbury's woodbury's
Standard Standard
Sub - Cb- Varia- Cb- Varia-
ject | Ape | served |Standard] tion served |Standard] tion
moS 4 iﬂo ino /0 le- leo /7('3
V. Cc 54 42-88 43-00 ‘0029 4:0-0 59050 1.26
V. A, 48] 40.25 42 .00 -4.16 37 .0 35.C0 5,71
Coe Be] 36 38.75 38.00 1.97 320 32.75 -2 .29
Jo Hel 36 ] 37.50 36.25 3.44 3040 31.25 -4.00
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and elimination. Z. C. was ill during part of this study
and it is questionavle if the results after his illaess

are as dependable as those for the others. His results
for perioas 4, 5, 9, 10, and 11 were included in the study.

Duplicate food samples were welghed and made into a
composite for future analysis. The food for a period of
three days was simultaneously prepared, weighed into the
contalner in which iV was to be served and vreserved in an
ice box until used. The children ate all of the food served
and the dishes were scraped and riansed with a portion of
their distilled water allotmente. .

Feces were collected in three aay periods, carmine
being used as a marker. 50th tke feces and the food samples
were dried on a steam bath and thea in an oven at €0 degrees
C. until they were constant in weight. The dried sa.iples
were ground and seived to insure and even sanple.

Urine specimens were collected'in twenty-four hour
samples. Triplicate aliquot portions were taken from each
day's sample, combined iato three day periods and dried on
a steam bath.

Chemical lethod: The food, feces, and urice samples
were asked and made into solution tefore they were used for
analysise. Duplicate or triplicate porticans of each aried
food or feces sample were weighed directly into a platinunm
Gish and ashed ia a muffle furnace at a temperature below

red heat. The ash was taken up in 25 per ceat hydarockloric



acid, dehydrated and then dissolved in redistilled water.

To insure complete solution a few drops of conceantrated
hydrochloric acid were added. <“This solutioan was filtered
quanitatively iato a 1C0 c.c. volumetric zlask, made up to
volume at 26 degrees C. and then stored in an air tisunt
bottle. The dried urine sarnovles were transierred quani-
tatively to a platinum dish, evaporated to dryness and ashed
in tne same maanner as tre food and feces samples.

Calcium was determicea oy iramer and nowland's method
(10). ive c.c. of saturated amroaniun oxalate aad five
drops of .04 ver ceat brom cresol rurrle were auded to a
bea«ser containing an aliiuot portioan o the ash solution.
The mixture was made alxaline with coaceatrated ammoaniunm
hydroxide aand then acid with 5 normal hydrochloric acid.

It was heated to a temperature just selow the boiling point,
cooled and aajustea to a pii of 0.2 by the aaditioan of eithner
1C per cent ammonium hydrexidae or 1U per ceat acetic acid.
The next day the precipitate was filterea by sucticn through
a porous bottomea rilter and wasned with dilute armonium
kFydroxice. The preciritate was aissolvea ia hot aormal
sclfuric acid with tre acdition oI 5 to 5 arons of conc2a-

trated sulfuric acid. <Tnis sclutioa was traasierreu uaa-

H

itatively to the original oeaker auad titrated wiile hot
with ;Mn04. Crins 1o the srall amounts of calcium in the

urine, /100 71'nC, -as used ror titrating iastead of §/20

(4]

.
R

LKnO4 wiiich wis usea in the analgsis o7 tie food 2nd T
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ke accuracy of the methoa ~as crec.ea b oanalrzinon

Znoyn colutions oi vure calcium salts, feces samples wiich
had oreviously nrecn analvyzed and Ieces samples TO wkich

a zZaowa amouat of a calcium salt had bteen z2cdeda.  Table IV
show#s tre results obtained from =2nalysis of these solutions.
sor Ca3Cy, all recoveries were uYE.6 per ceant or higher with
an averagfe of V.7 rer cznt. The recovery of calcium fronm
the two sarples of CaClz vias slirhtly lower, raaping from
97.3 to 96.3 per cent with average recoveries of 97.6 aad
97.8 rer cent. Tkis lower recovery ray rave been due to
insufficient arriaz or to imrurities in the samnle. The
Ca(Ci)2 colutions gave tke hest recoveries, raaszias irom
96.9 to 99.5 per cent with averages of 99.1 ana 99.4 per
ceat. Tre grams of calcium recovered from previously
analyzed feces samples clrecizea the former results within

2 per ceant. Whea a known arotat of rure calcium salt was
added to Ieces camples, trhere was a recovery o0f Ifrom 9t.6
to YJ.7 per ceat with averapes of 99.2 aad 99.7 ver cent.
The above results inaicate tirat the method was accurate

witiiin 2 per ceat.
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TA3LE IV

ACCURACY QF 707 ITWTLHCD RBY AJALYSES G2
W0 SCLTUTICHS L") ZJETWICUSLY A74LYZITD »iChs5 SAT2L7S
[flumber of |Calcium Calecium ecovered
Petermi - cal- iveraze
Series|Samyle hations culated | Amount Yer Cent | .er Cent
mgoo I’I(S.
I Ca30, € 2.15 2.122 98.6 98,7
2.126 98.9
i RC] 987
2.125 ChLE
2.l
z 127
SaCl; oy Ty TTeC |
T T - - e m
4 & el olsi, i T e
et ol
PR 7 en
C](C“/- : (,o‘l . ‘? O v.;/"—._- -‘J‘.
S
2 AT el LG Vel A
Celll .u.:
111 feces a 0.l Oe'UY Jl.eo VIS
- Gl g7
1 7 et O Teril UL el el
l l‘:‘o‘{‘z 100\.’46 1000—9 \;Co{}'
1 ek TS 1CT.4 S 1CT.E
1 TG 7.008 zc.4 CC &
:’:; 9.1T 901“\.7 1\.\4 o‘, IC\: o
.1z | IR0.T
III| feces 2 6 .02 9.4405 90.6 99.2
Ca(C“) R 9.4702 99.
reces 5 9.11 1z.252 J~.7 99.7
CalCa) 3,47 12.547 99.7
2.243 99.7
12.5':\./ 96.6
Z.r 34 OC .6
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Discussion 0F Results

Variation in Diet 4dAaalysis

r're variations of tke analyzed foou samrles aad tlhe
calculated amount of calcium ia thke diet are shosa in Tahle
V aand Grapn I. It will be noved that tre airierence hetween
tie mean O0i tie analyzed samples and tre mean of the com-
puted caleium was 2.5 per ccat. Doaelson and otuers (o)
reportea a similar mean uiirferemnce oI 3.0 per ceant between
calculated aad analyzed values, Bray, Hawxs aad Dye (2) a
differeace of 4.9 per ceat and 3assett and co-workers (1)
found that the variations for a high aad a low calcium aiet
were =9.7 aad =-32.6 per ceat. In this study tue difference
from period to period hetween the observed and computed
calcium raaged from 0.004 to 6.73 per ceat. Donelson and
co-workers found a variation of from 0.0 to 22.0 per ceat
and Bray aand others iound a difference between analyzed and
computed values of aiffereat diets, rangiang from =45.7 to
é27.3 per ceat. Therefore, it appesars that the perceatage
variation hetween the computed and the anaygzed values in
this study was no greater than that observed by other in-
vestigators. Graph I shows that the variation bhetvween
duplicate samples, collected on the same day and designated
as A and B, was in some cases almost as large as the dif-
ference betweea the observed sad calculated values. In
some cases the duplicate samples checxed almost exactly and

in one case the variation was as large as 4.24 per cent.
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The difference between 4 and B samples and their mean ana-
lyzed value was as high as 5.17 per cect wkizh was greater
than aany observed variations betweea a and B samples on the
same day. Thé variation in thre calcium conteant of the food
is possibly aue to unavoidable errors in the rreraration and
analysis of tne food as well as to the variatioa in its
composition. although every effort was made to have a homo-
genouvs sample and duplicate samples for aanalysis were weighed
uader ideatical conditions and at the same time that the
food for the ckildren was weigred, there were still varia-
tions. Thus the calcium content of the food the children
received may have varied as much as the analyzed samples.

Calcium Balances per Day: The variatioas in the amouants
0f calcium consumed from period to p~riod hy each child were
in proportion to those discussed above. Since the calcium
ingested was based on the child's weight, the amount of cal-
cium consumed by each child differed greatly, ranging from
0.724 to 0.780 gram for Je He and from 1.033 to 1.099 grams
for E. C. (Table VI). Because of this variation, the utili-
zation of the total calcium can most readily be compared in
terms of per cent of the intake, therefore, the percentage
figures are also included.

That a small and fairly constant amouat of calcium was
excreted in the urine is shown in Table VI aad Graph II. It
will be noted that the daily variation for J. d. was the

greatest, ranging from 0.026 to 0.044 pgram pef daay, while



TA3IE VW
COLLFARISCN C2 CALCULAT™D LD ad,alvyr™D
VALUZS €32 CALCILM IH 2CCD7¥F
Calcium analyzed|rer Cent Variation 3etween
- Cal. wean analyzed
Calcium sariple  jverage |and av. [a&3 Value
rer- cal- Pf a&B |analyzed |Sam-| _and Sample
iod fkulated A B barrle Value ples A 3
£ £T. £Me £ . 70 o 10
4 0.773 f0.779]10.757 | 0.768 J.64 2.82] 3.18 |0.26
5 Co773 [0.775]10.748 | C.752 2.72 0.93] G.00 |0.93
6 0773 [C.726]0.725 | 0.726 6.08 .14 2.84 |3.97
7 Ce773 10479310703 | 0,778 0.4 3.781 5.03 |1.06
8 0.773 t0.779]0.748 | 0.764 1.16 398 C.18 0.93
9 0.773 [0.779]0.746 | 0.7685 1.29 |a.24] 3.18 |1.19
i .
10 0.773 20.781 04753 | 0.767 0.78 3.59) 3.44 }0.26
11 0.773 10.72610.716 {0.721 €.73 1.38] 3.84 [5.17
ean] 0,773 | 0.755 | 2.53
* Calculated values are taken from Lose's tables (13).
# Tre figures in this Table are for J. H.
GvArH I
COLMPARISCH CF CaLCULATZD AND ANALYZRED VALUSS FOR FCOD
Grams .
0.795 :'\\
! - -
0788 — Y- k
X 3 Y Calculated
0.275— \ 1/. \ - Calcium
. ’. A S -
‘7" \.\\ ,I 4 \' /' \\\ . ample
0.2¢5— \‘\ / / = \ \ —.—3 Sanmple
"733’- I\ ,. ' \
\ \l
0.235~ : ¢

oS~ ¥ & & 7 & § lo Y
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that of C. B. was tie smallest, ranging from CG.01l6é to 0.0Z5
gram. The per ceat of the intake excretea wus lowest in
all cases for . C. (0.5 to 1.8) and highest for J. h.
(3.5 to 6.1%).

The ariouat of calcium excreted in the feces was rmuch
greater than that in the urine, ranging from 0.592 to 0.9¢8
gram per day, anda in some cases was in proportion to the
intake. This is clearly demonstrated by the comparisons
in Graph II. The variation from period to period ia terms
o0f percentage o0f intaxe show that the fluctuation for V. 4.
was greatest, ranging irom 76.5 to 94.9 per ceat, andAthat
of Je he the least, ranging from 78.5 to 87.7 rer ceat.

The daily variation was greater tor E. C. than for C. 3.

The fluctuatioas in the total outrut were largely due
to the variations ia the fecal calcium, since the urinary
calcium was small aad fairly constant. The total excretion
varied from 0.627 to 0.961 gram prer day being greater for
the larger childrea. 7The per ceant of the iantake exzcreted
raanged from 73.7 to 97.0 per ceat but was not always in
proportion to size (Table VI).

4 large variation in the absorptioa from period to
period was noticed for each c¢rild, raanging from C.000 to
0.249 gram per day. The per cent ot the intake ahsodorned
varied from 5.1 to 28.3 per ceat (Table 7I). The fluctﬁa-
tion was greatest for V, 4. and least for J. He Graph II

ghows that the amount of calcium excreted in tke urine was



»28-~

TABLE VI

CALCIUM BALANCES PER CAY
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small, siace practically all of tne absorbed calcium was
retainsed. The daily retentions fsr Ze Co @and V. 4. varied
from 0.C0L2 to 0.z224 szram and from 0.030 to 0.19D) gram re-
spectively. The retenticns for J. L. ana C. 3. whose fecal
outputs were the most constaat, raanged from 0.053 to 0.131
and from 0.111 to 0.231 gram per day resrectively. It will
be noted that all retentions were positive. Ca tie basis
of the per cent of the intake retaised trhese values for all
children ranged from 3.0 to 26.3. 1t will be noted thkat tie
aaily perceantaze fluctuations were greatest for V. a. aad
least for J. Z.

average Calcium per aay: whkile thke above figures show
tr.at there were large period by period variations ia calcium
nalance, trhe average values would indicate the general trend
of the calcium metabolism. The averaze intaxes according
to size were 1.079, 0.966, C.€65 and 0.757 grams rer day
(Table VII). - It will be noted that although the amounts
were small, there was a considerable difference in the
urinary calcium excreted by daifferent childrea. The largest
child excreted the least, 0.Cll gram rer day or 1.0 per cent
and the smallest child the most, C.U35 gram or 4.¢ per ceat.
‘his was not iaversely proportionate to size, however, siace
Ve 4. excrevea 0.029Y gram per day while C. 3. excreted only
0.021 gram. It is interestiag to note that although the
average amounts 0f fecal calcium excreted raaged from 0.630

to 0.9y gram per day, the perceatage of the intase excreted
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TARLE VII
AVETANT CALCIUM RALAC™3 PP R DAY

In- Cutput Retention |aAbsorption
L)
o | take o
) o ) ~ — —
e < + [0} + [- =" + [} + o +
e o nal o Hal Le o e M Q ey (IS
= ~ [ ) 0] L O Q3 O O (] [N Q [ 2]
n ) Ol ™ SOl HO ROl & O £ 40
o Elle ElMe £Me EMe £l £
o
K 1.079 |0.011]11.0 P.898 |83.2]0.909] 84.2|0.170 15.7]|0.181}16.7
T 0966 [0e029]| 3.0 Pe809 |83e7]10.838| 86.7]|0.127| 13.3|0.156|16.3
=~
m
.[0.865]0.021|2.4 [0.683 |78.8]|0.704| 81.4|0.161] 18.6 |0.182]|21.1
©
i
e|O0e757 |0e035]446 04630 [|83.2]|0.665] 87.8]0.092]12.2 |0.127]16.8
-
5

0.917[0.024]2.8 |0.755|82.2|0.779] 85.0]0.138]15.0 |0.168 17,7
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was exceedingly constaat. It was 83 per cent for all of
the childrean with tke exception of C. 3. for whom it was
78.6 per cent of tre intaze, 3Since the per cent of the
fecal calcium was practically coanstaant for three of the
ckildren, tre variation in tre total output was largely

due to that of tihe urianarr calcium. Tkese percentages rere
less constaat tran the fecal outrut and varied from &€l.4

to 87.8 rer ceat of tre intaie. Table VII skows trhat tre
amount of calcium absorbed ranged from 0.127 to 0.1E2 gram

per day. all of the childrea ahsorhed =2»0ut 15 rer ceat

of thLe iantake with tihe ezceprticn of 2. 3Se w10 absorhed more
aue to the lover per ceat of calcivm excretea in the feces,

The amouat of cilcium storea varied from O.Cuvg to O.170
gram rer dar aad tkhe amovat retained wzs in rrorortion to
tre size of tre c¢hild excert for V. a. wt0o stored less than
eitrer . C. or Co 3. [Tre children retaianed from 1lz.2 to

]

atae with aa averase of 15 ¢er cent.

re

18.6 rer ceat oI tle
Calcitm 2alaaces per :ilogsrar: hea the recults sre

orpared on the vasis of nhody welsit, the inta.ce razare Ior

2ll of tie ciildren was Irom C.Col 1o ColCl gram rexr iilo-

yrame altkough tre values Zor each c¢kild varied from veriod

to reriod ia the szirme rfeneral manner as trhe total caleiom,
intace, Table VIII snd “rarbk I11 shoor that tic iatate for
each child was Jalrlyr conctant oa vhis ba2zis. ‘e rreites

ERraae R N ; s N
Ciilercace hetvess vre iota.e Valuves Jor s oone c¢hila was
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zeat la tre uringc, therelore, It ccereu auvisznle oo consre
tieze valuves (Tahle IX). a--arently trere wis no a-rreci-
a0le relationsii: Tweitween them, sizce ia 2nly vvo caces was

the correlativa zs kish as C.5 (8.50 for Ve 4. 2ad =C.

variations were nirirest J0r Ve ae aad lorest for C. 3. aaa
Je e Tiis fluctuatioca was aob muck ctreater than wa3 tre
varistion in the intaze, exce: 't in the case 0 Ve a. @
treless, tre values uld a0t alwars vary ia the garle manaer.
Tre fluctvations ia the fecal ovtrut were prohahls doe, 0
some externt, tOo uwnavoiuahle errors in tle collection of
sgrirnles aad otrer uncoatrollanle conditions. JSone of these
may be variations in the coaditions in tlhe iantestianal tract,
such as coastipation which may hold trhe 100a in the intesti-
nal tract for an abnorral veriod of time and thus iacrease
calcium absorption. Cn the otler Lkand, cilarrlkea may Lasten

the food thkrouesh the tract so rapialy trhat there ray not be
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TABLE V1|

1

CALC1UM BALANCES PER KI1LOGRAM OF BODY WE1GHT PER CAY

QUTPUT
PER10D IWEIGHT [SUBJECT |INTAKE |URINE |FECES |TOTAL RETENTION |ABSORPTION
KG GM GM CM GM GM G!
4 18.42 E.C. |0.060 [0.000 |0.050 |0.05C 0.009 0.010
3 18.42 0.058 |0.000 |0.046 [0.046 |0.012 0.017 )
9 18.28 0.060 [0.001 [0.048 [0.049 |0.01l1 0.012 i
10 18.28 0.060 |0.001 |0.048 [0.049 [0.011l 0.012
1 18.28 0.057 |0.001 [0.053 |0.054 |0.003 0.004
4 16.90 V.A. |0.050 |0.001 |0.056 [0.057 [0.002 0.003 I
5 16.97 0.0s7 [0.002 [0.046 [0.048 |0.009 0.011
6 17.05 ~ [0.08% [0.002 [0.044 [0.04% ]0.009 0.011
9 {77 42 0.057 [0.002 |0.045 |0.05!I 0.006 0.008
10 17.08 0.058 [0.002 (0.045 [0.05] 0.007 0.009
Il 17.0% 0.055  |0.002 |0.042 |0.043 [0.011 0.013
4 14.47 | C.B. 0.061 0.001 [0.044 [0.045 0.016 0.017
S 14 .55 0.059 [0.001 [0.046 [0.047 ]0.012 ).013
6 14 .55 0.057 [0.001 [0.045 |0.046 |0.01} 0.012
7 14 55 0.061 0.002 [0.046 |[0.048 0.014 0.015%
8 14 .66 0.060 [0.002 [0.049 |0.05]1 0.009 0.011
9 14 .66 0.060 [0.002 [0.048 |0.050 |0.010 0.011 &
10 14 .62 0.060 |0.002 [0.049 |0.050 |0.010 0.011
Il 12 .62 0.057 |0.002 [0.047 |0.049 |0.008 _ [0.009
4 13.56 J.H 0.087 [0.002 [0.046 ]0.048 0.009 0.011
5 13.60 0.055 [0.003 [0.044 [0.046 |0.009 0.012
6 13.64 0.053 [0.002 [0.046 [0.048 |0.005 0.007
7 13.64 0.057 [0.003 [0.047 [0.050 ]0.007 0.010
8 13 .64 0.056 [0.002 [0.049 [0.052 0.005 0.007
9 13 .64 0.056 [0.003 [0.049 [0.052 0.004 0.007
10 13 .64 0.056 [0.002 [0.044 [0.047 |0.010 0.012
11 13.67 0.053 [0.003 [0.044 [0.047 10.006 0.009
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time for sufiicient ansorrtion. “he acia condition of the
intestinal tract may also affect tre amount of calcivm ab-
sorbed.

Table VIII ana Grach III show trat the total amount of
calciun excreted for all of the ckildren varied from 0.043
to 0.057 gram per kilogram of body weiprt. The variation
betweean tre highest and lowest amounts excreted per child
was 0.008 gram for 2. C., 0.0U14 for ¥. 4., and 0.CJU6 for
Ce Be and Jo ue This was, of course, ia direct rroportion
to tre fecal output,since tie amouat of calcium excreted in
trhe urine was so small.

The amount of calcium absorbed ranged from 0.003 to
0.017 gram per rwilogsram of vody weight. The pgreatest varia-
tion in absorption noted for any of tkhe childrean was for
Ve ae, ranging from 0.003 to 0.013 gram, and the least was
for J. ., varying from 0.0C7 to 0.012 gram. The fluctua-
tica ia the amouant o0f calcium ahsorbed is illustrated in
Graph III

Since there was such a small amount of urinary calcium,
the retention varied ian direct proporticn to the absorption
as shown in Graph III. It will be noted that the fluctua-
tioas varied from period to period, ranging from C.002 to
0.016 gram rer kilogram of body weight. The variation was
greatest for V. ae. and least for J. . Graph IV shows ais-
tinctly the daily amount of calcium per xilogram retained

by the three children. It also gives the mean for all of
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the children which is 0.009 with a probable error of* 0.002
gram. Oince there are so many unavoidable variaticns and
since the values are so small, the figures are in reality
quite constant for each ckhild and even for all of the chil-
dren.

The relationshirs hetweea these data per kilogram may
be better interrreted by means of statistical treatment.
(Table X). The correlation netween the intake and fecal
output was only 0.35 showing that there was ypractically
no relationship betweea them. There was, likewise, no defi-
nite relationship betweean the calcium intake and the reten-
tioa as is skown by a correlation of 0.43. It must be coa-
sidered, however, that there were oanly 22 cases and that
individual errors were great. If there had been a larger
volume of data or if the range in intaxe kad been greater,
the correlations might have been higher. On the otker hand,
a direct relationship was shown between the fecal and total
outputs by a correlation of 0.93. There was, also, a def-
inite correlation of C.90 between the absorptioa and retean-
tion.

Average Calcium Balances per ililogram: The average
calcium balances per kilogram for each child give a nore
complete picture of the metaholic tendencies (Table XI).
Trhe average intaxe was practically the same for each chkild,
ranging from 0.066 to 0.059 gram per day with an average

for all of trhe children of 0.008 gram. The average urianary
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fecal (Cutput retention
Intaxe 0.25 Ced3
Total Cutput 0.93
Absorption 0«90

figures for E. C. not iacluaed.
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calcium ranged from 0.001 to C.CC3 gram per zilogram, that
of E« Co being the least and that of J. L. the most. C. B.
and V. A. excreted tre same quanity of urinary calcium (0.002
gram). As has been noted before, the urinary calcium excre-
tion was very small in proportion to the fecal output which
was practically tne same for all of the children, ranging
from 0.046 to 0.049 gran per zilogram of body weight. <The
fact that the average amount of fecal calcium was practically
the same for all of the children may indicate that a long
contiauous period removes differeances aad eradicates the
errors. The average total output was 0.049 gram per kilo-
gram of body weight for all of the children, with the ex-
ception of Z. C. whose average total outrut was 0.050 gram.
Table XI skows that V. A. and J. He absorbed the least
calciuvm (C.009 gram per kilogram) and C. 3. the most (0.012
gram). The average calcium reteantions were also lowest for
Je He and highest for C. 3. ranging from 0.007 to 0.011
gram per xilogram. The reteations for ©. C. and V. A. were
0.009 and 0.L0b6 gram per xilogram respectively. The dif-
ference between the highest and lowest amouats ahsorbed and
retained were certainly values which might be within experi-
nental error. Coansidering the variations which occurred,
it is interesting to note that these values for calcium
were so0 constant for all of the children.
Vihen tre calcium balances are compared as a whole, it

will be noted that the intakes for E. C. and C. B. were



AVERAGT

CALCIUM BalaliCis

TA3LE XI

SEROZILCC=all PUR DAY

r
Cutput
Sub -

Weight] ject]Intake| Urine| Feces | Total |Absorption |Retention
kg £Me e EMme. £M. g £Me
16.34] E« Co] 0.059] 0.C01] 0.049 | 0.050 0.010 0.009
17.03] Vo A«] 0.057 | 0.002] 0.048 | 0.049 0.009 0.008
14.59] C. B.}] 0.059] 0.002] 0.047 | 0.049 0.012 0.011
12.63] J. Hel 0.066 ] 0.003] 0.046 | 0.049 0.009 0.007
15.90] Av. 0.068 ] 0.,002] 0.048 | 0.049 0.010 0.009
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highest and that their reteations and absorptions were
slightly higher than those of the other two children. 2Roth
the intaxe aand retention were lowest for J. H. <rom these
results it arpears that there might be.some relationship
between the calcium intake and retention. The amount of
urinary aand fecal calcivm may have an inverse relatioaship,
since the child with the greatest fecal output had the small-
est urinary excretion and vice versa. There also may be

some relationship netween age and utilization because E. C.,
trhe oldest child, absorbed as nmuch or more calcium than the
smaller children and excreted a smaller amouat in the urine.
The youngest ciiild absorbed practically the same amouant of
calcium but excreted a larger amount in the urine. The
urinary calcivm deereased as trhe age of the child inc:eased.
Although there was a variatican in the amounts of both urinary
and fecal calcium, the totual calcium output was practically
tre same for all of the children. There are too few cases

to draw any definite conclusions.

Comparison with a rormer Study: a4 previous metabo-
lism study was conducted under practically the same condi-
tions. “wo children D. 4. and w. W., both four and one-half
years of age, served as subjects for the investigatioa.
Table XII shows the average results obtvained per kilogram
of body weight. when the results of the two studies are

compared, it will be noted that the intaxe for D. 4+ and

We wWe was somewhat hipher (0.005 gram) than that in this



.

study. “he urinary calcium was hkigher for D. 4. (0O

gram; than that aoted for aany o the ckildrea in this study
while tkat for .. .. was vractically tre sane (J.C0Z2 gram
per xilogram,. <he amount of calcium ezcreted in the feces
was greater for D. 4. ana .. We than for tie four children
in trnis study, probaonly aue to the Ligher iatase. .re

oo

apsorrntion for J°¢ a. was C.0

=

gram wiich was within the

range 0i that noted in thkis study while .. ¢ 0nly absorbed

. e N L - - e . . e
0.00C gram. _“Le avera:se retentions Ior J. A. a0a . {. were
UeUUD and LelLU3 gran per ilogram respectively, noth of

wiich were less tnaa those observed ia this stuay (0.009 to
CoCli frumje

Comrarisoa with otucies of Ctrner Iavestiasators: a
comrarison of this study with those of other investigators
is cifficult because tre stuales varied ia sO many resgects.
In some cases the intanes were much higher than ia this
stvdy, in others thke source oI Vitamian D, the lengtr 01 tre
period or the condition 0if tre crildren were limitiags factors.
laiag tie lact that there are many varianles iovo coasidera-
tion, a comrarison may ne riace netreen this stiuy and others
in wiich tie intuce was C.0E8 £0.0038 gram rer 2ilo-ranm of
0047 welgrt and ia which the crildrea were ;ractically tie
care a‘e (Table LIII).

Sherrman aanu lawley (14) rerorted 670 c¢asces in one of

which the iatale gas Coli3 22737 2.4 L2 dubt tu Cel4i fram

(]

an6 in tire other tre iataxe waz o000 o oasd bthe outeoot
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AVTRAGT CALCIUM BALANCTS PER ZILQOCRAN CF 230DY WIINET™

Cutput Absorption Retention

Sub - Zer rer

gm. g:’lo gmo gmo {mo gmo

Fect Intake [Lrine |Feces |[Total | Total | Cent |Yotal | Cent
D. 4. 10.065 0.005 | .06 |0.060 1 0.010 ) 156.6 |C.005 |E.4

We Wo ] 0.065 10.002 10.060 |10.062 | 0.005 7.2 |C.003 | 4.6
aVe 0.065 [0.0C04 JOL0E8 | 0.061 1 C.008] 11.4 |O.0C4 | 6.5

*Pigures from ziller's Thesis (8).



Ta3LE XIII

CALCIUY BALALCE 32UDIES BY CTIT™R INVI3TIGATCRS
NITH A7 INT4W FRON 0.0563 TO0 0.063 GRAM @R JILOGRAN
Children zetention
Total
Investigator age No. | Intake [Cutput |Total |rer Cent
JIrsSe £l £ EMe
Sherman- 3=-5 3 0.003 Celds 0.010 19.3
aawley 4-5 2 0.0V 0.049 0.014 2342
Wang (16) 5 1 0.061 0.049 0.012 19.0
4-5 | 2 | o0.061 |o0.042 |0.019| 31.0
Hawks 4-5 3 0.C61 0.054 0.008 12.1
4-5 3 0.0587 0.042 0.015 2643
FPorter-Levin | 22-5%] 3 0.054 10.047 10.007 12.9
Daniels (5) 43 1 0.054 0.012 22.2
3 1 0.054 0.G009 16.7
5 | 1 | o0.00a 0.co8 | 14.8
4 1 0.0567 0.007 12.3
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.14 210 others (15) reportea two case
vias CeCE1l fxum re il0 ram. 1n one the outsut was 0.049
pram wrkile in the other it was C.04u (ran "er ilorram. rlhe
reteatioas were 0.012 and C.019 gram resrectively boti of
wricrh vere slisktly hisker tian the average found in this

studye. Lawgs aad co-voriers (7) found that the calcium

storare for iantazes of 0.C0cl and $.CE7 cram was L.C0E aad

(

U«UlY fram per :ilorram resrectively. In all of these cases
tle retentions varied somewhnat from those ohservea in tlris
study. MNevertheless, tre amouant 01 calcium stored was within
tie range of tiis study.

It seemed worth wiile to comrare this stuvay with others
wuh.ichh were coatiguea for loanzer periods of tire. Lorter-
Levin (12) fouad an output of 0.047 gram aaa a reteation of
0,007 gran when the iantasze was U.Uo4 fram per kKilogram of
body weigkt. In tke report which Daaniels and others (5)
give, there were tiiree cases when the iantase was C.084 gram
and one case wren it was 0.0H7 gram per <ilogram. 4Sre reten-
tions were G.0lz, 0.009, C.008 and 0.007 gram per xilogram
resocectively. JLey alsd reported that calcium retentions
between 0.007 and U.LCY gram per <ilogram seemed to he normal
for well developed children of pre-scnodol are regardless of

tie intate. The results of this stuay confirm tre worx of
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otrers and it appears trat trese normal pre-schodl children
retained approximitely C.009 gram rer .ilogram wien the in-
was withkin tre raape of 0.00¢ to 0.059 gram per .ilosram of

body weigzgrt.

Summary

1. This study preseats the calcium metabolism values of
four ndormal children who received a coanstant medium protein
diet for twenty-four consecutive aays following a six day
preliminary periode.

2. The plan of this study was so arranged that the chil-
drean received approximately the same amouat oI calcium per

Xilogram of body weight

3

er daye.

3e Although the diets were supposed to be ideatical, there
was as nuch as 5.17 per ceat variation between the chemical
analysis 0f these samples. Thus tke calcium intake per day
for each chkild varied somewhat.

4. Since the amouat of calcium excreted in thke urine was
very small and constant and since tke quaaity of calcium
excreted from period to period in the feces was large and
irregular in amount, the variations in the absorption and
retention were largely influenced by the fluctuatioas in the
intake and fecal output.

5. Trke percentage of calcium iantace excreted in the feces

was very coastaat for all of the auildren, ranging from 78.8
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to 83.7. Cn this same basis, the average reteations ranged
from 12.2 to 18.6 per ceant.

Ge Tr.e calcium intaxe aad output per kilogram of boay
weight were fairly constant from period to period aand the
reteation raanged from 0.002 to 0.01l6é gram per kilogram for
all of the ckildren.

7. The average values for the calcium intaxe and output
per xilogram were practically the same for all of the chil-
dren. The intake varied from 0.056 to 0.059 gram and the
largest intakes were accompanied by the largest reteantioas
which ranged from 0.007 to 0.011 gram. The average calcium
storage per kilogram of body weight was 0.009 gram.

8. The reteantioans reported ia this study were within the
same general range és those reported by other investigators

ian which the calcium intake was 0.058 0.005 gram.
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