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THE PHOSPHORUS RE(UIREMENTS
of
NORMAL FOUR-YEAR QLD CHILDREN

The first modern endeavor to determine the
food needs of human beings took the form of dietary
studies in which tralned observers recorded the food
eaten by individuals or groups of individuals when
they instinctively followed the dictates of their
own appetites. These findings were usually reduced
to amounts of carbohydrate, fat and protein per per-
son per day and were often evaluated by comparison
with the types of work these individuals did. The
carrying out of balance studies was the next step
in determining the food needs of human beings. In
balance studies the amount of a given foodstuff in-
gested minus the amount excreted in urine and feces
gives the amount the body retains. From many such
studies standards were finally established indica-
ting in each case how much carbohydrate, fat, pro-
tein and the various minerals were needed to keep
the body in a state of optimum nutrition. From these
adult studies, the standards for children, as a rule,

have been set more or less empirically.
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In the literature we find very little experimental
data on the phosphorus requirements of pre-school chil-
dren. There is an abundance of material on how phos-
phorus is utilized by the body; as, inorganlc phosphates,
phospho-proteins, phospho-lipins and the phosphoric acid
esters of carbohydrates. There 1is also a great deal of
literature on thé metabolism of phosphorus, especially
in combination with calcium. The reason for this is
that in rickets, a disease widely prevalent among both
breast fed and artificially fed children, there is a
lack of balance between calcium and phosphorus in the
blood stream, resulting in an abnormal deposition of
calcium phosphste in the bones. The emphasis has been
placed upon calcium metabolism, rather than upon phos-
phorus metabolism, because dietary studies have re-
vealed the fact that a large percentage of American
children suffer from a deficiency of calcium in their
diets. There is not usually a serious lack of phos-
phorus because of its close association with protzsin.
Many studies have been made of the kind and amount of
protein necessary to provide adequately for both main-
tenance and growth in the body of the child. Thus, it

has come about, that phosphorus, because of its associ-
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ation with calcium and its combination with protein
bearing foods, has lost its identity somewhat in the
greater lmportance attached to a sufficient calcium
supply and an adequate and complete protein ration
to care for body neecds.

There are but three studies availeble on the
phosphorus needs of healthy pre-school children. In
the balance study done by Sherman and Hawley (1) a
series of four experiments were carried out on calcium
and phosphorus retention in twelve normal children,
ranging in age from three to thirteen years. The first
study of the series was made to determine the calcium and
phosphorus retention in relaztiocn to age. The children
were on a normal mixed diet which contained 750 grams of
milk per day for each child. This gave an average reten-
tion of .008 grams of phosphorus per kilogram of body
weight per day. The second study was carried out with
three of the twelve children as subjects to determine
what cdaily allowance of milk would produce optimum stor-
age of calcium in the growing child while the third and
fourth experiments were performed to learn if the calcium
of vegetables is as efficiently utilized as that of milk.

Of the group in the Shermen and Hawley study, there
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are three children vho in either age or weight, approx-

imate that of the children who are subjects of the pres-

ent study.

Their balence is given in the accompanying

table which is adapted from Table 3 in the article by

Sherman and Hawley.

Name Yrgggos. VWt.Kg. P.Intake| P.Output Balance
M.O0. 4 | 7 19.5 1.073 g .916 g +.157 g
A.B. 6 21.4 1.235 g | 1.128 g +.107 g
M.P. 6 19.1 .850 g 744 ¢ +.106 g

Their phosphorus storage according to weight in graems
per kilogram of body weight is given in the accompanying

table adapted from Table 4 in the same article.

Age Grams per kilogram
Name |Yr.Mo.|Wt.Kg.|Calories]Prot.] P.Intake|P.Output| Bal.
M.0.| 4 7 ]19.5 78 £.8 .085 . 047 +.008
A.B.| 6 1.4 84 3.1 .058 .053 +.005
M.P.| 6 19.1 78 2.6 .045 .039 +.006

These workers conclude from their observctions that
one gram each of calcium and phosphcrus per day must be

supplied to the growing child if he is to have sufficient




retention for growth.

Hughina YMcKay of the Chio Experiment Station (£)
reports a dietary study on fifty-five normal, healthy
children ranging in age from two to five years, twenty-
five of whom lived in their own homes and thirty of
whom lived in an orphanage. This study, based on the
individual methed of determining food intake was con-
ducted for four consecutive days by workers trained in
the method. These young women took records of the
height, weight, activity, appetite and general conditicn
of each child, as well as weighing and computing the
value of the food each child ate in terms of protein,
fat, carbochydrates and mineral content. Computed anal-
ysis of the amount ¢f rhosphorus these children were in-
gesting gave an average of 0.£744 grams per day for both
groups with an average of 1.08554 grams for the hcore
group and .88179 grams for the orphanage group.

Dr. Chi C he VWang znd her associates (3) report
a balance study on the "Hiniwun Requirement of Calcium
and Phosphorus in Children". The ages of these eighteen
children, with one exception, ranged between eight and
twelve years. That one child is the only one in the

group that belongs to the pre-school age and her phos-
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phorus balence is given telow as adapted from Table 2
in Dr. Wang's article. It is given in terms of phos-
phorus rather than as phosphorus pentoxicde as origin-

ally given. . .

Name JAge Wt. |P.Intake | P.Intake | Urine | Feces |Total

24 hrs. per kg 24 hr | <4 hr | 24 hrs.

AJ. | 5 17.9| 1.47 .082 .78 | .596 | 1.37

Total |Retention |Kg/24 | %
Kg/«4 <4 hrs.
.076 .09 gms. | .005 g] 6.3

These workers obtuained a positive balance as long
as the phosphorus ingested was as low as .034 grams per
kilogram of bocy weight tut found that there was a ne-
gative balance when the intake fell below this. Reten-
tion varied from .C0Z to .017 grams per kilogram of
bocdy weight. Dr. Vang and her associates conclude
from their observations that an eight year old child,
weighing 20 kilograms and living on a mixed diet should
have a minimum of 1.58 grams of phosphorus pentoxide,
or .68 grams of phosphorus daily.

Because of this lack of extensive information on
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the phosphorus retention of pre-school children, it
was thought of value to conduct a metabolism study to
learn 1f possible, something of their requirements for

optimum retention.

In order to do a quantitative metabolism study
on any of the essential factors in the diet, levels of
food intake at which experimentzl work shall be done
must first be decided. Usually there is a low level,
Just 2bove maintenance, an average level, which per-
mits of maintenance and some growth, and a high level,
wnich may provide an excess for both maintenance and
growth. Then a simple, adequate diet is planned that
fulfills specifications so far as the particular food-
stuff under investigaticn is concerned. For instance,
if calcium levels were being considered, the diet
planned would contain carbohydrate, fat, protein, phos-
phorus, iron and vitamines in amounts accepted as ade-
quate for a child of given height, age and weight. The
calcium content alone would be varied at each level in
order to learn by balance studies at what level best

retention was obtained. Of course, these variations in
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level influence in amount the other factors also. In-
cluding a large amount of milk to supply a high level

of calcium while keening the total calorie content con-
stant, might result in a diet low in iron. This de-
ficieny would then have to be made up by adding a source
of iron sufficient to make the diet adequate in this
respect. The diet to be used must be palstable and
attractive and lend itself to variations to suit each
level of intake. The problem is simpler if the same
basic diet is used at each level. After the diet is
planned, the p ericd of feeding follows with its atten-
dant collection of excreta. Composite samples of the food
eaten by the subjects are also preserved so that a chem-
ical analysis may be performed. The results of this
analysis give the actual value of the diet, and may be
used for comparison with the calculated amounts. The
excreta are analyzed to determine how much of the sub-
stance ingested was excreted. The difference between
intake and output represents the amount retained by the
body. Finally, when results from the various levels are
determined, conclusions may be drawn concerning the level
which supplies the optimum retention for maintenance and

growth.
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This phosphorus balance study was carried out in
conjunction with a protein-calorie study reported in
another paper, hence the levels, low, medium and high,
were more or less arbitrarily set, since phosphorus is
so closely assoclated with potein in food. As the pro-
tein levels chosen were 2, 3, and 4 grams of protein per
kilogram of body weight, the phosphorus content more or
less automatically fell into the levels of approximately
.96 grams, 1.34 grams and 1.51 grams of phosphorus daily
per child.

Three healthy nursery school children of about the
same age and size were selected for the study. They were
two boys and a girl between four and five years of age.
Their heights, weights, ages and caloric intake for each
period are given in Table 1. Their meals for each level
were carefully computed (4) and then prepared and served
in a room especially set aside for the purpose. Between
meals, the children attended the nursery school. A s
usual, where excellent co-operation on the part of those
in charge prevented any loss of excreta or any added in-
take of food throughout the three experimental periods.
At night, the mothers took charge of their children, being
equally careful to guard against added intake of food and

loss of excreta.



TiBLE 2.

DAILY MENUS

Exp. I

Exp. II

Exp, IIT

Approx. £ gms. Pro/Xg

Orange Juice

Orange Juice

Orange Juice

Farina Cream Vheat Cream Wheat
Cream Milkx for Ceresl Milk for Cereal
Breakfast Sugar Sugar Sugar
Buttered Toast Buttered Toszst Buttered Toast
Milk Milk Milk
Orange Juice Orange Juice Orange Juice
10:30 Cod Liver 0il Cod Liver 0il Cod Liver 011
Lettuce Sandwiches |Lettuce Sandwiches Lettuce and
Cottage Cheese
Sandwiches
Butteregd Potatoes Buttered Potatoes Potato) Potatoes
Lunch baked with
Scrambled Eggs Scrambled Eggs Meat meat loaf
Tomz2to Juice
VMilk Milk Milk
Peaches Peaches Peaches
3:00 P.M. 11k Milk Milk
Peanut “utter
Sandwiches

Supper

Creamed Carrots

Thickened
Tomato Juice
Liver Extract

Baked Custard

Buttered Carrots
Tomato Juice
Spinach Puree

Milk
Balzed Custard

Buttered Carrots
Scrambled Eggs

Spinach
Milk
Balied Custard
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On each level, there was a three-day preliminary
period in which the children received the weighed diet,
but no excreta was gathered. This was done in order to
permit the children to get into the balance for that
particular period so that there might be no "lag" from
their previous diet reflected in the collection pericd.
Urine and feces were collected for the last three days.
Charcoal was used as a marker for the feces. This was
given in capsule form before breakfast on the mbrning
collection was begun, and again, at the close of the
last meal.

On the last three days of each period, duplicate
samples of the food the children ate were preserved
for analysis. The purified substances such as sugar,
cornstarch and filtered butter which were used in the
dietcry were not included in the samnles for analysis
for obvious reasons.

The menus for the three periods appeaf in Table Z.
On the low-protein-low-phosphorus level, Jiver extract
was used to bring to the accepted standard an otherwise
low iron content. Whole wheat farina was used also,
because of its increased amount of iron, but it was
found that tiny parficles of bran still in suspension

in the feces after sulyrhuric acid digestion, interfered
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with the ease of analysis, so cream of whe=2t was sub-
stituted in the succeeding exrerimental periods.

Puring the second and third periods, when the pro-
tein and phosphorus content of tke diets was higher,
strained spinach was used instead of liver extract to
bring the iron content up to normzl. This nroved to te
a rather more desirable substitution because the chil-
dren were accustomed to eating spinach and when served
on their plates with potato and carrots, or potato
and scrambled egg, their meal presented an attractive
appearance, and the spinach was eaten quite automatically.

On the high level, half skimmed milk and half whole
milk was used in order not to exceed a fat content of
25% in the diet. Finely ground beef from which thre
connective tissue was removed, cottage cheese and pea-
nut butter were used to increase the protein and phos-

p horus content of this dietary. T he children's in-
dividual variations in requirement during e~ch reriod
were provided by extra egg white and sugar.

The meals were varisd +'thin themselves. Sometimes
the potatoes were creamed and the carrots buttered, and
vice versa. Sometines the tomato Juice and liver ex-
tract were served in combination as a thickened hot

soup, and at other times it was made into ¢ c0ld drink,



. .

. . .

. . .

. - .

. . .
. .
. -

. . .

. -



‘e TIdVL

doI¥dd HOVH ¥04 HONVIVH ANV NOILIYOXH SNHOHISOH

ou 1T
Gz | 9to°| Log* | TOT'T 6bvo° | Ggo° T| LGe°& |2¢¢ T | G26°T G9o°* | €Gh 1T | 65cY num w g+22| °£°q
g2 | 020°| g@tbe | GG2°t 0G0° | 2%0°T| 960°¢ | 292°T | ¥eg° 1 0lo* | oSh 1T | tee ¥ uuw w G02| *1°g
0¢ | t20°| evbe | ge¢ T 6Y¥0° | 900°T| QT0°E€ [ 902°T | 2T8°T tlo* | gt |obc ¥ |sahk ¥ |2°02]| *a°r
POTI§d pI%
ou 6
LTt | oto°| TT2* | ££9° gho | 620°T| 6Q0°¢ | 292 T | ¥eg T QG0 | obz 1 |22l°¢ mmw m bete| ocom
2 | Yro*| =20%° | lo6* Gho* | G¢6° | GoQ 2 | 9LT°T | 629°T 090° | Ll¢2° T | Ctl-¢ mww w Q°02| °1I°d
gz | gro° | lG¢ | g¢lo°t Yvo* | 61lg° | 6£9°2 | @2T°T | 0TG'T ¢90° | L¢et|gtl-¢ [sxk ¥ |g°6T| *g'r
- TPoTI4q DU
o
G ¥ 200° | G¥oc | GeU Gho- | av6e | Gggre | ghtet| Lg9°T Lyo* | 066° |o0l6°2 [sxk m Loz | *£°3
oum
GT | goo* | 9oSt* | Q9b° ¢ho- | 2¢9° | Lbve2 | @%b | 6£G°T 160° | 9g6* |[996°2 |sx& ¥ |¢°61| *T°H
ou
Lt | goo* | alt* |Lt¢e tho: | otg* | gbb*z | get 1| 2¢°'T 0Go* | 9g6° | 996°2 |sxf ¥ |G6T| *g°r
a Yz PoTadd 151
a1y b2laq b2 3| ay 2| Iu gl|au gl | xu gl |y V2
B{8qUl 3| Iy ¥z |ag 2l su3 suL3 sud suld s ud 3 | au ¥2 | 19 gl
% su3 sus sud Te30L| T®10L| T®10L| 8908J | euTIN s sus sug 3
TUoTI U039y andang snroydsoud oXBul snroydsoud °dy | °am |'lqnS




and tae cornstarch used elsewhere in tne diet.
Occasionally the custard was baked and again it was
cooked with some of the day's peaches cut into it,

or tne custard was made into "piux ice crean” vhich
w~¢c alwzays a welcome change. Weighed porticns re-
mained the same through-ut ea~h rcriod. The s are
basic m=anu was used in all three exrcrinmental rorindes,
hut with variations to male possible inecreased pro-
tein and phosphorus.

Specific gravity, creatinine (5) and total
acidity (6) determinations were mode on the urine
each day and the r-uninder nade up into acid urine
for furtaer analysis. The feces were digested slowly
for several days with ten percent sulphuric acid, heated
over a low flame and then made up to volume for analysis.
Phosphorus delerainations were made on these by the
Briggs' modification of the Bell-Doisy method. A 11
analyses were done in triplicate. (7) Results of the
fecal and urinary analyses for the three children for
the three periods, appear in Table 3.

The duplicate samples of food taken for analysis
were weighed, dried, welighed again, and then filnely
ground in a food grinder. To further insure a well

mixed sample, a portion for each analysls was ground to
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COMPARISON OF CoLCULATED 4dD ANALYSIS FIGULES

Exp. Welght Portein Calories V.eizht Phosphorus
ems. gus. gms. gus.
I Calc. | Anal. Calc,. | Anal, Cale. Knal.
J.B. 38 41.5_ _ 1608 | 1659 .9672 . 9887
B.L, 33 41.5 1569 | 1o 4> .9672 _ .98837
E.J. 40 44,8 1609 | 165 .9633 .9903
II
J.B. 57.4 | 52.2 1805 | ) 1.32435 1.2377
B.L. 57.4 | 52.2 1605 | 1622 | 1,3435 1.2377
E.J. 60 60.8 1620 | 1b3s57| 1.2477 1.2408 |
I1I
J.B. 80.6 | 75.4 1523 | 16GI 1,5118 1.44883
B.L. 82.4 ] 78.8 1551 | JLe¥] 11,5139 1.4504
E.J. 85.5| 84.4 1723 | 1e19 1.5174 1.4531







B.L,

E.J.

J-B.
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powder in a mortar. This food was ashed at low heat,
made into solution and analyzed for phosphorus by the
same metnhod used for urine and feces. Sevarate analyses
were made of egg white, liver extract and cottage cheese.
No figures for phosphorus analysis of liver extract

or cottage cheese were obtainable from other sources.
Results of the analysis of the three diets are found

in Table 4 while a comparison of the figures for the
calculated and analyzed amounts for each period appears
in Tuble 5. Results of the analysis of egg vhite, Jivar

extract and cottage cheese are given in Tuble 8.

DISCULSICH

Tnhe three children who were subjects in this
balance study were all from business or professional
homes. They had a background of good nutrition and
health habits, so they were all three above heignt 2znd
welght for their age group. They were growing rupid-
ly as will be seen by a comparison of their heights
and weights at the beginning of the first experimental
period with those at the beginning of the third period,
three months later. (Table 1.) Vhile B.L.'s basal re-

quirement was the lowest durins the first period, he



TAELE G.

ANALYSIS OF SEPLE.TZ FOOD SAMPLE

Grams P. in 1 gram of Food

Liver Extract * . 0000407

Period 1. - .000107

Lgg White Period 2. - .000104

reriod 3. - .000109

Cottage Cheese . 00033

# Grams Phosphorus in Extract from 1 gram Liver




€2LT s®etlxoTe) ‘ ‘o«ma sejxoTED mcmﬁ setIoTed
smeId GG 5ow9~m suexZ oV ﬂwmwobm
BILXO IBIns °*°3F O suwexd o d«owo BIJX® JI83ns °
BIJX® 93 TUM 3Fe °*°3 ow BI}XO oﬂ&-m&»o . .%m BYIXe 0qTyM IFe sud {T sperq
TGOT sejIoTs) _n mme 89710780 GQST setIoTed
swexd Y*z2Q wurejoxd weld ¢ ureaard swexd Q¢ uTeq0IXd
BIJX® Ju8ns °*sud pPeou WM UTW Poou UMMTUTW
BILXO 93TUA 338 °*sud QT eAoQqe SBIIXe ON eA0Qe SB8I}Xe ON e
€291 s®etI0TED m« 80T I0T8) 09T SeTIoTB)
gG°0Q ureroxd Taw.nm mMm uresoxd uad.am m ulezoxd
gel3xe ON 8BI1X9 ON| ®BI}X® I sweld ¥ gep
SUOT 3 TPPV TenplAfpul
62° %291 G ¥091 QS vgSt| wuoryzod wnWIUTN
Ul SeTJI0TeD T®310L
T¢E (e19 Lz29 §9TIOTB) BIIXT
0 m swexd m.n qoIe1S UWIOH
m swBI3 TTO JI9ATT POD
T 2 susI3 NM Jo%3ng
sueld OF suBsId 0 suwexd G Iesng
POON UMWIUTH 03 SUOTITPPY
e
62°262T GQ 612T Q6°LG6 |[peeN ummTUT U} S9TIOTBD
oamm.m e 1 mbmm. snioydsoyd Jo *guy
AL A A m.m T |egsapiyoqre) Jo *suy
60°* . 0S* 38d JO °juy
swexd gG°0Q swexd e LS swexsd LT° uyejord Jo °*Lumy
PeSN TeOpPTATPUI UMWTUTK
suetd LT9T swexd GGGT sweid 0G2T POOJ USeIJ JO 34 Te30L
e .H
111 juewyredxy 11 juemiIedxy I juewriedxy
1}

) . (YooqpueH esoy) JAIQ XTIVA 40 NOILVINOTVO J0 SITNSTH
“l TEvVL




-14-

graw so racvidly, that during the second and third
veriods, J.B. wvho did not grow guite so r=picly
represents the lowest basal need of the three
children. He was a sturdy, healthy boy of very even
disposition. B.L., on tae other hand, was tall and
more slender. He was active and of a nervous temner-
ament with an appetite that needed more coaxing than
the other two because his attention was more easily
diverted to other things. E.J., the oldest child of
the group, a girl, was probably the most activa of
he three. £the 1s not of a nervous temperament, has
a record of almost no i1llnesses and has seldom appeared
tired after a day's hard play.

A.n attractive, adequate dietary was planned to
meet the needs of the child with the lowest basal
requirement. To thls was added sugar, cornstzarci:,
butter and cod liver oil to make up sufficient cal-
ories for the day's activities. The larger children's
individual variations were met with added sugar or
egg white. Just what tnese additions and variations
were, are indicated in sections 2 and 3 of Tuble 7.

Comparatively 1ittle difficulty was experienced

in getting the children to eat, in spite of the fact
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that at the high level, amounts seemed greater than
they were in the habit of eating. Their meals were
eaten at a nursery school table which was covered
with a bright oilcloth cover. This added color and
incidentally facilitated picking up any crumbs that
might otherwise be lost. Pretty dishes were used and these
helped to make the project lose some of its otherwise
experimental atmosphere for tae children. Their ini-
tials pencilled on the dishes with red wax pencil,
seemed to please their budding sense of ovmership for
they never fniled to look for them, nor to miss thenm
if they failed to appear. Those who were conducting
the study, ate with the children, using the same menu.
When eating became a bit tedious for the children, a
story sometimes helped to save the situation. Friendly
competition in finishing the meal in order to get out
to play contributed its bit also. In justice to the
children themselves, it must be saild that it was very
much a point of honor with them not to do anything
taat, in their words, would "spoil the 'speriment”.
Nevertheless, close supervision is required night
and day throughout all experimental periods in order
to be sure of accurats results. In addition to careful

weighing and measuring of all foods, there is the
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necessity of seeing that nothing is lost, tnat each
child eats all of his allotted portion, and that no
additional foods are eaten. Likes and dislikez play
a part in the ease with which this is accomplishéd.
Appetites are not always alike. The excreta must be
collected with no losc if the results are to be
acceptable. To be sure that there has been no added
food intuke and no loss of excreta, one is dependent
on the co-operation of the child, bhis mother, his
instructors and any other care-takers he may have dur-
ing the course of the experimental period. In snite
of the watchful care of all concerned and the fact
that the children wanted to make the work a success,
one child in a moment of thoughtlessness did lose a
sample of urine. That day's urine was discarded and
the urine analysis for the day computed from an aver-
age of the other two days.

Besides the problem of seeing that there are no
flaw s in the technic and execution of the experiment
one must be prepzared to meet and deal with the slight
physical difficulties such as colds, infections or
digestive disturbances which sometimes develop so

easily. J.B. and B.L. both had colds during the pre-
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liminrry part of the first ieriod but thae; 7ere gilven
en sbvuindance of fluids ond lent awsy fron the other
cnilaren in tne nursery scnool so tn t by the tine

the collection period began, thaey wers well., Iuri g

2

the collection

&

eriod oI the secoud expcecrinent, 3.L.

S

hi:d a slight cold, wnd J.B. contracted a severe cold,
whicn, housever, did not keep him from completing the
period.

Durinz trls period, also, there was ¢ disturbing
amount of coustipotion in srite of the foeot tint
strzined spinnen hrd replcced the liver extrnet of
tne previous period. These taree children were 11
trained in regul~r havits of eliminstion snd devia-
tion from th'.t prozran nid & bad psycnic effect as
well as pernhaps cn undesireble pnysical one if there
¢l be s-id to De en rel-tiousiip between the colds
c11d the constipation of tiiis periods It was found
necessary to relieve 3.L.'s discoafort by an enena
during the praliain:ry necriod oif this secound experi-
ment. DoJs 1a toliing whint may have been too strenu-
ous exercises soon aiter suzner in order to bring
about a bvowel movement, lost her supoer cutirely. For-

tunctely thece incidents occurred vefore the collection
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period began., The diifliculty wns anticipated during

tiie taird period when a hivner protein and pnosphorus
level w's to be fed, by giving the chrildren minercl

0il on the first two mornings of the preliminary period,.
This gave most satisfactory results so thot no aiffi-
culty was experienced duriugz tne rem~inder of thae
period.

Iien results ere gethered in sucn n study, one
finde with certain expected returns, cert-in unexnected
deviations from wnet is considered normnl. The nnalysis
for phosphorus in the food of the first neriod we
hizher tasn the fizures given by Kose, ’ith & calcula-
ted averege per d-y of L9372 grams of phosphorus, our
analysis gave en average content of ,9887 grois of phos-
phorus per doye. During the secoad ond tnird periods, on
the contrary, our analysis for prospiorus ral lovier than
the calculated ~mount, s ezainest = coleuloted 142435
groms of phosphorus ner day ia the food of the gecond
period our analysis gave 1l.2877 groms per day, cnd dur-
ing the taird period, calculnted figures gave a pnos-
phorus content of 1.5113 grras per day vwnile our enal-
ysis gave only 1l.4488 graems per doye. This is disconcert-

ing until it is remembered ta.t tne publisnea figures
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are the everesge ol nnay snalysec. It is of interect

to note thn-t the anelysis of eg> wnite showed a somcwhot
lower content of pnosphorus, &lso thrn published figures
indicste. 1ilose gives & pnosphorus content of ,00014
grams per graa ol ezz wnite.s Our anclyses saowed an
average phosphorus content of ,000107, .,000104, and
000109 respectively for the three periods., Yhis accounts
in part at least, for the discrepancy betweecun calculsted
pnospnorus content ~nd tne =n:lyzed pnosphorus content
of the diets of tiae lust two periodse. .nile in the diet
of tne first period, there were ounly thirty gr=ms of

ezz vnite used, in tae second period, there were sixty
grome used, and in the tnird period, seveaty grams.

It will ve observed from a study of T ble 8, thet
there rre varistions in the rate of phosphorus metabo-
lism in the three children. They are slile in th-t the
urin:ry phosshorus in every case is grenter tnrn the
fecal phosphorus, a fact observed with one exception by
Dr. “eng ond her associntes (3) in their bal-nce study
on older children. +ihe children also sihow an incrensing
retention as well =¢ nn increasiuy total excretion of
phosphorus wita eacn increacse in food phosphorus. J.B.

and B.L. show a more constant inecrecce in retention and



excretion for eacn period and i 1more economical use of
phosphorus rt the low level then did ©.J. Ho.vever, B.L.
shows an interesting variotion in the fecal phosphorus,.
For the firet period, it wes meterirlly lower thrn thot
of eitier of the other two cnildren and lower =lso com=-
paratively tncn his o excretion at the succeeding
levels., Bloom (8) finds increased fecal excretion of
ccleium snd phospnorus in diets highh in spinnch and
Ascham (9) revorts high feecal exceretion of caleium and
phospnorus in the oresence of celluloce flour -nd agar
in the diet. If the converse of this is true, th-t
diets low in fibre encourage grecter retention of these
elements, B.L.'s comparatively low fecal phosnhorus
excretion might be exploined providinz it was true also
of the other periods =nd the other children es well,
But, inassmuch as the diet in this respect was controlled
and tne experimental period passed off uneventfully,
except for the sluggish eliminstion and tire colds, there
is no explanstion to offer for tnis except to consider
it & chance variantion in output ~nd o further corrobor-
ation of the findings of ~sherman and Hawvley who found
‘"large veriations amoiugz the individusl children" (1).

They elso found thot the storage of pnosphorus in their
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children averrged o008 griuas per Zilogr-n of body

weight end thiot -t the age of & - 8 years, the storrge

of phospnorus wuas cbout 01l gr ms per kilo ol bocy weisznt
per dey, continuiang =t nezrly tais ruate throuzhout

tne following yesrs of ropid growth ond development,

Our results st the lowv level in 7T+-ble 8 be-r an inter-
esting similarity to the findingse of Shermsn ond How-

ley and to thoce of ir., .Jeng in the tablec sdsapted

from theirs in the early part ol tais p=per.,

Hede wno nrd & welgnt of 2047 kilogrems -t the
begimning of the first experimentzl neriod r~nd « weignt
of 2442 kilogr-ms three months l-ter, ot the begimming
of the third p:riod wcs comparatively the lezst economi-
cal of her phospnorus int-lte ot =211 levels altnough
percentage retention inereases with each level., She
is & very active cnild ond h=s been described as
"bursting at the seams" with energy. Blatherwielr,

Bell and Hill (10) corrovorate the findinss of Zmbden
and Grufe that sctivity inecreases urin=ry phosphorus
excretion., Hizhly active children excrete more pnos-
pnorus in the urine th-n do phlezmatic children, One
cnild may run faster or »lwy hrrder thon -notncr cnild.

His results will differ fron those o1 the ruieter child
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of cnoroxinately tie cge cad wveiznt,  etivity in

chiluren 1s h:ira to control. <Siince iucrecsca nuscul:r
activity incre ses phospyhorus e.ierctio., »rob:bly hor
increuased :mownt ol wetaboliziny body cells and in-
creased activity account for ner greater execretion of
phosphorus. Tne food of the fir=t period with «u anal-
yzed phospnorus value of 9887 grone per dvy gnve her
but 002 grums of pnossnorus storsaze ner kilogre.: of
bod;; welznte It would seen eviaeat Iroa there Tindings
thr t low levels ol phosphoruc int-ie rre not safe for
ontimun develonneant purticularly ol suveractive chiildren.
A further study of table 8 revenls the fact thst
at the mediwa level with o phosphorus intoie of 1.2
gr s per day, there wes - retention of ,018 grons per
kilogram for J.B., <014 grams per kilogra:a Ior B.L. #nd
«010 grams per kilogrq-m for 2.J. “nis level of phos-
pnorus intule evidently provides a maorgin for reteution
wnicn is entirecly safe for the avernge normal, nezltny
cnidde There is no psrticular recson why the child's
retentidn and growth need to be crowded inasmuch as he
has 18 = 21 years in which to attain physical maturity

and pnysical and mental maturity need to lteep pace with

eacn otner,



Liaximua retention however, was obtained ot the
nizn level of phospnorus int-ke. 7Titn an melyzed
pnospnorus intr-le of l.4 groms per doy, retention
rose to 4021 greous per kilogron for J.B., o020 groms

per Iilogwsn for B.le. ond o01o grams per kilogren for

(-

AAl

Zede Trom tne standpoint of retention per Izilorran
alone, a higa int-le of -hospnorus Jould seen to be
reconmended for sctive, normcl cnildren. There rre
deterrentes to thut counclusion, however, A dnily
procphorus intrlie of 1.4 grzms mignt be accompnnied

by a protein coantent of sbout four gr-ms per kilogram
of body eight. e found tnis amount of protein nost
difficult of the three levels to feced. Appsrently
suenl & lrrge pronortion of protein, cutting dowm as

it does thne zmount of Ifresn fruits «nd vegetables used,
palls oun the appetite of cnildren. This lesrgze propor-
tion of protein would elso give thne kidneys a maximunm
enmount of work to do throughout the growing years -nd
while it is not entirely proved th~t s high protein
content in tne diet over a long period of time injures
the lidneys, we know it does couse tn enl-rgeaent of
tne kidneys whicn is =n end result of doubtful desira-
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In addaition there is the economic phase of the
auestion. rrotein foods are aluays our :10st exnensive
foods., If good retention and growth e~ e secured
on three grans of protein wnd 1.2 greas of pnosnnorus
dsily, it would rppecr to be poor econonic judgaent to
increace costs for tne sverrge housenholder by edvising
higher levels of protein end pnospnorus intake. In
practical support of the theory thst very nign levels
of protein snd pnhnosphorus int«liie rre not needed by the
growing child, we recall th~t the children who were
subjects of this study were rll well sbhove the cverage
for theilr rge ~nd none of them was sccustomed to morse
then three grams of protein per kilogrnon,

Only for the superrctive child would ni her levels
of phosphorus int:le secn to be indiected., '""hile in
genercl, phosphorus exeretion prrallels somewhot nitro-
gen excretion, they miy be independent of ezch other
entirely as observed by 3odansky (11l) Swaner (12)
Bronson (13) snd Blatanerwick, 3ell snd iIill (10). The
last named ~uthors believe th=t the rate of phosphorus
exoretion is influenced l:urzely by carbohydrzte metabo-
lism. The formstion of hexose phospnate is » stazge in the

metabolism of glucoce :nd these woriers rTound on giving



insulin to norncl individucls tiact there was a mrrked
decrease in phosphorus both in the blood :nd urine
during the gocomprnying hypoglycemia, So in neriods
of increased nmuscul:-r setivity an increased ~mount
of glugose is used, the oxidution of which resulte in
puospnorus veiiy liber-ted, carried to the bhlood ~nd
excreted in the urine as phosphate., It would be of
interest to counduct vhospuorus bal-iice studizs on
cnildren using a given diet-ry ond v-rying the rmowt
of exercise tnl.en by the children to lerrn to just wnrd
exteunt muscul:r cetivity influernces pnosphorus excretion.
lernvhile, since superactive children seen to Le
less provideut of their phosphorus intoike, higher levels
of food phospnhorus miznt be agtained by using wnole
grains wnd breads rataer tirn tae refined trpe, since
wnole grains contein & large percentage of pnosprorus,.
In so doing, tne protein content of the diet would not
be materi:lly raisea wnile inaddition to the incrensed
phosphorus oontent in the wnole grain cereals there is
an increased iron content as well cc & volue aceruing

from the ingestion of bulk foraming foods walch aid in

maintaining regul:r eliminstioil,
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le Tn-t the discrepancy betwecn calculsted and
anslyzed fisures for food phocpinorus in 11 thres
experimentcl veriodis 1.y be mccounted for o the b.sis
of averuces,

2o Tne stondnrd of 1 grcny of pnosphorus per 4oy
per cnild is comserva:tive cud 2llows mno gre~t norgin
for retention in average, active, nezlthy children.

3. A meaiuin level of phospnorus intule (l.2 gruc

&

daily) probably provides & sufficicnt mrrgin for re-
tention in averv; e, active, henltay children.

4, Cnhnildren vho ere growing ropidly and are p-rti-
culsrly active pnrovably require a hizh phosphorus in-
teke rnther tiurn an sver-ge one beccause oi the greuter
anount of phosphorus used in the oxidrtion of glucose.

5, For children on & nigh pnosnhorus intale, ccre
must be toiien to see th-t some of the pnosphorus is
obt~ined from whole grains r-ther thmn pernitting the
diet to be too higsn in protein throush out the long
ye~rs of the growing period. The reasons Ior this
are:

a., Long continued high protein feeding is of

doubtful pnysiolozic=l value,



be Difficulty of feediiigz a continued nigh
protein diet.,
c. .ipensive for the cverige houcenolder,
6. Studlcee controlling the activity of cnildren
need to ve corried out to determine if coscivle how

gre~tly activity influeincecs tne excretion of phospnorus,
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