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FLAME PHOTOMETRIC ANALYSIS OF SODIUM, POTASSIUM AND CALCIUM
IN THE GOLDEN HAMSTER (MESOCRICETUS AURATUS) FROM BIRTH
TO THE FOURTEENTH POSTNATAL WEEK

INTRODUCTION

The cﬁemical composition of mammals has interested many
investigators. Among the first to make contributions in this field
wae von Bezold (5, pp.489-497)(6, pp.243-246), who was one of the
first to make a chemical analysis of a human fetus, and who is the
only worker found who has snalyzed both humans and other species
from & comparative standpoint.

Buckner (9, pp.7-8) studied the mineral content of the white
rat during growth. His snalysis, however, was made without the
gastro-intestinal tract which wes removed during carcsss preparation.

| Seventeen human fetuses of different ages were worked up for
mineral content by Job and Swanson (15, pp.303-305)., The first
report found concerning the mineral content of an adult humen was
presented by Mitchell et al (20, pp.627-636). Contributions on the
chemical development in utero, during growth, and composition in the
adult wes reported for rats, mice, rebbits, guines pigs and man by
Sprey and Widdowson (27, pp.356-358)(28, pp.334~350)(30, pp.4l5-
416)(31;_p.627)(32, PP.208-212), The inorganic composition of ribs
in the human fetus, premature, new born and adult was reported by
Follis (12, p.224). Forbes and Caspar (13, pp.260-263) analyzed
the mineral content of a human body and compared their data to
Mitchell's.

Lilienthal (18, pp.503-506) presented evidence to show that

the flame photometer was & reliable instrument for the determination



of the presence of metals in a substence by the measurement of the
intensity of their emitted spectral lines when excited in a flame,
This principle was used successfully by him in the spectro-chemical
enalysis of many metallic elements., In this procedure, the sample
to be examined is placed in aequous solution and atomized under
controlled conditions, into an air-acetylene flame which is regulated
to provide uniform burning conditions. The light from the flame
enters the slit of & spectrograph, and spectrograms are prepared,
These spectrograms may be photometered in order to the intensity
of the spectral lines recorded. By calibration with solutions of
known composition and concentration, it is possible to correlate
the intensity of the spectral lines recorded. By calibration with
solutions of known composition and concentration, it is possible
to correlate the intensity of & given line with the amount of the
element present. The use of a high temperature acetylene flame
causes meny of the metals contained in the sample to emit character-
istic radiations. This procedure, while both accurate and versatile
nevertheless requires both & complex apparatus and considerable
manipulation.

| An instrument designed primarily for the analysis of sodium
and potassium in water samples was developed in the Stamford labor-
atories of the American Cyanamid Company and was described by Barnes
et a3l (3, pp.607-610). Because sodium and potassium were the metals
of primary interest, and because many metals emit their characteristic

spectral line when excited at the high tempersture of the glr-scetylene



fleme, the lower temperatures of the air-propane flame were used in
this instrument. This method of analysis, of measuring the emf
generated in a photo cell by the spectral line of an element excited
in a low temperature flame was called flame photometry.

Subsequently Berry et al (4, pp.20-23) developed a modifica-
tion of this original Stamford instrument which involved & dual
optical system. A uniform amount of a foreign metal was added
routinely to all samples to be photometered., The light from the
spectral line of the added foreign elemént passes through one optical
system!f while that from the spectral line of the element under con-
sideraéion passes through the other, Messurements were made, not by
absoluie light intensities as in the earlier Stamford instrument but
by intensity ratios. This modificstion wue called the internal
standard because of its similarity to the internal standard method
used in spectrsl analysis. The element selected, due to technical
considerations, was lithium., This choice may be considered objection-
able in that it may occur as sn impurity in mineral samples, but is
fortunate for the biological worker due to the scarcity of lithium in:
biological materials.,

Hald (14, pp.501-508) engaged this instrument in the deter-
mination of sodium and potessium in serum, whole blood, feces and

in food. Comparisons between the data obtained by photometry and by
chemical methods were done with a difference of *Z.5 per cent to

3.5 per cent. It was further pointed out that photometry is much

faster. With equally good results, Overman (21, pp.642-646) applied



the instrument to biological fluids.

Barlow (1, p.326) compared the photometric and chemicsl methods
for the determination of cations in ashed tissue samples with an
error of *2.,5 per cent.

Among others, the Perkin Elmer Company are building flame
photometers. Their first series was the model 18, and the second,
the model 52-A, was used in this study, the object of which was to
follow the changing picture of sodium, potassium and calecium from

birth to three weeks beyond sexual maturity in the golden hsumster,



METHODS AND MATERIALS

The total of 270 hamsters used in this study were from the
colony of Dr, H., H., Hillemenn at Oregon State College. Their
nutrition consisted éf mixed whole grain, fruits, vegetasbles, salt
and water. The cage litter was composed of dried, chopped alfalfa,

Time of copulation was noted as was the time of birth, Ten
animals were taken for each day from birth through day 14 and ten
for each week from the second through the fourteenth week, Ages were
calculated from hour of birth for days one to 14, and from day of
birth for weeks three through 14.

Following wesning, animals were placed in cages in pairs. It
wag felt that with only two animals pef cage, both could get adequate
nutrition. Cince average figures were desired, an effort was ggde to
mix litters. In order to eliminate the hazard of pregnancy, males
and females were never placed together. Bogart et sl (8, pp.363-368)
state that pregnsncy accelerates the growth rate of the white rat.

| The snimals were weighed on a triple beam balance, and then
sacrificed by crushing some of their cervical vertebrae with a dull
bone forceps but without breaking the skin, The abdominal cavity
was then carefully opened, and the gastro-intestinal tract removed.
The carcass was then placed in a pre-heated porcelain erucible of
appropriate size. The gastro-intestinal tract, whieh had been slit
lgngitudinally, sectioned and washed in distilled water, was added,

and the semple dried to constant weight at 110° C, After drying,



the samplé was placed in a cold muffle furnace, the temperature of
which was raised graduelly to 730°. The samples were held at this
temperature until & white ash residue along with the teeth were all
that was in evidence.

The ash residue and teeth were dissolved in concentrated,
reagent grade nitric acld, & uniform amount of five cec. being added
in each instance, to simplify meking standard solutions.

The resulting solution was washed into volumetric flasks,
and diluted to 100 ec. One cc., of this sample was later diluted to
either 100 ce. or 200 ce., and this twice diluted sample was assayed
by flsme photometry.

Sodium, potassium and calcium concentrations were determined
by the photo-electro measurement of the intensity of their charscter-
istic emission spectra. These spectrs were produced when dilute
solutions of their salts were sprayed at & constant rate into a
standard flame.

When an atom is heated, one of its electrons sbsorbs the added
enerzy and jumps into an outer orbit where it revolves at & higher
energy level. This electron is now in an unstable position, It
tends to spring back to the orbit whence it came. 4s it returns

1o ite originel orbit it emits as light the difference in energy
required for revolution in the two orbits concerned, The intensity
and wave length of the light is related to the position and energy
level of the moving electron, Hence, each element, when hested in

& flame under standard conditions, emits a characteristic light



spectrum not given by any other element.

When energy 1s supplied at grestly different rates, e.g. at
widely different temperatures, one element mey produce & mumber of
different emission spectra, according to the number of orbiting
electrons avallable in its atoms to absorb the energy supplied. At
very high temperatures, the outer electron may leave the field of
the nucleus altogether, and an additional speetrum, or ion spectrum
will then be produaed; Thue, the higher the temperature, the more
complex the spectra become,

' In the propane-air flame, only the most easily excited
spectral lines are produced, such as the first atomic spectra of
the alkalies and alkaline earth metals, However, the flame must
be sufficiently hot to vaporize the compounds to be analyzed. In
the incandescent solid phase, continuous or bend spectra are pro-
duced, but these have small value for analytical purposes.

At high temperatures, interference phenomena occur between
spectra of different eiemnnts. For example, with an oxy-acetylene
flame at 3500° C., the presence of sodium increases the apparent
intensity of the emission characteristic of potassium, This effect
is minimel at the 1800° C. temperature of the propane-air flame.

An emission spectrum may be partially absorbed by atoms of
another element, and well marked specific absorption will occur when
unheated atoms of the same element are present, Both of these effects
may be minimized by dilution. However, in flame photometry, the flame

must supply energy at & sufficient rate to exeite all of the atoms



delivered to it. Otherwise, the non-radiating atoms will absorb the
light emitted by those that have been excited.

The main conditions for flame photometry are briefly as follows:
An appropriately diluted solution of the msterisl to be tested is
delivered at a uniform rate to a flame of constant emergy output.
After vaporization, a variable number of atoms will be excited, and
each atom will emit a constant amount of light of a characteristiec
wave length., This light is concentrated and selected by & suitable
. optical system, converted into electricsl emergy by & suitable photo
cell and messured by a gslvanometer,

In direct reading flame photometry, a single optical system
&nd one photo-electric cell are used., The extent of the deflection
of the galvanometer is a measure of the intensity of the emission
spectra, and of the corresponding eoncentrutioa of the elements in
the heated specimen,

4 flame supplying a constant amount of energy is obtained by
using a modified Meeker burner with & fine mesh nickel grid. The
flame is protected from cold air currents by & glass chimney, Narrow
windows permit light from the central area of the flame to pass into
the optical system while excluding light from the top and sides and
base of the flame. This system of protection keepg the flame hot and
steady btut the rest of the instrument cool., This cooling is important
because the output of selenium photo-electric cells varies with teme

perature changes,

The rate of atomization is governed by the air pressure. This



is delivered to the instrument through a constent pressure valve, at
10 1bs./sq. ia.

The spray from the atomizer passes inta & glass chamber
designed to eliminate, through a trasp, eny coarse droplets which
condense. The compressed air, now containing only very fine droplets,
passes from the spray chamber through a short, wide tube, into & nar-
row metel preheating cylinder which surrounds the burner. It is
essential that the spray enter the burner tangentially, and at a
level above the air holes in the burner, lest the flame be blown
out, The heat vaporizes the minute droplets of water end the com-
pounds contained in solution. These are now in a gaseous phase so
thet characteristic emission spectrs are produced.

In internal stendard flame photometry, a constant proportion
of lithium is added to all of the test end standard solutions, By
the use of a double optical system and matched photo-electric cells
the ratio of two different spectra are measured. These spectra are
measured under conditione such, that any uncontrolled wvariation in
the emission of one element is beslenced by & similar alteration in
the lithium internal element. The internal standard technigue thus
compensates for meny of the serious errors which limit the vslue of
direct reading flame photometry in the analysis of biological
materials. _

Lithium is a furtunate choice for the internsl standard
element becsuse it seldom ocecurs in any significant quantity in

biological materials, It gives an intense line spectrum midway
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between the spectra of sodium and potassium., VWith & constant pro-
pertion of lithium added to 21l of the standard sclutions and to the
unknowns to be tested, the potentisl produced by the lithium light
falling on one photo cell is opposed by a potential produced by light
from the unknown element falling upon the opposite photo cell. These
potentials are belanced by & potentiometer, having & disl calibrated
from zero to 100. A calibration curve is constructed by plotting the
differing potentiometer readings sgeinst the concentrations of the
standard sclutions. A4 potentiometer reading ie the reading on the
potentiometer dial, when the galvanometer of the instrument is
brought to a null point. |

The instrument chosen for this study wes & Perkin Flmer model
52«A, and the internal standard method was used throughout., Lithium
nitrate C.P. was made up at 1,000 ppm. for the internal standerd,
and five cc. of this solution were added to each of the solutions,
both standard and unknown,

The method was tested in the following manner. Twenty samples
each of haart, liver, and hamburger were fortified with sodium,
potassium and calcium at different levels. These samples were
carried through the preparation previously described and then
assayed on the photometer, The average error for sodium was t2.6
per cent, for potassium *2.3 per cent and for calecium t3.4 per cent.

Lithium has en emission spectrsl line at 6708 i, sodium at
5980 ﬁ, end potassium et 7665 &. Calcium exhibits several bend

spectra in this range.
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Calibration curves of widely sepsrate concentrations were used
first, to locate the concentration of the unknoﬁn. Following this, a
new series of known dilutions whose concentrations more closely
approximated the unknown were made. Over & nerrow range of 20 tb 25
ppm, four to five different concentrztions were used.

The highest concentration was potentiometrically balanced in
the instrument at & scale reading of 100, Distilled water wes used
&8 zero, with the remaining concentrations in between. In this
manner, & uarrow range of concentrations could be spread over a
full scale deflection, and the unknown located between two adjacent
points.

ds the animal ash was teken up in five cec. of concentrated
nitriec aecid, five cc. of this substance was also added to esch of

the stendard solutions.
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DISCUSSION

The date obtained during this investigation are presented in
Table I and form the basis of the graphs (Figs. 1,2,3,4,5,6,7)

The average total wet waights are plotted against age in
Figure 1. From birth to the end of the first dey, there is no
inerease in wet weight, while between days onme snd two there is an
increase of 26 per cent, and a further increment of 5 per cent
between the third end fourth days. Between birth and the end of
the second week, there is an increase of 560 per cent. The increase
of 426 per cent in the 12 weeks from week two to week 14, is 134 per
cent less than the increase in the first two weeks. Buckner and
Peter (9, pp.7-8) report a 498 per cent increase in the wet weight
of the white rat in the two to 14 week period, For the first 15
days of postnetal life, increases of 500 per cent in the mouse and
39 per cent in the guinea pig are reported (27, p.356). The increase
in the hamster of 560 per cent in the first 14 days, is 60 per cent
greater than the increase in the mouse for a similar period.

Among the scattered data points, it is possible to comstruct
& curve which is regular, The erratic points might be smoothed out
by & larger sampling. Since the animsls for the wet weight data
were weighed alive, food in some stomache may have introduced an
error,

Figure 2 plots totel dry weights against time. The increase

proceeds at a greater rate them that of the wet weights.
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From birth to the end of day one, there is an increase of
seven per cent and between days one and two, an increase of 25 per
cent, Compared to am increase in wet weight of five per cent from
days three to four, we have a 34 per cent increase of dry weight.
In the time interval between birth and the end of week two, an
increase in dry weight of 832 per ceat is found; this is 272 per
cent greater than the wet weight increase for the seme period. 4n
Increase in dry weight of 8,388 per cent, which is over 5000 per
cent more than the wet weight per cent increase for the same period
is evidenced in the 14 weeks of the investigation.

Thcre‘is 10 per cent dry matter iﬁ the hamster at birth,
compared with 10 per cent in the 8.4 month human fetus (15, p.304).

Figure 3 is & plot of the average ash weights against time,
From birth to day one, there is an increase of 8 per cent in the
average ash followed by a 10 per cent increase from days ome to
two, and from days three to four, an 18 per cent incresse. An
increase of 59 per cent from days 12 to 13 nay be noted,

During the first 14 days, the ash residue increases 469 per
cent faster than during the next 12 weeks, The per cent increase
during the first two weeks is 908 per cent and during the intervel
betwesen weeks two amnd four, 439 per cent. An overall imcrease of
53240 per cent from birth to the end of the 1l4ith week may be noted.

Buckner (9, pp.6-8), in rats, found a 757 per cent increase
in the crude ash from weeks twe to 14, He found a 1.79 per cent

&sh at day 14, which is here compared with 2.30 per cent found in
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the hamster, and & 2,56 per cent ssh at week 14, compared with the
hamsterfs.z‘jﬁ per cent,

From studies upon the adult humen body, Forbes and Casper
(13, p.361) report an ash content of 5.43 per cent, Mitehell (20,
P+628) 484 per cent and Widdowson (30, p.115) 6.0 per cent.

& constant increase in calcium over the period studied is
shown by the graph (Fig. 4). From birth until the ninth day, its
concentration inereases by 165.3 per cent, and by 600 per cent from
days nine to 14., In the last 12 weeks studied, from weeks 2 to 14,
there is an increase of 1,051 per cent, with an overall increase
from birth to the end of week 14 of 21,308 per cent.

Because of its relation to the growth of the skalsfan, this
increase in caleium during the period of development is not surpris-
ing. 4 study of this problem beyond the age of 14 weeks would be of
iataraat.v

The calcium concentration per wet weight was found to be 0,15
per cent in the hamster at birth, 0.30 per cent in the rat and 0.34
per cent in the mouse (31, p.627). Von Bezold (6, p.250) reports a
calcium per wet weight ratio of 0.32 per cent and 0,31 per cent in
the new-born mouse and bat respectively.

In the li-week hamster, there was 0.95 per cent calcium,
Mitchell (20, p.628) reports 1.59 per cent, Forbes and Casper
(13, p.361) 1.9 per cent, snd Widdowson (30, p.115) 2.0 per cent;
2ll figures pertain to the sdult humen body, Buckner (9, pp.6=8)

working on rats, reports 0.99 per cent calcium per wet weight in
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the li-week rat; it incresses to 147 ver cent at 4O weeks.

These figures indicate that with respect to calcium accumulas
tion, the hamster presents & physiological immaturity at the age of
14 weeks,

The overaell picture of sodium (Fig., 5) is one of inecrease.
Day nine and week three may have significance, since Job (15, p.304)
elso presents & picture of erratic incresse in sadiuﬁ in the buman
fetus,

An increase in the overall concentration of sodium is not
surprising, since it is & constituent of both the blood plasma and
extracellular fluid, Save for a marked increase of 87 per cent
between days four and six, its concentration increases gradually.

In the period from birth until the end of the second week,
an increase of 660 per cent for sodium mey be observed. This
increase is 1,099 per cent less then that for calcium, but 407 per
cent more than that for potassium over the same period,

Sodium increased 219 per cent in the intervel between the
second and fourteenth weeks, which is 441 per cent less than the
increase in the first 14 postnatal deys. From birth to the end of
week 14, sodium inereased by 2,326 per cent.

Potassium (Fig. 6) like sodium, shows a decrease in concen-
tration between weeks 13 and 14, The nadium decresse is only 2.6
per cent while that of potassium is 21./ per cent. From birth to
day five, the potassium content increases 60 per cent and then

levele off for the next five days. From dey 12 to day 14, there is
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an increase of 36.0 per cent. This rate of increase levels off some-
what to week 11, when there is & 57.2 per cent increase to week 13,

From birth to the end of the second week, potassium inereases
253 per cent, and from the second to the lith week, 322 per cent. 4
total increase of 1,393 per cent from birth to the end of week 14 may
be noted.

Buckner (9, pp.6=8) reporte 0.04 per cent potassium in the
four-week rat carcass compared with 0.15 per cent found in the
hamster., In the l4-week rat carcess, he reported 0.03 per cent,
compared with 0.14 per cent in the hamster.

Figure 7 is the sum of the average sodium, potassium and
caleium plotted against time. The curve is influenced by calcium,
which is the dominant cation considered. The daily sum of the
cations considered is approximately one-half of the total "daily"®
ash, Other components of the ash must include iron, copper end
zinc, among others.,

In a study of this type there are mang sources of possible
error. To prevent contemination by sodium leeched from container
walls, Pyrex should be used for all solutions. New glassware should
be soaked and washed for the same reason. The rotary grinding motion
of seating glass stoppers should not be used, as sodium from the
glass ground off will contsminate the solution.

Environmental sources of contamination are also important.
Dust in the air or the handling of sosp powder in the imstrument

room will ceuse & large error im sodium or potassium. Potassium
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in quantity is also contributed by tobacco smoke. Analyticsl pro-
cedures regarding glassware should be observed. An ever present
source of error may be the sodium present in fingerpriants.

The top of the muffle furnace should be inspected to eliminate
any possible infall of particles into the samples.

&ir under constant pressure must be cleaned by passing through
a filter before entering the photometer. Gas pressure must also be
constant since too low a pressure produces a flame with objectionable
incandescant streaks., When using filter paper for ashing, Whatman
number 40 is recommended,

Extensive surveys of the sources of error in flame photometry
may be found in Parks (22, pp.823-82,), Sommer (26, pp.277-281),
Bells (8, pp.1078-1079) and Elliott (10, pp.111,121).



SUMMARY

4 total of 270 hamsters were studied for wet, dry and ash
welghts, &s well as for total sodium, potessium and celeium, by the
use of & Perkin Elmer Flame Photometer (Model 52-4) involving an
internal standard,

Ten animals were studied for each day from birth to the
second week, and ten animals for each week from the second through
the fourteenth week. |

The renge of average wet weights varied from 2.3 grams per
animal at birth to 80 grams at the end of week fourteen. Average
dry weights increased from 0,25 gram at birth to 21.22 grams at
week fourteen, and average ash weights renged from 0.024 gram at
birth to 1.888 grams at the fourteenth week, The sum of the average
sodium, potassium and calcium increased from 14.47 milligrams et
birth to 955 milligrams at week fourteen.

The average calcium content of the snimals varied from 3.55
milligrams at birth to 760 milligrams at the fourteenth week; sodium
ranged from 3.42 milligrams at birth to 83 milligrms at week four-
teen; and potassium increased from 7.5 milligrams at birth to 112
milligrams at the fourteeﬂth week.

From birth to the end of week fourteen wet weight increased
3,378 per cent, dry weight 8,383 per cent, ash weight 55340 per
cent, sodium 2,326 per cent, potassium 1,393 per cent and ealcium
21,308 per cent.
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In the wet carcass, the percentage of calcium inereases from
0.15 per cent at birth to 0.42 per cent at the end of week two, and
0.95 per cent at the end of week 14.

In the new-born, there is 0.14 per cent sodium in the wet
carcass, and 0,17 per cent at week two, an increase of 0.03 per
cent. By week 14, the percent of sodium has decreased to 0.10 per
cent, & loss of 0.07 per cent,

The percentage of potassium in the wet carcass of the new-
born is 0.32 per cent. By the end of week two, it has dropped to

0.17 per cent, and decreases further to 0.14 per cent by week
fourteen.



TABLE I.

Average Weight in Grams

Average Weight in Milligrams

Vet LDry ish Ca Ne K__ Cestion

.-k 2.9 0,3377 0,047 4,60 6430 8.32 19.22
"3 3.8 0.4070  0,0460 5.13 752 9.10 21,93
i 440 0.5481 0.0543 5440 8.20 9.81 23.41
.8 bk 0.7704  0.0786 5.70 132.0 12.0 30.10
" 6 5.97 0.9125 0.1132 6.19 15.0 11.0 32.29
" 8 8.8 1.6306 0.1526 8.30 1645 1z2.0 36,80
g, el 1.6503 0.1530 942 15.2 12.2 36.82
* 10 8.5 1.6705 0.1536 20.0 16.5 12.0 484,50
O 12.9 1.6898 0.1543 24,0 17.0 13.5 54450
o 9.0 1.7103 0.1563 35.0 17.7 1.2 66490
® 13 15.7 1.7973 0.2439 5440 2042 18.1 92.30
" 3 15.3 3.7900 0.4331 940 23.5 30.0 147.5
» 4 24 5.2424  0.,6659 160.0 32.5 37.0 229.5
" 5 52.0 7.3132 0,7937 182.0 345 38,1 254.6
" 6 35.0 9.3761 0.9220 265.9 4042 4laQ 34942
» T 51.0 13.5259 1,1892 273.0 432 51.5 367.7
i 8 66.4 15.4391 1.2389 341.0 47.0 5843 446.3
. 9 65.0 17.3546 1.2980 43340 6045 67.2 560.7
" 11 7.0 18.5802 1.6260 52440 715 86.5 « 682.0
" 12 73.0 19.8100 1.6600 580.0 T4e8  107.5 T762.3
" 13 80.0 20,5152 1.773% 653.0 85.2 136.0 « 8742
¥l 800 .23 760.0 83.0 112.,0

1.8880

955.0




TABLE I. (Continued)
Vater. ~ FPeromt Percent Ash
Content  Water ' K/Na
Wet Weight Wet Weight Dry Weight

Hew Born 2.0491 88.6 1.50 13.83 2.19
r 2 2.5623 88.2 1.43 12.34 1432
» 3 343930 8942 1:dk 11,30 1.2}
"k 344519 86.2 1.35 9.90 1.19
.5 3.6286 82.2 1.78 11.05 0.92
-6 5.0575 84.5 1.89 12.40 0,73
A 3.1098 70,7 3.01 10443 0.72
L - 7.1694 81.3 1,73 9435 0,72
' 10 6.8295 80.2 1.80 919 0.73
LA + 1 11.2102 86,8 1.19 913 0.79
" 12 7. 2897 80.8 173 9413 0.80
* 13 13.9027 88.5 1.58 13.84 0.89
Week R 12.870 84.6 2.30 15,20 1.01
» 3 11.410 The5 2.83 11.58 1.27
o 4 18.8576 8.2 2,76 12,70 1.13
" 5 44, 6868 85,9 1.52 10.85 1.10
# 7 37474 T3k 2.33 8.79 1.19
" 8 50,960 7647 1.86 8.02 1.24
. 9 474645 73.2 1.95 747 .13
) m 593032 76-6‘ 1.87 8;63 l#l‘
LR & 3 58.419 75.8 211 8.75 1,20
.12 53.190 7248 2o 8.37 1443
x 13 59.484 Tha3 221 8.64 1.59
v 14 58,778 7344 236 8.89 1.35




TLBLE I. (Continued)

Increase in Grams Inecrease in Milligrma

Wet Dry hsh
Veight Weight  Weight o K o .
New Born - - - - - - -
" 2 0.60 0.0682 3.90 1.89 0.51 0.29 2469
» 3 0.90 0.0693 4430 122 0.78 0453 2.7
» 4 0.0 0.1411 8.30 0.68 0.71 0427 1.48
" 5 0s40 0.2233 24430 4.80 2.19 0.30 6.69
- 6 1157 Q.Mll 34068 2.30 "101 -49 2:19
" 7 =159  0.3577 19.30 0.40 042 0.61 111
. 8 Leb2  0.3604 20.10 1.10 0.8 1.50 3440
" 9 0.60 0,0197 040 =1.30 0.2 1.12 0.02
" li) "6;% Gugggﬁ 0.60 ls% ~0 2 10n53 11368
A - 4440  0,0193 0.70 0.59 145 4400 6,00
" 12 ‘30% 0.9205 ;’:'QQO 6.70 Ou'? 11.00 12‘.48
L & 6,70 0.0870 92.60 250 349 19.00 25440
Week 2 -y 50 ¢ . 5327 101 ul 5 0_8 8 . 4 1200 26*2
® i 3 Owl 1.4600 83.1 “205 3«5 28 0 29&8
. 4 8.80 1.4524 232.8 9.0 7.0 66,0 82.0
" ] 27.90 2,0708 127.8 2,0 1.1 2240 25.1
" 6 -17.00 2.0629 128.3 5.1 5.9 83,0 9446
b 7 16,00 4.1498 267.2 3.0 75 8.0 18.5
» 8 15.40 1.9132 497 3.8 6.8 68.0 78.6
L 9 “llw 1'9155 5901 13.5 8&9 92&@ 144*‘
» 11 0.00 0.6125 183,0 6.0 11.5 38.0 5545
" 12 3.00  1.2298 3440 33 21.0 5640 80.3
- 13 7.00 0.,7052 113.4 10.4 28.5 73.0 111.9
" 14 “"3183 0.7061. 114.6 "’2.2 "'uog 7.3 80.8




<3

TABLE I, (Continued)

PERCENT CALCIUM

Wet Weight Dry VWeight Ash Veight Cation Weight

» 2 0.15 1436 11.03 23.93
. 3 0.13 1.26 11,15 23.39
" 4 0.13 0.98 994 23.06
. 5 0.d2 .73 T«25 18,93
. 6 0.10 0.67 5.46 19.17
" T Q.15 0.52 5413 19.76
» 8 0.09 0.50 5ed3 22455
. 9 0.10 0.57 6.14 25.58
" 10 0.23 1.19 13.02 4123
Lol 1 0,18 le42 15455 44403
L 0.38 2.04 22439 52.31
» 13 0034 3‘00 21.69 58.%
Week 2 0443 2.83 18.85 55469
. 3 0.61 2a48 21,70 63.72
" 4 1.25 3.05 24,402 69.71
’ 5 0.35 R.48 22.93 T1.48
. 6 0475 2.82 28,74 75.88
" 8 0451 2420 27452 76440
» 9 0.66 2e49 33.35 T7.22
" 10 0.63 2.70 33.67 7757
» 11 0.68 2.82 32.22 76,83
» 12 0.79 2.92 34493 76.08
" 13 0.81 3.18 36.82 T4eb9
" 14 0.95 3.58 40425 7958




TABLE I. (Continued)

e
PERCENT 8O0DIUM

Wet Weight Dry Weight Ash Weight Cation Weight

New Born 0.148 1.36 9.85 23.63
» 2 0.217 1.86 15.10 3R.77
" 3 0.197 1.84 16434 34429
. 4 0.205 1.49 15.10 35.02
" 5 00295 1‘68 lé’c 53 43 018
* 6 0.251 1464 13.25 46445
" 7 0.351 1.21 11.62 46,10
" 8 0,187 1.01 10.81 44,483
» 9 0.161 0492 9.93 41428
* 30 0,194 0.98 10.74 34402
A ¢ | 0.131 1.00 11,01 31,19
" 12 0.196 1.03 11.32 26445
" 13 0.128 1,12 8.11 21.88

Week 2 90171 l-ll 7:-62 El.'?é
» 3 0.153 0,62 5eb2 15.93
. 4 0.134 0.61 4.88 14416
» 5 0.066 0.47 4e32 ; 13455
» 6 0.114 0442 436 11.51
" 7 0.084 0.31 3.63 11.75
* 8 0.070 0430 3.79 10.53
'y 9 0.093 0.34 466 10,79
. 10 0.085 036 453 10445
» i1 0.092 0.38 4439 10.48
" 12 0.102 0.37 4450 9.81
» 13 0,106 Qu4l 4.80 Q74
" 14 0,103 0.39 4e39 8.69




<5

TABLE I, (Continued)

e e i et
PERCERT PUOTABSIUNM

Wel Welght Dry Weight Ash Weight Cetion Weight

Dey 1 0.3395 2.89 20,66 47«24
v 2 0.2868 2.46 19.95 43428
- 3 0.2394 223 19.78 41.49

; " 4 0.2295 1.78 lgw% ua%
» 5 0.2727 1.55 15.26 39.86
" 6 0.184i2 1.20 9.71 34406
» 8 0.1363 0.73 7.86 32,60
» 9 0,1297 0.73 7.97 33.13
». £:30 0.1411 C.71 7.81 2444
* 1 0.104%6 0.79 8,74 24477
L - 0.1577 0.83 9.08 Q.22
* D 0.1152 1.00 Ta27 19.60

Week 2 0;1?&3 3‘&413 0079 22n36
: 3 0.1960 0.79 6492 22:,33

4 0.1535 0.70 555 16.12
. 5 0,0732 Da52 417 14496
" 6 0.1257 0.46 4'TT 12.60
» 8 0.0878 0437 4470 13.06
L 9 0.106323 0.38 517 11,98
» 10 0.0974 . 0.4l 5419 11,97
» 12 0.1472 0.54 6447 14410
w* 33 0,1700 0.66 7.66 15.55
» 14 0.1400 0452 5+93 11.72
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