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TITRODUSTION

The question of nutritional ststus is one of the most
important oroblems nov confrornting the United States. Due
to the progress that has been made in the Fficld of nutrition
and to the acute irportance of physical fitness et the nres-
ent time the condition of undernutrition of the American
people has become vwery apparent.

The fallure to recognize the existing degree of under-
nputrition in the past, excert by scientists, has shown the
need for reliable measurements for determining the nutritional
gondition of individuals and of pqulations, It was from
this need that the present study of methods for the determina-
tion of the nutritional status of populations arose.

The present study mizht well be divided into three
parts:

1. To review, in general, the existing methods for
deternining the nutritionsl status of individuals and of
populations.

2. To formulate procedures suitable for mking a study
of the nutritional condition of the State of Oklahouna.

J. Do apply as much of the plan formulated as is feas-
ible to a small group of subjects.

The methods for determining the adeguacy of food intake
for optinal nutritional condition of imndividuals snd of
populations fall into three general groups:

1. The comparison of the food consumpition with acecepted

recomendations for nutritional adeguacy,.



2. Anthropometrie, physiclogical and biochemical
measurements, made on the individuals, in addition to physi-

cal and dental examinations,

3. Combination of the first and second wmethods in which
food consumptién and physiological studies are both made,

Food consumptlon 1s generally measured by the use of
various kinds of dietary surveys. The different ways ol con~
ducting dietary surveys will be discussed in the Literaturs
Review of this paper. | |

The physical examination has been one of the means by
which physiclans have Judged nutritional condition for many
yveargs. This method i1s being used at the present time by
the Army and Navy in exanining men for Selective Service (46).

The anthropometric measurements which have been used in
the past as being indicative of nutritional status are varied
and numerous. Not all of the measurenents will be discussed
in this paper, only thosec believed to be directly related
to nutrition.

The physioclogical measurements that have been used to

asgist in ascertaining nutritional condition are almost as

numerous as the anthropometric measurenents. The physiocl=
ogical and blochemical tests whieh are counsidered in detail

i this study ineclude: erythroeyte counts, henoglobin detern-
inationa, determinations of the voluwme of the packed cells
and the vitanmin C contcnt of the blood plesma. The Liter-

ature Review also 1n$ludev studies of vivamin Bl and of

vitamin A.
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As can readily be seen it would not be feasible to

o every individual in Oklahoma to

d~

apply any vprocedurse

deternine the nutritional sbtatus of Lthe peopls of the Stats.

\

Therefore, it 1s necesgary to study the State from the
standpoint of choosing regions and porbtiong of populations
in such a manner as would assure a representative sampling.

it is thoe problen at hand to Torrmulate a nlan for
selecting a representative sampliﬂg and a plan Tor applying
to these samples neasursrents whieh are rellable, practical,
and possible to use in determining the nutritional status
of the people of the State.

In the present study, it was not nossible Lo avply the
plan for the whole State, therefore, two groups of pre-~
scheol children were chosen as subjeets for application of
the procedures formmlated that were possible.

The two groups thal cooperated in the study consisted
of the children from the Hursery School of the Oklalioma
Agricultural and iiechanical College and the children from

the Nursery School of the Yorks Projects Administration.

Both schools were located in Stilluwater "he children

studied were four and Tlve vears of age and repressnted

economic levels which would be expected anywhere in the

State.
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Dietary Survevs and Sampling of Populations

According to the 1937 repcrt of the Technical Comnis-

sion on Mutrition of the League of latiocus Health Organicsa-
tion (&), there are four types of dietary surveys. The

Commission stated the following:
"These typesy arve differentiated not so much by
the extension of the group of persons under examination
)

ag the nature and the sige of the social unit to which
they relate.”

Thug, the units selected for iunvestigation =

an enbtire nation; a particular socliol group such as the
Arwy, a school, a prison, or more freguently, a family or
a single person.

The Tirst type of dietary survey described counsists

of statistical studies of the foold rescurces. lLowever, the
records of the rescurces cannolt be regerded as sguivalent

Yo actual consumption records duvring the period studisd,

due to the fact thal »nart of the supplies are intended for
purposes other than Tor local consumption. An abttempt may

be made to assess the amount 80 used and thiig amount gan
be substrscted from the Tigure for the tobal food resources.
The result gives, roughly, a Tigure for the quantity of
food used for human consuwspbion,

The second type of dlietary survey, set up by bthe

Comnlssion, is concerned with inventony studies covering
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particular social groups and institutions, Dietary studies
of this type have been carried out in the Army and Navy and
in institutions with a large number of inmetes, such as
children's homes, boarding houses, and prisons,. The tech-
nique of the survey is simplified by the fact that the food
is prepared and eaten in large common kitcheuns and dining
halls. The toital anount of food serﬁed to the grouns

livided by the number of persons cowprising the groups gives

o~
[N

A4

Y

with a ninimunm of error, an idea of the diet of sach indivi-
dual.

"he third type of dietary considersd is the Tapily-
enquiry type, and is that wmost frequently used. There arve
certain difficulties which arise in making this type of

study. The investigator has to live with the Taunily under

investigation, or at least to visit it frequently tou pro-

E.-Ja

cure and check the information desired. Ee may, therefore,
riously disturb the habits of the family, especially the
dietary habits, either because the housewife itries to con-
ccal the real circumstances of her fauily or because, during
the survey, the cooking is sirplified in order to facilitate

<3

the work of the enguiry. JAccording to the Commission, there
i

are several fzctors whieh can be uged in eclassifying the
familles to be studied into homogeneous and represcntative

red

mportant factors listed were: l. Physio=

Jtn

agroups. The most

O

logleal, which includes the differences due %0 age, 86X,

race, size and state of health of the group considersed.



2. Social, which could ne divided into geographic and
necuniary factors.

The fourth tyne of dletary survev is the exclusively

w

Y

individuanl snguiry It is by far the most Aifficult kind

[

of enguiry to carry out. The »rocedurec, as a ruls, consisis

of weighing the foods amctually consumed the »ersons con-

In summarizing the four types of dietary surveys con-
sidered, the Technical Cormlssion on Hubtrition stated

"Phe more elaborate the technigque employed Tor
the nutritional survey, the mors likelilood there is
of introducing this fundamental cause of arror, thai
the investigaoition tends modify the dietary hablts
%o be analyzed.”

The United States Departpents of Agriculture and Laborm,

19356~37, sponsored the analysis of the food supplies of

Tanilies of the Unlted States which was reportsd by Hazel
K. Steibling (48). Hach family that COODG srated in the
gstudy consisted of a husband and wife, both native born
Americans. 7“he families lived in various parts of the
country, some on farms, some in villages and others in
cities. The nmethod of collecting the inforration concern-
ing dlets was as follows:

* A trained worker helped the honemaker nasle
record of the lkinds and iiautltle of food on hdnd dt
the beginning of the study. Fach day thev welzhed the
foeds brought into the house for family meals and listed
the nane, age, aund work of every person eating from the
fanmily larder.”?

"After seven days another inventory was taken of
the Tood on hand.™

"From these data the quantities of each kind of
food that the fanily had during the one-wesel period was



deterpined, and the nutritive velue of the dist was
compubed from averzge figures on food consumpbion.
Bach fanily's record was then compared with standards
of what would constitute an adeguate diet for nersons
included in the group. Hach diel was classified as
good, fair, or poor.”

The c¢lassifications were made according to the standards
get Torth by the author (48) in 1%41. Excellent dists met
in all respects the specifieations of the liberal standards.
Good diets excesded the mininmum standard by at least a Fifty
per cent, but by less than a bhundred per cent margin in the
case of the vitamins. Falyr diets met the minirum standard
in all respects but exceeded it by less than a fifty per
cent margin. DPoor diets failed to meet the minimun standard

in one or more respects,

The standards set up were as follows:

Liberal Minirum
Food Values Considered Standards Standard
Protein, in grams 75,00 50.00
Calcium, In grams D.69 0,45
Phogphorus, 1ln grams 1.38 0.88
Iron, in niliigrawms 15.00 10.00
Vitamin A, in International ‘
Units 6,000.00 3,000,000
Thiamin, In milligrams 2.00 1.90
Ascorble Aeld, in milligrans 350,00 50.00
Riboflavin, in nmilligrams 1.80 0.980

According to Dr. Stiebling, there are four points to
consider in interpreting the facts from the study made.
These facts summarized as follows:

" 1., Information on the vitanmin and mineral
recormendations was tentative and subject to change
with the progression of seience. 2. The potentisl
nutritive value of food brought into the houss for
family nmeals may have been higher than the value of
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the food actually eaten, due to the household waste of
edible food. 3. The dietary studies covered only &
single week. Diets vary in nutritive gquality fron week
to week and Tromx season to season. 4. &nor;euoe cf
huran food needs, esnecially for ninerals and vitemius,
was far from complete at the time the study was made.”

Despite these factors the survey was significant because
the diets of each group were analyzed in the sane manner.

At the present time only a few studies have Deen made
to deternine the nutritional status of the people iz the
S3tate of Oklahoma.

In 1937, a survey (8) was conducted to determine the
habits of food consumption of the Tarn people in the differ-
ent type-of-furning sreas in Oklahoma and to determine the
portion of the amount of food consumed that was bought and
the portion that was produced on Lhe farm.

According to the bulletin (8), this nroject was initi-
ated as an Agricultural Adjustment Planning Project. A stabe-

directing commitiee and a state-working committee were organ-

izmed to carry out the work and a staff nember of the Extension
Division wasg deslgnated as the leader. 7The original orzanizg-

tion was wmade in 1935, ot whieh tine the Extension Service

of the United States Depa rtrent of Agricultura and ﬁhe
Agricultural Adjustment Adninistration launched cooperatively
the County Asgricultural Planniug Project. However, before
1937, the activities carried on under the project related to
adjustment in the farm plant and there was 1litile or no
consideration of the needs of the femily or possible adjust-

nent in the home that might be significant in conunsction with



the general welfare of the family.

In 1937, information forms were prepared and distributed

to county horme demonstration agents together with instructions

Tfor thelr uwase, The hore demonctraotion agents conducted a
sehool for represeubatives from each of the home demonstra-
tion elubs in the county to insbtruct thew in the uss of the

schedules. Thes

L0}

represeutatives froxm the various clubs

Py

assumed the responsliblility of getting a certain nuwmber of

the schedules completed. & tolal of 3,845 usable schedules

were obfained from the seventy-seven counties of the State.

One sehedule was mede cub for each Tamily represcented

in all of the home demonstration clubs. There wers rscorded
on the schedule the number of adults in the family, the pup-

ber of children under twelve and the number of ehildren over

twelve., The annual dietary requirements as estabvlished by
Fazel K. Stiebling (49) Tor various Toods and for classes
of foods for wen, women, children over twelve and children
under twelve, were set up on the basis of moderately active
labor. Records of food comsumption werc rscorded oun the

schedules and were coupared with the standards sebt up by

Stiebling.

There arse in Oklaboma sinteen different bty "ua:s--of-mi’a::.'mzl_ntE

areas (12). Thse term "type-of-farming® indicates a definite

systen of agricultural cperatlion, the kind, the amount, and

the proportion of crops and livestock found on an individual

farm. A single farming aren is considered a reglon in which

3
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exists a fairly high degree of uniformity in the type of
farming prevailing as well as 1in the s0i1l and c¢limatic con-
dition. The type of farming of any scection is largely
determined and linited by certaln physlieal factors most of
which are beyond the control of the fermer. 7The natural
agencies that influence the type ol faruing include the Tive
general divisions of locatlion, bvopograpny, soll, watecr supply
and weather.

In making the preceeding study the different ;3-e-cf§

Tarming asreas were used as a guide Tor the samnling of the

State. The gounties included in each are as Tollows:

Area 1 Area 2 Area 3 Area 4
Beaver Ellis Alfalfa Osage
Ciparron Harper Canadian
Texas Woods Garfield
Voodward Grant

Kay

Kingfisher

Hajor

floble
Area 5 Area 6 Avea 7 Area 8
Graig Blaine Cleveland - Creek
Mayes Custer Lincoln Bughes
Kowata Deviey : Logan Okfusks
Ottawa Roger Jills Oklahona Pontotoe
Rogers Pavmee Seminole
Tulsa Payne
Washington Pottawatonic
Arca 9 Area 10 Area 11 Area 12
Haskell Adalir Beckhan Caddo
Wagoner Cherokee - Greer Gonariche
Leflore Deleware Harmon Cotton
MelIntosh dackson Grady
tuskogee Tillwen Kiovwva
Oklmugee Stephens

Washita



Arsa 13 Area 14 Area 15 Area 15

Garvin Atoka Carter Bryan

¥MeClain Goal Jefferson Choectaw
Latimer Johnston ¥elCurtain
Pittshurg Love Marshall
Pushmataha Iurray

The conclusions, which were dravn as a result of the
study, are given in Table 1.

Ancther report in which the sampling of the State's
population was studied was that of W. H. Sewell (47), of
the Department of Sociclogy and Rural Life, Qklahona
Agricultural and Hechanical College. He stated that in
setting up requirements for the selection of an arca to
be studied in measuring the soclo-ccounouic gstatus of the
State, there were two general requirements to be met.

"First, it should be representative of the state
as a whole in as many characteristics as possible.
Second, it should contain within its boundariss as
many levels of farm family socio-econonic status as
possible so that the final seale constructed would
have wide usefulness in other rural sections of the
United States.®

Sinee no one county in the State of Oklahowa was found,
according to Dr. Sevwcll, either to possess characteristics
sufficiently representative of the State as a whole or to
have suificlent familics in the various econonic levels to
be considered, it was decided that the sample area would
have to include nore than one county.

In choosing the counties for study the following spseifio

riteria were enmployed, pre-dominan®t trype of farning, tenure

3

distrivution of Tarm operators, and rural Tarm plane of
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living. After taking these criteris into consideration,
three counties were chosen as the gamnle area from which to
golisct the data desired. Thsse counties were Liaskell,
Cotton and ¥sjor. Haskell was chosen Lo represent the
southeasbern small scale cobtton and self-sufficing farming
area. Gobtton county was chosen to represent the south- .
viesbern large-scals cotton and wheat farning arean. Major
county was selected to represent the northwestern large
scale wheat and livestogk area.

In the aciual sampling ol the porpulation of these

three countles randon sampling of 13.0 per cent of the

W

unbroken farm fauilles was employed. The farm fanilie
were interviewsd by ftrained "schedule takers*, sach of whom
was a college gradunie.

ing carried out in the

(4]
aes

At the preseny time there is b
State of Pennsylvania a loug-time study on the nutritional
condition of families representing various socic-econonic
groups, This plan was inavgurated by the Division of Home
Heonomics Researeh of the Pennsylvania State Colleze (30)
in 1935. In this study the nutritional status, as Judged
by physiologlcal and biochemical tests made on the psople
themselves, members of Tamilies that are also being studied
in relation to the fanily income; money spent for food,
types of food selecteod and gquantities eaten and the education
of the adult members of the family. Iu iaovestigating the

nutritional status in relation to their dietary habits,
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Tamily dletary intakes the form of daily records kept
by the housewife and supplemented by grocery slips, wers
kKept for three mounths for the first Tamilies. An effort

was made to have records kept of the Tood consumed rvather

than the food purchased. Analyses of thess dietary daia
showed that a two-week period of rscord keeping guve

average weekly intakes wvarying but 1little frow Liose obtalned
Trom the three-month records, and the shorter tlme wasg used

>

for the remaining families.

Anthropnometric lieasursment

The chief dAifficulty encountered in Judging nuitritional
status has been in the determination of reliatle measures
for normal nutritional condition. One nmeasure which has
been used the most in the past has been weight in relation
to height and age. The Baldwin-iocd (3) scale of height,
weight and age has been universally used., In preparing
these seales, in 1924, 74,000 boys and 55,000 girls were
observed. These subjects were all healthy, normal individ-
uals and ninety-five ver cent of them were American born.

Although the curves of growth, in relaticn to age, for boys

and girls show the same trends, they are not idsntical.

According toc these standards boys are usually heavier and

Cul-

taller than girls at birtl and their growth curves remaln
ahove those of girle throughout middle childhood,.
There havoe been many different methods used in measuring

years. The method
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adopted by the Soclety of Research in Child Develonment of

=

the lational Reseurch Council (39¢) in 1940, will be deseribed
in the Procedurs of this panper.
Objections Lo the usc of the helght and welght relation-

a

hin have been based partly on the faet that it falls to

take into consideration the differences in other skeleibal
dimensions or the body build. Afccordius o a 1940 revor
by Zayaz, Maeck, Sprague and Beuman (57) there are three

objectlions to the sormonly used Baldwin-tiood height-weight

acale and these authors think 1t is doubtful that such a
neasure 1s wvaluable for research purposss, Lecause:

v (1) He objc"tive criterion of normalily was available
to those prenaring the scale; } body width is not

2
taken into consideration and (3) the tables represent
average and not optimum height and weight relations.”

Lucas and Pryvor (29), believing that weizght should be

o)
2o
=
jt]
i
(e
@
[54]
b
&
!

in proportion to skeletal size, lested variou
rived from skeletal measurements on 1,000 children from two

snys of age, and chose a simple width-length

N
L
Lo
]
Y
0“

~

index as the most satisfactory msasurenent to show nornmal

§rite

growth., Thev chogse the pelvis dlameter because 1L was easily

taken and was a counstant measurement znd not subjsoev to

ohonge with respiration ag were chest neasurernents. These

JL(

authors reported that such anthroponelric measureienis are

-

advantageous in that 1% is possible with them to record and
analyze the changes in dinensions of the body and to determine

the vate of growth.
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" The total number of physical measurements which have
been devised (39) is very large, but only a few will be
discussed here, as all do not relate directly to nutritional
condition.

Aceording to Hrdlicka (23) "the most important qualitises
in anthroponetry are the nesd of precision and the value of
simplicity.” The measurenents recormended by Hrdlicka (10)
for the purpose of indieating the nutritional status include
the following: weight, height, chest breadih and depth,
circumference of each arm and of the left leg, and the preg-
sure measurement of each hand.

Some of the anthropometric measurements recormended by
the Hational Research Council (39) in 1938, as being infor-
ative on grcﬁth processes were: 1. quy weight 2. stature
3. sitting height 4., width of c¢hest 5. depth of chest 6.
walst girth 7. chest girth 8. circumference of hips 9. cir~
cumference of right arm and 10. circumfereﬁoe of vight lege.

Iin recent veavrs thers has heen mich controversy regarde-
ing the reliability of anthropometric measurenments even as
neasurements of dimensions of bony structure. Ifack and
Smith (30) in 1939, Haresh and Deming (31) in the sume year,
and Luecas and Pryor (29) in 1931. Some authorities contend
that they are not reliable or accurate snough to be used
as a measurenent of nutritional status.

By comparing anthropomeiric neasurenents with roentgenc-

gramns of living subjects, Maresh and Deming (31) found that
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there was apparently so mush error inherent in the anthro-
pometriec measurerments thalt dabta on individual cases could
not be subjected to nprscise statistical analysis. These
conclusions were drawp as a result of a study made on the
growth of the long bones of eighty newborn infants she
Florvence Crittendon Home in Denver. lieasurernients and roent=
genograns were taken on the children on the sane day. Serial
examinations were wade at approximabtely six-weeks intervals,
and neo date on a c¢hild were used unless the child had had

least ithree examinations, All measurements, anthropo-
wetric and x-ray, were made by the same persoﬁ. In contrast
to the inaccuraey of the anthropometric messurenents 1t was
found that reentgenogramns were accurate enough for detalled
statisticeal analysis,

Phyesiological and Biochenical leasurepents

“

During the past decade a consideration of the vitamins

a3 become an iwportant part of the study of nutrition and.

e

of nutritional status. The defleciency diseases dus to the
lack of gertain vitaminsg have for a loung time offercd means
detscting extreme casss of vitanin deficlency. The pre~
valonce of narked deficlencies has decreased since thelr
cause has been known but that of wmild cases, which are much
more Aifficult Yo deteet, is still great.
In reosnt years the vitamin C content of body fluids

hag been given a prominent place as s possible measure of

B

nutritional status with regard to this vitanmin. According
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to Melester (52) in 1940, angd Ivergon and banlels {11) in
1936, the walues of cevitanlic acid in the urine and in the

slasrms of the hleood have bheen ghown to have o definid

k4

correlation with the dsgree of tissue saturation.
Tolbach {54) in 1937 stated thatb:
"The intercelliular substances concerned with vitamin
C deficiencey are the collagen of all fibrous tissue
strucbures, the matrice of boue, dentin and eartilage,
and all non=-spithelial cement substances ineluding that
of the wascular endotheliun.”
Wolbach also stated that other pathological conditions resuli-

ing from vitamin C deficiency were chuuges ol a hemorrhaglie
nature in the soft tissues. These could be observed by ths
response of the blood cgpillariss to mechanleal stresses and
trauma. ‘This ﬁegt is conmmonly knovm as the capillisry fra-
ty tegst and was used as a measure of vitanin C nutrition
until it was found to be a non-specific test,
Iverson and Daniels (11), in 1936, made a study of pre-~
school children to determine how ruel vitamin C was needed
for nornmal growth. The study was made with three normal
boys aged 51, 57 and 59 months. During the iﬂvestigatiOﬂ
the ehildren lived under controlled conditions. Fach study
period consisted of Tifteen days, a five-day prelininary
period for physical adjustment and two five-day balance
periods. Durizg four periods a part of the vitamin € was
supplied by a synthetlc commercial preparation. Under the
condition of the investigation, urinary excretions of

ascorbic acid were found to parallel the intake of the aecid.



Retentiong of ascorbic acld paralleled the insestlon only

up to 7.5 ng. per kge of body weight per day. Higher inges-
tions (10-15 mg. per kg.o of body weight) were without influe-

ence on the pretentions of ascorblice aclid of the children
gtudied. The highest reteutlons, estimated elither on the
weight or ereatinine elinimation, were cobtelre
with the younger child, Thip observation suggested that

there was a groeater depand in younger tissue for vitamin C.

Zgual amounts of commercial ascordi

P

¢ aeid snd ascorbic azcid
frou foods resulted in sinilar retentions.

Yavorsky, Almaden and King (58), in 1534, found by
ghenlecal anal
from €7 hospital autopsies ithet the vitanin € content of
hunan tissues corresponded closely Lo the vitamin C content
of tissues of gulnea pigs. The tissues listed in decreasing
th respect to vitamin C concentration, were:
adrenals, braia, pancreas, liver, spleen, kidrey, lung, hearts,
and muscle. In the subjects in the younger age group the
content of the thyrmus was about as high as that of the pan-
ereas. The average values ranged from about C.50 ng. per gn.
for adrenal tissue to 0.04 mg. for heart Lissue. Approxi-
mately twenbty per cent of the huran cases studied gave
evidence of a econdition of latent scurvy.

]

Studies of the intake and urinary exeretions of vitanin

¢ of four normal adults were reported by O'Hara and Hauek (41)

in 1936, The basagl diet used in the study was adequate
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execent that it contained only 5 mg. of vitamin € per C8Y
The diet was ingested for approximately thirty days, fol-
lowing which, it was supplemented daily with 200 ng. of
cevitamic aeid in the form of orange julce. This high in-
take was continued until Lthe subjects were saturated, as
evidenced by their failure to show further lncreases in
urinary oubput of vitawmin & on a consbant high intake. In
addition to quantativé analysis of the urine for vitamin G,
ganlllary resistance studles were made. These ylelded vari-
able results and could not be correlated with the urinary
excretions. The sstimated storage of vitawmin € for these
subjects, was Tfrom about 2,500 to 3,000 ng.

Agcording to MeLester (52), in 1940, the determination
of ascorbiec acid in the urine or blood plasma by titration
was the most dependable measure for detemining the condi-
tion of the body with respect to vitamin €. As applied %o
urine the following procedure detarmineé_the subjects?t
reserves of this substance. A measured quantity of asecorbie
acld was given intravenously and the nature of the respousé
was taken as indicative of the adegquaey with which the
subjeet had bheen previeusly supplied with the vitamin. If
the body was in & saturated state there would bhe sn immedi-
ate increase in the sxeretion of the ascorbic seid in the
urine. If the body was in a state of unséturation little
or no rise in excretion would oceur.

Aceording to Bessey, DBovle and VWolbaeh (3), the measure-



vient of the ascorble acid in the blood plasma, by titration,
was rore depeundeble than the measurcment of the exeretion
in the urine, The author also sitated that this tesy
"mrovided means for sevalualing the reserve of vita~
min C by a single determination for persons in thdt wide
zong between scurvyy and saturation.”
According bo King (2¢), nomaal body reserves of vitamin
C resulted in 1.2 mg. of vitanmin © per 100 cc. of vlood, but
depletion reduced this value to about 0.8 mg. as the “pres-
corbutic sitate” was reached, and reduced it to approximately
0.5 mg. with the appearance of “clinical scurvy.?

e

Farmer and Abv (14) deternined, ian 1935, the reduced
ascorbic aeld content of blood plasuma of living subjects and
reporté& values of from 0.69 to 2.36 1ng. per cent.

Mirsky, “wadesh and Soskin (83) reported, in 1935,
agscorbic acid valuey in blood plasma, of apparsntly normal
individuals, from 1l.19 to 2.66 ng. per cent. 7The Tigures
for this report werse baseC onn values obralned from blood
samples taken Irom subJecto in the pos t“dUuOT sbive state and
repregented observations on about 100 aifferent individuals,

Farmer and Abt (13), in 1936, devised a method in whieh
the reduced ascorbic acld could be deternined in sumll

e ]

apounts of bleod. This methed consisted of first collecting
about 0.3 ml,o7 blood from a lanced wound and centrifuging
it for a Tew minutes. Then the plasma wes deproteinized by
adding nmetavhosphoric acld and the mixture wag centrifuged

again., The vitamin C content of the deproteinized plasma



oY
paed

- [ N s B N e ) S R P o A o aem STy e R A I T S}
vas debternined by titraticn with a sltandard soiuntion of.

4 P A X ek o, % PR " N V¥ 3 5 ] £ g el S
godimn 2:8- dichlovobenzoneindovhenol. Tho detalls of the
Y e ) o T & . N . < IR P § 1. % E =
mathod will be deseribed 1o Ghe Procedure of $hig naper.

Fpuy male 3 T e T e an B Y s iy » Ry Frqy 48 T p
Yortis, Lishnan and Wortis (58), in 19238, studied the

urine of 133 patients., The study wag mnde wlber a tesy

dose of one gronm of cevitamle acid had been given intra-
venously. It was Tound thal a value for viteanin C above

0.7 ruge. per 100 ce, of blood plasma was almost inVariéble
associated with a noruwal spipal fluid content of vitanmin C
and a normal urinary excretion level for vitamin C. A
blood content below 0.4 mz. per 100 ce. of blood plasma

was almest invariably associnted with a sub-normal urinary
excretion and sub-normal spinal fluid content. In these
ranges {(0.4-0.7 ng. per 100 ce. of blood plasma) the vitenmin
C content of the blood was sald wo be an adequate and aceur=-
ate index of the state of vitamin C nutrition. The authors
stated that in the intermediante, sub-nomml range {(from 0.4
to 0.69 mg., per 100 ce. of bloed plasma) all available tests
should be used, inecluding elicical evaluation tc deternine
the heaith of a patient.

It is difficult to evaluate the vhysiological and path-
ological significance of the milder types of malnutrition
and deficiency diseases, but it is beconming svident thatb
these are closely related to other diseased conditions pre-

iougly belleved to be unrelated to nutrition.



R, aray 2 g €4 - MU T A % Ly >
h._h{s end Monton (39 > s 43 LVSD, deborzmined the LnTivenge

pry N -y T e T e B ae A e e ® oy % ey ¢ gzt ey O &* X vy ey
of various lovels o vitamin € on the resistance of guines
[N RPN MR I R R NP 2l RO N 2 . R . LI PR &
pigs to diptheris toxin. The waln jurpose of the experi-

PR i N 035 o, o
went wus ho Fimd oulb

- P P« N TR P - 1 - e =, & B2 N e iy ok
lowering of repisvance to the toxin Iin the zoue o©f

wrd Ay d
vitanin

B oo NG gy D g pmar TIy gnmapn Bl oy dresind e e seag o Y g g ST i g PR
deficiency whoere bhe typleal symptows of scurvy were nob

@
et
|
£

jeveloved., Guinea piges receiving daily awounits of
~vitamin € at abundant, protective, and sub-protective levels
wore given subseculbaneous injections of standerd diptheris
toxin in 0.1, 0.3 and 1.0 minimanm lethal dosss. When the
animals had been partially depleted of their vitamin C
reserve but 4id noi ow signs of scurvy the injections of
the toxin shortened ths survival tine about fifty per cent
and g loss in body welght was sovere. Henmorrhage and
recrosis at the site of the toxin injection were maried whaen
the aninals were in the condition of "iatent scurvyy. The
decrease in the oxygen consunption of the kidney tissue

e~

after the injection of toxin was in the rgnzce of § to 16

ELJ;

per cent. It was evident from thils study that there was
a wide zone of vitamin C deficiency without the appearance
ol sourvy.

for vitamin A status have been used widely as a

(&3

Test
maasure of determining the nubritional condition of individ~

uals with regard to vitamin A. The Ty

e

“”d

es of experimental

methods that have been used include the ontical tests for
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dark adaptation and vitamin A content of the blood {30).

The optical tests for vitamin A status are based uypon
the generally conceded fact that retarded dark adapiation
in a human subject is the result of a distinet avitaminosis,
and that nyetelovia 1o one of the first indications of
vitamin A deficiency. The explanation of this method lies
in the relationéhip between the vitamin A available in the
body and the functioning of the visual purple and violet
in the retina, or in Qtﬁér words, the ability to regenerate
these plgments after bleaching by lishit is associated with
the amount of vitamin A supplied to the eye by the blood
strean.

Jeans and Zentmire (24), in 1934, introduced the Bireh-
Hirschfeld photometer as an instrument for ascertalining the
eondition of nyetalopia. This instrument consisted of a
metal tube mounted horizontally on a standard, enclosing a
small light bulb, and containing in the order stated: an
iris diaphragm, a five point dise and a Goldberg wedse in
front of an opening in the end of the tube whieh housed the
light bulb. The intensity of the light, whileh operated on
a 110-volt circut was regulated by a rheostat. In uslng this
teat lnstrument two teste wers made with each subject: firss,
after the subject had looked for Tive minutes at a white
screen placed at a standard distance in front of him and
illuninated by a 200~watt lazda lanp, and second, after a

10-pinute subseguent period in the darkness.



Jeans, Blanehard and Zentmire {25) used a new photo-

peter for measuring the ablility to adapt to darkness. The

»

intensity of the lizg

3
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Rt with whieh the photometric resdings
were mads was controlled by a rheostat ealibirated in terms of

A

ion pernmitted the results

c‘f*

calibra

(4}

millifoot candlies. Thi
o one lovestigator to be compared with those of another, a
procedure generally diffieult in the csse of dark adaptation
tests. In one study by these suthors 283 children of an
orphanage were btested and 55 per cent were found te give
abrormal results. A survey of g group of 35 children showed
19 per cent to be sub-normal and 5 per cent were found to be
on the border line. Observations on two boys eleven years
of age indicated that vitamin A in the awount of 3,000 units
daily met the daily reguirement as judged by the photometer
test.

Hecht and Shlaer (21) designed and bvuillt an ada tomeﬁer
in 1937, which was described in 1938. The Hecht adaptometer
provided for a pre-adaptation light of standard intensity; a
measuring lizht from the violet end of the spectrum, below
450 mm., in which‘area the retinal location, the color, and
the duration of the flicker were under conitrol; and a fixa-
tion point at which the subject looked while taking the test.
This apparatus ;u beling used at the present time in determin-
ing wvitamin A deficiancy in the mass studies in human nutri-
tion, WhLGh are being carried out by the Pennsylvania State
College {(30).

The status tests for vitamin A and carotene in the bhlood



has been reported by the Food and Hutrition seection of tke

Auerican Public Health Association (50) in 1939, as follows:

"Carr and Price (/) in 1926, develoned a guantita-
tive method of measuring vitamin A. poteﬂGT from 1its color
reacticn with antimony trichloride. Since the blue plates
o7 tue Lovibond Tintometer were usged in matehing the in-
tensity of the coloxr produced the Carr-Price method results
are uc“‘,lllw GKlL“SS@d in "Lovibond Flue Uniite."” Correlsb=
ing such tests with gpectrophotonetric tests and using a
highly concentrated & vitanin preparation British Wbrhoro
reported that they got an "E® value of 1600 and a blue
unit value of 80,000; a ratio of 1/50. Holmes and Corbet
(22) with thelr pure crystalline vitamin A got an "EY
value of 2,000 and a blue unit wvalue of 100,000, the saue
ratio as the Dritish worksrs. The Holmes-Corbetit pro-
duct bicassayed at 4,000,000 International Units per gram.
On that basis a blue unit value of 1 would correspond to
a unitags of 40 I. U, per gnm."

T A method of apjlylnﬂ the Carr-Price reaction to
blood plasma to detect its witanmin A content has besn
worked out and used for estirating vitamin A content per
100 ce. Unfortunately, when one uses this test with
vitamin A sources other than the pure or hlrhly concen~
trated A materials, there are s bstances that interfere
With the test. The color reaction is also traunsitory
nd 1t is 4difflicult to debtsct the highest intenslit v
atn11ned. For that reason it is orobabl\ inposs sible s
vet to use a conversion factor such as 40 I. U, per 1
bhlue unit of A found in a natural or biclogical source
and be surc ﬁhat it gives the absoclutes cuantity of A
in units.®

Meagsurement of carotene and vitamin A in the blood plasna
pronises to be of ¢linical value, but, according bo Hunsell
{35), the antiwmony trichloride method now used for this pur-
pose is not a dependable guantitative method. This author
believes that "spectroscoplc assay holds gresatest promise.”
Perhaps, one reason that the hlood vitamin A test has not
been extensively used in the vitanin A determinatlions of
populatiocns is the fact that the equipment generally used in
spectrophotonmetric work is expensive and requires a skilled

operstorto obtain accurate results.



Tests for deficiencies of vitardn B, have nolt vet
i

reached the point at which they ars adantable for zenersl

use in situdies on the nubritional status of populations.

The Food and Hutrition Sscetion of the Awerican Publie Faslth
Assoeciation (590) reported on this subject in February, 1930,
as follows:

"In this field the wost widsly studied test is %
based on a conversion of thiamin into thiochroue, the
latter having 2 blue fluorescence whose intensity 1
measurable by colorimetric nethods. « . » Y

"This compound 1ls prodiuceible by ths action of
potassium ferrocyvanide on thlamin or on the co-car-
hoxylase, thianin-pyrophosphate.Y _

"The pyineiples iavolved in waking this test are:
the extrasction of the By from the urine by an adscrbent,
the renoval of the thialiln frow the adsorbent Ly a sulb-
able reagent. Then the conversion of the thiamin into
thiochronme, productlion of Tluoreseence by ultra-vioclet
irradiation and measurement of the intensity in eon-
trast to standard solutions of thiochironme.”™

| Barris and Leong {20) studied the exeretion of vitanin
Bl through the kidney to determine the amount of the vitanin
regquired for optimal health. A'study wag made of adulits from
13 to 37 years of age subsisting on normal diets. The sub-
jects were found to excrete daily from 12 to 35 international
units, 30 to 90 micrograms, of the pure vitanmin hiydrochloride;
this exeretion was estimated to be approximately from 5 to 8
per cent of‘th@ total deily intake of the vitemin. These
aubthkors conciuded thot a urinary output of vitamin Bl below
12 international units daily, approximately one unlt per 100

A B

ee. of urine, should be regarded as evidence for strongly

the basis of these observations the ninimum daily requlrenent



for a man weighing 140 pounds was set ét 200 international
units. .
Knott (28), in 1936, reported vitamin B, balance studies
made with eight children from 4 to 7 years of aze. 48 a
result of this study it was found that the intakes whieh
resulted in the highest retention were found to be from six
to seven times greater than the minimin requirement for pre-
venting beriberl as determined by means of the formula sug=-
gested by Cowgill (9), EKnott made the remark that
*If the intakes resulting in the highest retentions
nay be considered optirum, this wide range betwoen mini-
mum and optirmum requirement would seenm to explain beth
the existence of vitamin B, defilelency among children
and the beneficial results obiained by additions of
vitamin By to the diets.”
The suggested opblsun for.yaung children was expressed by
Knott as "ibout 40 Chase~therman units per kilogram per
day." This would be egmal to about 20 international units
daily per kilogram of body weight. On the bhasis of the body
weight and ealoric intake, according to Xnott, this would
nean about 20 to 25 international units per 100 caleories of-
food caten,

Iron Metabolism

In addition to the vitamin C content of the blood, other
eonstituents of the blood are used as criteria in the deter-
mination of the nutritional status of an individual. The
teste which are used for judging irvon content include;
erythrocyte ecounts, hemoglobin content and wolume of the

packed cells of the blood. The hemoglobin content and the



Perentiation of the various

types of eneridia, and in the minds of & greast many neonle
this has been the post inportent use of hewmatelogy. Howevern,

according o Pepper and Farley (44)
"Fematology doss not necessarily ©find ite field of

greatest usefulnegs in the identificaticn and gtudy of
the diseases ef tlhe heropnolietic syoter.®

2 1 £

TFematology is nob only important in the field of medicine
but is recognized to be of Tundamental lmvortance in the
secience of nutrition. Since it is belisved that the hewo-

£lobin molecule contains four uniits that are formed of an

iton of the
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ironpyrrol compound
hemoglobin content of the blood may he used as an indirect
measure of the iron content.

There have been many reports of studlies made of the

b )

rythrooytes of subjects of

«

various agces. Mugrage and
Andresen {36) studied the red cell counts, the guantiby of

hemoglobin and the volume of pucked cells of 80 boys and

[t
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irls from the sges of 13 to 21 years. Averases for the
bovs were slmost ldentical with those for the girls at 13
yeérs of age. The nean values graduslly increased with age
and at 17 years reached the adult levels for men. Averages
zirls curing the adolescent period showed littls
variation from the levels {or women. In the adolescsnt as
well as in the adult subjecls, the averase volume of the

individual red blood cell of the nzle was found to be smaller
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than that of the Temale. The corpuscular hemoglobin gon-
centration remmined ab the same level throughout adolescence
a8 it was in otlier age periocds.

Andresen and Mugrage (2) in 1936, studied 40 white men
and 40 white women of verious nétionalities, between ithe ages
of 20 to 45 years, Lo determine the red cell values. These
subjects were all healthy mormal individuals living abt an
altitude of 5,000 feet above seu level. Determinations of
the number of red cells, the volunme of pucked cells and the
anount of hemcsglobin, calculated from the oxygen capacity
values, were roporbsd for 440 samples of blood. The mean
values for hemoglobin of 6.54 gr. per 100 ce. of blood for
men and l4.45 gm. Tor women and)alsa the mean packed cell
volume of 48.25 co. @ar,lDO'cc. of blood for men and 43,44
“ec. for women were Ieported. HMNean red blood gell counts of
5,420,000 per cu. mi. Tor men and 4,630,000 for women wer
reported.

MelMamara and Senn (34) made a study of the blood of 45
new born infanﬁs, 146 older infants end 38 children between
the ages of 3 and 1l years. The values for hemoglobin, red
cell counts and red cell,vblume showed a rapld decrease dur-
ing the first two nounths of 1life. The average hénogl@bin
conbtent was 192.1 2n. per 100 ec. of blood on tlhe day of bhirth,
and fell to 17.4 gm. at the end of the first week, and reachea
its lowest value of 11.2 gm. around the second nonth. Between

~the third month and the end of the gecond year 1%t remained



,beﬁween“ll.é g, and 12.3 gm. and thersafter 1t rose to 13.1
gn. The erythroeyte counts averaged 5,390,000 psr cu, . .
of bleod on the day of birth, and 4,970,000 at the end of
the first week and decreased to 3,730, 00@ daring thﬂ epond
wonths It rose to levels between £,500 ,000 and 4,810,000
after Lthe fourth nonth.

In setting up star davds there have been a great many
more studies made on the blood of the adult than on the infant
'and ¢hlld, & number of standards for the blood of the adult
‘bavé been reported in various parts of this country. Haden
{19) has reported standards for Hansas City, Cleveland snd
Detroit. Osgocd (43) reported standards for Portland,and
Wintrobe (53) reported standards for Hew Orleans.

Host of the hematological studies, with the exception
of those done by Mugrage and Andresen (37) in Colorado, have
" been carried out at altitudes of less than 1000 feet above
sea level. Residence at high altitudes will, it is generally
believed, produce a definlte bemporary and probably a perman=-
ent increase in the hemoglobin content and the number of r
cells of the blood. Osgood (43) stated that the red cell
gount 1~i es 50,000 to 100,000 cells per cu. rm. for each
inerease of 1000 feet in altlitude, and that the values for
the volume of packed cells riseleorrespondingly, but the
hemoglobin values do not inerease as rapidly. |

Andresen and Mugrage (2) have prepared a table which

shows the values of venous blood reported by workers in



varicus parts of the country. These values are shown in
Table 2.

It has been shown by Andresen and Mugrage (1) that in
the red cell counts, hemoglobin content and volume of packed
cells, that venous blood and peripheral blood are in alose
sgreement and can be used interchangeably. These conclusions
were drawn after aversses from flood sanmples of 120 subjects
were taken. The subjects ranged in ages from 19 minutes to
adulthood.

| In 1939 Barber (4) studied the formed elements of the

blood of 101 women enrolled as freshmen in the Cklahorma

Agrieultural and Mechanical College. The subjects rangsd in
age from 17 to 23 years. The rean sverage red cell eount
reported was 4;510,000 per cu. rm. of blood. A mean value
for hemogloblin of 13.31 gm. per 100 ml. of blood was reported,
and a mean cell volume of 40.35 per 100 ml.

In thé above Literature Review of this paper an attempt
has been to review in general the nethods for deternining,
directly or'indiractly;‘st&tus of individuals and of popula=-
tions.

The nmethods used in the present study Tor determining
- the nutritionsl statue of a lirnited number of individusls

are desceribed in detall in the Proeedurc of this paper.
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Authority Loeation zub jects gms. per 100 packed cells millions per
in series cc. bhlood percentane GU. 7.
Gsgoogd, Portliand, 198 wen 15.8 4640 5.4
faskins, Jgreson 100 woren 13.7 43,4 4,
Trotman
Yiintrobe Mew 100 men 17.0 49,6 5.8
and iller Urleans 50 wonen 13,8 41.D 4.9
Wintrobe Boltinore 86 men 18.0 47,0 545
101 women 14,1 £2.0 4,8
Hansas Gity, 70 men 15.3 43,5 4.9
fiaden Cleveland 30 wonen 13.4 39.8 4ed
Detrolt
40 uen 16,5 48.5 Se4h
Jenver 40 woren 14.5 45,0 4.5
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SELECTION OF MEIHOIS

In selecting the methods to be used in studies on

nutrition, the Home Hconormics Research Division of the Pen~
n8ylvania State College (30) made a eritical examination of
cach test that seened likely to assist in dscertainir the
nutritional status of human subjects as follows:

"{1) Is the test possible with the funds available
for the equipnent and personnel which may be reguired
for the study under consideration?®

"(2) Is the test practicable from the point of view
of the tirme which the subjects can conveniently spend
in the laboratory?™

“{3) Is the test one to which the subject will sub-
mit willingly?®

"{4) Does the test reguire participation of the
subject in such a way that errors may occur through this
participation?”

These four criteria were employed in the selsction of
the tecits which were employed in the present study on the

¢hildren of the nursery schiools.

Anthropometric and physiologlical measurenents were
erxploved. The anthropometric measurements consisted of
standing height, chest width, chest depth, circumference of
cach arm and circunference of the left leg. The physiological
measurenents which were made were erythrocyte counts, heno-

zlobin content, volume of packed cells and the vitanin C

P1RSHA .

L

ounbent of the blood
EEPERIENTAL PROCEDURLES

The subjects of this study consisted of children fron the



Sollegs and of children from the Hursery Sechool of the Works
Projects Administration, both of which were located in
Ftillwater.

The group from the College Nursery Sehool was nade ug
of 6 girls and 1 boy ranging in age from 52 to 71 months,

The group from the Iederal WNursery Slehool was made up of 3
girls and 2 bcys ranging in age Trom 49 to 60 months.,

All measurements, anthropoumetrie aud physioclogical were
made in the same manner and by the same person on the two
groups of subjects excent in the case of the welzght and
heights, The weights of the College Hurssry fchool group
were taken on a set of Tairbanks scales, while those of the
Tederal Nursery School group were telken on a set of portable,
spring type scales that had beeﬂ calibrated accurately and in
the latter case the heighis were measured by means of a port-
able apparatus.

The height was determined with the subjeet standing
straight, with heels, shoulders and butbocks touching a Tlatb
vertical wall, The head was held in the pqsitiOﬂ of the
Frankfort (39) plane so that a straight line counnecting the
lowsy point on the inferlor border of the orbit and the sup~
erior bhorder of the tragus was horizontal.

Tach subject was welghed with practically all clothing
removed and the welgbt was vrecorded to the nearest quarter
of a pound.

Chest measurenments were made with the large netal caliper
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after the method of Hrdlicka (39), with the subject's arms

partly elevated and held limp. The width of the chest was

by,

measured by placing the callper on the sternum at the level
of the fourth chondrosternal articulation and holdiig it

firmly agzainst the thorax. TTor the depth measurement the
caliper was placed in the same horizontal nlane as for the
width determination. The chest measurcments recorded were
the means of readings noted during the excursions made on
spiration and expiration.

The maximu circumference of each upper arm below the
insertion of the deltoid nmuscle was obtained with the sub-
ject inelining slighitly to the side that was being neasured
in order that the arn was away from the body and relaxed.
The mazxirm elrouwmference of the c¢alf of the left leg was
taken while the leg rested on ar elevation and the weight
was placed on the right leg, All circunference measurenents
were nade with a steel tape.

Precly flOVlﬁJ blood from a finger puncture, mnade with
a spring lancet, was used in all the blood deterninstions.
The first drop of blood was discarded because cf 1ts possible

dilution with the tissue fluid. The blood was allowed Ho

drop into a phial that had bheen trecated with heparin as an
anti=-coagulant.

For the determination of the red cell counts, three
pilpets were prepared from sach ssmwvle of blood. A 1:200

dilution was mnde with Hayem's (17) dlluting fluid in pipets



o7 ¥5
a7

certified by the National DBureau of Standards. S1ix counts
were made on each subject, two from each pipet. A certified
Levy-Hausser counving chamber wasg used throughout the study.
In counting the cells the following procedure was used:

1. The pinelts weres shaken for at least ten minutes.

2. The fluid in the capillary of the pinet was discarded

before the counting chawber was Lilled.

%
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Je The cells in Tive large sguares, each of which con-

tained sixteen spall sguares, were counled and totaled.

>

4. The total was multiplied by the factor 10,000 to
obtaln the number of cells in one cublce millimeter of blood,

The mathematical derivation ¢f the factor 10,000 is as
follows (4):

"Zach small sguare of the chamber is 1/400 square

4

millimeter in area; therefore, one larse square is 1/85
square millimeter; and five large squavres, the area
actually counted, are 1/5 square millimeters in area.
“he correction factor for avea is 5. Glince the blood
was originelly diluted 1:200, the necessary corrsction
for dilution is 200. The counting chamber is 1/10
millimeter in depth, therefore, this correction factor
for volume is 10, The total corrsction which rust be
nade -to the cells counted in five large squares, in
order tc obtalin the nunmber of cells in one cublic milli-
meter of blood, is 5 x 200 x 10 or 10,000."

Hemoglobin determinetions were made by the acid hematin
method which was described by NHewcomer (33) in 1919. A one
per cent solution of hydrochloric acid was used as the diluent,
and two ninsts were prepared fromn eack sample of blood. Each
dilution was compared colorimetrically with a brown glass
standard, which had been prepared by the Bausch and Lomb

Company to mateh the aecid hematin color. All readings were
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made in a darkened room. A blue filter was used in the eve~-
vlece of the colorimeter to eliminate the matehing of the
vellow color. A daylight base lamp provided the counstant
source of light. The averase of the colorinmeter readings for
each subject was converted into grams of hemoglobin oer 100
éc. of blood by raference to the conversion table supplied
by the company Tron whonr the standoard vas purchased. The
%abie had also been checked in this laboratory by the oxygen
capacity methced.

The Van Allen {82) hematoerit nethod was used in all

dgtarninations of the packed rodeell volume. Hematocerit

tubes were filled to the 100 per cent wmaerk with the hevarine

ized blood. The blood was drawn slightly above the mari to

prevent leakage when the tubes were sealed and suspended on
the rubber cushions of the spscial apring-ty@a holder. The

n such a manner that their

3.‘.
CC:
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tubes were placed in the centri
Bxes Were perpendicular to the axis of rotation while centri-
fuging. The tubes were cenbrifuged at 2,750 revolublions per

ninute for a period of about thirty ninutes or until constant

readings wore obtained. Two determinatlons were made on eagh

uubject .
The Farmer and Abt {15) micro titrotion method for

ascorbic acid amalvsils in plasma was used in the vitenin €
deterninations. The reagents which were used consisted of
the Tollowing: 1. the dye, sodium~-2,6-dichlorobenzenone

indophenol, obtained in powder form rFrom ithe Bastman Hodak
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nhosphoric acid (5%) was used as the deproteinizing agent

Tor the plasma, 3. Lithiunm oxalate was used as an anti=-
coagulant. Snecial apparatius which were required consisted
of a micro-buretis, reading directly to 0.002 cte., and nlero-
blood bottles and micro pipetes. 7The micro-buretite consisted
of an accurately graduated capillary pipet held horizontally
on a cast fixture. Over the blunt end was slipped a plece

of medium~-walled rmubher tubing whose other end vwas semled
with a glass pilug. This tubing was so »nlaced that it could
ve coupressed by ¢ clawp havipg a Tinely threaded screw.

When the whole burette was filled with mercury and all of

the air expelled, the turning of the serew accurabtely con-
trolled the »osition of the mercury meniscus in the burette.
The mercury acted as a Tluid »niston and the dye was drawn

in and pushed out by its action. This s7
viag purchased Trom B. H. Sargent & Ce.

-

In nrepari the dve, 100 mg. of sodlum 2, 6~ dichloro-

henzenone indophenol were placed in a folded Tilter paper

and 80 ce. of bBolling water were poured over i1t. Pracht-

ically all of the dve was 4lssclved. After the solilutlion
had cooled it was made to volume in a 100 ml. volumetric

flask. TFive cc. of this solution were then transferred to
2 50 ml. volumetric flask and a 1:10 4ilution was made. This

dilubticn was standardized against stondard solutlions of



Seven or eight drops of hlood were collected from the
finger of the subject in a micro-blood boittle which contalned
a small amount of lithium oxalate, and the blood was immed-
iately stirred rapidly with a tooth pieck. The micro-blood
bottles were placed in ordinary centrifuge cups in which a
nunber of corks were placed in order to decrease the depth,
and the blood was centrifuged for ten minutes. At the end
of the cenbtrifugation period exactly O.1l ml. of clear plasma
was pipetted into a centrifuge tube. Then.o.l nle 0T gistil~
led water and 0.2 ml. of 5 per cent metaphosphoric acid solu=-
tion were added; and the mixture was centrifuged for a period
of ten minutes. The 1:10 stoek dye which had been previously
standardized was diluted wwith an equal amount of distilled
water to obtain a 1:20 dilution. The conversion of the
smount of dye used to the amount of ascorvic aseid in the
blood plasms was done as suggested by Farmer and Abt (15)
as. follows:

" ge. of dye used x(mgs. of ascorbic acid equivalent to

1 ec. of dye) x 1000 = mgs. ascorbic acid per 100 ml. of
plasma."”

The dye was lLaken into the nmicero-burette by the following
procedure: all of the air was expelled from the burette by
turning the screw and foreing the mercury to the tip. The
tip of the burstte was then submerged in the dye and the
latter made to f1ll the buretie by reversing the motion of

the screw,

=1
<
o
s 3

Exactly 0.2 rl. of deproteinized plasnma measured



into the end depression of a spot-plate. In the center
denression was placed 0.2 ml. of 2.5 per_cent metaphosphoric
acid to serve as a blank, that is, to measure the amount of
dye required to give the phosphoric in the depﬁoteinized
plasma the first faint pink color. Dye was run into the
depression of the plate from the burette. The nixture was
astirred continucusly with a fine glass rod. The first faint
pink color that lasted for thirty secconds was talken as the
end point. The amount of dye required to gije the btlank the
same plnk color was deducted Irom the readings on the blood
samples., A daylight laup was used as the constant source

of light. All titrations were made in duplicate.

WESULYS AND DISCUSSIOH

The results of the anthropometric measurenents are shown

n Table 3.
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Tabls 3

|ITIHROPOMETRIC LBASUREMINTS OF SEVES A. & M. AND FIVE FEDERAL

Sub ject Agse Weleht Height Chest Width

Ao & M, Mo. 1lbs. k. gm.  inm.  om.  in.

VeL.EB. 67 88.75 18.03 110.0 44 17.1 5.8

Dad We® 69 48,75 21.2 113.2 45,2 19.0 7.8

J.L.M. 58 47,25 _2l.4 112.4 44,9 18.7 8.4

:;:tiur. 56 ?34:' 50 15.6 10409 41.9 16¢8 6.?

VeSe 57 S0.78 _16.2 103.6 41.4 15.8 G 7

C.Du 158 Sgh 25 1‘708 10’7.2 4.‘8. 3 lgtl 706

8
E.L.N. 71 44,50 20.1 117.8 47,1 18.0 7ol
Pederal

BelheRo L 3800 14,2 105.0 42,0 106.2 6.8

C.I. 58 33,00 14.4 102.5 _41.0 18.8 6.7

GJH* 59 45,00 20.4 104.5 41.8 18.5 7.4

B * 49 388,00 17.2 104.5 41.8 18.0 7.4

Voliede 60 31,00 14,0 102.5  41.0 18,7 5.6

Table 5 {continued)
Cir. Cir. Cir.

‘Bubject ghast Tenth . Risht Arm Left Armi_Left Lem

YaloBe 13.8 5.5 17.2 6.8 17.0 6.8 5340 0.3

DM, * 13.5 5,2 - 16.8 6.7  16.8 6.7 .0 9.8

03
B

10,08

Ay
Lt
.

hav]

d oLl 1ld.4 5.8 17.9 7.1 17.9 7.1

-t
]
-

12N
w2}
»

ot
v
O
[ ]

Reile 11,7 4.2 15.5 6.2 8.2

9.1

o

Y.8. 2e2 4.8 17. B.1 16.8 6.7

29
D
»
~i e} ~3

IS

GDD- 13.9 5.5 1609 ! 65'.7 1609 {30? 9.@8

-
(Y]

bRe)
N

»

3]

Q.4

»E.L.N. 13.2 5.2 17.5 6.0 17.4 5,9

Boys
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Table 3 {continued)
Cir. Cir. Cir.
Subjeet Chest Denth Right Arm Left Ain Left Leg
FYederal cm. in. gg.  im.  gm.  in. em.  ine
BohieRe  13.0 5.6 15.0 6.0 15,0 8.0 21,4 8,5
C.I. 12.7 5.0 15.3 3.1 15.2 6.0 20,9 o5

G, * 15.7 5.4 15,3 6.1 15,5 6.2 2l.1 8.4

B.M.* 14,7 5.8 16.7 8.6

-

6.6 6.6 22,0 8.8

V.M.d, 12.7 5.0 14.2 D. 8 14.23 5.6 20.5 8.2

fon———

The mean of the ages of ths girls fron the College
ursery School was 61 montks and the mean of the ageé of the
irls from the Pederal MNursgery School was 56 months. There
were not enocugh boys in either group to warrant the calocula-
fion of the mean of their ages.,

Yhen compared with the Grandprey (18) range of varia-
bility curves in wel (ht and height of children under sixz
ﬁearﬁ of age, the chlluren from the Colle Hursefy School
fell into the following percentiles: 75, 90, 50, 25, 90,
and 20 Tor height for ase. The children from the Federal
Iursery School ranked in the 90, 50, 50, 50, 90, percentiles
in height for sge. In weizht for age the children from the
College Hursery School were in the 75, 90, 50, 25, 90, 90;
perceutiles. fThe children from the Federal ilurscery School
were el lower in comparison to weight {for asge than the Col=-
lege group, thelr percentile rankings were as follows: 25,

a5, 10, 90, and 75. As Judged wy welght in comparison to



height the College Nursery School chlldren were well devel-

oped. The percentile ratinss of the group were 50, 90, 50,

<

75, and 80. The Federal Iu sery School ehildren were not as
well developed as Jjudged by Wolfh in commarison to height
aé were the Ccllege groun. The Federal Mursery School group
in o copmparison of weight for age fell into the following

vercentiles: 25, 25, 10, 90, and 75. These values are shown

in Table 4.

Table 4

IS A TTTYIDTRITN Es b
THE CGRANDPREY BANGE (O* VARIAD L'
£

T OF CHILDREN UNDER SIN YEARS O

PERCHNET Lm .

A & M. Welght Hels ht Welght for
for age for age Heioht

VeliaBe 75 , 75 50

& eLliella S0 S0 90
Helia 50 50 50
Tade 25 25 5
Cale 30 ) , S0 - 90
Heliells 90 a0 , 75

D.J 50 90 90
Egﬁexal

E“sﬁao.&.n 25 90 10

‘ﬁé‘l - 2§ ! 50 3 25

% M.J. ' 10 - 50 10
G, ~ 20 50 ' 80
13101).- » ‘75 90 50

The means of the weight, heisht, chest width, chest depth,
1*cunferc; e of cach arm, and circumference of the left leg

of the girls in the grouvs are shown in Table 5.

s
Boys



43

Table S

Pass

Sk e
FfG” D quCUIquQEG“ i QEET
ﬁﬁ}} THIGIE xEDk.»zm"i MU RATIY >::\}Li;€§,1d {"'r:RIS.

OSETI4
LAES Weloht _ elaht Chest Widih

g % 3~ - z . -
LN l 08B, ;‘-g - Chln illa Cile in'
N hile Al 4 % > 313 s ATH T [ ¥ [y
Ae B .‘L‘:» b f‘tGll:’J quz lOQt 3 kel pdd 1?. I ’?cOB )
Reant IS RS - P N - y 4 s - <8 RO
LTI 56 TR,00 14.8 103+ 415 155 D0

Table ¥ {continued)
' Gir. Glir. Siv,.
Chest Depth Risht Arm Lelt Arm Left Leg
Chis inie Clle 3l 6m. 1l ity  ife

=

~3
b
Q’B
#*

O
o)
-

tav]

2
EBERZXL li‘.x »” 1S & 1 ll » 5 4 » d ) lln ‘i “g: -

i

')Oa v 8v3

The measureoments of the boys wers nobt included in the

, gy " i I, Aygey o 2 S e o
averages for the twe schools dus to the limited number of

LTOUDE

According to the Grandprev (18) rauge of varishility in

velght sand belght the five nonths 4ifference in tha mean of
the ages of the two groups would aceount for a dirference of
1.35 pounds in the weights of the two grouns, and a diference

off 0.82 irches im the mean of the heighto. 7The mean of the
elahite of the College Muirsery fSehool groupr was 10,85 pounds
greater than that of the Federal Fursery Scehool, The nean

of the heights o7 the College Iurssry School was 2.6 inches

than that of the Pedersl iursery Jchool 27oud.
The date obtained from the study of the red cell counts,

hepoglobin econtent, packed cell and vitasmin ¢ content
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of the blood plasma of the blood of 12 nursery sehool child-
ren are presented in Table 6. The three corpuscular constants,
mean corpuscular hemogzlobin, mean corpuscular volure, and mean
gorpuscular hemoglobin conecentration, caloulated from the
sbeolute values are alsc given.

“he corpuscular constants were caleulated from the follow-

ing formulas:

1. MEAY CORPUSCULAR HEMOGLOBIN, IW MICROMICROGRAYS (v )

Hemoglobln, in grams per 1000 cc. of blood
Red blood cells, in millions per c.m. of blood

2. MEAN CORPUSCULAR VOLULE, IX CUBIC WICRONS (cu)

Packed cell volume, in ¢c. per 1000 cc. of blood
Red e¢ells, in millions per c¢.m. of blood

J. MEAW CORPUSCULAR HEMOGLOBIN CONCENTRATION, IN PER CENT

Hemoglobin, in zrame per 100 c¢c. of blood * 100
Packed cell volume, in ee¢. per 100 ce. of blood

The average of the red cell counts for the College
Hursery School children was 170,000 higher than that of the
Federal Hursery School group, while the grams of hewmoglobin
per 100 ml. of blood was the ssme for the College group ss
for the Pederal Mursery School group. In volume of the
packed cells, nmeasured in mls. per 100 nls. of blood, the
Qollege Nursery School group measured 0.80 higher than the
Federal Hursery School group.‘

MeMamara and Senn {34) in 1940 studied the bloods of
fourteen children, in Mew York, ranging in age from 3 to 7

years and obtained the following results which are compared



Table 6

RED CELL COUNSE, X
VITAMIN C CONTINT

C

RULSIG ¥ ERY
{hﬂﬁwg

PACIIED

FE As &

oA
blnﬁ
17
e

YOI CY R £ PO A
1 CONBTARNTS “D

BT uCUOGL CHILDREN.

Red blood c@lls,

ﬁemoglobin,‘Volume, Vitamin G, liean Corpuscular
nillions per cu. gns. per BC. DEr  NZ. 100 Femo=- Vol, Iiemo-
Subject Ase wml. of blood 100 ce. cf 100 co. cc. of blood globin giobin
blood of blood plasma concen-
tration
Al &M
V.L.B. 37 4,77 10.45 41,15 21.9 84,1 25,4
D.J.W. 89 4,60 11.41 38.38 Bh.d BZ.4 29,7
dsLie 56 4,50 10.11 37,70 L E2.4 83,7 2547
R.We 336 4,80 12.28 35.45 .bOal 24,0 7B.4 34.5
V.5, 57 4,58 13.47 33.95 L3532 29.4 74,1 36.4
C.D. 58 4,33 ll 82 35.80 1,185 87.8 B62.6  53.0
B.LD i '71 4.43

TEDERAL

B.A’
CoI,
GoH,

‘J”.IJEOJ.

54
58
3
49
60

4.53
4,49
4o 35
4,38
4,38

L..v‘ 6’48

10.82
12,17
12.08

12.17

050 05

35.55
35.00
38695
D4« O

<7656 27.7 B8l.3  36.1

o o BB.4 V3,5 QG.?
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29.3

9.4
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Table 7

MEAN RED CELL C ' OGLOBIN CUTNT, PACKED CELL VOLUME AWD CORPUSCULAR
COMCINTRATION OF THR BLOC PRI A

'
ase CTRESTOY 2 Fe 1l LTI TS
\l.i.,} 'y_)if‘ SL‘V i ihw & E;ic FACEY A ZT S
SVPT T SNTYTIRT
1973 ;J_iuliEl‘-é .

A
e
g e

FROE AL WUHSEXY SCEOOL

Hemoglobin, Volune,

Mean Corpusculsy
School Age s

I . per ¢c. per Ilero- Vol. I
100 ¢ce. of 100 ca, glebin s£1obin
blood ' ol blood BonCeN™

tration

0

[
L]

Cs
av]
(¢
a

8

FEDERAL 58 4,4 11.7 35,8 24,5 81.2 29.8




2
©w

with those of the present study in Table 8.

The mean hemoglobin and mean volune of packed cells of
the Oklahona group weres lower than in the Ty York group.

In the vitamin C determination only the College Hursery
fichouol ehildren were used. The results reported here were
obtained after the group had received its regular morning
orange julee and, therefore, cannot be compared with results

obtalined with subjects in the fasting condition.



Table 8
THE TINT TORK 8TUNY ¥
IN 1940,

ilgan ilemo=- Red blood cells, Packed cell

No. of globin, gus. miliion per cu. volume, 9

Subj. Ages per 100 cc. Range . 0F blood Ranze ot whole RBange
of blcocod biood

COMPARISON OF WiHE OFKLAROMA STULY T

DI BY MCMATIARA AXND

Okla.

12 £-5 11.71 10.11=13.47 4.51 4.38-4.77 36,82 33.65-41,15

14 5= 13.1 1l.6=18.1 4,32 B3.,53-5.08 37,0 33eB=43.3

0s
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From a review of the literature pertaining to methods
for determining the nutritional status of individuals and
of populations, it was Tound that methods for determining
the adeyuacy of food intake fell into three general grouns:
1. The foods consumed, as neasured by dietary studies,
were compared with accepted recommendations for nutritional
essentials necessary for optimal health. 2. Anthropometric
neasurenents and specifie tests for sach nutritiomal esgsen~
tial were made on the individual subjects. 3. A combina-
tion of the first and second methods in which food consump-
tion and physioclogical studies were both made.

The‘third method, although time comnsuming and exacting,
would give much more information than either of the first
and second methods taken separately.

The indireet method, number 1, in the above paragraph,
of measuring nutritional status has been more commonly used
than the direct nmethod. number Z in the above paragraph,
due to the fact that it is more readily adapted to Tield
work than is the direct methed. The indirect method, however,
gives no authentic information on the condition of the sub-
jects studied exeept that a high correlation between the
guality and the quantity of Tood eaten and the health of the
subjects has been proved.

In view of the faect that the inportant factor is the
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koalth of the individusls, any study of mtriticnel condition
is ﬂﬂt corplate unless the porsons thesselves have boen stude
ied as well as thelr food intoke.

There ars ﬁwu main problenms to considexr Iin making & plan
for deternirduz the nubpltiensl conditlion of the poople of
the Btete of Oklshora, that i the pegpia with vhon the
studies are Lo be nmade and the gpecifle tests to be used as
critoria for Judging nutritional condition.

ﬁ.g@szih&e plan for procuring a sempling of the %tatﬁ'
of Oklahoua would be to use the nebtural divisions of the
differant type of farping orens of the Ytate. It wnula ba
necesssry Lo sample warious aress sinne, e a;ﬁisz 0 Ul
fewell, thers lis no part of the State that le representative
of the Stote as o whole. The different type of Tarming areas
have been sob up with regard tw predominant typs of farming,
plane of living, scil, nliﬁatia condlition and vardious othsy
factorn. It 1z believed that a reprosentative sample of
the popnlation of the State eould he‘a%taineﬁ by seleeting
D.05 per cent of the fauilies of diZferent scononic levels
end from rural and urbsn communities in e&eﬁ of the 16
dirferent type of farming areas of the State.

& study of whils $ype would, of gourse, requlre rany train~
ed workers and adequate financial support. Stiebling stated
that one trained worker was needed Lor cvery five ceses
studieds

“he bests that are sugmested as eriteris for Mudging



wutritional condition and are possible to carry oub, are the
following: 1. A comparison of the food consumption of chosen
subjects with accented recosmendations for coptimal nutritional
sondivion. 2. Anthropometric measuremsnts on each person
which inelude weight, helght, chest width, chest depth, clire
cumference of each arm and the circumference of the left leg.
3. Physioclogical geasurenent which include erythrocyte counts,
hemoglobin content, determination of the volume of the packed
cells and the vitanin C content of the bloocd plasma.

A survey of'this type, to be of the greatest value,
should be done in connection with the other soeial and eco-
nomic studies ineluding housing, food production, education
.of the family nenbers, ete.

The measure}ments chosen for judging the nutritional
condition of the children of the two nursery schools include:
1. anthroponetric measurements and 2. physiclcegical and bio=
chenical measurenents.

The results of these showed that the chlldren of the
College Hursery School were better developed with regard to
weight and height in comparison tc age than the Federal
Hursery School ehildren. The difference in the nean of the
waights of the glirls in the two groups was 10.8% pounds and

the dilfference in the heights wag 2.8 inckes. The difference

in the means of bﬂe ages of the two groups was 5 ronths. This

difference in age, according to the Grandvrev scale, would
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account Por only 1l.35 pounds dlfference in welght and 0.82

=H

ineh in height. The mean of the erythroeyie counis of the
Gollege Nursery Cchool group was 170,000 higher than the
Federal Hurscry School group, and the velune of the packed
gells was 0.60 cg. per 100 cc. of Bblood higher, although

L,

the means of the hemoglobin values of the Lloeod of both
groups were the same. Yrom the resulis of the study it was
shown that the Gollege Hursery fichool children were probsbly
well nourished with regard to vitanin ¢ sincs the values for
the vitamin C conbvent of bleeod plasma were still high several
bhours after taking orange julce.
One of the greatest difficulties encountered in the field
of nutrition today is the lack of reliable standards for
good nutritional condition. This may be due to the facts
that ideas of good or optimal nubtrition are changing with
the progression of the science of nutrition; that there is
¢ wide wvariation in individuals® abillties to utilize foods
and that normal variation, »reviously accepted as physiologi-
cal differences, may be evidence of differences in nutritional
condition of the various members of the experimental srouvs.
A8 more information is obtained on these problems, no
doubt, simpler methods of determinging nutritional status

will develope.
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