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Measures of Body Fat and Related Factors in Normal Adults,
1. Introduction and Methodology

Introduction

The development of laborstory methods to determine body fat in the human has
given impetus to distinguishing obesity (excess body fat) from overweight (blélby weight
greater than a standard weight for height and sex), end to developing simpler methods

—  for predicting amount of body fat, This is particularly true since certain chroplo————

diseases with high incidences and mortality rates bave been associated with overweight.
These diseases are of public health concern. The aveilability of a simple yet accurate
anthropometric tool to estimste amount of body fat would eid 1n the epidenmiologic study

of some common degeperstive digemses and provide guidance for preventive measures.

Summery of Pertinent Literature

It is impossible here to review the voluminous iiterature on body composition. Two
symposia conducted in the past five years (1,2) and a monograph (3) provide documen-
tetion of the extensive and varied recent research in this field.

In 1921, Mstiegka (k) first attempted to estimste body composition by anthropometric
meens in order to establish bases for physical fitness. While he emphasized need for
validation with cadaver analyses his approach has proved useful. From it was developed
the concept of standard weight for height. Other attempts to define optimum body
measurements have been made (5,6,7). Since Behnke developed the measurement of body
specific gravity (8) and the concept of lean body mass (3) considerable impetus has been

afforded the correlation of physical measurements to referencg,;. determinetions of body
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composition (10,11,12,13).
Bases of reference for body composition have had several approaches. Cadaver
analyais (1k,15,16,17), body density (8,18,19,20,21), total body water (22,23,24) com-

bined deneity and body water determinations (25,26), absorption of non-toxic fat-soluble

gases (27), whole-bédy counting of Kho (28,29,30), snd measurement of multiple parameters

by dilution techniques (3). T — -

Siri has critically evaluated the methods of determining body composition from
fluid spaces and density (31). His conclusionf that "combined measurements of corporal
deneity and of total boldy water yield the only method for éstimting body composition
that does not require a reference body nor an explicit description of the composition of
adipose tissue” has been upheld by the work of Allen et al (26). They state "Siri's
original simplifying deductions can be shown to hold throughout a wide range in veriation
of bone mineral: <fat: water: solids of healthy persons.” The extensive body compoeition
determinations by Moore et al (3) using multiple-isotope-dilution techniques provide
an additional approach. Their skeletal weight pomogram has es its basis the work of
Allen et &l (26) plus a measure of body potessium equivalents.

Additional approaches to body composition methodology have been messurements of
subcutaneous fat by roentgenography (32) and by caliper measurements (13,33,34). These
have been used to estimate body fat or body density. Eheldon's epproach hee been that
of defining the body build by somatotype (35).

While multiple techniques for measuring body composition have been developed, few
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studies have correlated these parameters to develop & valid practical clinical tool. The

t . Bow-
work of Brozek and Keys (19), Behnke (12}, Young {11) and Moore (3) are excep fons ov

ever, for the most part, these have been limited to one sex and to taucesians. 1In
addition there has been no study to compare in the same subjects lean body mgss and body
fat as determined by the total body water-body density technique with these as determined

by whole body potassium 40.

There is considerable evidence that body composition ie dependent upon mltiple
factors including sex, genetic constitution, physical esctivity and nutritional status (36).
We are unaware however of previovs attempts to correlate in man measured body fat and
lean body mase with diet, physical esctivity and with somatotype.

Objectives of Study

The primgry objectives of thie study were:

1. to develop for healthy adults a valid regression equation using cliniéally
applicable anthropometric messurements vhich estimates totel body fet and

2, to compare in the same subjects determinations of lean body mass and total
body fat as obtained by the total body water - body density technique and by the
measurepent of whole body Kho. Additional objet;tives were:

3. to relate estimated and measured total body fat to diet, physicel activity and
somatotype, and

4. to relate whole-body cesium-137 to diet.
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Purpose of this Report

This report presents the selection of study subjects and the methods used. The
methods are cohsidered under the following headings: nnthrapoinetry, laboratory deter-
ninations (body density, total body water and whole body counting of potassium-40 and

cesium ~ 137), diet and physical activity essessment and somatotyping technique. The

e.nth.rorpometric msurement; are presented in sufficient detail eo that the clinlcian
my perform them in these exact fashions.

Subsequent reports will present resulte of the various messurements, the regression
equstions and interrelationships of the various parameters,

Selection of Subjects

230k healthy® gnaividuals between the ages of twenty-five through forty-four years
were obtained as volunteer subjects from many work or other groups in the 8an Francisco
Bay Area. Smell as well as large business concerns, companies, agencles and other
groups (1ist appended) were contacted through personnel offices or their essoclated medical
facilities for permission to request employee or group participation on a volunteer basis.
Each individual, qualifying by age, received a letter which described the purpose of the
study and the parameters to be measured and requested voluntary participation, Anthro-
pometric measurements and diet and physicel activity interviews were performed at

facilities of the compeny. Persnns, ramdomly selected for the laboratory measurementsj

% Healthy wes defined as free of known disease, acute or chronie, upon statement of the
subject, and having had no treatment by a physician for any illness during the three
months prior to entry in the study. Any person with obvious physical deformity or loss of

%%mbstagy excluded. Ir addition pregnancy or suspected pregnancy elimineted any woman from
e study,
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.y
vere taken to the Donner Labormtary, U.C. Berkeley, st a subsequent time. Only graduate
students of U.C. Berkeley were somatotyped at the Cowell Memorial Eospitzl Constftutional
Besearch Labaratory,

Oving to limitations in the time schedule for labaratary work and the small numbere o

volunteers from severel races, ase-gex-race sroupeé (vide infra) were arbitrarily chosen

for other than santhropometric measurements, From these groups, subjecis wvere randonily
selected for diet and physicsl activity inicr.iswe and for laboratory measurements. If
for any reason a subject so selected was unable to continue, apnother subject of the
same sge-sed-race group was selected. The arbitrary categories were: 25 - 3& year old
vhite males and females, 35 - &b year a1d vhite males and females, and Negro males nxed
25 - 4k years. Tsble 1 presents the number by group, including orientsl and other race
croups, vwho participated in each of the phaces of the study.

ANTHROPOMETRY

One individual (R.C.5.) messured all the women and s fev of the men. G.B. measured
the rajority of the men. The two examiners thoroughly checked techniques to establish
uniformity and to assure reproducibility of results. Mecsurements were recorded by
apother individual (N.C.) on the data collection sheet vhichk served as the code sheet for
keypunching., BEditing of certain of the meagurements wae checked hy two individuale.

was used and

1. Weizht: A Boms portable scale {capacity 300 pounds) cccurate io one omce4cb£ckeé

at frequent intervals by the Celifornia State Department of Velgshts and Measures
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VWelghts were made to nearest ounce with women subjects wearing only a dil;&szsable
examining gown (welght 3 ounces) and either barefoot or with stockings and with men
wearing only shorts and either barefoot or with socks. Representative shorts and socks
wvere weighed and averaged 5 ounces. The weights of the subjects were corrected to
nude welghts. Ounces were transposed to hundredthe of a pound for coding.

2. Belght: Beights vere measured to the nearest 0.1 cm by means of & free-standing
portable Swiss-made steel measuring bar, calibrated to 0.1 cm and baving e sliding
straight edge. The subjectis, either barefoot or with stockings, were positioned with
heels, buttocdke and back pressed firmly to a wall with the examiner applying firm
upvard pressure to the subject's mastold processes without ellowving heels to be raised
from the floor. The straight edge was then adjusted to the cranial vertex. The height
vas measured to the nearest 0.1 cm.

The following measurements (3-11) were taken on the right side of the body end
recorded to the nearest 0.1 cm with a eteel tape closely fitted to the nude body surface
but not so tight as to indent the skin, These body measursments were later edited to
the nearest whole centimeter. If the number ended in a half-centimeter, odd vhole
nurbers were raised to the next highest centimeter; even whole numbere were unchanged,
A single tape was used for approximately 200 subjects and then discarded.

3. Upper Arm Length: With the subject standing, right arm relsxed but flexed 90°
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at the elbow, the tepe was applied from the lateral rergin of the acramial process
of the scapuls to the tip of the olecranon process. The distance between these land-

merks was recorded. A skin mark was mede at half this length for use in the erm cir-

cunference and skinfold measurements.

L, Arm Circumfersnce: The tape was applied to encircle the mid-point of the upper

arm length and the measurement recorded. -

5. VWrist Circumference: The tape wap applied to encircle the right wrist over the

styloid processes of the ulna and the radius.

6. Chest Circumference: With the subject standing, srms at sides, and breathing quietly,

the tape was applied to the chest soc ss to encompass the areolse for men and the axillae
above the area of breast fullnsss for womeu,

T. Waist Circumference: The tape was applied, with the subject standing and breathing

quietly, to the circumference encompassing the lower borders of the tenth ribs at the
nid-axtllary linpes.

8. Iisc Crest Circumference: With the subject standing, the tape was epplied to

encircle the body at the iliac crests and was maintained parallel to the floor.

9. Thigh length: Measurement was made from the gkin surfmce over the right greater
trochanter to that over the right inferior border of the lateral epicondyle of the
femur. Thess landmerks were located by having subject stand with right knee slightly
flexed, leg abducted and witk right foot remaining on the floor. A ekin mark wes

made at half this distance for the thigh circumference and diameter measurements.
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10. 'Thich Cirpeumference: The tape was epplied to encircle the right thigh at the

mid-point of the thigh length.

11. Ankle Cincumference: The ankle was encircled with the tape at a point Just

superior to the lateral mmlleclus.

The following measurements (12-16) were taken with e curved-arm metal caliper

(Mertin) calibrated to 0.5 cm. The readings vere recorded to the closest 0.5 cm and

later rounded for coding purposes to vhole centimeters as previously detailed. Firm
pressure on the caliper arms vas used to displace ipsofar as possible any fat deposits

over the bony prominences.

12. Bilacromial Diameter: With subject standing ersct but relaxed and breathing quietly,

the distance between the most lateral margins of the acromis) processes of the scapulae

were measured.

13. Antero-Posterior Chest Diameter: With subject in position as for biacromial

diameter, the distance between the sternal angle and the fourth thoracic vertebral

spinous process was measured.

1%, Bi-iligc Diameter: With subject erect, the calipers vere applied firmly to the

moet lateral margins of the iliac creste and the distence measured across vhe widest

flare.

15, Antero-Posterior Diameter st Iliac Crest level:; With subject standing, and

breathing quietly, the calipers were applied to the spinous process of the vertebra

at the level of the iliac crests and to a parsllel position over the mid-sbdominal
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wall. In this instance only the caliper arm over the bony prominence was pressed

firmly; the anterior arm touched but did not indent the ekin.

16. Thigh Didmeter: At the thigh, the calipers were placed in an antero-;‘):lasterior positi
parallel to the floor with the sudject standing and relaxed. The caliper arms rested eesil

on the skin surface with no skin indentatlon made.

e following messurements (17-20) vere made with lange skin-fold calipers
(Cambridge Ecientific Instruments, Cambridge, Maryland) in accordance with the techniques
degscribed by the Interdepartmental Committee on Butrition for Rational Defense (37).
Spring tension of the#g calipers exert s pressure of 10 grams per square millimeter
over a 40 square millimeter surface area. NThe right aside was used except for those
subjects having a right lower quadrant ebdominel scar. In these subjects, the abdominal
skinfold wvas measured on the left side,

17. Arm: With subject standing, right erm relaxed and flexed 90° at elbow, the

calipers were appiied.adjacent to & grasped mid-posterior fold of skin end subcutaneous
tissue at mid-arm level,

18, Scapula: With subject standing, a fold of skin and subcutaneous tissue over

the inferiar angle of the right scapula was grasped so ag to parallel B line about

45 degrees from the horigzontal level going medially upward. The calipers were applied to t
skinfold adjacent to the grasping fingers.

19, Thorex: With subject supine, breathing quietly and knees raised to relax the
ebdcminel muscles the skin and eubcuta.néous tissue over the right tenth ridb wes
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—pu-
gracped parallel to the rib in the anterior axillery line end the ecalipers applied
adjacent to the grasping ﬁngers,

20. Abdomen: With subject in position as for thorax skinfol& measurement, 8 fold of

skin and subcutaneous tismie of the abdomen one inch to the right of the midline

helfway between the umbilicus and the symphysis pubis was grasped 5o a2 to parallel

the mid-abdominal line, The calipers were applied and the measurement read.

LABORATORY DETERMINATIONS

Laboratory determinations were usually done vithin two weeks after the snthropo-
metric measurements. Women were studied when non-menstruntifxg. The body weight and
height were recorded at the time of the measurements for total body water and body
density. If the weight differed by + 2 percent of that obtained originelly, the
anthropometric measurements were retaken,

1. Body density determinations by the method of Birl (Zlb) measured whole body volume

in a closed-circult system which utilizes a gas-dilution prineiple. With the subject

in one chamber and helium in the other, the gases in the two systems are mixed. The
helium concentration, measured by thermml conductivity, is related to the volume dis-
placement by the subject. The standard devistion in volume determination ie estimeted

at +_0.12 liter. Since the ¢eror is little affected by absolute volume, the corresponding
error in density ranges from + 0.002k ¢ 3 for a 50 kz. subject to + 0.0012 g en™3

for a person weighing 100 kg.
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2. Total body vater was measured after oral tracer dose of tritieted water given on
the same day the body density was determined. 'The methods employed involved equipment
and procedures in general use. Four to five timed urine specimesns, collect_ed within
the first 24-hour period after the dose ingestion, were assayed for tritium with a Tri-
Carb liquid scintillation coincidence counter {Packard Instrument Co., LaGrange, I1l.).
The 1iquid scintillator formulated by Werlw);.;:';_t al (38) was used. Fifteen mlr ;f scintillat
with 2,C ml water, the ususl sample volume, counted with an efficiency of 17%. Samples
were alweys recounted with en internal standard of tritiated water and appropriate
corrections made for quenching. Vacuum distillstion of urine speéimens reduced the volume
w et e

an sppropriste emount. In general,Acounting, pipetting, weighing, or-other-errovrs—were
mintained well below 1% by suitable precautions,
3. Total body fat was calculated for each subject from the combined measurements of
body density and total body water. The order of megnitude of the error of this calcu-
lation, based on the sbove values for the experimental errors in density and water
determinatione and for tkhe variability in the combined denzities for protein and
mineral, has been found to be ¥ 1.7 percent of the total body weight (25). Fop e
T0 kg individual the standard devistion in the determination of body fat is therefore
: 1.2 kz.

This error is smeller than that expected when body fat is estimated by either

density or water meassurements since fewer variables are unaccounted for. 1n asddition

this method is completely independent of the state of hydration of the subject.
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%. Whole Body Potassium'® (K*0) and Cesium 137 (cel3T)
T
Under the supervision of T:—-Ssrgerty—Harbr, f‘o and 08137 were counted using an
Argonne type whole-body counter (39). Immediately before the Bubjects entered the

counting chamber they showered (men also shawpoced their hair while women shampooed

their hair the night before, avdding the use of hair sprays, rinses, etc.) and put

on coctén garnments and disposable slippez;s supplied by the laboratory. These pre-
cautions were teken to remove all traces of external activity such as potassium salts
on the skin or scalp or from fallout, occasionally found in dust on hair, skin end
clothing. VWhole body counts were performed usually on the same day, and alwvays
within one week, of the body density and total body water messurements.

C:s:l':'x7 ectivity wac determined from the eres under the C.66 mev gamma photopeak
of thie isotype, potassium from the 1.46 photopesk of K9. Cs'37 counting effictency
ves determined in a group of volunteers by injection of calibreted doses of cel32
(halr-life = 6.2 days).

Celibration of the counter for f‘o was attempted by injection of known doses of
Kl‘z (helf-1ife = 12.5 hours) into a small group of volunteer subjects, Development
of & complete calibration curve wag not possible owlng to insufficient numbers. How-
ever an average counting efficiency of 1.09 cpm/gm ¥ 0.10 with a standerd deviation of
9.7 percent was determined. The total body potassium for each subject va.s.obtained

bo
by dividing K ©pm by the efficiency factor. This standerdigzation compares with

s
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-13-
the theoretical-empirical calibration obtained by Meneeley et al {(4C). The latter
considers the gubject's haight and weight and ylelds values with e mean deviation of

about 3.3 percent.

Diet and Physical Activity Assessment

€. M1'?l
Rutritionists (E<eabut) RFtwen and MaswsRoWFee during the first part of the study
g N K,
and Edesbebir-lirbesn and Nawey-jimierl Quring the last part of the atudy) interviewed

" individually each subject selected for dietary intake and physical activity estimate.

Time for the inmterview wvas approximately thirty minutes and was conducted immediately
after the anthropometric measurements were completed. Since selection of subjects was
made at the time of the anthropometric measurements, these individuals were previcusly
unavare they would be subjects for this phase.

The nutritionist asked the individual to descridbe his physlical activity chrono-
logically and bty amount of elapsed tims for the immediately preceding twenty-four hour
?eriod with the reference point as time of awakening. Concurrently, description of
food eaten wee recorded for each time of feeding.

Food eaten was described by kind, preparstion and amount. Reference was made to
food models, measuring cups, spoons, rulers and glasses of known volume. Whenever
possible, composite ingredients for mixed dishes such as casserocles and sandwiches

were noted. Weights or prices (to estimate velght) of individuslly perkaged foods,
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=1k
candy bars, soft drinks, nuts, popcorn, beer, etc., were obteined when available,
Brand names of special dilet items were noted.

In addition to the detailed reccrd of food eaten and tim; of feeding f\':r the
previcus twenty-four hours, each individusl was questioned concerning adherence to
arny special diet, use of vitamin supplements, of other food supplements, of 999
ca.lor;e preperations and of sali. Body weight change within the previous year was
also recorded.

Calculations of intake of mutrients including calories, protein, fet and carbo-
hydrate as well as slcohol vere made using the method of the U.5.D.A. (41). This
method is performed with IBM cards punched for the individual food code and the quantity
unit consumed. Master cards for 512 different foods provide values for nine nutrients
(b2). Bince the 517 diet records obtained in this study listed over 500 items or
composites of individual foods not available in the mmster deck, additional master
cards necessarily were calculated. Whenever feasible, substitutions were made for
specific food items using nutrient comparable foods; 1.e. chicken for turkey, corn-
starch pudding for tj apioca pudding or papaya for mango, etc.

Calculation bty computer methods of nutrients consumed by two-hour intervuls
during the day as well as the total consumption ir twenty-four hours was accomplished
by use of appropriate coding techniques.

The twenty-four hours recalled were accounted for by times spent performing

each of four arbitrary classifications of expended energy end sleeping., Teble 2
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frpresents classification of physical activities as adapted from Passmore and Durnin (13).
Since energy expenditure for compereble physical activity is greater with higher degrees
of body weight, an attempt wac made to define the body weights above vhich‘*f:he arbitrary
categories of caloric expenditure would be greater. Application of the regression

equation for energy expenditure in slow walking (43), C = 0.0TW + 1.02 in which C is

energy expenditure in calories per minugz;;nm weight in kllograms, wes made

for various weights. At body weighte of 260 pounds and greater, activities grouped

as light (2.5 - 4.9 cal./min.) were reclassified as moderate (5.0 - 7.4 cal./min.); and
for body weights 310 pounds and greater, moderate activities wvere reclassified ae strenuous

Somatotyping Technique

Somatotyping was carried out, according to the technique ariginated (33) and
wodified by Sheldon (44), at the Cowell Memorial Hospital Conmstitutional Research Laborator:
University of California, Berkeley, under the direction of Henry B. Bruyn, M.D.

This procedure determines the position of the physical constitution of an individual
within & three dimensional taxonomy which includes the normal variations of human
physique. A somatotype is s point in space vhere three determining perameters cross,
or simply, vhere three metric distributions cross. These are height, trunk index and
ponderal index; the latter two are defined (vide infra). 'l‘ables.based upon these
parameters, determined for over 5,000 subjects, precent the distribution of the

* These unpublished tables are gix in number for esch sex; one set for eacht ©f the
following age grougs by sex: 1) 18 years and less, 2) 18-23 years, 3) 2L-28 years,
L) 29-33 years, 5) 34-38 yeare ana 6) 39-43 years.
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specific somatotype. The latter can be mechanically determined from these tables
in the same manner by which various mumber functions are obtained from mathematical
tables.

Belght, weight and standardized medical black and white photographs were taken.
The maximm weight experienced by the subject at any age was recorded. From these
data tﬁe somatotype ponderal index and t;ﬁ;;-mdex were determined. The som;otype
ponderal index ie the determined height divided by the cube root of the maximum
experienced weight, Trunk index is the ratioc of the thoracic ares to the abdominsl
ares, as measured with a planimeter on the dorsal photograph. When the trunk index
equals 1.45, mesomorphy and endomorphy are equal. A high trunk index indicates
predominance of mesomorphy over endomorphy while & low ratio indicates emphasis on
endomorphy.

By the use of the tables, the somatotype, described in terms of three components,
wvas determined from the subject's helght, trunk index and the sometotype pondersl index.
The somatotype components, endamorphy, mesomorphy and ectomorphy are measured on a 13
point scale, 1 to 7, with intervals of % unit, 1.e. 33, 1,3. Data sccumlated on

several thousand subjects (L%) bave established standards for each component as follows:

Males Females
Component Range Mean
Endomorphy % tob 5
Mesomorphy % to 3
Ectomorphy 3 to 3
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Additional descriptive classifications for both men and women were accumlated
from the somatotype photographs on the basis of more subjective interpretations.

These are:

1. a rating for structural masculinity termed "e" or andric. Mean values

for both men and women equal 22.

é. a rating for structural feminﬁ& termed "g" or gymic. Mean values for
both men and women equal 22,

3. the ratio of a./g. Mean values for both men and women equal 1.0.

k. & measure of the degree of gkin pigmentation termed B.I. or color index.
From the photographs, comparison of skin color of the least exposed area of the body
wvas made with a black and white value scale photographed with the individuel. Higher
numbers indicate a greater degree of pigmentation. In this study only the men were
50 measured.

5. a measure of sgimilarity of the somatotype in different regions of the
body and the balance of bone to muscle termed "812"* or structural integration 2. The
mean for both men and women is 22 and is an inverse ratio of the degree of dysphasia
between body regions.

6. =& measure of detall or refinement of structure of all the somatotype segments

of the body termed "SI3" or structural integration 3. For both sexes the mean is 22,

® 5I; is defined as & measure of symmetry end was omitted in thie study.
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Sumary

A velid clinically applicable anthropometric method to estimate body fat in adults
would eild in the epidemiologic study of diseases associated with overwelght. §uch a
method has been developed from anthropometric measurements of 2053 healthy white men and

women and Negro men sged 25 through 4% years and laboratory determinations of body density,

total b;w water, whole body potassium-40 ;or about 8 percent of all subJjects.
Methods used have been presented; those for anthropometry have been deteiled for
reproducibility by interested clinicians.
Methods for studying edditional persmeters associated with body composition: diet,
physical activity and scmatotype are given. Cesium 137 methodology has been described.
ke agbele e b

Subsequent pspers will present regression equations/\ and interrelstionshivs of

studied factors.
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Racrds Series Title

Acco:lon No.
File Code No.

UMENT S0URCE
o Berkeley Laboratory
Aschives and Racords Office

Carton No.

Samatotype and
Isbobatory
type Measurenments

19

Sonato-

Laboratory Measurement
TBW and KhD,
Epecific Gravity Cel37

Interview

TABLE 1
NUMEER OF PARTICIPANRTS
Anthropometric

Age in
Years

23

107

§18

25-3h
35-b
25-3h
35-I4
25-Ub

Males

White

17

101

Females

101

4%

Males

Negro

d -Lﬂmfel"

15

167

517

Bubtotal 2053

25-bh 154

25-hh

Negro Females

Oriental Males

25-hk

Yemales

15
6

25-h4
25-4h
Total

Note: TBW = Total Body Water

Males
Femnles

15

167

51T

2304

gLLL T

Xbo = Potassium-lO
Cel3T= Cesim-l37



ELE 2

CLASSIFICATION OF WORK AND EXERCISE

Very Lipht Moderete Strenuous
(<2.5 oal, /min.) {2.5-5.9 oal./wtn.) (5.0-7.k cal./min.) (>7.5 cal./min.)
Standing, at base’ Personal oare ¥alking, mod. to Running

fast
Lying Valking, slovly Valking, mod. up Welking fast
hill up hill
Eitting gtanding using Sousevork, Clizbing &
arz movement stooping and ladder
bending Skiing
sitting, using Bousework exoept Swimning Walking i{n snow
arp movements stooping and
bending
Reading 1dght gardening Beavy gavdening Digging
Writing Driving car, Tennis Sowving wood
Knitting mtorcycle
Bewing Golfing Dancing Planing wood
Typing Carpentry work Bicycling Shoveling
Light machine work Cymmastic exer- Bowling Carrying loed
cises, except upstairs
hopping
Light sssembly line Mixing cement yunastic exercises, Playing football

hopping and swing-
ing arms

Btacking firewood
Using pickaxe

Playing with child Chopping with an
exe

Bushing wheelbarrow
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for making their employees or members available for this study. To those wvho

volunteered ms subjects Semetis=g¥uly. sincerest espprecistlion 1s extended.

¥ithout the:u" support snd interest this work would not have been poesible.

Alsmeds County Employees

Alte Bates Hospital

Berkeley City Employees

Berkeley lLeague of Wamen Voters
Berkeley Tennis Club

California Packing Corporetion
California Stete Depertment of Health

Celifornia State Department of Public
Works (Toll Plaza)

City of Oaklend Employees

Durkee Pemous Foods, Inc.
Enporium

Fireman's Fund Ingursnce Coampany
Gerber Products Campeny
Internaticnel Business Mschines
International Toestmistresses Club
league of Women Voters, Berkeley
Mary Ellen Jams end Jellies, Inc.
Men of Tomorrow

Metropolitan Life Insurence Company

Moore Business Forms

Mount Everest Expedition Teem

Saint Cyprien's Episcopal Church
San Francisco General Hospital

Ben Jose City Heelth Department

fan Mateo County Health Department
Santa Clers County Health Department
ghell 041 Compeny

Btandard 01l Compeny

University of Celifornis Staff and
Students (Berkeley)

University of Cslifornis Workshop
U.E. Department of Agriculture

Extension Service and
Western Regicnal leborstories

U.B8. Naval Supply Center
U.5. P.H.B. Hospital
Women's Auxiliary, Berkeley City Piremen

Women's Auxiliary, Berkeley City Policemen
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and
Men

Anthropametric Measurements for 12

Mesns and Btanderd Deviations for Saustotype, Determined

Renges,
Ertingted Body Camposition and

Median
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SavE, Femle at § e Lottonn Tor 8oeonet P, Rittope
LRI & S SO - SIS SRS R Sl ML TS S b SN
dean B.D. Eange Median
Age, years 29.7 - 24 - b3 2.2
Eondamerphy 1.7 8,557 10 - 63
Mescmarphy Y2 8.47T5 25- - 65
Ectoe.wphy 9.1 10.797 1 -6
% uncer S.¥ 1.3 6.972 0 - 3%
Andr-ic 2.5 2.0631 1’ -3
Gynic 2.7 1.538 B - 26
Xg est. Body Fat 19.3 ——6; 3.3- 31.?
Xg est LBM 55.% 5.165 §5.1. T3.
% Body Wi. est. Fat 5.2 6.224 6.3- 41.6
7. Body Wt. pounds 165.5 20.509 11k.6-284.7
Helght, om 179.1 5.883 167.0-19%.5
Piac. D., om %0.1 1.801 3 -k
AP Chest D., cm 16.7 1.3°1 -2 )
Bi-ilise D., o= 29.5 2.019 € -39
Chest C., cm 95.7 5.527 B2 -117
Waist C., e 83.2 €.745 68 -112
Ildes or. C., o 89.7 T.61k 73 -116
Arm C.. o 21.L 2.50% 2 4
¥risi L. .o b M 0.503 w2
Mgk i, = s2.7 3.57 ha . 68
pate Cal ~ e pEaT
Lo e . MEE 2 .
msh lem112 (e 2] %-1 3’0 9 22 - )‘9
RAEF, mo n.7 ) 3 - :f
R Seap 6F, ma 1.6 3.662 6 -
R Toor £F, mm 13.2 5.748 Yy -3
Abd SF, mn 16.5 9.429 L - 50
Ave BP, s 13.3 5.286 4,2. 32.2
Guhner Index 37.8 3.208 25 - gg
gadﬁm Index 12-9 Otm 1.0- 14,1
£ 54, W, ey 1.e1r Té -158
AP Yiisc Crest, om 22.8 5.027 18 - Ly
Thigh ., om 6.2 1.21k i3 - £0
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MENT SOURCE
once Seckeley Ladoratory
N and Records Office

Accession No.
File Code No.
CatonNe. __ 2/ 9
Folder No. z
Notes
Founc By .
Datac

. X

LOW~BEER, B. V. A,

*Radioactive Phosphorus as an External Therapeutic Agent in Basal Cell

Carcinoma, Warts and Hemangioma,"

The Americen Journsl of Roentgenology and Radium Therapy, 58:4-9, 1947,

6, O T. ¢

Superficial akin diseases were successfully treated with direct

application of radicactive phosphorus (FS2) o the area of the lesion.

0ffice type blotting paper, 0,4 mm thick and weighing 21 mg. per square

centimeter, is out to the size of the lesion with a 0.5 - 1,0 on margin

and baoked with adhegive tepe and dried,

It is then soeked in active

¥a HPO solution, dried, and secured to the area of the lesion with ad-

hesive tepe, The threshold erythema dose was found to be 34 uc per sq,

om; mild erythemsa was produced by 620 uc per sq. om, and severe eplder-

mitis by 4400 ue per 89, om. Treatment doses for basal sell ocarcinoma,

hyperkerotosis, verruca, plantor wart, subungal wart, and hemagioma varied

from 300 to 8000 uo = hr, per sq. om, depending upon the size and type of

lesion, Of the lesions treated, 88,6 to 100 percent disappeared without

recurrance,
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