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PREFACE

This book presents mn detmi methods whirh have proved to be useful
W our expenence duming fifteen years of research on vamous aspeets of
mammatian metabohsm particnlarly that of human bemgs m health and i
dease Three somewhat different types of work have posed methodologieal
problems first metahohe balance studies second routine laboratory analysis
ot tissues foad and body flurds and third studies ont n the field A com
mon charseteristic of all three 13 the aecumulation of large numbers of speet
mens on which o wide varety of analyses must be performed The most
satisfactory methads 1n ail three cases are those which use the Ieast amount of
samples and which can be run routinely mn large numbers Sometimes 1t 1s
desirable to sacrifice some specificity m favor of simpheity, snd sometiuney
1t 13 neces ary to sacrifice some accuraev for the sake of spred and repro
duesbility  We have deseribed 1n detmil only those methods which have been

used routmely by us long enough to clanfy the precaulions essential for
suceess

We have omitted mnte Ny any d of 1sotopic ul 1fuge
2nd eleetropharetie techniques for the reason that as yet they are not widely
used routinely in metabolie balance studies  This emussson will doubtless have
to be rectified mn future edstions

The manner of presentation adopted 1 this book has evolved over manv
years of trmwming tech and A tudents We have found that a
umform detailed presentation following a smgle basie outhme s a great
saving of time for the mstruetar especially when examples of ealeulations and
o histing of important precantions are also included

Some of the matenal m this book was taken from two previous com
pilations

Syllabus of Laboratory Methods from the Harvard Fatigue Laboratory *
by W V Consolazio § M Horvath and D B Dil} (2941) and

Lahoratory Manual of Theid Methods for Biochemeal Assessment of
Bletaboli. and Nutntional Condition’”” by R E Johnson ¥ Sargent C T'
Congolazio and P I Rohinson (1945)

We are of course mdebted to many peaple for beip and advice durng the
preparation of this book Our ormer eolleagues D B Dl H § Belding
R C Darling and F Sargent have given valuable asaistance We are par
ticnlarly wndebted to Mr Carl Gordon for producing or redrawing sli of our
chorts  Almost ali members of the Medieal Mutrition T aboratory helped at
one time ot another especinily the whole secretaral staff Tn partienlar
Mrs I DeCordial worked hard in preparing many drafts and Mrs T Vrhel
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10 Preface

Mrs I DeCordial aud Miss E Bielat were solely responsible for the final
typography of the book Jembers of the Stalistical Branch assisted m many
ways and Captam J Rielly MSC rendered great service n the sssembling of
the mannal The i of the Bioch y Branck (Dr G Weigend
Mr J Belt Corporal T Hutton Corporal R Powell and Private R Golden)
helped out on mans oceasions and Private H Rosen drafted the sections on the
spectroph ter and flamme phetomet. The section on micre
biologieal procedures was prepared by Captamm L Crowley MSC Mrs B
Enwall and Miss L Blanksma Miss M Maloney assisted m the preparation
of the sections on clinteal laboratory procedures
In 2 book such as thiy most of the work is not omginal  Pernussion has
been obtained from authors and publishers for the reprinting of certam charts
and graphs Tlor the use of ilustrations of apparatus we wish to thank Dr
Peter Scholander Swarthmore Unnpersity Pennsylvan:a Dr Ancel Keys
Laboratory of Physiological Hygiene Umiversity of Minnesots Mr W V
Consolazio Office of Nasval Research Washington D C Dr D B Dill
Medical Diniston Edgewood Arsensl Maryland and Dr I 8 Belding of the
Chmatie Research Laboratory Lawrence Mass
We have recened withng permission from numerous manufacturers to
deserbe therr products and have been supphed by them with photographs of
their mstruments and with ewrewt diagramg  In the approprinte places 1
the text thewr contributions are acknowledged

€ F Cowsonazio
R E Jowvsov
Everyn Marex
Urbane Ilinow and
Clueago Ihnoss
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SECTION 1
INTRODUCTION

The purpose of thus manual 13 to ss31st mn the earrying out of metaholc
studies whether 1 the laboratory or in the field  Perhaps a brief desenption of
haw the book 15 erganized will facilitate 1s use

A standard form of presentation has been adopted for all detarled desersp
tsons of methods  The major headings presented n each ease sre  (2) title of
method (b) a key reference (e} a brief outhine of the prineiple of the method
(d) a detaled hist of apparatus that wil be requred (e} a detatded st of
reagents and how to prepare them (f) a step by step deseniption of the method
{g) the general eguation for ealculating the results (h) an example of a
typieal st of results ealeulated aceording to the general equation and (1) pre
eautions which we have found to be important 1n using the method Those
sections that do not deal with speaific methods have no fixed pattern the
presentation beng approprate to the subject matter

The first major section of the book deals with the collectwn and storage of
specimens this being & Primary coneern in all metabolie studies The seeond ma
30t seetion deals with mstrumentation and meludes detatled desexiptions of these
mstraments whieh will be used m the various procedures presented later in the
book The third mamn section presents bwchemucal procedures covering the
categorses of munerals protan and nitrogen compounds carbohydrates and
dernvatives fats and dermatives vitamins hormones enzymes pigments and
hydrogen 10n cyneentration  The fourth section deals with microbiologieal pro-
cedures which are appheable to routine analysis of vitamuns and smino aesds
The fifth seetion 33 concerned with physiological measurements  blood gases
physical chemstry of blood gases cstimation of respiratory gases measurement
of respiratory metabobwm pulmonary and the of
plasma solume blood velume snd extracellular fltnd

Starting, with the sixth major section the presentation changes somewhat
Tho srxth sectien 1tself deals with studies tn the field 1n swhich the authors have
had a wide and vaned expenience  {Freld phystology poses many mteresting
methodologieal problems which have to be met 1n a manuer not always as TIgor
cus 38 19 customary 1n the laboratory 3 The seventh scetion disousses briefly some
of the technigues which we have found useful 1 metabolic wards The last major
seetion desls with choseal laboratory procedures emphasis betng placed on
functianal tests  This section docs mot attempt to be comprehensive i filds
of chimeal pathology that have been eovered well in numerons other textbogks

Two mmnor seetions finush the text of this manual A st of references 1
Lrven to standard statistical treatises  Finallv & series of misecllancons tables
of useful data 1 sppended

17



18 Introduction

Throughout the book extensive use 13 made of D Ocapne alignment
charts We have found that these charts have two great virtues m metabohe
studies first they speed up the tion of the vol data which
are always collected, second they mimmize errors in computation. All of the
alignment charts presented herein are used 1n the same way  the final answer
18 read from the middle lne when a string or ruler 1s stretched straight be
tween the values histed on the rght and left hand hines

Smece no two workers will always agree on the ments of indinidual
methods we have included at the end of many seetions an ecleetic bibhography
of other useful methods These bibhiographies are by no means complete, but
they do give some suggestions on where to go for further information.

The index contamns references to substances methods authors tables and
charts It 15 felt that a single index 1s easier to use than several separate
indices
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20 Oollectron ard Storage of Specimens

Example
Total day s diet (ncluding fm:d) weighed 2750 gm
Sample taken for mixing Was 500 gm
Final volume of mixture was 2000 ml
The final mixture ¢ontaned 20 wmg N/ml

Therefore
000 2150
m N/dsy = (20) x S =27
& V=20 X o X e < 20
Precautions
1 Sampling of the diet 13 cntical especially when whole chunks of meat are used.
2 Complete homogeneity of the mixture 13 essentra] For the highest accuracy 1t

must be possible to pipette the final mixture

In deep freezing bottles will break 1f they are too full Two thards 1s about nght
Computations are made easier if the total day s diet can be mxed for analysia
not Just a sample of 1t

o

¢ WHOLE BLOOD AND SERUM (IN THE FIELD)

A properly tramned crew using convement apparatus and facihties can
easily draw 70 specimens of blood in one hour

Apparatus (assunung 100 subjects)

For drausng blood
1 Convenlent table at least six feet long and comfortable chair for subject
© Kit contarung .0 ml syringes 15 ml centrifuge tubes sharp No 20 needles
sponges eleohol 80% by volume and bandages
3 Racks contammng % 0z vials prepared with heparm as deseribed below
4 Dishpan contaimng clean water
5 Small pan contarming ssotomic saline solution mede as described below
6 Autoclave or other field sterlizer

For preparing and storing gerim
1 Centnifuge. Clay Adams Semor Clhmcal Angle Head Eight Place AC DC Centrifuges
are thoroughly satisfactory
2 Wooden applicators
3 Two stanless steel 6 inch No 0 needles for transferring samples
4 Racks of % oz vials for storing samples
5 At least a dozen 10 ml syringes

Reagents

1 Saline solution About 2 liters for every 100 subjects It 13 most convemently
prepared from commercial saly tablets designed for the preparation of physialogical
saline solution The usual tablet weighs 10 gm and should be dissolved 1n 118 1
of water

2 Heparin  Potent prep of the Cr Lab: ry are the most satisfac
tory There should be solutions of two different strengths The first fs used when 1¢
18 deswred to keep 10 or moro Tl of blood from elottng The heparsn 15 dissolved 12
hot physiological saline solution m such a strength that 1 drop sill hold 10 i of
blood for 24 hours The second or weak strength solation 15 des gued to be dried
1m 35 oz vals to hold £ ml of whole blood for 24 hours It 13 prepared in plam
water 1 such a strength that 1 drop wall hold £ ml of blood Vhen 100 subjects
are bemg examined 14 0% vials are placed m thew racks one or two days before the
test and ons drop of weak hepann  is placed 1 each vial azd is allowed to dry
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The taps ere screwed on sad adhes ve tape labels are attacked The solut ons of
hepann once made are stable 1n cool places for at least 2 months When dned i
siala the heparm keeps indefimtely As an example of makiog up heparin solutions
& recent batch of Connaught Laboratory heparin was shipped i vials each contaming
100 mg For strong heparn 100 mg were dussolved i 14 ml of physiological
saline and for weak hepann 100 mg were dissolved in 70 mk of distilled water
1t 15 cbvious that these amounts vary from batch to batch.
3 Alcoho! 80¢" for stenhiz ng

Procedure
1 Drawng blood

2 On the mght before needles ars sharpened and sterthzed syringes sre checked for

¢hips and vials are labelled

b The six foot table fs arranged o that the subject sits on & chair at one end with
fus night arm straightened over the tablo convemiently for ome man {o draw blood
from an veun Racks tubes and vials
are placed mear the subject s arm. Dishes contaning sponges i aleohol are placed
conveniently withm reach of the man drawing blood A roll of 50 needles that have
been carefully wrapped 1 gauze and sterilized 13 opened with Just the first needle
showing  As needles are needed the yoll 15 gradually opened 50 &3 mot to con
taminate all of them At the other end of the table are placed a dishpan contan
ing clean water and the pan eontmmng physiologeal salme solution  The space
the mi 1dle of the tublo 13 reserved for syringes
A crew of 4 men engages 1u these activities The subjects are ¢ommanded to
hine up s ngle file Each man comes up in turn sts 1n the chair and straghtens
out s arm over the table One man behind the chair apphes venous stasis by
hand and soother man commences to draw blood. A third mazm on the mds op
pomte the chair labels & centrifuge tube and s vial with the aubject 5 1dentufica
tion  When ebout 15 ml of blood have been drawn the needle 18 removed from
the arm a spongs moustened with aleohol 1s placed in the antecubital space
and the subject 13 released with instructions to marntain firm pressure by hand
for § minutes In our experience tho mere flexing of the elbow in some instances
i8 not enough to prevent hematomas
The man who hss labeled the vials and tubes holds the wial i such & position
that the operator ean eamly introduce about 2 ml of blood 1ato the hepannized
vial 204 then screws on the top and muxes the blood and hepann thoraughly by
wversion DO NOT BHAKE At the same tune the operator introduces the rest
of the blood ito the 15 ml centrifuge tube down the mde gently in order to
prevent hemolyms
The fourth member of the crew washes dirty syringes and needles by recerving them
from the operator Io 1s stationed at the far end of the table A stenls needls
18 fitted on a clean syringe and the aperstor begims to draw blood from a mew
® bject wha 1 be ng prepared by the second member of the crew
After the synoge snd needle are washed in clean water the needls is placed in
the basin of aleohol and the syringe is prepared for use by 2 washings of about
5 ml each with phymological saline solution The resdual sal ne solution in the
synage 13 in Jarge part removed by vigorous pumping of the barrel The amount
of soline mow remmming has no sigmificant effect on 15 ml of blood. The clean
+7nioge 13 Placed on the table within ronvenient resch of the operator

o

a

a

© Preparation of serum

. The centnfuge tube contaimng blood is allowed to stand for at lesst 15 mn
6les 4o that clotting Is well advanced It may stand up to 2 hours withoot harm

A v



22 Collection and Storage of Specimens

b A clean wooden applicator 13 mserted carefully down the mde of the tube to
the bottom The appheator 13 moved around the whole caircumference of the tube
touching the side for the full length of the tube at all tunes This step breaks
strands of fibrin and 13 essentzal for obtaimng 2 good yield of serum

The centnfuge tube 15 placed mn the centrifuge and 13 centnfuged at high-speed
for about 10 minutes

a

4 Just before step © Wals arc labeled and mumbered to vorrespond With the saaples
m the centrifuge It has proved unsatisfactory to label many vials at once
owing to mux ups 1 transferrmg samples of serum when this 1 done

® With the centrifuge tube held n the left hand and & 10 ml synnge fitted with &
long needle 1n the right, serum 15 removed and 1s placed 1n & vaal

£ Samples of whole blood and serum in carrying eases should be stored in & con
vement cool place

Precautions

1 In drawing blood
& The man washmng syrmges must be sure that needles do mot become plugged that
chipped syringes are removed from eirculation and especially that thers 1s no
excess saline solution Jeft 1n syringes that he has cleaned
b Before begumng to draw blood 1t 18 advisable to brief the whole group of sub
jects on the desirability of maintsuung firm pressure after blood has been drawn
¢ Be sure that heparmzed tubes are completely dry before use

2 In prepanng serum

a Hemolysis 19 best prevented by malung sure that centrsfuge tubes are dry, that the

needle 13 removed from the synnge before blaod 15 mtroduced 1nta the centrifugs
tubs and that blood 18 1ntroduced gently down the side

b Make quite sure that thera 13 adequate padding i the bottoms of the brass cen

tnifuge cups and all centrafuge tubes to be used it Joosely in the eups without

thewr hps touching $he brass 3£ this 18 not done thers will be annoying breskage

D URINE (IN THE FIELD)

When a hundred or more subjects are to be studied simultaneously, the
work 1s facilitated by the use of disposable vessels convemtent storage bot
tles and ovalic armd as a stabihizing agent

Apparatus
1 About 120 unwexed cardboard drinking cupy (These must be tested for sub
stances with Dixie cups No 2108 8 oz are
good.)

e

Measuring eyl nders of 250 ml eapacity
Carrying racks contamng 1 oz round short wide mouth amber bottles with plastic

3
screw tops Each new batch of tops must be tested for substances mterfenog
with estimations
4 Porcelan spatuls for debvermg approximately 100 mg of oxalc acid into storage
bottles
Eeagents

1 Oxalicad CP powdered

Procedure .
1 On the preceding mght add to each storage bottle approximately 100 mg
oxalie acd by means of & calibrated smslt spatula The functions of the oxehc

anid are  (a) to stabilize ascorbic acid aud (b) to brng the sadity of the
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spevimen to pH 3 to § which 18 the range of maximum stability of thismine nho
fianin and 2 1 methylnicotinamide

The mght before Iabels of adhemve tops are placed on the tops of the storage
bottles an1 the notel aoks are | ned up

It 18 usual 1n cur fleld sutveys fo collect fasting specimens in the morning  The
subjects are aroused at 4 30 &3¢ and are liwed p at 2 Iatrme just sbout 500 am
At commapd they empty thetr hladders nto the latnina They are then ordered
to dnuk at least one balf pant of water 1o order 10 inzure diurems They ars
also ordered to wnnate i the next hour and & balf only st commasd. Light
activity 13 allowed and we customanly draw blood dunng this bime a3 desenbed
1 G alove

Just before 6 30 A3t each subject 13 1vned & paper cup 1 ith ks adentification on
it At the command all subyects unsate into their ¢cups and are instructed to
emptv thetr bladders completely using more than ome cup »f npecessary After
urinstion the subjects place theit eups in prder in & convenient place for sabse
quent measunag

The fime at the beginning sud end of collection f recorded Subj ctw unsble
to uninate at command must be detained until they can urinate and the tumes for
auch o & kave to be noted particularly carefully

It 18 conventent to have a crew of 3 men for measunag and stoning the unae

Tho first risn med ures the yolume of each #pec men reports it to the te order
and fours an sliquot of about ®5 ml inta the Lrown urne bottls pouring excess
uring 1nto & waste jar and throwing pap r cups mto & garbage ean  The second
man records the volumes in a motebook The third member of the crew is ro

agonstb e for puttu g 1dentification numbers on the 1 0z bottles to correspond with
the szmple from the cup scre ving on tOPs and puttiog the spec mens n order in &
rack

The racks of specimens ars placed an order 12 their carrying boxes and are storsd
12 aay convement cool place

o

-

o

@

-

Calculations
1 It 15 deaurable to re ord unnary €xcretions of vitamuns in terms of milligrams

or zieroyrans excreted per hour  Oné column in the notebook should therefore
show mi of urine exereted per hour ealeulated s follows

' houy = Eh urine collected in so1s} peniod
ol urne per hour = e vn Bts and decimal frachon oF by
Exampls

Bisader emptsed 5 05 and unine coflected untd § 6

ml aliected 110

Therefore

10 10
w} vrime/hr == T, =T =8

The ealeulations are facilitated biv the line chart (Fig 1)
‘Precantions

Alwaye bave spare cups o haad 10 csss & fow men have a large dhuresis,

Dever fut oxal e %e¢id in the paper cups becavss it quickly mabes tha bottoms
lesk

Pourmmg from the cups 39 faciitated by pinchiog the eup and making 3t fato &
spout.

In ur oxpetsence trytog to put tops o the cups 1s more Lotber than 1t is worth
If caleivm 13 10 be men vred $hs w7120 samples must be preserved with s Isyer
of toluens  Oxal ¢ aead will precipitats ot calciom d2 the urine

@ 3w

o
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Tissue 25

E TISSUE
Apparatus

O N

‘Porsion halance (Roller Smith 25 gm capacity)

Mortar and pest!

Deep freeze unit

A vamety of pipettes

A number of 15 m! round bottom centrifuge tubes

A puwmber of 086 ounte brown bottles

A number of tssue grinders (Potter % R and Elvehjem C A. A Modifed
Method for the Study of Tisue Onidstion J Pl Chem 114 495504 June
1938)

{The apparetos connsta of u Pyrex tube of 30 ml cupsaity gradusted to °5 ml

and fitted with u revolving glass pestle that has & 15 cm glass sheft on 1ts up
p rend The shatt fits by means of & Tubber stopper to the shaft of & 1/50 hp
electrie motor that has a boilt i reducing gear of 8 % ratio and g smtable rheo

stat)
8 Centrituge
‘Beagents
1 If ascorbic acxd 13 16 be estimated & 5 soluhon of metaphosphone aed in
water or & 10% stannous chlonde solution made up 10 5% metaphosphonie aed
is needed for stabihizing the vitamin.
2 Carbon diomde wolid (when unstable eompounds are snvolved)
3 Trichloracetic acid @ 4™ solution 11 water ia the most generally appleble
deprotemninng agent
“Procedure
1 For specific apalyses refer to the full detsils of the method ms presented 1n the
appropnate sections
2 As a general too) for prepanng solntions for routine analysis of water soluble
compounds such 3n Jathe wnd the hisme s been of
ute
& Wegh tissue on torsion balance and drop into the bottom of the homogenizer
tobe (I an unstable system such as the glycolytic system of muscle is 1
volved the tubs should be 1 dry ice for quick freezing)
b A3d sppromumately 10 ml of the appropriate deproteimzing sclotion. (For
‘upstable sysiems 4his shonld Le near the freenng point)
¢ Insert the rotor of the homogemzer and grind the tiasoe ustil mo discrete
particles ean be seen in the tubs
4 Bemove the rotor washing it dawn inta the tuba wath s stream of depratewane
ing solution delivered from a pipette
¢ Milute the contents of the tube exactly to the des red volume with deprotemsz
iog fmd.
f Centrifuge 10 minutes et moderate speed
€ Uso shquots of the supernatant flid for analysy
3 Under many ercumstanees samples of hasue can be weighed placel in 8 elosed
contamer which will prevent evaporation and stored in the deep freeze until
required for analysis.
4 For rome the tise i acd & mortar wnd p atle
bas to be used. Blun and boneu cannot be ground 1a the tissue homogenizar
Calculation
Beo apacific methods
Precantions

Seo epecific methods.



26 Collectron and Storage of Specimens

F FECES
Apparatus
1 A deep freezo umt
2 A refrigerator
3 A Wanng Blendor one quart eapueity
4 A 2000 wmi graduated eyhinder
§ Large open mouth yacs of 3 Lo 4 hiter capacily
6 A number of 2 m! and 5 m1 calibrated Yale BD Lok Syniage (Theso ars recon
wmended heeauss of therr wide bors)
7 A number of No 14 needles to fit the above synnges (These needles should
be sawed off &t one wnch )

Reagents
1 Carmuse i gelatin capsules contasnsng £00 mg each
2 Capryhe sleohol QP

Procedure—Preparation of Subject

1 AY the o to start the collection peciod usually of 3 daye 1 thes Jeboratory,
give the subject one tarmme Ml by mouth  Seventy two hours later give hum
&nother carmune pul by mouth
He should collect hns feces as deseribed below iz a Jarge jyar untsl carmuna Brat
appears 1y # gtos? Then he should collect all stagls thereafter yn a separate
wide mouth zar antil the second dose of carmne first appesrs This marks the
end of the 3 daf coltection

°

3 sz of

The sample sa collected 1nto & large jur with & wide mouth  Up to three days the
samplo 18 aiways kept 1n a refrigerator

At the end of that tme approximately 1500 w! of water »s 8d%ed and the hd of
the Jar stoppered tightly

Add 1l of capryhe aleohol to prevent foam and shake vigorously

Pour portsans gradually mto a Waring Bleador snd homogemze completely

Ad4 all the homogemzed porfions 1o a 2000 ml graduated cybunder and ddute ex
actly to 2900 yof

Ponr all into & large bottle or flask mix by shalung sud pour eliquots inte two
250 m baown bottles Btopper weil

&

N

L3

7 Deep freeze uutil nsed for analyses
& For mdindual sasfy es refer to the appropriate section
9 For almest s}l kinde of snalyses sliquots rsay be meusured accurately from a Yale
BD Lok Synnge which deltvers accurstely to 6 £ mi 1f properly handled
Oalemlations
If the collection period was three days o substance per day == 200
(gm per ml fual mixture) x;a.‘.’ }
Precautions
1 Full bottles only 2/3 full @s 1 freezing the expansion Wil eause the bottles to
erack if full

2 Step 518 eritseal  Unless the specunsn 13 homogenszed well enough to be pipetted
aeourstely, results will be wurelnble No dwscreto particles must remasrn 13 the
final mixturs

3 Bome aubjects produce feces the color of which masks carmine
chareosd or greea stowdd s Z2or earmize

Tu suck cases




SECTION 1II
INSTRUMENTATION

A GENERAL PRINCIPLES OF SPECTROPHOTOMETRY
1 Transmssion

The ratio of the intensity of the exit beam to that of the meident beam 13
called the transmission of the tube

B
Transmissnion = 3~ 1)

Transmission 13 an expression of the total effect of the intercepiing trang
parent body on the light beam neluding the reflection losses as well as the
actual absarption of the body 1self Thus transmission 1s a proper factor for ex
pressing the performance of a light filter simeeitisa measure of 1ts total per
formance It 19 not a term ord ly used m sp ry because the
companion expression transmittance s much more convenient Both trans
mussion and transmittance ave mentioned here 1 order that they may be recog
nized as thiferent measurements and not regarded as different terms for the
same measurement

2 Transmttance

Suppose now that a test tube of water s further modified by the ad
dition of a portion C of a soluble eclorant The intensity of the exat
beam will of course fall from the ongnal value to some lower value The
ratio of the intenmty of this exit beam with € added to that with C’ ab
sent 18 called the transmittance (T) of C '

B
To = 3~ )

It 13 very mmportant to notice that T¢ 13 an expression dependent onlv
on the nature and amount of the added e a of
losses and of sbsorplion lesses from sl other constituents of the solution
In spectroch 1 proced: this 1nd d of measurements is
achieved by the use of optically 1dentical euvettes  One of these 13 filled with
a solution that 13 either free {rom or else contains a known proportion of the
considered constituent This cuvette of solution 1s called the reference
Another of the :Wdentical curettes 1s filled wath the solution under test contain
g an unknown proportion of constituent hut otherwise optieally 1dentical
with the reference  Thg latter 13 termed the sample’  The spectrophotom
eter 15 used to e the Y i C ! between the

7
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reference and sample by measuring the relative mtensities of the exst beam
first with the reference and then with the sample 1n position

It should now be clearly understood that we are always dealing with the
transmttance of the difference mn concentration of a eonstituent between ref
erence and sample and not with absolute concentration It will be evident
also that transmttance measurements are based on the premise of optical
dentity and this fact must be given due consideration n the selection and
handling of cuvettes and m deciding on the proper reference solution

3 Belecting the Proper Reference Solution

In elmeal chemustry the reference solution will nsually consst of 2
blank 1dentreal 1 eomposition with the sample except for the concentra
tion of the eonsidered constituent In some instances distilled water may
prove an acceptable blank but 1ts use should be the exception rather than the
rule because the possibility of introducing hght absorbing constituents with
reagents 1s usually very real and the shight gain 1n convenience seems hardly
worth the cost It 1s certamn that a reference consisting of all mgredients
possthly meluding a known proportion of the considered constituents is by
far the safest selection and as explammed above 1t 15 perfectly permissible to
regard the considered eonstituent C as the difference 1n concentration be
tween reference and sample The practice of employing an air reference 1s to
be condemned
In the development of new procedures as well as m the routine apphea
tions of existing methods too much stress cannot be placed on the very obvious
but frequently overlooked fact that no spectrochemcal analysis can be more
rehiable than its reference

4 Color and Wave Length

Referring agam to a cuvette of colorant the transmitance (T) of this
solution will be less than that of pure water because 1t allows less light to pass
But let us assume further that the colorant 1s hemoglohin  Why does the soln
tion appear red when viewed by white light?

White 1s actually a mixture of light Tays of many different colors and
only when these colors are combined 1 the proper proportions does the hight
appear white Thus when this cuvette of solution 1s viewed agamst white
Iight 1t appears red because the hemoglobin has the peculiar ability to stop the
blue and green light rays much more effectively than the red The ext beam
fhus contamns a much greater proportion of red hght and so appears colored
red This propertv of a substanee to interfere unequally with the passage of
different colored light 15 termed selective absorption

Tt will now be apparent that because of selective absorption the T of a
colored solution will depend on the color of the light used for the measure
ment and that the presence of a constituent will be most evident when the T
measurement 1s made with hght of that eolor most strongly absorbed by the
constituent 'This then 1s the ontstanding advantage of the spectrophotometer
as compared to a colorimeter that color most strongly absorbed by the con
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stituent being measured czn be readily determned and the sensitinty and re
liability of the analysis greotly improved by then operating at this wave
length the relative effert of interferng conshituents decreasing aceordingly

With a filter ph ter or col ter 1t 15 ¥ to express the
color of the hght used for the T measurement by a name such as ‘blue green *
or by an arbitrary number designating the type of filter used to produce the
colored Tight But such terms are only approtumate eolor expressions and for
absorption spectrochermstry 1t 1s both more convement and more exact to
express the color of the hight in terms ot wave fength (A) This numerical expres
s10n of eolor 18 particularly convenient beeause 1t makes possible a graphieal
expression of the relationship between AS and T and thig spectral transmittance
(ST) curve strlangly wndieates that partienlar wave length where the con
sidered constituent absorbs most strongly and ean most readily be measured

The wave length scale of most spectrophotometers 13 calibrated mn mill
microns (1 milimeron = 10 Angstrom umts = 10 ® millimeter) and the wave
length of the measuring hight 1s controlled by adjusting the A knob of the in
strument until the required wave length appears at the index of the A dial
The beginner should acquaint himself with the relationship between color and
wave length by placing a white paper in the instrument 8 (uvette well and
then noting the calor of the light projected on this paper with various settings
of the A dial

5 Preparation of Spectral Transmittance Curves

The development of the spectral transmiftance (S.T) curve of the con
sidered ingredient should be one of the first steps 1n the rational development
of any new spectrochemical method Obrviously all such measurements shonld
be made 1n an d 1 with that lated for the analysis
and it need hardly be added that the final method must mmcorporate control
measutes for pIl or other environmental factors that can affect the color char
actenstics of the considered constituent or of any other constituents of the
solution on which the spectroph trie will depend  Usually
the mitial study will contemplate also the ST curves of possible interfering
constituents and with such a gronp of curves before hum the analvst can then
wtelligently select that wave length where the proposed method will be most
sensitive to the 1on of the being d and least
sensitive to interference

The 8T curve 1s also of great importance in deeiding the optimum wave
length Dbecause 1f the photometric measurements are made with menochre
matie hght having the same wave length zs the charactersstie absorption band
of the conmdered comstituent the data will almost imvarably obey the
Lambert Beer Latw with presion  Indeed 1t 18 only when measurements are
made with such monochromatie light that this law may be expected to hold
exactly and while exnct observance 13 not imperative to exact analyms it cer
tanly 13 both convenient and resssuning  With properly developed and ap
phed S.T curves 1t wall be found possible 1n slmost every mstance $o select
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& proper wave length and so regulate the chemistry of the analytica] method
that the Lambert Beer Law apphes well within climeal precsion.

There do occur instances when 1t may prove desirable to work at some
wave length other than that at which the considered constituent has maximum
absorption and kere again the ST curve 1s a chart from which one may reach
logieal conclusions concerming the optimum wave length An example
of this sort 15 the spectrochemieal measurements of pH uswng the dye methyl
orange If the begumer is not already famihiar with the §T curves of the
acid and basie forms of this indieator 1t 1s suggested that he prepare them
using the same cancentration in each instance Then note that the wave length
of maxamum pH sensitivity does not comnerde with either pont of maximum
absorption  Because the preparation of ST curves 1s so sunple and therr

fi so fund. tal and licable every operator should famibarize
himself with their use by esamining several typreal colored solutions prepar
g their ST curves and then deeiding the wave length best swited for the
spectrochemical measurement of the eolored constituent in each instance

The S-T curve 15 prepared by measurmg the transmittance of a single
sample at a series of wave lengths within the range of the spectrophotometer,
using 4 smtable reference The data are then plotted on cross section paper
conveniently with tr: tance (T) 4s ordinate and expressed as percent and
with wave length (X) as abseissa and expressed as millimicrons (mp)  Usually
the pownts first plotted wili disclose regions of low T values and additional
points will then be loeated 1n these regtons until the mimma are established
to the desired exactitude “Most spectrophotometers are capable i most m
stances of indicating & minimum with an aceuracy of 1 or 2 mp, simply by
taking a series of closely spaced T readings n the region of the criheal value

The prmapal purpose of the ST curve 1s to mndicate that wave length
at which the considered constituent has mmmum transmittance and the ex
actness of this indication 1s highly dependent on the amount of the constituent
that the measuring beam 15 caused to penetrate If the sample solution 15 too
dilute or the cuvette too small the amount of constituent intercepting the
light beam may be nsufficient to produce an exactly measurable response
Conversely 1f the sample 1s too coneentrated or the cuvette too wide the ST
curve may be so flattened at the reglon of mimmum transmittance that the
optimum wave length cannot be exactly ascertamned Tt 13 important to re
member that the curve will b most indieatne when the sample concentration
and depth are so adjusted that the mimmum T value wil fall between 5 to 90
per cent  Thus good practice demands that the first step in the preparation of
the S T curve be the selection of a smtable cuvette size and solution concentra
tion

This braef discussion of ST curves 1s presented primanly because thew

fi 15 too little r d or at least too little utilized Actnally one
of the outstanding advantages of the spectrophotometer 13 that 1t allows the
dexelopment of these curves and thereby a simple and mtelligent approach to
the development of new spectrochemical methods and + more exact apphes
tion of old ones
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6 The Lambert-Beer Law

The absorption of light by a substance 18 due to the transmission of the
mdividual atoms or molecules from one energy state to another The spectro
photometer 1s an mstrument capable of measuring the mtensity of light ab
sorbed by & given substance at a given wave length makmg possible identifica
tion and quantitative analysis of substances in solution

The most satisfactory operation of spectrophatometers 15 with systems
which obey Deer's Law dealing with light absorption. The law can be stated
thus () ail layers of a solution each of a given thickness absorb the same
fraction of light meident upon them and (b) all layers of solution each eon
tamng o given number of molccules absorh the same fraction of light 1
exdent upon them  Thus the mtensity of light absorbed depends both on eon
centration of solute and length of hight path through the solution

1t I 1 intesarty of incideot hight

X 15 intensity of 1 ght absorbed

do 13 concentration 1n moles per hter and
a1 1a the thickness of a laver

LoamaE o

1 1 1
ar a Eid L
T b and T «
1 o 1 o

In 1
LRSI wdln 7 c
combinung
1 1
Yoo or np = ke
1
or log - = 1 orD = le (Equation 1y

whers D = optical denmity or log —1{1

wolar extinetion coeflicient wnd
© == concentration in moles per lter

In this way using the last equation 1f D 13 determined experimentally
{or a solution of known concentration and lightpath at a mven wave length
the ¢ can be calculated Since ¢ 15 dent of ¢ and | when Beer s Law
helds e for any other salution can be calenlated from denwity readings To
test the applicability of Beer s Taw optieal densities of solutions of the same

thickness (1) are plotted against concentration Since ¢ 1 =CE, «1 shonld be
the stope of the graph which should be a straight line

It 1t 15 desired to use transmijtanee instead of ptical density Fquation 1
transforms 1nto the following expression

€= Kiog /T (Equation )
or more simply
= -KlogT (Equation 3)
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In words Equation 3 states that the concentration of solute 1s propor
tional by 2 negative constant to the log of the transmittanee

7 The C tion Tr Calt Graph

The mmportance of the Lambert Beer Law 1s stressed here hirst because
1t 1 the most simple and second becanse 1t 18 the only rationzl means for
translating photometer rewdings to expresswns of the corresponding con
centration ot the simple The law also frequently allows the simultaneous de
termunation of two or even three different constituents wn the same sample
without mutual mterference

The relationship between C (Coneentration) and T (Transmittanee) 18
exactly expressed by the Lambert Beer Law m practically every instance
where the reguirements of this law are fully met These four requrements
are

2 The T measurement must be made with monochromatie hght

b The T measurement must be made at a wave length corresponding to

2 region of the constituent’s ST eurves where T 1s substantially con
stant 1e at the middle of a region of maximum gbsorption or on a
‘flat portion of the curve The measurement should not be made on
the ¢ side’ of an qbsorption band except under unusnal errcumstances

¢ The reference must be so selected that G = 0 when T = 100%

d The nature of the sample solution must be such that its T responds only

to changes n ¢

Fquation 3 sipmficantly states that any concentration C of 2 given solu
t1on 15 proportional to the log of its corresponding fransmuttance T This
means that the eoncentration transmttance (C [) graph of this relationship
will be a straight hine of plotted on sem log coordinates and such a € T graph
constitutes a ealibration by which the concentration corresponding to any par
ticular T value may be convenlently determmed

The eguation further states that this specified straight line will always
terseet the pomnt (C = 6, T = 100%} Accordingly 1t 1s possible to pre
pare the C I' calibration graph of an analybieal method without caleulations
To do this defermme the T of ofte sofutron of Anownm voncentrstron & plod
this known point on semi log coordmates and then draw 4 straight line mter
secting this pomnt and the pont (C = 0 T = 1005%) Tius line 13 the cT
calibration graph of the method

The precaision of this method of plotting Wil depend on how faithfully the
analytical method tollows the Lambert Beer Law and 1t 13 always advisable to
prepare and measure the T of several solutions of known eoncentration within
the contemplated range of the method When plotted these several ponts
serve both to gonfirm the vahditv of the law and to discover erroneois or care
less technique  The pomts should fall on a straight line

Tet 1t be repeated  the technique of almost any determination can be 50
developed that the data follow the Lambert Beer Law with precision provided
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that measurements are made with a true spectrophotometer When these con
ditions are met the construction of the corresponding C T calibration graph
18 fully as simple as 1t sounds

8 Optical Denaity

It 1 t 1n spectroch ry to express the hght stop
ping ability of a sample 1n terms of its optieal density I when

D = 2 ~ Jog percentage transmittance

The advantage of this method of expression 13 that D values are directly
proportional to corresponding C values Tor example

The optieal density of a solution (let us say copper earbamate that has
been extracted from scrum) 1s designated as D ml the serum blank as Ds and
the reagent blank as Dr  Copper 10m 15 obt. d by the
caleulation

4

& K 1s @ termined from tte calibration eurve
b Dml- (Ds+ D = Deu
¢ Deu x K x 100 Copper mierograms per 100 ml

B SPECTROPHOTOMETER COLEMAN JUNIOR MODEL 6
1 General Ps of the Bpectr
. Spectrophotometer

A epeetropt nlometer 28 ats nome unphes is really two instruments 1 & single case
is a dewice for producing colored
hgm of any !o!ec!ed color and when uzed ms & part of & spectrophotometer such a
unit 1s useally called & monochromator and §s usually calibrated to express the color
of the monochromatie light 1t produres in terms of wave length

A photometer 13 2 dew: ¢ for measunng the imten ity of 1 ght and when combined in &
spectrophotometer is ured {0 measure the intensty of the menochromstic besm pro
duced by the assoriated monochromator Usually tle photometric measurement s
mado both with & reference and & control sample 1nterposed in the | ght beam the
difference between the two intensity measurements then be og & measure of the trans
muttanco of the pampl at the wave length of thete t

b The Monochromaror

The monochromator of tha Jumor Chmeal Spectrophotometer i Uluminsted be a
6500 exciter lamp Ths lamp 13 powered by a G volt storage battery (or suitable
transformer) and is turned on and off by & switch mounted 1ntegral with the fine
control knob of the fustrument The filament of thia lamp is & thin straight eoil
about 03 inches long and exactly positioned with respect to the prefocus base of
the lamp  This base regusters cxactly in u special lamp rocket mounted on the in
strument @ lamp arm 80 that the filament thus occupies & very exnet position in the
monochromator optical svstem It 15 verv 1mpo tant to not that exc ter lamps must
accordingly be very earefully handled to myowd possible beading of the prefc us base
end the ealibration of the wnstrument venfied each time the exeiter lamp is disturbed.
Taght from the exciter Jamp flament enters the double lens system of the mono-
chromator and were this an ordinary apt eal system would bo eaused to form a sharp
whits imaga at the plave of the monochromator exit sit Fowever thers s Inter
posed between the two condens ag leares a diffraction grating and this grating hua the
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pocuhar abihty to bend the transmstted lght, the amount of the bending b 1ag pro
portionaf {0 the wave length As a result of thus grating the suticipated white uns,e
8 actually “‘smesrea  und there appeara mstead gt the plane of the emt it 2 tne
and bnifisnt epectrum  Most of this pectral image falls ou ane or the other of the
shit sidewslls and 15 stopped {hat parrow portios of the speetrum fallwg directly on
the eht 1s net intercepted and so exwerges alone from the opposite gide of the sht as s
mondchromatic beam

Fig *— The Coleman Junlor Spectrophotomeler Model 6A (R produc 4 by permtssion of the
manufacturers )

As mdieated the position of the lamp filament mey be altered by moving the lu;;\
arm upder ¢ompulsion of the wave length cam and thw cam is ngidly fixed to the
wave length die]  Thus, a3 the calibrated X dial 15 rotated the Jamp Slament is u;n;;i
&eross the optieal axis of the resulting in & p shuft o o
spactral mage The desipn of the in trument 13 such that that portiom of e‘pecC o
hight actually passing thraugh the ehit always has exactly that wave leagth va!;lc b
currently indieated on th A dia) 1e hght of the desire] wave length is del :’dnl
from the exit sht of the monochromator mmply by adju ting the iostrument -‘ e
10 read that wave length The poution and curvature of the ar¢ through wl; nc b
filament moves 18 such that the waveband pa smg tte slit ia aluays n sharp four

¢ The Photometer
The photometer of this mstrument consuts of & barrier Jayer phow‘c
a ymiable control ewreuit to & proj &

ell vonaected by
by a 8507 gal
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vanometer lawp and projecting ity index image on o galvanowmeter scale monnted 1n the
top of the snstrument case  Mounted integral wath the photocell 1s a rtorrection flter
<elxted largely to compensate for the very great differences in the photocell response ta
bigbt of different wave lengths It 15 to be understood that thus compensation 15 by no
means eomplete and that when the A dial 13 turned the position of the index may ehasge
marhedly The method of operation of the galvanometer contrals 13 ewident from the
arcat duagram (Fugs 2 and 3)

Tt will be noted that the galvanometer of the Jumor Clmesl spectrophotometer 18
double eahbrated with & huear tranymttance (T) seale printed 1a black and with &
loganithaue density (D) seale appearing in red.

4. The Optitnum Transmittance Range

Errors i position of the galvanometer index due to mstrument tmutstions and errors
of the operator i reading the gal seale together the sbsoluts
1wstrument error a value entirely indefendent of the nature of the analytical method
and of the manipulative skill of the operator The effert of this absolute error on the
Precision of an analysis)s called the effective 1nstrument error

The magmitnde of the efective error corresponding to a given nbsolute value 1t sur
pniyingly dependent on the transonttance of the sample beinf tested and ma a eon
sequence the efficacy of an avalvtiesl procedure mav well depend quite a3 much on the
ddution ratio selected 8s on the venty of the chemieal reactions uvolved Theae s
faet the snalyst too frequently dis egards :n the development vf las new procedures
although 1ts observance 1s alwavs well zepsid by more exnct and ronsistent dats

2 Setting Up and Calibration of the Tnstrument

a. Mounting and Connecting
{1y Place the mstrument on a reasonally level surface free from extreme vibration
mounting one round sponge rubber pad under each snstrument foot to mmamze
sov shight vibratwona{ effects that might oth rwise disturb exsct galvamometer
teadings
(2) Copvect the tw1 ted black and red pair of wires to either a & volt storage battery
or to a constant volfage transformer dehivenng not le s than .5 watts at 6 volts
The polanty of this eonne tion 1s immaterial
(3) If a storage battery 15 used always connect sts postive (+ red) termunal to the
po 1tave (+ red) lead from the battery charger and eommect its negative (~ black
or unmarhed) termmal to the negative (- colorless) charger fead Conmect the
bae cord plug of the battery charger to th power source andicated on the charger
istrument plate Do not attempt to charge the battery dunpy s test because
variations of charger potentia) with Line voltage chaug s will cause unstable
readings
Preferably loeste the in trument m & powttion where stropy, light canpot fail v
its panel or wto the cuvette well If this condition caunot be met then always
Place the 6 312 ight sbield over the cuvette well dunng every resding

&

b e Zero

The Jumor 18 equpped with 8 very senmtive but very rugged taut suspension gal
vanometer The zero adjustment for thus element 18 located under the rsused
housing Ju t 1o the Jeft of the cuvette well. 1f the spectrophotometer 15 not disturbed
or 1ts leveling sliered then this galvanometer ad)istment yemsmns very stable The
purpose of the ra sed hou g 18 to protect the galvanometer adjusting lever from aay
acadental islocation

T1th the justrument et up avd tonnected as specified 1n the preceding seetion Srst
2dju.t the galvanometer zero us descnbed below  Always verdy the galvanometer
zer adjustment before undertsking an analyms and if necessary rectify It may con
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ven ently be checked at any t me dur ng an analys s and this procedurs 1s recom
mended dunng prolonged rout ne exam nat ons whers extreme prec s on is demanded.
(1) Turn the instrument on by rotat ng the fine knob elockw 3o untal 1ts sw teh
ol cka and the A d al 2 Hum nated
(°) Desens tizo the galvamometer c rcu t by rotat og the coarse knob to ts ex
treme counterclockw se poston and the fine knob ms far counterclockw se
83 3 poss ble w thout turn g off the switch
Darken the photocell. If  cuvette adapter is ava lable the photocell 1s con
ven ently darkened by plac ng the sdapter in the well w th its key 90 clockwuse
to the keyway of the well In ths post on the adapter 1s not fully seated and
also ts wndow s mot n the path of the I ght beam An alternat ve method 13
o place a 8) p of opaque paper n the well so that the monochromstor beam i3
completely stopred coves ng the well w th the 1ght sh eld. W th the photocell
darkened there is no electr cal input to the galvanometer whch may now be
caused to read exaetly zero on the black scale by moving the galvanometer ed
Justug leve To ve fy the galvanometer zeto perform steps 1 * and 3
(4) W th & penc1 pont or other conven eut tool reach under the hous og and move
the galvanometer adjust ng lever untl the galvanometer index resds exactly
¢ 0 on the black % T scale 1e at tho left hand end. Do not alter th s adjust
ment dur ng an analys s except to correct
Veritying the Wave Length Calibration
O dnarlv th s operat on s mat necessary yet coufirmat on of the X ca) brat on s such
o quck and B mple task that t may well bo neluded n the in tial setup It must

be undertaken 1 the excter lamp » A sturbed A 6400 & Iym um sanderd filter is
requ red for th s test

¢

&

The X cal brat on 1 ver fied as follows

(1) Turk on the mstrument and allow to warm up for 5 m mutes before proceed ng

(”) Set tho wave length scale to read 610 exactly

(3) Insert the 6400 d dym um eal brat ng fil er in the cuvette well Lut wth ts key at
£ ght angles to the cuvette well keyway Y th th s angular pos t on ng the photo

cell s completely darkened

Set the galvanometer to mechan tal ge 0 a9 deser bed n scet on b above

(5) Remove the 6400 cal b at ng fllter cover the well open ng and then adjust the
contse and foe koobs unt] the gal mnometer 1adex 1 me €0 oc des exactly with
100 T on the blsck galvanometer seale (Tap the instrument £ the ndex tends
t0 8t ¢k off a ale )

(8) Dhow place the p e oushh cleaned 6 400 cal b at ng filter {n cuvette well with ita
ey ente og th well kevwa  Make sure thut the Slter 13 now fully meated n

we

Tend the new pos t on of the galvanometer ndex 1de on the © T galvanometer

scale If this measured value of T checks w th o + 3 2 ale d v 5 ons of the valve

VLT v Vi Vi T4 vl g Ber Yoeh €01 'bral on is corredt w th o

m 1) mierons and sat sfacto 5

-

[§

¢ by sy chan e the A calbraton § fo n) to have toen shifted n trans ¢ refer
to sect on (d) below for full cal b at ng deta Is
When the X esl bration s found cor ect the galvanometer zero properly adjusted
wad the ostruent mounted snd connected as rpec § d t 9 ready for operat on

of When the A s Not Corgect

(1) Set the instrument on ta s de unscrew the four rubber feet 3a1 remove the sheet
me -labouom to expos the lamp armn b and adjustments Foand G (see
Fgd)

() Loossa sstscrew ¥ onam F

thereby £ e g the cal brat g ecrew G
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vanometer lamp 2and projecting its index image on & galvanometer srale mounted 1a the
top of the imstrument case Mounted wmtegral with the photocell 18 & correction flter
selected largely to compen ate for the very great dufferences in the photocell Tesponse to
bght of different wave lengthe It 13 to be understood that this compensation 13 by o
means complete and that when the A dial 15 turned the position of the ndex may change
markedly The m thod of operation of the galvanometer controls 1s evident from the
arcunt diagram (Figs 2 and 3)

It Wil be noted that the gaivanometer of the Jumor Climeal spectrophotometer 3s
double calibrated with a hnear transmittance (1) seale printed 1n black and with s
Ioganthme dennity (D) scale appeaning an red

4. The Optimum Transmittance Range

Errors 1 position of the galvanometer index dus to instrument limitations and errors
of the operator i reading the galvanomcter scale together constitute the sbsolute
wnstrument error o value entirely mndependent of the nature of the analytical method
and of the mamyulative skill of the operator The effect of this absolute error on the
precision of an aunalysisis called the effective mstrument error

The magnitude of the effective error corresponding to & given ebsclute value s sur
paungly depesdent on the transmittance of the sample being tested and ss a con
sequence the efficacy of an analvtical procedure mav well depend quite as much on the
dilution ratio selected as on the venty of the chemical reactions snvolved Thisasa
fact the analyst too [t i the D of hug new p d
although 1ts observance 1s alwavs well repard by more exact and consstent data

2 Setting Up and Calibration of the Instrument

2 Mounting ang Connecting
(1) Place the instrument o & reasonably level surface free from extreme vibration
mounting one round sponge tubber pad under each instrument foot to mimmize
any shght vibrational effe ta that might oth disturb exact
readings
Connect the twisted black and red pair of wires to eitber a G volt storage battery
or to a constant voltage transformer delivering not 1 ss than 25 watts at 6 volts
The polanty of this connection 1s 1mmaterial
If & storago battery 18 used always connmect 1ts positive (+ red) termunal fo the
positaive (+ red) lead from the battery charger and conneet 1ts negative (- black
or unmarked) terminal to the negative (- colorless) charger lead Comnect the
hine cord plug of the battery charger to the power source mdicated on the charger
instrument plate Do not attempt to charge the battery during a test becavse
variationy of charger potential with hme voltage changes will cause unstable
readings
Preferably locate the instrument in a posstion where strong hight eannot fall on
its panel or 1nto the cuvetts well If this condition eannot be met then always
place the 6 312 light shield over the cuvette well during every reading

€

=

[¢

&

C

b Ad the Zero
The Juntor 18 equpped wath & very sensitive but very rugged taut suspenson g-:’
The zero sdjustment for this element 1s located under the raise

If the spectrophotometer 13 not d)stux'l;:d
o

venometer
houswng yust to the left of the cuvette well
or 1ts levelng nltered then this galvanometer adjustment semains very stable
Purpose of the tatsed housiog 1s to protect the galvanometer adjusting lever from 8y
ueerdental dislocation

With the in trument set up avd conpected as specied 1 the preceding section first
sdjust the galvanometer zero ms descrbed below Always vendy the galvanometer
zero adjustment before undertaking au snalyms nnd if necessary rectify It may ¢on
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veoiently be checked at any tme during an analysis and this procedure fa recom
mended dunng prolonged toutine examinations wh 16 txtreme precision 1s demanded.
(1) Tura the instrument on by rotstung the fine knob elockmise vntil ata ewitch
clicks and the A dial 1s Huminated
(?) Desennitize the galvanometer circuit by rotating the cosrse kauob to sts ex
treme counterclockwise pomtion and the fine knob an far coumterclockwise
3 15 poswible without turning off the switeh.
Darken the photocell If a cuvette adapter is avalable the photocell 1s con
ventently darkened by placing the adapter 1 the well with 1ts key 90 clockwise
10 the keywav of the well In this posion the adapter 13 not fully seated and
also 1ty window is not 1 the path of the hght beam  An alternative method s
o Place & slip of opague paper 1n the well so \hat thy monockromater besm 38
completely stopped caverimg the well with the light shield. With the photocell
durkened there 13 mo electrieal wmput to the galvanometer which may mow be
coused to read exsetly zero on the black scale by moving the galvanometer ad
Justing lever To verify the galvanometer zero perform ateps I ” and 8
With & penc ] pownt or other convement tool reach under the housing and move
1ho galvsnometer adjusting lever ustil the galvanometer index tesds exmetly
2670 on the black % T scale 1o at tho left hand end Do not alter this adfust
ment during an analyms except to eorrect

¢ Verifying the Wave Length Calibration
Ordianily this operation 18 not necessary set confrmation of the X salibration 1s much
s qui k and simpls task that 1t may well be included in the initisl setup Tt must

bo undertaken 3f the exciter hamp as disturbed A 6400 didymwm Mandard Slter is
requarel for this test

3

¢

=

«

=

The h cahibration 1s venfied as follows

{1) Turn on the instrument and allow to warm up for § minutes before proseeding

(7) 8ot the wave length sesls to read 010 exactly

3y Tnsert the 6 400 3 lymaum cahbrating flter 1o the cuvette well Yot With its key at
night angles to 1¥e cuvette well kevway  Wath shis angular posstioning fbe photo
cell 18 completely darkened.

(4) Set the galvanometer to mechanical zero as descrsbed 1n gection b above

(5) Remove the 6400 eahbrating fijter cover the well opening and then adjust the
coarse and fine knobs until the galvanameter index line coineides exaetly with
100€ T on the black galvanometes sesle  {fap the instrument af the index vends
to stick off seale )

(6) Now flace the previously eleaned 6 400 calibrating filter 1 cuvette well with its
keyl entering the well kevway  Make suro thay the Slter 33 now fully seste
wel

{7) Read the n w position of the galvanometer index line on the © 'T galvanometer
wals U s meevated salie o4 T ehathy Witk £ D stade Svnwnom of vhe valan
of T engraved on tha 6400 calibrating Slter the A eslibrat on ia correct within &
will microns and satistactory
If by any ehance the X ealbrati b 13 found to ha o 1on shifte] 1 tranmt refer
10 sect on (3) below for full ealibrating details
When the A eahbration 1s fou d correct the galvanometer rero properls sdjusted
«2d the wmatrument wownted and €0 nected 38 #7 evfied 11 13 3w 3y for Gperation

4 of When the A s Not Correct
(1) Bet the {ustrument on ity tide unserew th four Tubber feet und remove the sheet

metal bottom to expase the latop atm b and sjustmnts Foand G
Tig 3

(") Loosen sot serew T onerm E

(nee

thereby freeing the cal Lrating sctew O
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(2) Now 1f the value of T measured at step (7) 1s less than that engraved on the
calibrating filter turn the cahbrating screw ¢ G elockwise about 4 turn for
oach 5 percent difference 1 T (or vice versa) Then lock i the new pomtion by
shightly tightening on screw P

(4) Repeat steps ¢ (1) to e (7) If the measured and specified values of T stll fail
to agree within 3% repeat steps d (1 4)

(5) When adjustment 12 satisfactory tighten serew ! firmly and then again repeat
steps ¢ (1) to ¢ (7) as 2 final check
Note When replacing the sheet metal bottom make sure that its drain hole 13
below the cuvette well

3 Instructions for Routine Use of the Instrument
= Insert in the euvette well a cuvette adapter of the proper mze to accept the type
of cuvette specified mn the contemplated analytical metbod Standsrd eahbrated
cuvettes may be procured from the company

b Turn on the mstrument by rotating the fine knob clockwise until the switch
chicks and the A dial 13 1tluminated.

¢ Venfy the galvanometer zero setting and readjust 1f necessary

d Adjust the A dial to that wave length specafied wn the contemplated analytical
method

© Wipe clean and then insert at the proper angle mn the euvette well & cuvette con
taimng a suficient volume of the reference solution (This volume will depend on
the sze of the cuvette )

£ Adjust the coarse and fine knobs until the galvanometer index reads that

value specified 1n the contemplated analytical method. (Usually this will be 100%
T if the black transmittance scale 13 used or 0 1f the red density scale 13 utihzed.)
g Remove the reference cuvette Waipe clean and then 1nsert at the proper angle a
sumilar euvette containing a portion of the sampls solution
Rend the position of the galvanometer mndex on the sme (red or black) galvanom
eter scale as was used for the wmitial adjustment (£}
Refer to tables curves or scale reading for the actual concentration of the sample
solution s directed 1n the contemplated analytical method

=

¢ BECKMAN PHOTOELECTRIC QUARTZ SPECTROPHOTOMETER
(MODEL DU)

1 General Construction

a Electrical System
The Beckman Spi s a Laght passig through
the quartz prism monochromator and the solution falls on a light semsitrve photo
tube indueing 1m 1t & voltage proportional to the mtensity of the hght mncident upon
it Ths voltage disturbs the balanced potentiometer whick must be rebalanced. This
rebalancing 1 done with a varable resistance ealibrated 10 ¢ T and D In opera
tion the awcait 13 first balamced with a blank or pure solvent i the Lght path
then with the solution an the hght path If the potentiometer reading of the solvent
18 arbitrarily set at zero D (100¢” T} then the balanced potentiometer with the solu
tfiom 1n the I ght path will read d rectly in @ T or D

b Optical System
The optical system of the sp
An umage of the Light source
marror C on the entrance shit st

1 shown lly in Figs 4 and §
A 13 focused by the condensing mirror B and disgonsl
D The entrance sht 1s the fower of twa shts
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Windows are available with 10 mm 25 mm snd 50 mm light paths and may be used
for measurements on Lquids over the entire wave length range of the instrument.
‘With the exception of the demountable cells and certain gas cells all of the shove
cells are of fused construction and are not cemented

g Phototubes
Two bes are with each t mounted 1n a sealed desiccated
€0 4 the cell A shiding rod brings exther fubs into
position and smultaneously switches their electrical connections A switch coupled
to the phototube aperture shutter permits the dark current of the phototubs to be
checked st any time without removing cells or changing any control setting

A cesium omide with high from 1000 mall t0 600 il
migrons and a blue ultraviolet sensitaive phototube 1m ultrasiolet transmittmg en
velope with high from 6 5 to 00 are supphed

with the Model DU Spectrophotometer

h Spectral Range
The wave length scale 13 calibrated from 200 pullimierons mn the ultrawiolet Tegion
through the entire visible range and 1n the 1nfrared to 2000 mullimierons As 10 wngle
N

exhibity over the entire spectral range each Beckman
mstrument 18 equipped with two one having 1n the
red infrared region and the other having 1n the blue

Tegion  Eather tube can be wnstantly switched into use

At present the short wave length hmit of operation 15 governed by several practreal
cousderations such us the lmting sensitivity of phototubes the intemsity of Tadia
tion from the light sourge radiation losses at reflection surfaces and the opacity of

fused mlica or special glasses used in the of cells and p

The upper wave length limit of operation 13 governed primanly by the Lhmtmg eens:
tivity of available tubes Full 18 d
for all to 1000 and Y t: to 1100 mll

myerons may reasonably expected

1 Sensitivity
The phototube and smplifier errcmts of the Beckman Photoeloctric Spectrophotometer
are unusually stable and sensitive A useful current amphfication of 5 x 107 permuts
full scale readings on a rugged milhammeter with as littlo ag 25 x 102 watts of
Tadiant energy Because of this high semsitwity sht opemings can be marrowed to
secure X can be made over most of the speetral
Tange with nominal band widths of less thun one millimicron

J Accuracy
Precision optical and mechanical parts permit shit opemings and wave length settings
to bo reproduced with great fidelity Wave length settings are reproducible to 005
millimerons in the ultraviolet and 05 millum rons i the infrared Optical parts
are securely mounted 1o & ngid casting end ure ot afected by vibration, dirt or
fumes
Stray Iight often an unsuspected source of error 1n spectrophotometric measurements
has received special attention Instead of & rephica grating the erystal quartz prim
18 used. Carefully desgned baffles and optieal surfaces of the hghest quality keep
duffuse reflection st & mummum The total stray light effect over all but the ex
treme ends of the spectral range 18 less thaen 01%
For measurements between zero and 10% transmittance the transmittance scale i3 ex
panded by merely throwing & switch so that the entire transmittance scale reads 0 to
109 nstesd of 0 to 1009
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2 Bettmg Up and Calibrating the Instrument

8 Power Requirements
The power required for operation of the Beckman DU Quarte Spectrophotometer, other
than that supplied by the dry bottenes 1nstalied i the instrament §s suppled from a
€volt storags battery  To ansure the tube stabilty s battery of spprammately 1°0
smpere hours rating (f¢ 8 heavy duty truck battery) iy recommended.
For opération securely sttach the battery clamps marked ~ 4 and +8 to the correspond
ing voltage termunula of the storage bsttery If two battenies are msed in parallel 1t ja
nat necessarv to parallel the 2 volt termunals This apparatns requires § Burgess dry eel)
batteries #5510 (Beckman $#911) each 7% volts

b Belector Switch
The mmn instrument battery switch bas four posit ons  OFF CHECK, 10 01 In
the OFF pomtion all battery circoits within the mono hromator and those to the
phototube compartment are disconne ted (Separate switches are promided for the
tong ten lamp end hydrogen dischargs lamp) The CHECK posstion provides &
very convement means of udjusting the instrnment for 100% transmttance on the
solvent without having to set the transmttance scals £0 1007 becauts the transmis
mon shide wite is replaced with a fixed resistor carenid cshibrated to be the equivalent
of 100~ transmittance with the selector switch in 10 pomtion Measurements on
the unknown solutions ate ususlly mads with the switch on 10 The transmittanee
#eale is then read ¢+ to 110¢° trsnsmittance wnd the dens ty seale infimity to zero
The usoful part of the depnty scale 12 from 0 to .0 Position 01 gives & tenfold in
creaso for sens tivity in range from 0 to 1% und s used for sawples having less
than 21 transmattance In this case the transmittance scale {s read 0 to 11 trans
mittance and the denmty scale 10 to mfimty with the readable ¢slibration beng
10 to 30 density units (rend by adding 10 to the density scale reading) The 01
position also permits measurements with extremely narrow spectral band widths

© Phototubs Sslection

The Model DU is equipped with ultraviclet senstive snd 7ed seositive phototabes for
the range 7°0 to 1000 millimacrons The proper phototubes to use 13 determined by the
epectral ranga to be investigated. Tbho red seuntive phototube required for ure obose
£ 5 mull microns (but usable to 400 milimicrons) 3s in poation when the kmok on tha
phototnbe housing 1 pushed I\ The ultraviclet sensitive phototubs for use below 6 5
millimierons 18 10 position when the knob is pulle] OUT a9 far as posstble  The tws
electronic tubes of the amplifier cirenit wrs plso mounted in the pho otubs compart
ment

d. Lighy Bourcs
Tho tungsten lamp ts « ed from 3 3 to 1000 mil microns sud the Eydrogen duacharge
famp is used from *°0 to 50 willumierons  The lamp boumngy may be Interchanged
by puthng up the Yocking Shide in the left slde of Yhe Yamp houmng 'The power for
operation of the tungsten lamp s suprl ed f70m the storage battery through the spec
trophotometer exrsuit A spocfal electtonte power supply wnit Fart 2 0 ®90 is peces
wary to provide current for operation of the hydrogen diecharge lamp

®. Tilter Blide
The fifter slide 1 located fn the mounting blotk between the shit plate and tell pom
portment and is positioned Ly means of the knob an the front of the instrument, The
front position kaob pushed T\ is blank and Is naed for mearrements In the rangs
404 to 10% miliimierons—al o with the hydrogen tube The second positicn ens xing
& Cormizg “o $863 T'ed Purple Corex A filter and fa used in the range of 430 14 30y
millimicrons with tung ten lamp  The third position Is blank and may be ftteq wth
wpecial llter leas or sereen for various spphieations
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1 Sensitivity Control

Maximum aceuracy on the percent transmittence measunng eircmit 1s attaiged when
the sensitivity knob 13 used 1 to 3 turns from 1ts clockwise it and reguires com
paratively wide sht openings Even these ghit openings give & spectral band width of
less than 1 mullimeron over most of the spectral range of the instrument With the
senyitivaty knob in this position transmittance readings may be eanly made to 015
At thig high sensityvity needle mmay be d The nay
appear objectionable to the user but do not effect the sscuracy to which measure
ments can be made They may be reduced at some sacrifice of &ccuracy by operating
with the sensitinty knob near its counterclockwise lumit or at reduced speed of op
eration but mo sacnfice 1 mecuracy by mstaling IR (0 348B Condenser Assembly
The )\ of the which may be realized with the en
ergy measuring system s obtained when the sensiivity knob 1s near 1ts counter
clockwise hmt, or when the pwiteh position D1 19 used because under these ton
ditions less hght 18 required for balance permitting Darrow shits to be used

€ and Use of A Cells and Holder
The Corex cells regularly supplied witk the DU Spectrophotometer are used 1 the
wave length region from 370 to 1000 milimicrons  Cells made of silica glass must be
used in the lower ultraviclet region to 220 milmucrons Silica cells are not limted
1n use to the ultraviolet region but may be used through the entire ape tral sange of
the 1nstrument
Al absorption ¢ells of both Corex und silica are filled with distilled water and tested
for percent 1 the This transmi sion of Corex cells
muat be at least 75% of that of sn air hight path snd this transmussion of mlica cella
must be at least 70¢% of that of ap air light path
All standard absorption cells are matched for hight transmission at vanious wave lengths.
Matehing 13 done 1 a spectrophotometer with the cells filled with distilled water
Corex cells are matched to within 10% transputtance at 800 500 400 and 350 milh
microns and to within 2% st 3 0 millmicrons Sihica cells ave matehed to withn 77
transmittance at 350 300 2.0 and 240 milhmicrons and to within 3% st 2 0 mil
mucrons  All cells spproach perfect matching at longer wave lengths
These cells are also matched with respect to the mean light path length to within
05% tn that portion of each ¢ 1l through which the beam passes Perfect matching
of the hght path length 18 not usally necessary providing it 1s kvown Each 10 mm
cell 13 marked giving 1ts light path length to the nearest thousapdth of e cents
meter
‘The absorption cells should be thoroughly cleansed with distilled water or other it
able solvent before use Do mot hatatually nse Dot concentrated ands whch might
etch the polished surfaces Remove colls from the holder for cleaning and fillng end
befors teplacing carefully wipe the outside surfaces For the most precise wark
howsver the outside surfaces should not be wetted or touched dunng a semes of
measurements
It 15 recommended that the ceil holder ba used with the corner spnnga toward the
phototube and that it be removed from the compartment for loading and unlﬂndﬂlnlr
1t 15 slso recommended that one position n the holder be conmstently reserveldlll:e
the cell contaimng the solvent One of the ground glass mdes of each cell sheul
marked and it should always be orented the same Way in 1ts holder position. et

older contaimng filled cells 15 placed on the shde in the eell comparimen

::ke: ::-et:nlit.:: Zuted pgxupexly with k:ob pushed IN  Each cell 18 moved wto 1::
Tight beam by pullng the shde knob to the correct detent stop The eell compa
ment cover must be 10 place When messarements are being made




.
1Y
kY
80.,
L]
40,
30.
20.
10
]
:
i
{ }
I
P —im IL = §C EFFECTIVE
C 0 20 e I o 2 - S L
i :EFEX SEEE 3 (it d Y
et WAVE
3 mem,a-—-.[/

SUT WioTH

22 EFFECTVE BW = SPECTRAL S.W

THEORETICAL OISTRIBUTION OF

RADIANT EKERGY WITH WAVE

LENGTH LEAVING EXIT SUIT

1

i
e { v o 4

DISPERSION DATA FOR

BECKMAN QUARTZ SPEGTROPHOTOMETER

MODEL. DU
NATIONAL, ! S
SOUTH PASADENA, GALIFORNIA
7-28-48
e v ot DT St cvosy Subaputsr isepune spuvetnsy
bt Bl s L B T I
et B B o A '
o 20 &0 o &0 T o o 1000

WAVE LENGTH-MILLIMICRONS
v



46 Instrumentatrion

h Nominal Band Width

Fig 6 gives the band width versus wave length! relationship from which the re
quired shit openings for & given spectral band width can be determmed for sny wave
length of interest If 1t 13 demred t0 make measyrements with the very mimmum
spectral band width, the wstrument switch may be used m the 01 postion and the
ehide wire set to 1009 transmittanco for balancing with the solvent or blank™ m
the hight beam The sensitivity knob should be near its counterclockwise Lumt In
this procedure the transmission scale 1s read 0 to 110%—not 0 to 11%

For measurements at s predetermined spectral band width the necessary shit width
must be with the that optical tend to imerense
that st width by spproximately 00. mm If X 18 equal to the setual sht width to
be used at one wave length corresponding to the nominal band wdth it may be cal
culated as follows

Wp = Spectral baud width per 1 mm &lit opening
W, Spectral band width to be used for measurement
x —Wg=002 Wy

— Wn

For measurements at wide spectral band widths the Light mtensity to the phototube
13 decrensed by Inserting a fine screen of proper mesh smze (determined expermentally)
1m position 3 of the filter shde

1 Effects of Band Widths on T or

The apparent percent transm: sion at apy wave length will usually depend on the resolu
tion or effective band width and will wclude such wnfluences as the slope of the trans
mussion curve Within the wave band bemng transmittel and the vanation of the photo
receiver It 13 usually easy to determine 1f these effects are signmificant by inereasing ot
Qecreaning the thit wdth by o factor of 2 or more It 15 suggested that whentver rehable
values of percent transmi mon must be obtamed for instance when imtercomparng the
Tesults between instruments or when changing from the red sensitive to the ultraviclet
sensitive phototube that the narrowest possible sht widths be used and the above check
for the effective resolving power be made

J Calibration of Cells
Becauso each set of cells 1s matched at the factory with respect to Light transmismon
1t 18 seldom ary to apply dual cell However
when using shotter wave lengths or where extreme precision 13 necessary the cells
should be ealibrated The calibration of each cell 1n a group of cells to be used should
be made with respect to one cell selected as the reference cell This calibration should
be checked st several points 1n the wave length region to be used The cells must
be calibrated at each wave length of use when filled with solvent Do not calibrate
unfilled cells becguso vanation in reflection from unwetted internal eell surfaces will
alter standardization values
Clean and £ll each cell with distilled water or ather solvent Place the cells 1 the
cell comp and replace cover  Set wave length dial ut the w-lv;
length demred (see Sections ¢ d e g) Turn the lamp ON set geloctor switch to
and the transmission dial to zero demsity Turn shutter switch OFF, and balance
meter meedle with dark current knob Tumn shutter ewitch ON rotate sensitivity
nob 1o within one turn of its clockwise limit 2ad approximetely balence the neudl;
with the ght dial Balance the needle sccurately with the senmtimty knob and m;rx
the density reading Shde each of the cells 1nto the Light beam and balance the needle
wth the transpussion dial recording the readiag as denmty
Solect ome cell s the reference cell to contamn the solvent throughout all meucu:d
ments Subtract it density reading algebraically from the values for all cells Re
these resulting values a8 D
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p denmity D sre corrected to actual sample density
D by slgebraically adding the correction D

Example
D=

003 Cahbrated cell correction.
15 Measured dennity of sample and cell
D = 175- 003 = 17.  Actosl sample dennty

k. Calcnlation of Solutien Concentration
For where the unknewn component 1s the oniy
absorbing material at the wave length of mersyrement it ia meces ary to conmder the
contentration of the solution aud hght path length of the cell Caleulstions of this
so1t may be earnied out as follows
Caleulats k (extinction eoefficrient) at each wave length of ueasurement from mensure
ments made on a solution of known concentration s follows

concentration of sample 1a solution
1 ght path of th_cell

corrected optical densit

carrected percent transmittan e

TN c
D'—kcd=(~log —u) a
wo) 4

T=

Umng the value of k concentrations of the uzknown 1n other solutions may be ealeu
lated from this same formula by sub t tutr g the projer density value and 1 ght path
length of the eell

1 Focusing of the Tungsten Lamp
When a new tungsten lamp 1s receive ] wm 3ts housing from the factory only the final
foeusing adjustment 1f any should be meeded Extensive yefocusing 1s aeldom meces
sary but may be cerried out a3 follows
(1) Temove cells and holder from compartment unscrew tho four kmurled thumb

screws on the enl of the phototube hounng and remove the housing and sbsorp-
tion cell compartment Unscrow the four serews that fa ten the mounting block
(contmimng entrance murror and filter ¢l de) to the monochromsator and remove
the block titing the top away from the end [late 1n order not to drop the filter
ahde Iote mirro mounting and adju tment but DO NOT TOUCH ANY MIR
ROR SUPFACES
() Turn on the current and sdju t the Jamp and mirror screws 20 that the light beam
comes through the hole in the front of the lamp houmng IHold & plece of white
poper 1n the 1 ght beam to locate the erescent shaped focal po nt which should
appear oppos te the monochromator lower (entrance) w ndow with the center of
the smage about 5/16 out from the windo  To rase or loner the | ght beam tarn
the upper lamp adjust ng scrow  If this adjustment is insufficient tilt the con
densiog mirror ahightly
{3) The eondenmng mirror in the lamp housing may be extensively 8dju ted by means
of the three small here s at the 1eft mde the screw in the bushing rotstes the mur
vor trom mde to slde the two clamping serows above wzd below bushing are
100 ened 10 ¢ It the mirror or to 3} de 1t taward or awar from the Imp and must
be tightoned after adjustments are made CALTION Do not release screws more
then two oF three revolutions »s thete i danger of releasing the mirror mounting
) To direct the light beam toward or away from the monochromator end plate turn
the mirror adju ting serew in the bushing  To change the foeal point of the
imsge turn fower lamp adjusting screw  If this adjustment 2 jnsug @ent, shaft
the whole mirror a embly toward the lamp to lengthen the focal distapee
or vice versa After the focal pomnt adju tmests are mad replace fiter shde
and mounting Block secursly

=
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5)

(

e

Set sht opening 2t 2 mm and wave length seale st about 800 mrllimierons Push
filter ehde knob 1 Through the emit sht the light beam should appear as s
magnufied (red) image of the lamp filament If 1t does mot a shght adjustment
of either the condensing or entrance mirror should bring out the honzontal fila
ment hnes To adjust entrance mirror insert a serew dnver into the hole m the
front of the mounting block and turn the serew at the back of miuror After
& good visual adjustment has been made replace the absorption cell compart
ment and phototube housing

Pull phototube knob out Push filter shde knob 10 Turn the instrument switch
to CHECK,” the shutter switch to ‘OFF ' and then adjust the dark current
knob to zero the needle Rotate sensitivity knob fully clockwise Set shts to
mm Turn shutter switch ON Rotate wave length knob toward shorter
wave length (around 300 millumierons) to zero the needle Turn the upper Jamp
adjusting serew slightly until movement of the ncedle to the left ndicates that
more light 15 entering the monochromator Tebalance the mstrument by rotating
wave length knob to shorter wave lengths to zero the needle Then sgain adjust
the lamp screw until needle 1s deflected to the left Continue this procedure of
alternate adjustment of serew and wave length knob until further adjustment of
the screw does not cause deflection of the needle to the left Next follow thia
adjusting procedure with the lower lamp adjusting screw then with the con
densing mirror screw and finally with the entrance mirror serew Then repest
the entire procedure several times for each of the four screws until the wave
length scale cannot be set to any lower value The instrument should then be an
optimum focus

m Focusing of Hydrogen Lamp

@
@)

(3

Attach the hydrogen lamp housmg to the monochrometor mounting plate
Unserew the four knurled thumbserews on the end of the phototube compartment
and detach the phototube and absorption cell compartments Remove the four
machine screws 1n the corners of the filter shde block and detach 1t holding the
filter slhide 11 one hand to prevent it from being damaged by faling out
Turn on the hydrogen lamp Hold & piece of white paper directly 1 front of
the entrance window (lower) of the monochromator and at night angles to the
Light beam coming from the condensing mirror i the lamp house Usmg a swall
serew dnver turn the adjusting screw 12 the bushing on the left mde of the
lamp house unti] the crescent shaped mmage on the paper falls about v mm from
the surface of the monochromator mountiag plate Usng the upper screw on the
back of the lamp house raise or lower the image untal 1t 15 approxumately on 8
level with the entrance wimdow Focus the beam with the lower serew on the back
of the lamp house so that the crescent 1s marrowest opposite the entrance window
a3 determmed by moving the paper back and forth along the hght beam I
the rapge of the adjusting serews 13 wnsufficrent to make the above adjustments
1t may be necessary to readjust the position of the hydrogen lamp 1 ie bolder of
to loosen the two murror clamping screws on the left side of the lamp bouse asd
readjust the mrror pomtion. CAUTION DO NOT TOUCH THE MIRROR
SURFACE

Peplace the filter shde block being careful to assemble the filter shde so that its
detens functions properly

Push the filter shde 11 open the alits to & width of 20 mm and set the wave
length scale for 450 millimcrons Placing the eye at the hole 1 the Siter ;h:e
block look through the exit st into the interior of the monmochromator If ¢ 6
focusing adjustment 18 approximately correct am xmage of the quartz pnsm Wi
be sesn 1n the collimating mrrror illuminated with an mtense blue Light Af,“;
adjust the lamp bouse serews, also the entrance mirror adjustment serew (Wi
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9 secesuble thtough the hole mn the front of the filter slide block) umiil the
llumination 19 most intense and almost completely fills the mperture of the prism.

(6) 1 eassemble the phototube and ebsorption eell compartments. Ilaes the selector
swtch in the ¢ Check  pomtion furn the sensitinty kuoh folly clockwise poh fo
the filter shde »nd pull out the phatotuba alile With the shulter OF  sdjust
tha dark eurrent control in the nsual manner and then place the shutter in the 'On
postion  With the slits net at ®0 mm rotats the wave length seale toward the
shorter wave lengths until the galvanometer 3s brought to balauce Readjust the
acrew on 1he left side of the lamp houss to maks the galvsvometer needle go off
the ecsle toward the left Rebalance the galvanometer by turning the wave
length seale o » shorter wave length Repest this process 8o long as the gat
vanometer needle ¢an bo moved to the left by adjast oy the acrew Then usng
the other twa lamp bouse sdjustment screws cont nue the process until optimam
focux is resched e wh n torming mny serew in either direction eauses the gal
vasometer needls to go to the night

{ ) When the optimum focus ia reached by the procedure of Paragraph & the wave
tength acale should read less than *30 millumicrons A high wave length reading
indicates (1) ono or mors of the afumimzed mirrors in the hight path has do
tenarated (7} the radiatwen cutput of the hydragen lamp ia below standard or
(3} the phototube renmumity 18 low  The murrors most subject to detenoration are
the coneave mirror in the Jamp houte and the small fiat entrance misror  These
may be seplaced or roturned for resurfacing  (Inapection under visible Light does
not necessanly 1ndicate reflecting quality in the vltraviolet )

2. Wave Length Callvration

Tlecauso of its numetous intense epectral Lines s meveury erc tn an ultreviolet trane

mitting envelops is s vseful radiation soures for checking the wave length scale

of the manockromatar

The hydrogen discharge Ismp may be used to eb ¢k the wave length acsle at the

hydrogen wipha lins (663 mullimicrons) which $s emitted with moderste intensity

Uning ® soutes of spectral Lines tho wave length acale may be checked as follows

(1) Place selector awitch i 10 po ation and the senmtivity contro) in the middle
of its range  Purh the fter shida in and select Yhe appropriate phototube  Adjust
for dark cursent in the yaual manner

() Bet the tranwmission sealo st sbony 3¢ and place shutter switch in the On

position,

Adjust the wave length scale to give maximom gnlvanometer deflection to the

laft  If neceasary teduce shit width to keep the gulvanometer needle on the scale

(4] 1t the wave length scale reading at mawmum deflection differs from the kzowa
wave lengih of the spectral line by more than 03 millimicron, adjustment wmay be
miade #a foliows
et the wave length scale to sead the correct wave length of the spectral lne
Remove the ynap button on the Jeft hand end of the mo sehromater sud turn the
adjusting ecrew to g vo mamimum galvasometer deflection. A 57167 socket
wreuch is most zonventent for turning the serew s}kough & screw driver mav de
ved Thsadjustment hus the effect of ehazging all rexdings on the wave Jength

wle by the rame axgular amount. 7 12 1erms of mb m 1t pro-
duces & Iarper effect at the long wave lengths where the scele Is compreased. After
waking the adjustment repeat the wave length eheck 1o maka certain thag the
beat ndfu tment bas been obtained,

o Thotometric Calibration

The photometric acsle ia chocked by us ug o sevies of four Slters the transmittancer
of whith have hees sccuratelv determined by the Dational Bureas of Stasdards

3
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These four filters are demgnated as carbom yellow,” ‘‘gobalt blue’ copper
gren  and selenium orange The reported transmittances of these filters are 1
the range from 390 mu (50 mp The temperature of the filters should be held as elose
$025 C as possible

8 Operating the Instrument

a Securcly attach the battery clamps -1 +2 and +6 to the corresponding voltage
termmals of the storage battery

b Tura the lamp smatch ON *?

e Set selector switch to  CHECK

d Rotate wave length knob until desired scale value 13 shown under hairtme

e Select proper phototube and flter 1f required.

£ [urn shutter switch OFF

g Rotate dark current knob to zero the meter needle Thus adjustment must be re
peated occasionally (for highest accuracy between each transpussion reading)
Remove cell compartment cover and put filled cells 1n place

h Make sure that the cells and holder are seated properly then replace the compart
ment cover and place the solvent or blank ’ m the hight path

1 Turn shutter switch ON This switch must be turned gently otherwise the
phototube housmg may be jarred resulting im needle shift or unsteadimess

7 Rotate shit knob to approxmately zero the needls or to give the desred shit width

k Rotate the senmtivity knob to zero the meedle accurately For highest accuracy
this adjustment should be checked between each transmission reading

1 Operate the shder knob to place an unknown sample 1 the light beam

m Set selector switeh to 10 If the transmission 18 less than 104" set selector stk
to 01

n Rotate transmis ion knob to zero the needle

0 Record the transmittance or density reading

P Place the next unknown sample in the hight path and zero the needle by rotating

transmission knob

D FLUOROMETRY—GENERAL PRINCIPLES

References
Radley J A and Grant J ¥ Analysis 1m Ul let Laght ed. 3
London 1939 Chapmen and Hall Ltd .
Deke H C and Do Ment J ¥ Light and Its Ap New Yorl

1041 Chemical Pubkishing Company
De Ment J  Fluorescent Chemicals aud Their Apphication New York 194 Chem
1cal Publishing Company

1 Defimtion

As the term 1s used n biochemical apalysis  fiuoreseence * means the
emission of visible light by a substance when 1t 1s wrradiated with ultraviolet
light If emission of visible light oceurs after the removal of the ultraviclet
light the afterglow is termed ¢ phosphorescence '

2 Laws of Fluorescence
Fluorometry 1s based on the general laws of photochenustry and there are
three specific ‘laws of fluorescence ’

& Energy must be absorbed by a luminescent system before emission can occur (tbe
absorption law of De Ment)
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b fa a figorcscent system the emitted wave lengths are longer than the absorbed
wave lengths that 18 the emergy emitied s less than the energy sbsorbed (the
emesion law of Stokes)

The absorption of radistson by a luminescent system s & quantum process involv
ing one quantum per ab orbisg uait (e stom or center ) the vield beng umty
only in the ideal case (ome stpect of the photochemical equivalenco law of Eun
stein)

3

3 Genernl Principles of Fluorometsry

All quantitative fluorometry 15 based on a fundamentally simple system
A source of nltraviolet light casts a beim on the solution 1o be examined Vix
yble hght 13 enutted and 11 measured erther visuslly (apmunst a comparnison
standard) or photoelectrically

In general 1t 13 necessarv to conduct fluorometry with dilute solutions
which sre mensured ngamst eabbration curves prepared nnder conditions
wdentseal with those of the gnalysis  The reason for this 1s that the sbsolute
intensity of fluorescence 13 highly varable depending upon many important
factors ncluding temperature time of exposure nature of instrument traces
of frapurities pIland  quenchmp Quenehing ’ 35 o comples phenomensn
of which there are ot least three hinds (1) interference of a molecnle'’s
fluorescence by other orgame moleenles (2) :nterfercnce by mnorganie mole
cules (3} and resbsorption of visible hght by other molecules of the same
compound ns those being measured Ilucrometry by its nature i3 not as
capable of extreme and ducibihty as 13 speetroph Ty
Tvery kind of analysis s strongly anfluenced by the nature punty hstery and
eondation of the materaal under analysis

E PHOTOFLUOROMETRY-~THE COLEMAN PHOTOFLUOROMETER
MODEL 12B

1 General Construction of the Phatofluorometer

[his instrument congists basieally of  (a) 2 mercury vapor lamp souree
of ultraviolet hight (b) a series of filters to transmit a beam of ultraviolet
hight of the approprinte wave length {c) n cuvette 1o hold the solution to be
analyzed m the beam of ultraviolet light (d) st night angles to the besm of
ultraviolet hght where 1t prsees through the solution o filter to transmit the
beam of wsible light 1t the appropriate range of wave fength (e} n photo
cell tn the path of the swuble hight (f) an amplifying system and n direct
teading galvanometer to measurc the potential from the photoeel  (See Fipr
7 for generaf conatruction )

2 Betting Up and Adjusting the Instrument
3 Tocation

Pleca the fastrument fn any eonvenient loention and plug 1nto 1161 0 volt €0 eyeds
reprly e frst lovamiag that the ' STD knob is fn the extreme counterclockwiss
poutian Do not sttempt to operats the Instrument exeert &t the frequency and
voltage rpecified. 1t 15 wise t0 place tubber pads under the four feet to mistora
nbranon condueted through the desk
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These four filters are designated as  carbon yellow, cobalt blue copper
green and  selemum orange ' The reported transmittences of these filters are m
the range from 390 mp 750 mp  The temperature of the filters should be held as close
to 25 C as possible

8 Operating the Instrument

a Securely attach the battery clamps -1 +2 und 46 to the correspanding voltsge
terminals of the storage battery

Turn the lamp switch  ON

Set selector switeh to  CHECh

Rotate wave length knob until desired scale value 19 shown under hairhne
Select proper phototube and filter 1f required

Tarn shutter switch OFF

Rotate dark current knob to zero the meter needle This adjustment must be re
peated occasionally (for highest accuracy between each transmssion readimg)
Remove cell compartment cover and put filled cells 1z place

Male sure that the cells and holder are seated properly then replace the compart
ment cover and place the solvent or blank tn the hght path

‘Turn shutter switch ON This switch must be turned gently otherwise the
phototube housing may be jarred resulting in needle shift or unsteadimess
Rotate slit knob to approximately zero the needle or to grve the desired sht width
Rotate the sensitivaty knob to zero the needle accurately For hghest acouracy
this adjustment should be checked between each transmission reading

Operate the shder knob to place an unknown sample 1n the light beam

Set selector switch t0 10 If the transmussion 1s less than 109 set selector switch
to 01

Rotate transmission knob to zero the needle

Record the transmittance or density reading

Place the mext unknown sample 1 the light path and zero the needle by rotstimg
transmission knob

m e oo o
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D FLUOROMETRY—GENERAL PRINCIPLES

References
Radley J A and Grant J F Analysis 1 U Laght ed. 3
London 1939 Chapman and Hall Ltd .
Dake H € and De Ment J F Light and Its New or!

1941 Chemical Publishing Company
Do Ment J  Fluorescent Chemicals and Their Appheation New York 194 Chem
1¢a) Pubhshing Company

1 Defimtion

As the term 15 used 1n brochemcal analysis  fluorescence’” means the
emission of visible hight by a substance when 1t 18 iwrradhated with ultraviolet
light If emission of vistble hight occurs after the removal of the ultraviolet
light the afterglow 1s termed phosphorescence ’

2 Laws of Fluorescence
Fluorometry 1s based on the general laws of photochemustry and there are
three speeific ¢ laws of fluorescence '

2. Energy must be absorbed by a luminescent system before emission can OC
absorption law of De Ment)

car (the
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b In 8 fuorescent aystem the emitted wave 1 ngths sre longer than the absorbed
wave lengths that 18 the emergy emitted 13 less than the energy obsorbed (the
emision law of Stokes)

The absorption of rad atwon by & lumiescent sy tem 1s a quantum process 1avaly
30g ome quantury per sbeorbing umt (e g stom or center ) the 3161 besog vmity
only m the deal case (one sepact of the photathemcel equivelence law of Ean
stewn)

3 (eneral Principles of Fluorometry

All quantitative fluorometry 1s based on a fundamentally simple system
A souree of ulraviclet hight casts a beam on the solution 16 be exammed Vis
1ble hight 13 coutted apd 15 measured ether visually (against a comparison
stindard) or photoelectrically

In general, 1t 13 necessary to condnet fluorpwetry with dilate .olutions
which are measured agamnst ealibration curves prepared under conditions
wdentical with those of the analysis  The reason for this s that the absolute
mtensity of fluorescenee 15 highly varable depending wpon many 1mportant
factors mcludmg tt-mperamre nme of c‘posure mnature of mstroment traces

and ) 1 a complex phenomenon

of wh\nh there are at leasy three kmds (1) nterference of a molecule s
fluore cenee by other organic molecules (2) mterference by Inorganie male
eules (3) and reabsorption of vimble hght by other molecules of the same
compound as those being measured Fluorometry by its nature 1s not as
capable of ¢xtreme accuracy and reproduaibility as i3 speetr
Every kand of analvss 13 strongly mflnenecd by the natare punty ustory and
condition of the materia) under analpss

E PHOTOFLUOROMETRY--THE COLEMAN PHOTOFLUOROMETER
MODEL 12B

1 Qeneral Construction of the Photofiuorometer

Tros 1nstrament consists basically of (2} a mereury vapor lamp source
of ultraviolet hight (b) & series of filters to transmit a beam of ultraviolet
light of the appropriate wave length (e} a cuvette to hold the solution to be
analyzed m the beam of ultraviolet hight (Q) at right angles 1o the beam of
ultraviolet hight where 1t p1 ses through the solntion a filter to transmut the
beam of visible ight 1n the appropriate range of wave length (e) a photo
cell n the path of the visible light (f) an amphifying system and s direct
reading galsanometer to mewsure the potential from the photocell (See Fig
7 for genersl ronstruction )

2 Setting Up and Adjusting the Instrument
2. Yacation

Place ths instrument in any conventent Jorst on asd Plug fato 110 1.0 volt 60 avele
wapply fwe €ret wnsung thet the  BTD  knob 13 2 tre extreme couterclockwise
poaton Do not attempt to opersie the instrument except at the frequency end
voltage spesfied. It 18 wite 1o place rubber pads under the four feet t6 mummize
vibration conducted through the devk
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& Prelimfaary Adjustments
Before mak ng testy wath ths nstrument 1t s easent al that both ts mescary vapor
lamp and electron ¢ ampl fier be turned on snd allowed to Yesch equ 1 bssum  Procesd
as foliows

{1) Plug extens on cord nte & 110 170 volt AC supply | ne

L e e ot

Fig 7-/the Coleman Photofivorometer Model 1 B  (Reprodu ed by permission of the
manufacturers

{2) Insert 1 oblong panel open ug 3:1 the proper Sler for the messurement nwlvede
og use filter B for th Amine or use filter B, when cong denng T bofiav o ﬂi;
two part eular filters pass the 355 m Il o cron and 4 6 m 1 m eron me oUIy bun:]
respect vely ‘The filtered beam s then projected to focus withn the % w:he
cuvette Falter B s aleo Stted with a 797 tranam 2y on screen ta vedues b
1 ght ntenmty to a level at whch s gn feant bleack ng af th ochrome does B
octur

(3) In oblony pavel opemmg H° wnsert the correspond ng flter ueng PO 'eh::
messur ng th awome and Alter PC” when exam s ng riboflanin The porposs
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these second filters 13 fo screen the phatotube from the waveband passed by the
corvesponding first fllter whuls allowing th finorescent hight of tbo sample to enter
the phototube and be messured.

{4\ Energize the instrument by rotsting the STD koob clockwise vpatil 1t just
clcks Ths turns on tYe amphfier snd also sterts the cooling fan and excites
the mercury vapor lamp

(5) After 0 seconds continue rotation of tle BTD knob to extreme clatkwise

poution  This sdjusts the amphier to maximum senmtivity (The STD  knob

thus serves hoth 1o turn the mstrument on and off as welf a3 to adjust s senst
tivity)

Depre sbutton B and while 2t 33 n the depres ed position adjust knob  BAL

unta} the in trument meter yeads spproxsmstely zero Tho purpose of this ad

1 tment 19 1o cond tiom the electrome amp) fer to the condition of the A bat

teties The adjustment 1s not at &)l cnitieal but shos'd e checked oceamonally

durr g prolouged tests & ways again checkmg BLE  aam (£)

Adjust the BLK  knob until the instrument mefer reads zero This knob

serves mmtally to balan ¢ the smphfier o zero ss 1ndicated above and may sub

& quently be wsed to correct for of blanks durnng

sctual analvms of fluorescent sumples

{8) Now sllow st lesst ten minutes for the instrument to stabuhize and then repeat
steps (6) and (7% (DNote that the mercury vapos Jamp once turned off has to
onol down before 3¢ will hight again }

c

3

8 Malang Routine Measurements

For every run of unknowns certain steps are necessar) Theseare (a)
sething seniimty to 2 fited value agamnst o stable reference standard (b}
reading 2 reagent blink and (¢) reading the unknowns The following
example 15 for {thamine by the thiochrome method Other substaners may
require other stable reference standards with an emyssion st to that of
the unknown

e. Coroplete adjustments (1) throug} (8) sn sectinn 2 b above
b Be sure that enough standard envettes sre availaile o carry out al} read ngs ox
peditionsly  (This fluorometer actepts ordioary 33 sound fest tubey and 23 30
designed optieally that the tube Q ameter 1 not cnncal Use rot Jese than 8
1 of sample and be sure that tabes are sovered to exclude hight dunng a)} tests )
Pln ¢ euvette of stablo seference solut on 3n euvetts we) cover with cap and then
open the Yamp shutter by fully depress ng button P The besm of filtered UV
light projected juto the euvette excates finorescence and the resuling Light enter
sug the phototube ¢auses the instrumest meter t5 e 2 ter Witk P fully do
pressed adjust the STD  kaob untdd the meter reads & value conmst nt with the
conrentration of the samplo to be exam: ed Thu cperstion constitutes the
sensiivity adjustment Note the value of tho reference standard and umewedistely
before testing each sample first snsert the refsrence solution 2nd then adjit the
meter 40 resd the walie of the sefersnes standard when button P 1s de
pressed. This stable reference solution 33 nece spry becauss t)e instrument o seas
tinity 18 dependent 1n part on the inten 1tv of the mercury vapor lawp wheh 1
turn depends on the voltag and frequenes of the power 20pply  ince the o latter
factors may vary with hime 1t 13 advisable £o eheck the semsitivity o the phota~
fluorometer 1mmediately before ench test bv insert ng in the cuvetts well & stable
Teforen o solution eg qu mine sultate when exsm ping thiamme A solution con
ten ng 0°5 mg of quin ne sulfate dusolved wn oo hiter of N/10 sultune scid 18
et ot 60 on the scal It 13 re ommended that thas stabl refereacs solution be
utihzed colely 23 8 means of checkang and the

-
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at the selected value The practice of assigung a defimte value to the ratwo of
mstrument responses to quuune and to vitamn 1s unnecessary and of questionsble
ment A much more reliable ealibration eonsists of runmng a eahbration curve
with standard vitamm solutions
Insert a covette contammng a reagent blank eap the cuvette fully depress butten
P and read the meter as soon as the pownter has come to rest (The glassware
solvent and the other chemicals used for preparing the sample may themselves ex
hubit some measure of fuorescent respomse and the activity of these blank’
constituents must therefore be considered 1n all measurements In practice the
blank  solation 13 prepared by combining n the same maunner and amounts all of the
ingredients of the corresponding ample solution except the considered constituent
Ta the determination of thiamine the fluorescent compound 1s thiochrome formed
by omdizing thiamme with potassium ferricyamde In this anstance the blank’
solution 13 prepared exactly the same as the sample using water i place of the
sample to be analyzed. Thus the blank 1s shghtly fluorescent The corresponding
meter deflection caused by the thiochrome 1s equal to the difference between the
meter deflection of the blank and the d by the d
sample )
Set the sensitivity of the mstrument wath the stable reference standard as 1 step
(c) above
Now read an unknown Insert a cuvette contamng a solution of the consdered
constituent (eg thwochrome for thiamme) of approximately the concentration to
be conmdered 1n subsequent te ts Cap the tube fully depress button P’ and
then read the meter as soon as 1its pointer comes to rest (The best accuracy 18
obtamed when the range of concentration to be d gives a deflec
tion and 3t 13 good practice not to attempt measurements at very high concentrs
tions smce the fluorescence concentration curves depart from lmearity at high con
centrations For example the ded range of for thiamne
18 not more than 2 gamma omdized to thochrome 1n 10 ml of 1sobutanol Higher
concentrations should be diluted to this range )
Before all subsequent readings set the sensitivity of the mstrument by meaus of
the stable reference standard.

o

&y
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4 Computation of Results

a. Calibration Curves
We recommend the use of a calibration curve derived from samples of standards run
throngh the snmalytical procedure (The reason for this recommendation 1s that
fluorescence may be affected markedly by slight alterations 1n analytical condstions
Hence computation of a standard K 1e umts of solation concentration per ‘meter
scale nmt 15 inherently hable to error In addition the fluorescence galvanometer
reading relatron 19 not always Linear )

b Calculated Constant
We do not recommend this calculation for the Teasons stated above However 1t 3¢
gaven here for the sake of completeness
(1) Let K = units of solution concentration per scale division Let A and B be seale
readings for two known of the sub under derat 4
B-A
8 -8
(2) Let K constant as defined above
U = scale reading for unknown
B = scale reating for blank
Then
Concentration of unknown = K x (U - B}

and 8 respectively Then K=
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& Adjustment and Replacement of Parts

2. Adjustment of Mercury Vapor Lamps Autotransformer to Match Exciting Voltage
The H 4 mereury vapor used 1n the Coleman Model 1. photofiuorometer 1s adjusted to
opernte at 1°0 volts when shipped  f with ths sdjustment 3t i conected $0 5 kagher
supply voltage the imtensty of the lamp will be very markedly increased snd there
will be an appresiable reduction of $he Jamp life In anstances when 3t is nece sary
10 nes this Jamp in conyunetion with & hne or voltage segulator dehvenng other than
10 volts the connections on the sutotrapsformer must be changed to §t the alierpate
voltage This adapton cun be mede by the following procedu o
(1) Remove the two screws which seeute the cover on the swall sutotransformer
(2) On the termunsl board msde this transformer wil) be found terminals marked

110 115 and 120 The instrument 13 shipped with 8 greea lead con

nected £o the 120 terming)

If the supply voltage 1 between 103 and 113 voits move this lead to the 110

terminsl  (This enme eonnection will slso assure maximum posuible brlhance

when 1t 18 necessary o operate st less than 108 volts) If the supply voltage ia

between 113 118 volts connect, tho greon Tead to the termnal matked 11a Xt the

supply voltege is sbove 118 voits Ioave the green lead covmected to the termned

warked 10

{4} Aftor making the proper compection be sure that all terminals sre & rewed tight
and replace the cover The nstrum 2t 19 now ready for ope ation

(5) Transformera aro wdwvidually adjusted to mwre the mammum posable voltage
cantrol and as & resuit the cutput voltsge of u given transformer may ex eed 115
volts Therefore when us ng the transformer be sure to ascertain 1ts actual out
put voltage which 13 g ven on a plate attach d to the front of the umt and then ad
3ust the Iamp nutotransformer to correspond

¢

=

b Beplacement of Mercury Vapor Lamp

The lamps used m the Model 1 15 8n A4 mehum high pressure quarts mereury
arc  The Life expectercy of tus lamp 1s m the meighborhood of 1000 hours When
fatlure greurs as evidenced by umsteadiness of iltumination obscuring of the walls
of the central quuctz capsllary and finally refusal to start when lamp hus cooled re
placement should e made with ancther lamp of exactly the same type Specity serial
number of Justroment when ordering

(1} Remove the five serews around the edge of the panel

(™) Placo the instrument st the edgn of 1¥e table wath the left ha d side of the bos
far enough off the teble 8o that the kbole an the bottow from which the rubber
covered cable to th transformer issues 13 Just clear of the edge of the table
Thay will free the cable and fac litate removs! of the panel,

(3) Pull e pamel straight upeard until ch ckei by the battery cable Bnng the
back ed,e of the panel p and forward and fay 1t on its face on the top of the
box which should be move I back onto the table

{4) The mercury lamp ia secured by two pring retmmng straps whick hold it ta an
epertars plats  Comnect ons are made by twisted lesds which eonnect to a ter
mipal str p at the = de of the chavs adjacent to the lamp

{5) Disconnect the leads from the tesminal atnp

{8} Loosen the nuts which boid down the Iamp retaming straps
erally necessary to remove the mirapa
wise tdl clesr of the straps,

(7) Tnsert » new lamp {ato the straps with the small conxcn) tip on the samer quartz
capsilary pomnted away from the aperturs ylate and the two support rols faside
the Iawp approximately equilistant from the plate Center the lamp by shd og

It 38 mot gen
With the straps loose shide the lamp end
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endwise 80 that only the transparent part of the captflary 18 12 line with the thres-
quarter mch hole 1n the aperture plate the metalized end caps being clear of the
bole

(8) Push dowa the retaumng straps and pull the puts down gently not tightly A
gentla pressure hero mll hold the lamp firmly, excessive pressure may shatter the
outer tube of the lamp

(8} Shide the spade Iugs on the connecting Jeads under the termunal screws and fighten
Be sure that spade lugs do not touch each other or touch the rivets holding the
terminal strip to the chasas

(10) Replace the panel by repeating instructiony 1, 2 and 3 in reverse (Note Be

sure battery cable does mot crowd over 20 as to interfere with fan or mercury
lamp )

¢ Replacement of Vacuum Tube

The vacvum tube used 1z the Afodel 12 has been carefully selected and ngorously

tested before ncorporation in the mstrument Althongh a standard radio twbe of

the correct type may be used 1n this 1t 18 advisable to gecurs

tubes through a Coleman dealer When ordering s replacement tube always speciiy

the gerzal pumber of the instrumeat BSymptoma of tube fsilure are (1) ruability

to Teach the proper adjusiments even though the batteres check well, and (7) when

filament burns out continuous off scale reading to the night pot responsive to position

of the BAL or BLK knobs hen 1t becomes necessary to replace the vacuum tube

(1} Remove panel =3 described 1n previous sectiong

{2) The va wum tube 18 surrounded by a perforated metal shield with a removable ead
cap Remove thi cap exposming the gnid connection to the tube Pull the gnd
connectron off the tube Remove the perforated shield by pulling 1t up of the
tube The tube may now be removed from its socket

(3) After inserting the new tube be sure to remove any conducting film emsting
on outside of bulb between gnd terminal and base by wipisg gently with fissue
or & clean cloth before replacing the shield Replace the grid comnection before
placing the end cap on the shield bemg careful to avoid agan touching glase

(4) Replace panel as described 1o previous section

a Replacement of Batteries
The Model 12B requires the following battertes for 1ts operation
One 45 v B Battery type 5308
One 3 v A Battery type ZFZH
One 90 v C Battery type Z60BP
One 6 V Bucker Battery type F4X

The Life expectancy of the 2F2H should be above 400 hours of service that of the

4X sbout 1000 houts Tha other two batteries should be good for aver s year Fall

ure of the SF2H or the 4£5303 will ho shown by inability of the BAL knob to brisg

the meter up to zero while failure of the F4X will be shown by ihe wmabity of the

BAL knob to bring the meter down to zero The Z6OBP should be replated whet

1ts voliage drops below 50 volts When 1t becomes necessary to change battenes

(1) Remove the five screws around the edge of the panel and disassemble ss Aescribed
1n previous sections

(2) Dis onnect battery to be replaced. It 13 wise also to check the voltage of sl tho
battenes and replace sny which show a voltage less than three fourths of tbe
rated voltago

(3) Remove screws secunsng holddown strap of battery to be replaced. Remove u;tf
thus freemg battery (The Z60BP 13 beld down by a wooden block 1nstead o

strap )
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(4] Teplace battery with identical battery Replace strap and reconnect battery To
fatilitate this the following table gives the color coding of the batfery cable

COLOE COVAECTION
Gray -A ¢ EH)
Black Iy (P H)

Blae -B { 108)
Yellow W% VB (5308)

Red H5 VB {5308)
Brown - (Z60BP}
Green +0 {Z60BP}

The leads to the F4X battery nte separste compnsing a twisted red and black
P8I the red bewng plus
(5) Repluca panet as described 1n previons section

F FLUOROMETRIC METHODS FOR QUALITATIVE USE AND FPOR
QUANTITATIVE MEASUREMENTS IN THE FIELD--VISUAL FLU
OROMETPY

Princrple

Qualitative fluorometry 15 hest done by eye beeause it 15 necessary to dis
tingmsh fine shades of eolor No photoelectric fluorometer of which we are
aware 1s suitzble for qualitative use

For many quantitative purposes 1n the field visual flnororuetry 1s equally
as satisfactory as photoeleetrie fluorometry The chief reason 1s that under
field conditions hine voltage is often extremely erratic This impairs the se
curacy of photoelectrie fluorometers but has no effect on the aceuracy of
visnal fluorometry

Apparatug

1 A =utable darkened room for resd ng vnknown solutio s This seed pot be com
pletely hight tight We have used suceessfully x ray vooms photographie dark
r00m3 bath coms abepdased lut tea upboards wnd U § Ariay command post
tents
A wource of ultraviolet light eov ) ting of & Oene 21 Electric Typs H 4 mercary
vapor bulb enclosed wn 8 box with louvers for air coching and & Wood filter for
sbrottang wimble 1 gbht A Geoers! Electne Autotransform r Type 59G18 18 in
stalled hetween the bulb and sny suitabls souree of 110 volt AC In the fleld we
haYs used sumple motor generators w thout hine stabil zat on
The fluoremetric comparstos codwsting of a2 thin wooden ra b comtmuung 10
Corming glass stoypered thin walled . m} test tubes oute da A ameter 10 mm and
leogth 75 mm  Tioles are bored 8o that these tubes which conts u standard noly
11008 are flanked by empte holes to contmp 10 x 75 mm thin walled test tubey
containing the usknown solution. The rack is constructed eo &s to slids con
vemently m & direction perpendicular to the nitraviclet ray &ad 8 cm from the
Wood filter
Sa table beskers delverv pipeites and other nmsusl appurtensuces including s
Targs number of 10 x 7o mm th n walied test tubes Ona spec al pp tte iy of
great asmatsnce This is an automabic ayr nge [upette the uss of which is de
seribed in the wection on volumetric sy paratn
A small spothight in the darken d room fn such & postion that & recorder can
essily take down motes without disturbing the operster who i doisg the
fuorometey

®

o
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Eeagents

1 Theso mre different for Miffcrent estrmations but n a)l cas g thoroughgoug
reagent blanks must be rus ¢n each new batch and if thers 19 & parceptible blank
the reagents mu t be etthes teplaced or purified until the bisnk s neghgible
Standard solutions are prepared by ruammng solutions of known coucentrafion
through the whole methed The final solutions ara placed in the glass stoppeted
2 ml test tuhes up to & convensent level usnally 1 m?, snd the wobden racks sre
cleatly Inbeled an fiuorescent paipt or wk with & number squivalent to the con
centration of usknown substance 1 100 ml of original solution  This procedure
automatieally takes care of caleulations avd al o wncludes any correction g et
sarv for systematic 1o ses o the methods ‘The preparation of standard aolut ons
will be described under 1mdividual me hods

[t

Procedure

Bach method 13 carned out ns deseribed 1n detas! 1n subsequent sections

As tha fical step 1p esch mathod fte compound to be mea ured 1s extracted o
an appropriate salvent and the solvent lajer ts separated €rom the aqueous laver,
either by mmple standing or by centtifuging

AR aptomatic syringe mpette fitted with 2 long stainless st el needls 33 stopped
at approzumately 1 ml. The tubes contaning samples 1o which the solvent layer
has been separated from the aqenus layer fre placel n eonvement racks w froot
of the operstor Other racks comtamieg clenn 75 x 30 mm test tubes i pomtions
corresponding to the upknowns are similarly placed

Approximately 1 ml of solvent 13 transferted to & 75 x 10 mm test tube  Fxcess
wolvent 1m the automatic synage pipeite 23 removed by everal up and down
wotions of the plunger and the next sample 1s transferred  The transter pipette
need be ring & with blank solvent ouly when it 1s expected that there will b
very wide vanations i coneentration from unknown to unkmawn eg af fasting
and loaded samples are being ron 2t the sams hime

The rack contauung 75 x 10 mm test fubes 15 pow trpmsferred to the darkroom
after the notebook 13 apprapriately ruled and after the ultravialet bulb has beea
turned on for af lesst 10 minutes to allo~ shordugh warming up

After entering the darkroom sNow sbout § mruutes for the eyes to betome
adapted to the dark

Companson 1s made by inserting th  wukaown solution from empty hole in the
comparstor uphl a match i chtawned. b 15 usually wase o commente T adig
with the unknown 1 positron between two standard solutions both of which ere
unquestionebly brighter than the unknown and then to move the unknown down
the rack for Snal matehisg

The recorder should record the value for the umkaown n the approppate plsce
10 the notebook It will be re alled that these readings represent without further
caleulation the concentration of the onginel unkoawn solution

-
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Caleulations and Bxamples
1 Theso will be diserssed mdrviduslly 1n individual methods

Precautions

1 Some of the stanlavd solutione mre them elves wustuble and should be cb!ﬂia
daily or even oftener agmpst fre hiy prepared standards This 38 pnrheu!a:hI
true of Quintne 18 stable A under uyual Com
uans but we have seen quinine staudards deteriorate 1n very hot weather
The standard solutions a2 wuknaws sclutions must be at approximately the 2ame
temperature dunng reading breaase 8 10tescench y3 markedly sifected by chAﬂf::f
the temperature of the solution The temperature will be the ssme of 1eAg
eamples and standards ar kept on the same bench

*
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¢ FLAME PHOTOMETRY—THE BECKMAN FLAME PHOTOMETER AT
TACHMENT

1 General Principles of Flame Photometry

The purpose of flame photometers now commercally available 1s to mtro
duce morganic substances mto a flame at a umiform rate so that hight pro
duced thereby will be constant The flame used s very hot so that the spec
tral lines are exeited much more strongly than with a cool flame and more
hnes of more elements can be exaited to a usable ntensity than with an or
dinary cool flame In this way it is possible to make instantaneous spectro
photometric measurements whereas the usual method requures a spectrogram
followed by a densitometer measurement snd the results have to be mter
preted with the aid of sensitometry measurements made on each plate at all
wave lengths used A flame source has certain advantages over the customary
are and spark sources for chemieal analysis Unnecessary lines are not ex
eited the temperature 1s lower so the continuous background 1s lower the
temperature and rate of feed of speeimert can be held constant over a long
period allowing numerous individual line measurements to be made 1n sucees
sion the flame and rate of feed can be exactly reproduced at any time bemng
extended i area the flame does not requre precise optical alignment and
shight s:dewise motrons do not alter the lummosity and especially the speca
men to be analyzed 1s mtroduced mnto the region of exeitation at a uniform
rate with the more volatile and less volatile constituents 1n perfect admivture
(In other sources the more volatile constituents vaporize first so that photo
graphie or integrating methods must be used and the sample must all be con
sumed for aceurate determmations )

Of the several good mstruments now on the market we shall describe 1
detail only one the flame photometer attachment of the Beckmau spectropho
tometer

2 General € of the Flame Ph
8. Photometer Attachment

With the flame photometer attachment the Beckman Type DU Spectrophotometer

becomes an emiss on spectrophotometer and pe cent tramsmittance becomes hight n

tenuty Basieally there are four separate parts (see Fig 8)

(1) The Beckman Type DU Spectrophotometer for measuring the intenmty of emtted
1ght Some modifieat ons are required as desenbed below

() A burner to produce emssion from the sample The burner of this wnstrument
burns Mluminating gas With air or oxvgen the mixture emermng from 30 ports
Through the burner seven ducts carry fine droplets of m st contaimmg the specs
men under analysis The burner 15 of stainless ateel and is water cooled. A water
cooled chimney which may be extended out of doors surrounds the flame and pro
teets agawst heat and fro hazard. The burner and chimney are srranged as an
integral umt with gas oxygen and water cool ng ! nes gaing to the eontrol unit
and two vapor ducts going to the two sprnyers One of the e ducts 18 for unknown
specimens the other for standard solations.



98 Instrumentation

Reagents

1 Theso are ifferent for different estrmations but in all cases thoroughgong
reagent blanks must be run on each new batch and if there 1s a perceptible blank
the reagents must be either replaced or purified until the blank 1s neghgible
Standard solutions are prepared by rumming solutiond of known concentrahon
through the whole method The final solutions are placed in the glass stoppered
2 mi test tubes up to a convenient level usually 1 ml and the wooden racks are
clearly labeled 1n fluorescent paint or 1k With a number equivalent to the cou
ceatration of unknown substanes 11 100 m) of onignal solution This procedure

1y takes care of and also includes any correction neces
sary for systematic losses 1n the methods The preparation of standard solutiony
will be descnibed under 1ndividual methods

o

Procedure

Each method 13 earried out as desersbed 1n detail 1n subsequent sections

As the final step 1n each method the compound to be measured 13 extracted 1to
an appropriate solvent and the solvent layer 13 separated from the aqueous layer
either by simple standing or by centnfuging

An sutomatic syringe pipette fitted with & long stainless steel needlo 1s stopped
at approximately 1 ml The tubes contaimng samples 1 which the solvent laver
bas been separated from the aqueous layer are placed m convement racks m front
of the operator Other racks contaimmg clean 75 x 10 mm test tubes in positions
eorresponding to the unknowns are sumiarly placed

Approximately 1 ml of solvent 13 transferred to a +5 x 10 mm test tube FExcess
solvent in the sutomatic synnge pipette 1s removed by severs! up 2nd down
motions of the plunger and the mext sample 13 transferred, The transfer pipetts
need be mnsed with blank solsent enly when st 15 expected that thers will e
very wide Variations wmn concentration from unknown to unhnown, eg af fasting
and loaded samples are being run at the same time

The rack contaiming 75 x 10 mm test tubes 1s now transferred to the darkroom
after the notebook 13 appropriately ruled and after the ultraviolet bulb has beet
turned on for at least 10 minutes to allow thorough warming up

~
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6 After entening the darkroom allow mbout 5 minutes for the eyes fo becom®
adapted to the dark
7 Companson 1s made by inserting the unknown solution from empty hole 1t the

comparator until a match 1s obtmned It 18 usually w1 o to commence readin
with the unknown tn position between two standard solutions both of which 76
unquestionably brighter than the unknown and then to move the unknown dowe
the rack for final matching

The recorder should terord the value for the uzknown in the sppropnate Hace
1n the notebook It wall be recalled that thess resdings represent without further
caleulation the concentration of the original unknown solution

®

Calenlations and Examples
1 These will be discussed individually i individnal methods

Precantions "

1 Some of the standard solutions are themselves unstable and should be dl!:"l
daxly or even oftemer agawmst freshly prepared standards This 18 pn!t‘wqm!
true of Quinne 18 app stable under usval €
tions but we have seen guimne standards deter:orate 1n very hot weather ae
The standard solutions and unknown solutions must be at appromimately t:e :zhg
temperature during reading becsuse fuorescence 15 matkedly affected by c"- o
the temperature of the solution The temperatard wall be the same if reag
samples and standards are kept on the same beach

0
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¢ FLAME PHOTOMETRY—THE BECKMAN FLAME PHOTOMETER AT
TACHMENT

1 Gteneral Principles of Flame Photometry

The purpose of flame photometers now commercially available 1s to mtro
duce 1morgame substances 1nto a flame at a umform rate so that Light pro
duced thereby will be constant The flame used 1s very hot so that the spec
tral lines are excited much more strongly than with a cool flame and more
lines of more elements can be excited to a usable mntensity than with an or
dinary cool flame In this way 1t 15 possible to make mstantaneous spectro
photometric measurements whereas the usual method requires a spectrogrant
followed by a densitometer measurement and the results have to be mter
preted with the aid of sensitometry measurements made on each plate at all
wave lengths used A flame source has certamn advantages over the eustomary
are and spark sources for ch 1 analysis 1 'y lines are not ex
eited the temperature 1s lower so the continuous background is lower the
temperature and rate of feed of specimert can be held constant over a long
penzod allowing numerous mdividual line measurements to be made 1 sucees
sion the flame and rate of feed can be exactly reproduced at any time being
extended 1 area the flame does not require precise optical alignment and
shight sidewise motions do not alter the lummosity and especially the speea
men to be analyzed 1s introduced nto the region of exertation at a umform
rate with the more volatile and less volatile constituents 1n perfect admixture
(In other sources the more volatile constitnents vaporize first so that photo
graphie or integrating methods must be used and the sample must il be con
sumed for aceurate determinations )

Of the several good mstruments now on the market we shall deseribe ;m

detail only one the flame photometer attachment of the Beckman spectropho
tometer

2 General Construction of the Beckman Flame Photometer
2 Photometer Attachment

With the flame photometer attachment the Beckman Type DU Spectrophotometer

becomes an emission and percent becomes 1 ght 1n

tensity Basically there ate four separate parts (see Fig 8)

(1) The Beckman Type DU Spectrophotometer for measuring the intensity of emtted
light Some modificat ons are requ red as described below

(°) A burner to produce emission from the sample The burner of th s instrument
burna alluminating gas with air or oxvg n the mixture emerging from 30 ports
Through the burner seven dutts carry fine droplets of must contain ng the spect
men under analyms. The burner 1s of stainle s steel and is water cooled. A water
cooled ¢k muey wh ch may be extended out of doora surrounds the flame and pro
tects against heat and fire hazard The burner and chimney are arranged as mn
integral umt with gas oxygen and wat ¢ool ng hines going to the control unit
and two vapor ducts going to the tmo spravers One of these ducts 18 for unknown
specimens the other for standard solutions
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{3) Bprayers are made of Pyrex glass and are conveniently located to facl tate fillng
and washing and observat on of the spec mena

(4) The control unit has the following on its panel a gas manometer to repd the gas
pressure at the burner nozzle an oxygen gauge to read the OXygen pressure at
the burner nozzle an a r pressure gauge to read the Pressure at the sprayer noz
2les  The a 1 valve 18 a ¢ut Off valve only it 13 nsed e ther open or closed The
ar pressure regulator controls the air pressure reduc ng 1t from 30 to 50 1bs /3q
1 at input to 15 at output The gas valve controls and cuts off the gas  The oxy
gen valve controls and cuts off the oxygen

Type DU Spectrophotometer
(Hfeproduced w th the permis lon of the manufacturers )

Fg 8$—~The flame photometer attachment for the Beckman

3 Setting Up the Instrument

a. Alterations n the Beckman DU 8pectrophotometer -
Thy convers on of the spectrophotometer 10f0 8D em 53 01 mMeasUNID, lmmmn.m
224 tion of the fame attachment nvolves four small changes n the spectrophotom: "
(1) The flame ysed 1n em ss 00 13 not as steady in intens ty ay the hzh:f::m

The gal el
tungsten lamp vsed n Ve
thef;fore increase cons derably and muast be m n mized or smoothed out t’fo .
15 done by changing the “000 megohm res stor in the phototube :ompuemnm”
10000 megohm res stor The change of res stors gives the galvanometer ﬁ"bxlxty

the prev ous t me lag enabl g 1t to be read with & bigh degree of reproduc
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(2) An elamizum sbield 1 placed over the phototubs compartment to protect 1t from

the heat nf the flame

(3} The spectrophotameter kas to be rmsed onto the platform of the contrel panel
{4) When the flams attachment 1w worling the entrance mrror of the spestrophotom

eter has to be adjusted to 2a angle aptimal for measyring the emitted light

&nd General

(1) Place the eombined umt of control penel flame tower and sprayers en & ngpd

tabla convement to sources of gas mz water and electnuty To avod erratic
results the raom 1n whick the instrament 13 to wark must be 2s freo of dust and
drafts as possible

( } Place the spectrophotometer an the bese of the covtrol pauel und e left end

Bush with the nght marpn of the gas manometer

(3) The hoses Sre sttached securely Seoteh tape or emell clamps ssrve well Tha

aur hee mnast be seoarely clamped both on the 1aput mde and the exute to sprayers
The a v pressure sast be turned off (gavge reading zero) befora removing a bass
f#rom the sprayer Otherwite & large eir flow will occar and water from the
tugh pressare bubbling tomers may be carned through, A dnp colomn hay beea
#dded to cateh o rezsonable emount of such weter Hawever it can only be
drained by removine the back of the cabiuet

The waser 13 turned on et about one Liter per mimute Too high & flow 18 objee
tionsble Weater to dram should be hot emough but met boslng wwith bummer
runtsg  If too much ts rem through the bubbling towers may become over
flted.

(5) Tura on gas low just enough to hght apd Ight 1t When it 1s bt tare gas ap ta

the 8ducial marke on the menometer Always remember that weter must be
tu sed on befors the flame 13 1t 2nd the flame must be turned out before the
water s tusned off

Tura oxygon 0a ta about v 1aches of water 20d chack gas pressure on the manom.
eter Iu caso the gos proseura nses too hugh the fiame may back fire as all oxygen
fames do  This ts harmlens in the present burner the small muming chamber ia
the base of the burner has low poeumatic resstante to the cutside ar azd no
Samage wall resait

4 Procedure for Routine Aualyses

Thiz laboratory prefers to use direct comparson between wnkmown
samples and aqueons standard solutions rather than an anternal standard of
lithium added to each unhnown spetimen  Some of the reasons for this chowe
are 1o be found n the diserssion seetion below  To make a yun of analyses

a

nwe aa e

Prepare & group of mamples the appronumate cancentrations ¢f which are kuown
properly & loted 10 brog them within the lineat CET renge  Btandsrds sre
prepared from & stock standard so thet they alto be in the torrect yenge The
specual eonditiony of alit openiny flame tempersture etc as determined by tnal
and error are produced u the wstrument and the ssmples avd standards ase put
tate the 3 m) beskers prov ded

Turz switch ta  check

“Turn on water

Flag i gtomizer heste

Light burser Jow st fi st then hogh

Turn on oxygen

Allow § misutes for warming vp
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h Turn on atomizer, read sn vnkrown sample on the *9'T ¢ seale and mmediatelp
after two standards whoss concentrations 1e, **™ T! readings lie on either nde
of the saraple Repeat 4 number of times untyl ail readioge ave sterdy and re-
producible and good ¢h ke are obtan &.

1 Pepeat this process with the rest of the unknown samples

5 Computations

If the graph of € 95T 15 lmear in the range used then for each sumple
the coreentration can be ecalevlated from the sunple ratio (standard gat
vanometer re.ding)/(sample galvanometer resding) In thiy case the ratis
of sample readng with either of the standards bracketwng it and the readumg
from the ‘C ST standard eurve should check. If a deternmnation is done m
whick 1t 18 not possible to obtam hmear readings the stmplest method of com
putation 15 to use a cahibration curve prepared from standards  When graph
wg 15 resorted to, 2 semilogartthm or logarithmie plot can be used, the en
terton bemg which £ives the greater degree of hueanty

6 Discussion of Sources of Error in Flame Photometry

& Metals Which Gau Be Measured
Iz cluncal chemstry about al} the fame photemeter i3 really nsefa} for 13 estauating
sodiam, potay wum and eal rim o9 shown 1 Table 1 Other alkali metals and alkal no
earths can be messaved reudily, but for other mefals urh tg copper and ron chem
1 al metkeds gre far more rehable than the flave photometer Siunce soduiewm, patay
swm snd cel wm are by far the most common metals measured with the flame
photometer the rest of this diseussion 13 restnicted to them

b Bources of Instrumental Error
Peadis,s for any gven smple w the fame photometer mav be affected by many var
ables amoeng which are guahty of gas rate of twater Row throsgh chmney a2d
huraae setting of the width of eht weve lesgth settiog and
pressuses of ga  oxygew, aud atr The adjustment of thee varons composents de
pends not only upon the element to be analyzed but slso upon other anterfenng wb
stances whi b may be present Therefore o hard and fast rules can be formulated
for the operation of the nstrument but a few general precautions can be stated 30
help 1o obtasing con 1 tent v sults
(1) In our experence ordinary ¢ty gas1s too vapable m pressure and m quahty 1o
be completely satusfactory e have found 1t necessary to puschase bagks of g
of eonstant source and compositin By means of s suitable reduaing velve ths
gos 1 1ed 1nto the 15 trument Witk same kands of such gay 1t msy be necessary
to adgast the burner
Water flow should be ag con tant 8s pessible This ean be accomplished by unsg
a seservowr with au overflow thus keepmg u consteat pressure of waler st sll
times
} Fyen with all vanables helil constant the readings of & given sample Wit \':;
eontsnuousty for about 3 hour However, sf tho staudazds and samples are re“
ummedsately one after the other tto determinst on can be mada with good
curacy withost wartwg for the read ngs to become exactly constant "
(4) The hines radiated by each clement vary i tevsity thoye of the ;Hmh ::l;e
3n gesersl being most sutense  As wmtensmiy iacreases the sht mgt u:wew
creased to obvite interfererce bv oth r clements YWhen this 15 done,

1

¢

]
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TasLt 1
OF FLAME P WITR Merars v Hor FLaMe
(Gas OxYOEN)
" CONCENTRATION
e SUT WIBTH LINES USED MEASUBABLE DETECTABLE
COMPOUND [~ SMILLOMETERS | ANGSTROM UNITS | PARTS/MILLION | PARTS/MILLION
Sodinm 0102 5890 05
NeCl 5856
Potassium. 0102 7865 05 01
ECl
Lathum 010 6708 05 01
1.80
Cesium 010= 85 1 05 o1
Cs,Cr0
Calelum 0103 618 3 1
CaCl 6 03
Menganese 010 4031 23 1
MzCl 4034
Capper o102 3 48 30 10
Cu30 3274
Magmesiuwm 01Q° 285% 100 25
MeCl 3838
Cobalt 010~ 3530 100 25
CoCly 3502
N ckel 010" 355 150 40
Nl 3493
Boron 0105 5481 150 50
‘HBO 5440
Tron 0107 3735 00 50
Fe(NO 3737

The e e ult W e obtalned with aqueou. olutions of Pu ¢ aingle comp tnds, with no
th jona nterte ing

the wave length must De set very carefully This can be done by settmg the
wave length approuimatelv with the instrument 1 eperation end then turmng
1t ehghtly to the right or left until the galvanometer shows maximum Qeflectson
The cap llary leading nto the atomizer 13 very fine 1t has a tendency to become
clogged graduslly without tho operator noticmng 1t This results 1n gradually
falhng readings Therofore 1t 13 netessary 4o blon out the eap Wary ufter every
few determinations This can be done mmply removo the stopper holding the
capillary and with the air turned on hold s finger over the imside end for & fow
moments and replace Reve beratory sprayers of ths type wers adopted for
several r asons they will epray at continuous rates for a long time they require
only small 2amples 5 ml 1n the present wodel they are economeal of sample With
& turnover Of about 5 ml per m pute the resduoe of the samplo 19 left unchanged
1n concentration and they are easv to clean and ate chemically mert If the op
erator desir s the present sprayers can bo used for & continuous flow of sample
attach drewn tubes to the dran plugs and tnickle the semple directly to the
spteyes
(5) The concontrat on of the element analyzel should be such that & straight Lime
relationship will exist between C and T  For the alkal metals this
range 1s about 0 5150 mEq/hter

¢

c

© Theoretical Considerations Important for Accuracy
{1} Ware Length  The wave length selected for each element dependa on interfering
substances Therefore although 556 mu 1s the most intense calctum hine it can

not be ¢ ed due to the intense sodium 1ne at 5%3  Potassjum 15 best read at
767 ma.
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Spectral Lune Interference  While the hines st which the three elements are read
are quits widely separated end do not interfere with esch other durectly thare
are several wdirect types of interference For exsmple while the alkal: wmetsl
tadiation 23 of an atomue nature {(and therefora quantized 1ato diserete valvesy
the ealmum radiation 15 12 lurge part of the molecular type This leads to o band
spectrum  of which the lne at 472 mu 13 merely the ! band head * Therefors
eglerum 18 an mterfering substsnee slways to be taken meo seeount Alw while
potasstum and sodimm separately have no radsation at eack other’s wave lengths
each has & large effect 1n the presence of the other For example n & urive de
termication when the rstio of godwm to potassium 1s ebout 4 1 the reating of
at 767 mu 18 1nereased by the godwum present when tead
a bot Rame
Characterutics of the Flame  Siace tha calerum spectrum 1 of & moleculsr nature
te due to vibration aod rotation it will mcreass m ntenmty with ancreasa
flame tempargture The hottest possible flame must be used iz 1ts determsation
However potasswm tedutes more strongly at & relatively low temperature due
probebly to s favorable tendency toward prumary iomwzztren at low tempersivre
Aereover st low temperstgre sodiam does not affect patassiwrm to any measvrable
extent Bodium loses mome of 1ts wtensity at low temperature but this is offset
by the decreased wterference duo to any baud spectrs present The spraying of
water reduces the lumunouty of the fame as tompared with 2 nospray fame
Qoubtless due to lowertng of the temperature Sunca water 1y ahways sprayed with
a sample the back ground {no ealt) must be read with m dustilled water spray
not just the bare flame With a epray of dustziled water there 1s observed a ¢on
tinuons spectrum of rather constant intensity from 2500 & to the deep 7ed except
for & bump near 8100 X Thss hump 15 presumed to be & band spectrum perhaps
of water smce 1t mises with the addition of water to bare flame Resolved &t
narrow shits it shows €wo peaks at spproximetely 3067 A and 3091 & Its hesght
appesrs £o serve s & Adueiel pant for checlang the adyustment of the flame from
time to tiwe Ity mtemsity hes not shown slteration with the sprayg of e salt
thst gives 16 fame hine in that region
Although we recommend 2 hot (gas oxygen) flame 3t 1s possible to use & £0of
(gus air) fleme Under thesa condrtaons it 13 netessary 10 use Wider shts 22d to
sacrific setective And senmtivity except in the case of potessim To mmeresss
lumunouty & wurror of thiek stamless steel has been mounted back of the fame
Tus murror helps when eung a cool flame or a feeble radinting element
Standords  While any salts of sodicm or potassium ean be wsed 1n Preperieg
standards this 13 mot true of calowm for which the spactzum will vary sath the
anson used. Ya unmelyms the standard wmust be made up wath the calensm ta vary
neatly the samo form s st occure 1n unne and 1 19 aecessry 1o prepare & stand
ard contamang caleiam phosphate chloride and sutfate
Concentratsons  Ssmples should be 0f such a concentrstson of the 0o sader
anelysis that they fail amto a rsnge 1o which the C#T relation 13 lisedr
For sohiwm and potasmum this vange is from 0°3 mEq/liter to about 15 mBe/
Wter TFor catmim bowever the Jmear sangs 1s &t much igher concentrations
0 hgh that to obtsiz 1t and to get & measursble radwation the sample must be
read undiluted Thi lends fo difieulties due to Aifferences 1n viscosty between
the standards and sample and must be allowed for
St Whdth  Genmerally speakung s wide sht will imerease mterferents post
bilities  Therefore the glit 33 made 8s amall 83 13 practicable  For cn!czumn 'l
weskly radiasting substance a skt Of sbout 02 mm must be used fo get 8 m;“.na
able response  For potasnnm 1n a cool flame & sht of shont 08 mm 3¢ v:fﬁ e
for sodum 1 a moderately hot flame a shic of about 04 zum 13 uged. Wi hoto
Beckman DU Spectrophotometer the intemstty of hight recesved by the P
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cells from a 1ne 15 4 rectly proport onal to the &l t wdth, Eeve= £~ i
rece ved from a cont nuum 15 proport onal fo the square of the t_ ¥z T N
fore n pck ng out 1 nes aga st a cont muous background 1t 1 zeE=—3 *
as narrow o sl t 2319 feas ble 1
b
H BALANCES o
Standard textbooks cover very well the calibraton wez. » a
analytical balances The torsion balance and damped balanees cr= v =~
1n metabolic stud es that a brief discussion of them 1s ncluded ke
1 The Roller Smuth Precision Torsion Balance Model B
a General Construction of the Instrument -
In th s balance the ns do end of & sp ral spr ng 1a attsched to the sms ef eei ¢ pch
the outs de end 13 attached to am mdex po nter (see Fig 8) Balances o o e
max mum eapac ty and sens tivity mey be purchased. We have fousd tt g 218
for rap d aceurate we ghng of small amounts of material especial g,
Bens t v ty 19 02 per cent but the final accuracy of any we ght measurewer ¢
on so muny factora that 1t 1s impossble to say that the imstromen,
nherent percentage accuracy W th the vern er the scale may be readts17 mg
scale d v s on uto
b Setting Up and Calibrating the Balance ad
(1) Set the nstrument om & table h gh cnough so that the ope ato 1 e A
level w th the balance po nter Tt 1s a good dea to lay the balsn 44 0
rying case
( ) Be certa n that the table sfirm.
{3) Adjust the level ng serews unt 1 the bubble of the sp rit level s e,
center he
(4) Release the beam by rotat ng the beam clamp lever unt1 ¢ pogts
ward or back .
{5) Adjust the ndex lover unt1 the zero on the vern er cone des exy n
zero on the d al
(6) The balance po nter should now co ne do w th its zero 1me It b
tate the zero adjuster knob on the back of the ease untal the hes
{7) The balance s mow ready to operate The ndex lever ean by e
fe ent pos t ons by loosen ng the knurled nut
(8) The pan and compensat og hook of the same we ght are selected, od
(8} The balance s cal brated with the pan in place on the beam b
adjusted to zero w thout both the pan and compensatory b num
standard we ght should be pu chased wth each balance
¢ Operating the Instrument hang
(1) Beforo any weght s placed on the hook the mdex lever 1 ro
verner s nearly to the b ghest value on the dal 0 that th remo ed
upper 1 m t of travel. marks on
{ ) Hang the matenal to ba we ghed on the hook and rotate t}
t touch

¥ ght uat 1 the beam drops down and the balance po nter ag
batance 1 ne
(3) The index vern er then 1nd eates the we ght d rectly on the &
& Disassembling the Roller Smith Balanes
(1) Temove the front sp ndle knob tak ng off the index lover
() Pemove the small plate on the left of the cn o which w
to be removed,

%



Fig 9—The Roller Smith Prec {on Balance Model B (Reproduced with the permission of
‘manutacturers )
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(3) The beck plate screws should mow be taken out asd the mechamsm removed
from the rear teluing cars that the beam hooks are pot wjured when the mech
amsm is withdraws from the ease

{4) Jewels and prvots in the balance should never be aited s oif at these pounts will
n time coflect dust avd become gummy thuy introducing friction tnte the bear
gy The centrsl kuob which rotates the spndle should elways be perfectly free
to votate and when en iostrument 18 besng overbauled 3t 18 a good plan to lubn
cate this spindle which bas = beanag in the eross arm  The Jubneation should
be dome with s little tallow

2 Damped Balances

& Creneral Principles
For the aske of apeed without sacnfice of securacy it 13 convement to use damped
talances erher msguetic or mr damped We prefer tha siwr dsmped baleacs 1 whict
an fpner and outer dampmg eyl nder are never wm contact with esch other and nre
affected only by eir friction  The setion 18 80 sdjusted that the balaveo semuma
stationery after only one or two oseillations

B CGeneral Construction of the Sargorius Alr Damped Balanee

Thie balsnes hes & multiple nider device for we ghts from oze gram dowa to 10 mg
For mmplisty sa teadimg an sllummsted projection rsader s switehed on sute
matically when the beam 15 rolensed making values from 01 to 10 mg esey to reed
Al parts of the resder are =0 mrranged that opemung of the doors hos no effect on
s adpustments Swall ertors fo the zoro point may be forrected by means of &
wpeews] knah which 18 opersted rom the outside 'This bslavee bas a rapee iy of 00
gm with & senmittwsty of 01 mg

& Adjusting the Balance
(13 Levez the cags with the pillsr on the bench by means of the levelng serows on the

) Phu the Suted lock knob entirely into the hollow body bar 1 the middle of the
Plane aad the 1wo lock bolts it the holes made for this purpose These ars on
the left and ight hand mde of tha mllar

(3) Bwiteh off the Jock koob aud if the control bar 18 1nsmde the pilar the Jock zech
anwm nises and dzopy regulsrly

(4) ¥at the beam on tha ceater agate kmfs edge with the balance i the locked state
and thea cheek 1t

{5) Lock the balance egan and £t the suspensiona s0 that the hales ave sa f oot snd
nde Thea heng the paus in place

{8) On the nght and Jeft hund mde of the pular top are two very hight alominum
Bells that hawe two gaps at the bottom.

{7) Remove the bottom and pot them into the cutmde cylnder an order fo hang
them on the respective suspension hooka

{8) After hangung the wmde cylinders shut the bells with the previousty remocel
bottoms but bofors fixing the pans 12 is edvieable {0 make sure that the mecks on
each bell nre in the right pasttion

(9) \fake mre when releanag the balance that the Ins do eyhoders do not touch the
outndn azes  Then be certas that the balance yests ot xera If not use the
cortection screws st escher tho left or 1 ght hand nde of the beams

(10) Tha batancs is then put in arder by turmng the knob outs de the case

{31) Tha annular riders for external mechanical a7pl cation of the waighta are hung
from the hesviest 10 the lightest that is from w00 ta 10 mg on the doulle beok

€. Calfbrsting the Balance

(1) Before starting 1o uaa the balance set 81 tero by turnop the sau itivity serows
ou the Jaft or nght hand £1d9 of the Vesw,
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Volumetric Analyns 69

() Place & 10 mg weight on the right pan releass the balance and check the weight
on the glass screen indicator It should read exactly 10 mg If mot adjust the
calibration screws until the reading 15 correct

(3) Then repeat, the process by placing the we:ght on the left pan

(4) If the oseillations are too small rase the sens ivity screw in tho center of the
beam and if too violent lower the screw

(5) Be sura the pivot 13 not twisted othermase the zero posnt will be off

© Operation of the Instrument
The operation 1 the same as for any analytical balance

I VOLUMETRIC ANALYSIS
Reference

Peffer E L and Mulhgan G C U 8 Bureau of Standards Testing of Glass
Volumetro Apparatus  Circular Ci34 Washing! U8
Printing Offico

1 Defimtion of Volumetnic Analysis

By volumetrie analysis 13 meant quantitative analysis by the use of a
measured amount of standard solutions The two aspects discussed below are
first volumetric apparatus and second the preparation and standardization
of common solutions

2 Volumetric Apparatus
2 Pipettes

(1) Common Pipettes Many kinds of pipettes are used of which some of the more cor
mon kinds are 1llustrated 1 Fig 10 Cahbrated pipettes dffer 1n their accuracy
the common commercil Jand (eg  Exax ) having the widest tolorance and
those to Bureau of the closest tolerance (o g

Normax ) Table « hsts permitted tolerance for pipettes burettes volumetne
flnsks and graduated cyhinders All pipettes are cahbrated at 0 C and are
marked ether TD (to delwer) or TC (to contain) TD (to dehiver)
oes not specify how delivery 18 to be made Hence there are twokindsof TD
pipettes  (a) pipettes with frosted tips must be blown out ard (b) pipettes with
no frosted band on the stem must be allowed to dramn agaimnst the side of the
vessel for the time specified on the pipstte  Burean of Standards pipettes
have been calbrated at the Bureau of Standards and earry individusl cahbra
tion certificntes Pipettes calibrated by the company (eg  Normax ) are
guaranteed to fall with n Burean of Standards tolerances When pipettes are
marked TC (to contamn) 1t 1s necessary either to use & nonwetting hquid such
a3 mercury or to wash the pipette out pooling the wash fiuid with the ongunal
sample

) synnge Pipettes It 13 very conven ent to use synnge p)pet!u for anmplmg (See

Procurabls from Bieknell Co 255)  Ubsse
synnga Pipettes were developed by Krogh £nd are uhbﬂted 1 the same manner
as ordimary pipettes. They can bo adjusted to any volame from 01 ml to 100
ml For the analyms of food and feces we bave found it convement to calibrate
a LverLok syringe because of tho large bore at the tip of the symnge. The
syninge makes the samphing mueh easier

b Burettes

(1) Common Burettes  Burcttes ave procursble with different tolerances of securacy
(Teble 2) but there is no real cconomy in purchasing other than thoss with the
grestest accuracy (og  Normax ) smee fow laboratories use many burettes.
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(2) Microburettes When titrating small amounts of solution {as 1n serum potassim
analysis when 005 ml of 01 N sodium thiosulfate 13 needed) we bave fonnd it
convenient to use n Rebberg microburette (See Figs 1° 13  Procurable from
Macalaster Bicknell Co, Cambndge, Mass) This is a capllary buretts with a
capacity of 01 or 02 ml and 1s graduated into fractions of 0001 mlL At the
lower end of the burette the capillary tubing bore becomes larger and is filled
with mercury 8o that a turn of the screw causes the mercury to deliver aqueous

VARIETIES OF PIPETTES

g
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Fig 10—Common kind of volumetric pipettes.
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solutions with the greatest of accuracy The ty
swivel joint that makes titrating convenent

{3) Syringe Screws Burette ‘This was popularzed by Krogh (For an {lustration ses
Fig 13) This burette has a capacity of 2 or 3 m} and 13 graduated to 001 gl

In titrations 2 twast of the screw delwvers eny fraction of & drop with great
Pprecison

p of the burette is on & gressed

MICROMETER BURETTE

SCALE
cm
0

“~G,E GORDON—

Fig 14 —Scholander s micrometer burette (Redrawn wih pesmlssion of the author)

8 Calb of Vi A

For most purposes volumetnic apparatus 1s ealibrated by weighng mi"
cury or water dehivered under the conditions of use of the nppnratu;my
the same time the temperature of the flmd 1s measured and the speﬂﬁ; ivered
of the mercury or water 18 found in standard tables The volume Ee o
then equals the weight of the flmd divided by the density at the g1v
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peratare  Tor quick 2ad exiremely te cal of miero

eapeeielly prpettes and burettes the Scholander micrometer bureite 15 eveel
tent (Scholander P F Microburette * Scsence 85 177 178 Feb 1832 Ses
Fig 14}

3. Privciple of the Bcholander Micrometer Burette

Mercury 13 displaced be tha spindle of & machinist & mictometer  The great precinon
of this kind of micrometes enables volumetnic yeadings to be mada with an serurmey
of D 0003 m}

b Tonstruction of a Micrometer Burette (¥ig 14)

(1} Protuse a machinwet & wiciometer with jaws of zapatity 1 1o uches The best
procurable mierometer sbould be putchased snce only good anes have complete
1 zeanty of scale

(«) Beplace the anv } with 2 act sesew {31 Fog 13)

(%) The loner part of the burette 13 & aytindncal Teservoir with & ground plene thick
bottom and plane ground opezing aud an internst d mmeter just emough 1o elear
the spiadie

{4) A fiher mug (4.) 1 placed on tha claved end of the reservoir and nert to 1t 18
placed a steel digk (43) With 4 conter punch {0 recerve 148 st acraw

(5) A fiber washer (434) gressed with 2 heavy stop-toek grease 15 placed st the
apen end

{6) Fasten the rewrvolr 1z the mievometer frame Mereury will mot lesk through
the sptndle beating when 3t 1s properly greased

{7) It & swall spindle 15 used the Aber washer (444) Must be reamed to a perfently
tight it wround the ypndle which will then be proof agamst leakage of merenry

(8} The micrometer frame 15 Llamped to 8 convenent stand awd by wmovement of the
ep adle mercury 13 sucked 1o ta fll the reservorr

(9) When the spiodle is screwed aut far enough to be level with the fiber washer alr
bubbles can ba readily brought up 18ta tha funnel shaped opening to the capiliary
For propes functianing of the burette it is exsential that the whele mercury con
tawming wvstem be free of alr The ressrvoir 1s ST free when thero is no vistble
bountisgy when the mereury columma 38 moved quickly from one placa to ancther
1a the drv buvette The last traces of mx axe yemoved by applying vacuum st
tion &t the buretts tip whils the micrometer spndie 39 moved 1n avd ont

¢ Calibration of the Microburetts
{1} “ote that the precise mze and shapo of the gless part are immateral It 18 only
the merenry expelied from the micrameter that ix sctvally messored.

( 3 Drmg the micrometer ¢lo ¢ to 10 making sare that mevenry fills the busetta sxactly
tothe tip  Read

{3) Iuta a we ghed vesvel forco mercury uoll the mitrometer resds closs t6 0 Read
agmn

(4) Measura tha temperature of the buretts by laying » thermometer alongmde

(5) Reweigh the vessel

(6) From atandard tables Bod the density of mercury st the obzerved micrameter
temperatuze

{7) Compute the eslibration constant of the buretts from the squation
(mg Hey
Milibters per acala divis on = 7, ey + {Rewd g & minus Beadiog %)

{8) For greatest pecuracy reeshidbrute by successive tentha of an inck with weighings
each ime.
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a

of With the § Buretto

(1) Note that for cal of other the of the

&)

and of the apparatus calibrated must be the same but that the absolute tempers

ture 13 immatenal This 1s go because the imtial cahibration of the micrometer

burette gaves cahbration constant equating seale divisions of the merometer with

volume

As az example let us assumo that a serological pipette of 01 ml capserty 18 to be

calibrated

(2) Place tightly on the tip of the burette a piece of strong capillary rubber
tubing extending about 2 cm beyond the burette tip

(b) Make sure that the micrometer 1s filled almost to 10

(¢) Insert firmly the mouth end of the pipette and clamp it almost horzontsl,
with the tip end shphtly higher than the mouth end (If the pipetts 18
clamped upright subsequent pressure &f the mercury column might give
erroneous readings or even spillage )

(d) Manmipulate micrometer until mercury column 1s exactly at top mark of
Pipette

(e) Read mcrometer

(£) Force mereury column exactly to tip of pipette

(g) Read micrometer again

(h) Calculate volume of pipette as follows

ml 1 pipette = (Reading 1 minus Reading 2) x (Micrometer cahibration)

4 Standard Solutions
a. Definitions
(1) The atomio weight of an element 18 the relative weight of ats atom compared to the

)
O]

)
)

(6)

(

=l

common 1sotype of oxygen as 16
Tho molecular weight of a compound 11 the sum of the atomic weights of il the
atoms composing the molecule

The equialent teght or combinsng weight of an element or compound 18 that weight
which will seact with or relesso 8 umts of oxygen or apy equalent thereof
Equuvalent weight depends upon the speeific reaction under consideration.

(1) The gram equivalent 19 the equivalent weight n grams

(b) The milliequivalent (mEq) 1s the equvalent werght 1n milligrams

A molar solution contmns one gram molecular weight i 1 hter eg a mol
tion of sulfunc anid contams 98 08 gm of sulfunc aed diluted to a liter of solutioz
A normat sofution contamns one gram equivalent weight of o substancs i a Lter of
solation The gram equivalent weight depends upon the reaction for ;r:nocsh the sub
stance 18 used Eg s normal solution of aulfurie aead will eontuin —— = 4904
gm of the acud diluted to one Liter with water

A normal reducing solution contains in one liter of solution one gral
hydrogen or xts equivalent 1 otker reducing substances Ozshe aerd
contamns two hydrogen atoms by pota sum p

ar solu

m of oniduzsble
(IGO0 2HO)
(KMzO) 50

16
that 18 normal reducing solution contains —5— = 63 gm per hter

One Iiter of & normal ozuliing solution will omidizs o2e gram stom of hydroges ¥
ducing substance A normal solution of KMnO for use un the rea

03

equivalent re
158
with oxalic acid contains —z— = 31606 gm per Lter
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B Pr of dard §
a Hydrochlorie Acid ROt mol. wt. 8547
(1) Preparation of 1000 I Solution  Mix 500 ml of water and 500 ml of concentrated
hydrochlonc and (sp ge 1 ) At 95 C adyust depmty to 1096 witk mare acid
or water me needed  Distill at the rate of 34 ml/minie and ecollect the last
quarter of the & stillute for use Tecosd the barometrs pressure danng s
faflation  Prepars axsetly 1000 N HCE by use of the following table

¥ srometne Ho Reruired for One
T esture Coneentsation Liter 1000 N HCl
wmm Mg & by weight m
730 0 93 17956
740 0 69 1077
70 o 1 17998
760 0 1 18019
70 0197 150 41

Prepare atandard hydsochlorte said by diluting the proper weaght of JICH to vol
sme Bg Darometno pressure 15 760 o prepare exactly 1000 N HCl weigh
out exsetly 180 12 gm of distillate and dilnte 10 £ fiter with water

(2) Btandard zation  This 1s prnmsry standard and neels vo standardization

b Potaysiam Hydrogen Phthalate G (COOH)COOK, mol wt 20114
(1) Preparntion of 01000 N Seluton  Obtan pure dry eelt from the U § Durean
of Stazdards Dilute 0414 gm to 1 hiar with water  VWhen titrating with thas
solution wsn phenopbibalem for igdicator Defore the end pmnt 19 reached bodl
the ehiquat belng titrated 20 &y to remove dissolved CQ
{~) Standatdization Ths 13 a primery stevdard azd veeds vo standardizstion

¢ Bodtum Hydroxide NaOFL, wok wi 4001

1) Stock Concentsated Solutcon  For many purposes it is denysble to keep on hend
w concentrated polutson  In w 500 mt Pyrex fask or bottls rmx apprommately 00
g MO and G0 ml water Cool and stopper with s rubber not glass etoppar
This keeps idefinitely but sbould mot be oxposed to sir except as necessary
Carbonates ere practicelly uscluble ab this comeentration and Wil settls ont.
The supernatant fioid I apprommasely 1 5 D ax NaOH

{«y Prepsration of 1000 N Eadium Mydroxide Boil approximataly 100 mi of dus
tilled water to rewove €O and cool to soom Sempecature Deeant or filter through
asbestos G0 0 mt of eomeantrated stock acluton  Dilute 59 m) of this to exactly
ome hier with berded dratilted water

* Tmng ph a8 sndhcator 3nd atandsrd potassum
s6d phthalate in the burette pipette °0 ml partions of socham bydronide futo 56
ml Erlenmeyer flasks. AdQ spprommately 15 mi of the atandard azid bring to
boil end titrate to eod pont. ¥f alkali 1s over 1000 N add water sccording to
the following squation
Ta 1400 el of NaBIl 8da (10003 x (actual normality - 3000}
Tepeat stavdardizstion sotyd exactly 1000 N is reached. Store {2 Pyrox wuth
rubbier pok gla s mtopper Atoud exposuts to sir

& Oxalic Actd, CIIO ZIXO mol wi. 12206

{3) Prepacation of 01000 \ Sotutivn Dissolve exaetly 6303 gm of pure dry oxal e

acid fo water and diluts 0 1 ter  This keeps indefimtely

¢ ) Standard ration  Titrate agaiast bot sod um hvdromide with phenoiphtbalefn x»
indicatar
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d. C of With the Burette
(1) Note that for of other the of the
2nd of the apparatus calibrated must be the same, but that the absolute tempers
ture 19 1mmatenial This 18 so because the imitial calibration of the micrometer

burette gives calibration constant equating scale divisions of the microzeter Witk
volume

=

As an example let us assume that a serological pipette of 01 ml espacity 1s to be

cahbrated,

(a) Place tightly on the tip of the busette & piece of strong capillary robber
tubing extending about 2 em beyond the burette tip

(b) Make sore that the micrometer 1s filled almost to 10

(c) Insert firmly the mouth end of the pipette and clamp 1t almost honzontal,
with the tip end shghtly bigher than the mouth end (If the pipette 18
clamped upright subsequent pressure df the mercury column mught mive
erroneous readings or even spillage )

(d) Mamipulate micrometer untsl mercury column 1 exactly at top mark of
prpette

(e) Read mrcrometer

{£) Force mercury column exactly to t1p of pipette

(g) Read micrometer agsin

{h) Caleulate volume of prpette as follows

ml 18 pipette = (Reading 1 minus Readiog 2) x (Micrometer calibration)

4 Standard Solutions
a. Definitions
(1) The atomio weight of an element 15 the relative weight of its atom compared to the
common 1sotype of oxygen as 16
2) The molecular werght of 8 compound s the sam of the stomue weights of oll the
atoms composing the molecule
(3) The equnalent uaght or combining wesght of an element or compound 19 that we: B
which will resct with or release 8 umts of oxygen or any equualent thereof
Equivalent w 1ght depends upan the speeific reaction nader consideration
(&) The gram egurtalent 15 the equivalent wesght mn grams
(b) The milhequitalent (mEQ) 13 the equivalent weight 1n mull grams
(4) A molar solation contams one gram molecular weight i 1 hiter eg s molar sl
tion of sulfuric acid contamns 9808 gm of sulfune acd diluted to & Iter of solotio?
(5) A normal solution contamns one gram eqmralent weight of a substance m s Jiter of

solution The gram equivalent weight depends upon the reaction for which the s

9808 _ jops
stance 15 used Eg & normal solution of sulfuric acid wall contaun 5~ =
gm of the aad diluted to one liter with water o
(6) A normal reducing solution contans 1n ome liter of solution one gram of oxxdll;m
hydrogen or 1ts equivalent m other reducing substances Oxshe actd feid c.oo) "
contams two hydrogen atoms le by te (KA

1.6
that 1ta normal reducing solution contawms —5- = 63 gm per Lter

or
(7) One liter of a normal 0zwdking solution Will oxdize one gram atom of blyldmes:': o
equivalent reducing substance A mormal solution of KMaO for use 12 the

158 03
mth ovabe acid contas —z— == 3 606 gm per hter
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5 F of dard ol
2. Hydrochloric Actd FCL, mol wt. 3847
{1} Preparatian of 1000 N Selutaen  Mix 500 ml of water avd 500 ml of coucentrated
hydracklonic a3d {ep gr 1 ) At o € adjust denmity to 1098 with more serd
or water ax peeded IDnstill at the tate of 34 ml/mamute god collect the last
quester of the & stillate for use TPecord the bherometric pressure dunng &g
tltation  Prepare exactly 1000 N Ut by use of the fallowing tatile

¥ arometrrc il Requred for One
Prost ira Concestration Liter 1000 X HCt
mm Hg € by weight gm

730 o 93 17956

740 o b2 o7

750 ¢ 40 17298

760 9 1 180 19

170 “0 197 18041

Prepare standard hydrachlorie 2ard by dilutiog the proper weight of HCI to val
wme Bg Darometne pressura ts 760 To prepare exsctly 1000 N HQl weigh
out exactly 130 19 gm of dustitlate snd ditate to 1 hiter with water

{7) Standordwation  This 13 primary stendard snd veels no standard zation

T Potassium Hydrogen Phthalate CI (COQH)COOK, mot. wt. 20114
(1) Preparation of 01000 N Bolution  Obtain pure dry salt from the U 8 Bureaw
of Standards Dilute 0414 gm to I hiter with water TWhen titrafing with thay
solution use phenophthalain for isdieator Befors the end posnt 1y resched bol
the aliquot being titrated 80 as to remove dissalved CO
¢ ) Btandard zation Ths 1 a primary standard sud veeds o standardization,

¢ Bodium Hydroxide NaOH, wol. wi. 4001

{1) Stock Concentrated Solutwn  For meany purposes it is desirable to keep on band
o concentruted solution. In @ 500 ml Pyrex faeh or bottle mux spproximately 200
gm NeOM and 00 ml water Gool and stopper with @ rubber not glass stopper
This keeps :ndefinitely but should not he expased to #ir except as necessaty
Carbonates are practically msoluble at this concentration and will settle owt.
Tho supernatant fiu 4 11 approxunstely 17 N 1 NaOTL

{”} Preparation of 1000 N Sodwm Hydroxsde Dosl spprossmately 1400 ml of dia
tilted water ta remave CO snd cacl to room temperature  Decant or filter throvgh
asbestas 60 70 ml of concetrated stock salution  Ditute 53 mi of thia to exactly
age  ter with houled & atilled water

1<) Using 8 indiator and standard potasnum
acid phtbelete sn the durette pipette O sl portions of sodimm hydromde into 50
mi Erleomeyer fasks. A4 spprommately 13 md of the standard and bring to
boil snd Litrato to end pmnt I elkals is over 1000 N 8dd water seccrding to
the following equation
Ta 2000 ™l o2 BaOT 2dd {1000) x (aetask normahty ~ 1000}
Tep at stendardization uuts! exactly 1000 M s renched  Siore fn Pyrex wath
rubler not glase stopper  Avard exposure o air

€. Oxalic Acsd, GILO 21O ol wi. 126.08

(1) Treparat on of D 1000 N Solutin  Dustalva exnetly 6303 gm of pure dry ozal o

sexd in water and dilute 10 1 hiter  Thia keeps indefinttely

() Standscduatian Trteate aguinst hot sodum bydeoxide with phensiphthaiein ax
indieater
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e Sulfuric Acid, H,80, mol. wt. 9808
(1) Preparation of 1 N Solution Add about 500 ml water to a 1 liter volumetng
flask  Add 29 ml of sultunc se1d (sp gr 184) D
lute to 1 hiter with water
(2) Standardization Titrate agamst standard sodium hydroxide The concentraton
should be near 1 N'

1 Benzoic Acld CH COOH mol wt 12205

(1) Preparation of 01000 N Solution  Weigh out exactly 12205 gm dry eeid Into s
one liter volumetrie flask Add about 500 m! warm 95% ethyl aleohol, dissolve
nnd dilute to 1 liter

(°) Standardization Titrate agamst hot sodium hydroxde using phenoiphthalein a3
tndicator

g Silver Nitrate AgNO mol wt. 169 89

{1) Preparation of 01000 N Solution Dissolve 16989 gm pure fosed mlver mtrate
12 water add about 100 ml of concentrated mtric neid and dilute to 1 hter Keep
22 the dark 1z & brown bottle
(2) Standardization This may be used &3 & pnimary staudard without standsrdiza
tion  However if standardization 15 desred a gravimetric procedure 18 Tecom
mended as follows
{8} Mzake an approximately 1% solution of HCl by dilating 100 ml of ¢on
centrated HCl with 900 ml of water
(b) Running triphicates prepare 250 ml beakers with exactly 50 ml of mlver
mtrate solution
(¢) With stunng add 75 ml of HC small portions at o tume
(d) Bnng to boil and allow to coal and settle 1n the dark
{e) Savang 8)) washings filter through weighed mptered glass filter Wash with
5 successive 50 ml portions of water contaiming a few drops of mtne aad and
test the last washing with siver mitrate for presence of chlonde If negative
wash with two 50 ml portions of plain water
(£) Record volume and temperature of total washings
(g) Dry precipitate to constant weight at 110 C
(h) Calculation

total ml wash,
g ppt) + (DELETABIE o nter)

y of AgNO = (ml AgNO use

1000 % (14334)
Solubility of AgCl 1n 195 HCl1s

DODD gm AgCl/1 at 20 C and

00027 gm AgOl/1 at 30 C

h Potassium Thiocyanate KCNS mol wt 9716 :
(1) Preparation of 010 N Solption Dissolve 98 gm KCNS 1n water 2nd dilute to
hiter o
(2) Standardization To 20 ml of 01000 N ApNO 2dd 5 ml concentrated HM: EONS
of water and 1 m) of saturated aqueous ferric alum aclution Titrate with
to the first permanent salmon pink color

1 Sodium Oxalate Na,C,0, mol wt. 13399
(1) Preparation of 01000 N Solution Weigh out exmetly 8700 gm of pure
{Bureau of Standards) Dissolve and dilute to 1 hter with water o
(2) Standardization This 15 & primary standard and requires no standardizati

ary st
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} Potasstum Permanganate KMaQ, mol wt. 15803

(1) Preparation of 63 N Sclution  Duselve epproximately 33 gm pure R0 m
1 1ter of water This must age Let stend 1 dark several ricntts and Siter
through eshestos

{ } Bteadacdization Te % wml of #1600 N sodium ozalate 12 a 500 ml Erl nmever
fiask 8dd 00 ml of water and 3 ml of comcentrated H SO, Ifeat to O C and
titrate to first pink persusting 30 seconds Do aure 10 7un adequate numbers of
Dlanks

& Potassium Todate BIO, mol wt, 214603
(1) Preparat on of 01600 N Solution  Weigh out exactly 308 gm pr drv RO
dhasolve in water and diduts to 11 ter
(°) Standardization  This 13 & primary standerd and seel £d <tanlarlzation

1 Potanttum Dichromate KLr O mol wt. 20122

(i) Preparation of 03000 \ Golutten  IDussotve exaetly 49M gn of fure slt »
water snd dilute to exactly } hiter

{3 Standarhizat op  Thia mav be used as 8 prumary standard

m. Sodtum Thiosulfate Ne.5,0 B0 mol wi 481D

(3) P eparation of 61008 N Solutron  Dizeolva *3810 gm of pure salt in apprax
rmately OO m§ water and sdd 2 ml of spproxamately TN NaON Driute to 1
Tte with water

(=} Steadardizat on against folate To 5 ml of steadard & (040 N\ sodate n an
Erlewn ver flask add 10 mi of 107 hiand O mlof IN SO o AT Tims
Wit thso ulfate until th aotut o >s pale v Jow  Add a few d gy of ajuem
starch solution (2 } ead titrate to divappearance of blue eolor

3) agaust T Tussolve approximately 1 gra of RI a1
10 ml of wate add spprovimately 3 m) of concentrated 1O and mipette exa tle
5miof 01000 N BLMaG  Titrate with th osulfate until bright yellow then ad)
% to 1 miof 17 starch and ¢t trate to &1 sppersnce of the }lue eolor

(4} Standard aton wth Dichromate In & 0¢ w} Lrlenmeyer fa k mix spprox
matel 00 mi of woter § pm of K1 4 gm of NallCO and then ex e s of con
centrated JIC! 114 exactly <o m) of D1000 pota swm dith omate and let stan}
15 the ds k 10 mizutes Titeste with thowlfate uing 2 0 § mi of 1
asind wtor

starch

o Iodine I, mol wt 12602

(1} Preparstion of 01 N Sofution  ¥n appronimately ® 0 mi of nater & vobve 30 gin
¢ pu & potas wn 10d de anl 13 gm of 1wdine (resvbhmed) D Jure with water 10
1 lter

(-} Stendard zat on  In @ 100 mt Frleameyer fask mix exactly  ml of 1 dize snl
approx mately 0 ml of watee Titrale with 03000 N thiomifat to fa nt vel
fow add wips vamately )} ml af 17 atarch solat on mad Lt ate te dr afjearsnc
of tia ol
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Podersen K O Ultncenmfu%al Studs 3 on Seram and Serom Fractions Upsala Sweden,
1543 Almquwst and Wiks

Pukels E @ The Ultracentrifuge Practreal Aapect: of the Ultrscentrifugsl Analyss
of Proteras Chem Rav 8¢ 341 355 (June) X

Svcﬂ;:erg T and Pedersen K O The Vllrnl:entnfuge Londen 1940 Qxtosd Umversily
'ress

Tiraditration
Lanetes P 3 Anacrobte Ultrafiliration J Biol Chem 120 267 75 (Aug) 1937
Vitramiesoanalysts

Kk P L Quantstetive Dlramcroanalyss New York 19,0 Jokn Wiey & Boas Ia.



SECTION IV
BIOCHEMICAL PROCEDURES

A MINERALS

1 Total Water and Total Bolids m Food, Tissue, COells, Serum and Feoces
Referente
Assoeiation of Offictal Agnicultural Cherusts ¢ Ofer and Tentative Methods of
An:lysx! Tota) Bohids Method T Ofieasl ? ed 5, Washington D C 1840
p "1
Principle

The difference 1 weight between & sample befors and after dryrag 8t 130 Cover
# ght 1s the amount of water 10 the sample The residus represents the fotsl sohds
of the sample
Apparatus
1 A sumber of weighing, bottles with lids
2 Ap analytical balance
3 An oven mumntained at 116 ©
4 & demccator

Reagents
None

Procedure
1 Weigh accurately & dry weighing battle thay has besn coolsd an u demeentor for
at fesat one half hour
2 Add the sample snd weigh again,
3 Open the dish and lenve 1t tn g 110 € oven overmight
4 Cool 1 the desiceatar ¢lo @ and wergh agmn.
Galeufation
., (Weight of bottle before drymg ~ waight of bottle sfter) o0
= gm sample taken

_. (Weight of bottle after drying ~ 1pita) weight of bottle) 100
2 gum sohds % <= B sawple 1aken *

1 gm water %

Hxample

Waght of weighmg battle 109586 g
Weght with ssmple of muscle 175542 gm
Weight after deying 113507 g
Therefore, weiht of sample 35946 g
weight of remdue 03921 g
and weight of water %035 g

gmwaer“’a::%%xll‘ouﬁd

g ooteds % = 93 100 = 246

o

82
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‘Precautions
1 Tn the presence of unsaturated £at 1n Jarge concentration the neiwht of the remdus
of u specimen sometimes reaches & mimmum and then Tises again as Oxygen 18

hsorbed. Tt 3» desrable to make werghings as often 83 every mx hours to do
termine the mimmum

o

In the pre enes of & high concentration of water prehuminary drying on & steam
Dath 18 necessary fo prevent frothing which often oceurs when a sample 19 placed
directly mto an oven

2 Total Base mn Serum, Urine Cells and Tissue
Reference

Consolazio W V and Talbott J H  The Determ notion of Total Base 1n Biological
Mater al by Electrodislyms J Biol Chem, 132 753 67 (Feb ) 1940

Principte

The basic 10n9 are electrodualysed into mercury with which they amalgamate The

amaloam 19 decomposed w th standard acid and the excess acid back titrated with

standerd alkal

e + B + Oz = RHg
BHg + H = B + Hg + %H,

Apparatus

1 Total base mach ne with accessories (Macalaster Bicknell Company Cambr dge

Massachusetts An indiv dusl umt 13 allustrated an Fig 15) This includes two

sallammeters & pilot Jamp # rheostat  shunt and 2 switch It 1s operated
at 110 or 2 0 volts DC the possibility of usng lower voltages has not been
tested fully It draws 65 mulamperes at full load. The amode 13 & platinum
electrods fused 1w & Pyrex cup and comnected by a metal socket dicectly to the
source of power The anode acid conductor of Adsir and Keys (Adaur G 8 and
Keys A B J Physiol 81 16 1934) has been elimmated
Auode cups should nmot be cleansed with clenmng solution Prempitat on of
chromum on platinum may mtroduce serious errors It 15 recommended that
the cups be brushed with water filled with concentrated mine scid and al
lowed to stand for several hours Several rinses with distilled water remove 211
adherent base
4£300 plain transparent cellophane (Dupont)
Rehberg microburette 0 ml
Slow spoed otating motor for applymng collodion
Membrane tubes These are prepared as follows Cut cellophane inte 3 neh
squares and soak for 5 mmutes in dist lled water Apply the wet aquares to the
open end and opposite the eonstrichon Now with the thumb and the forefingar
pull the wet membrane taut by applymng pressure along the tube wall and away
from the former opering The membrane should always be atretehed across the
gram s ace this exs has greatest elastiity A good procelurs ta follow 18 to
stretch the membrane shghtly ©ross grain before appiying 1t to the membrene
tube Allow the membrame to dry 1° hours The exeess cellophane 13 now
tnmmed with & sharp razor or scalpel about % inch down the tube wall The
pertially made membrane tubes are now rotated parallel to the floor about 20 30
rpm and while they are totating a thim cont of collodion 13 spphed Starting
at the edge of the fube pour @ continuous stream about 4 inch from the tube
end The collodion sets 1n & minute or two Care should be taken that collodion
does not flow over the membrane face After drying (35 hours) the fnished
membrane tubes are rimsed thoroughly with distilled water and stored 1n dis
tilled water 10 the refrigerator Membrane tubes prepared 1a this fashion have

e
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ELECTRODIALYSIS UNIT FOR TOTAL BASE

GATHODE————-——-—*&

MEMBRANE, TUBE———e

|

——

BENZOIG AGID
SAMPLE + WATER——

=1 _{=——ANODE CUP

MERCURY GATHODE
MEMBRANE

LR

R
3l

- ]
MERGURY ANODE.




S

Total Base 85

‘been used successfully two months later To remove the membranes from dried
membrane tubes the collodion seal should be sosked at least 15 mnutes m Water
It then merely becom s necessary to rum the fingernail down the collodion seal
and remove the old membrane 1 ono prece

Krogh syringe pipettes 02 ml eapacity and 17 ml eapacity

Reagents

Pl

oo 'S

©

Water glass distilled aver alkaline permanganate It must meet the specafications
for conductivity water

Meteury base free  Prepate this by clean ng w th 59 mitne sad with subse
quent thorough washing with dustilled water

Stock solution of benzowe acrd (CH COOH) 1000 N Dry benzore acid by placing
it m o vacuum demccator at least 48 hours Accurately weigh 122047 gm dis
solve 1m .00 m} absolute EtOH and make up to hiter with sbsolute EtOH. If
stored n the cold 1t can be kept 1ndefimtely

Benzocacd 00 N mede from stock solution  Pipette exactly 5 ml of 1000 N
benzoie acid nto & 50 ml volumetne flask Dilute to about 00 m} with glass
Qistilled water with persistent agitation Teprecipitated benzoie acd wall &1 solve
Dilute to mark

Sodmm bydroxde 0200 N (Kalibaym €O free)

Phenolphthalem 010™ (Lamotte) dilute 1 1 wth EtOH

Collodon (Malhmekrodt) CP

Standard solution of mixed 1ons  Dissolve and dilute ta evactly ons liter with
glass dist lled water 8150 gm NaCl 0 73 gm KCl 0718 CaCl HO and 0095
gm MgCl  The result ng solution contains per liter 140 mEq Na 5 mEq K §
mEq Ca* and mEq Mg making a fotal base of 15 mEq per liter
Concentrated mtr ¢ a 13

Procednre

w

'

o

e

@~

©

10
3%

Wash anode cups with soap 0 Dreft rinse and leave filled with concentrated
HNO

Rinse enode cups with distilled water everal times then once w th glass d stalled

water

From  burette edd to each eup approximately 05 ml mereury and with a broken

1 p pette sppronmately 10 ml of glass 4 stilled wate

Add 02 ml serum cells or urine or weighed tissue apprommating 0 gm (the

quantity u ed depends upon the base content) Rinse several times with water

n anods cup keep ng the tp of the Keooh (automat ¢) pipette below the sur

face of the water to prevent splashing Then flush out pipette with 2 ml of

water With each run bave 0 ml of standard total base solution which has to

ba used for calculating the blank

Always minse membrane tubes several times with distilled water and omce with

glass distilled water before use To each m mbrane tuhe add approx mately 1

ml of mercury

Add exnetly s measured 17 ml of 00? N benzoic acd The amount added de

P nds on bass n wnknown (17 ml 18 equvalent to 170 mF g of base/lter of

uaknown when 0 2 ml of unknown 19 used )

86t membrane tubes 1n solution 1n anode cups submerged about 05 em

Close erreutt by attaching all electrode contacts and turn on eurrent After let

tng 1t ruz Jow for 1 hour advance the rheostat ang let 1t run ove n ght on b oh

Dialys s 19 complete when m Il ammetor indicates no current or not more than
3 milhamperes for all 9 un ts

Remove contacts and luft membrane tube above solution 1n cups

Rinse off electrodes 1n membrane tubes with © ml glass distalled water

Add 1 drop of phenclphthalemn

Titrate to frst sign of Pink color with 0000 N NaOH ueng Rebborg huretts
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Calowlation
1 Blank
In this method the reagent blank ss best computed from a standard sodution not
from & run of distilled water
mEq blask = (uBq aed - mBq slkal) ~ (ml stenderd x mEq total bass pec mt

standard)
2 Unknaws
mEq total base/hiter ynknown ==
1600
(m¥q aeid ~ mElq alkals ~ mEq blank) x o

Examyple
17 ml se:d wsed titration of 82 ml of unknown 38 06 1 ml NaOX titration of 02
m} of standard s 0 0034 1 NaOH

1 Blank = (17 x 02) - (00064 07) ~ (6352507} = 0 003
2 Unkuown = {17 x 02) ~ (0021 x 02) ~ (0003) x lg"z" = 135 mEq/fhter

3 This 38 made more & by the usa of Table 3

Tapl® & TovsL Basy
Mﬂhequm}enta Total Ba & per ther of Serum Whole Blood Cells or Unne When 0° mi
ples Ars Analyzed When £ 002 N Benrowe Aad Is Used in the Cathode
Cups Dunng E!enlrodm]ysu and When
AMithequivalents {(NsOH Plug Blaok) 1o Back Tm&mm

A ] 000D | OODL | D00 | 0003 | 0004 | 000 | 006 | 007 § 06us | 0o
MILLIEQUIVALENTS TGTAYL BASE PER LITEP UNENOWN

W] 10 T70§ 369 | 189 | 163 | 186 [ 167 | 167 | 164 | 168
901 15 | 16+ | 364 | 163 | 163 | 38 16> | 161 | 161
009 | 160 160 | 159 | 159 | 158 | 156 | ys57 | 15y | 156 | 16
093 | 185 155 f 18+ f 154 | 153 [ 153 | 150 | 15 15t { fo3
905 | 1a0 10 | 149 | 19 F 148 | 148 | a7 | My | 148 | 138
005 | I8 LT T S I U ¥ M [ 7 T B LI A CY I 11
006 | 140 140 139 | 139 | 138 | 138 | 137 | 13v | 136 | 138
007 235 15 4 x4 | 134§ 133 | 183 | 10 | 22 1 fon
008 | 130 FECAR S A S A LR - S B O U g B B O
0 1% 15 | 194 1 1% ) 123§ 123 | e 10 |11 |t
[ i0 B2 I I VU A YT M V- A ¥ VY A VR T
011 15 5 f 14 | 4 fona o3 | oe { oz | o |
ar> 1 110 110 | 109 { e | oxos | 108 [ xor | 107 | 106 [ 06
a1 1 105 | 104 | 104 P o103 | 103 | 303 | 3e> | 101 | 20
014 100 100 9 99 98 98 o7 ar 6 il
[T 05 () [ o1 ] 53 ) g 91 2;
01§ £ 89 89 88 8 & 8y | 88

a7 BS 85 84 B4 83 5 8 82 8 3‘1
018 80 8 79 79 8 78 78 s 7 u
019 3 ki 4 74 72 73 7 n L2
T 76 70 55 [ () 53 &7 o7 §

ozg 65 63 63 84 61 6 [ 81 g;
022 60 60 59 59 58 58 57 51 L
0°3 $5 55 54 51 53 51 5 5 51 5
04 50 50 49 49 48 48 47 47 46 -
) 43 45 rr £ [ (5 75 7 41 34 3
0% 40 40 39 3% 38 33 a7 37 F
007 EY 3 3 3 33 22 3 2 3t H
08 30 29 23 3 a7 27 2 H
09 5 2 24 + 3 23 2 » L0 -
30 ) ] 15 19 18 18 i7 17 18 1
631 12 15 34 1 1 13 1» 1 n i
03 1 10 9 7 7 8 1
033 5 5 4 4 3 3 3 2 1 -
034 ] - — - = hooed - - bl
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Precautions
1 Ia order to avard erratic results anly glams dutilled water should he msed.
2 TWater gives srregular Ylanks therefors vse one stavdard durng each group of
nnalyses to obiain the blank orrection.

3 Sodwum i Serum, Unne Cells Tissues Diets and Stools (Gravimetric
Iethod)
A. % SERUM
RBefevences
Botler A A apd Tothall E Ap Appbestion of the 2m¢ Uranyl Acetate Mathod
for Determmnation of Godiom 1 Biologieal Mater sl J Tact Chem 93 171180
(Sept } 1031 193
Consolano X ¥ snd Dl D B The Determmation of Sodum J Bl Chem
137 59759 (Feb) 1941

Principle
The 2sh from Wwological matenal 1s freated wth uranyl zine acetate and the tuple
241t of sodwm uranyl mat mcetats 1s Tha

13 estrmated g anmetnically
Na +Zn(CHLOO) +3{U0) (CHCOD) + CHCOOR + 6HO =~
NsZa(UO ) (CH 0Q0) €O + 3T

Appatatus
1 Jena ox Pyrex mintered glass filters {fine)
« Platinum or quastz crucsbles  § mi eapacity
2 Smsll electric sturriag motas with glatwem wire
£ Myffle oven ot a1 600 C
3 Elgetne centnfuge or good apalytwsl filter paper (Whatman 4:40) and fonrels
6 Synnge pipettes 10 mland Oml
7 Auslytical balacce
8 An oven set a2 110 C
9 Rubber stoppers 46 sohd

20 Wateh glasses

1L Source of sy hon

Reageaty
1 Uranyl zime atetata (UZA)
. 60 gm of sodium €100 uTaEY] scstats DO (GHO) 2M,0
45 m} of aeetic seid (CH COOH) 30¢ by volume
Water to make ug t 670 g
b . g of rus aietate La(CH £O0) 2HO
23 tal of scetic sd 3097 by volyme
Water to make vp to 5 0 gm
Warm both solatint oy steam bath  Mex while hot let stand » & hours 3zd seed with
soduam yranyl zos acotate Bt s well and $lter betore nswy
Etby! aleokol (EAOH) 95¢ satursted with sodiom wrangl mow seetate  Filter
‘vetars uge
3 Sulfung amd cozcentrated
4 Ethy! ether ashydrous (1) O
5 Cslesum hydronde powdered (sodwm free)
& TVydrochlon acd one N (1D o concentrsted HQA in 100 ml of water)
7 Bod um ursagd 2 nc acetste (triple sodum salt)
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Procedure
1 Pipette exactly 1 ml of seram mto & platinnm or guartz eractble
2 4dd one dvop of concentrated sulfunc aed and chay at 116 € for at lenst 36

bours
Ash m muffe oven (600 O} overmght
To the bottom of su Becursisly weighed sunbered glass Mter 8L & #6 robber
stopper

344 approximately 15 ml of freshiy filtered Y2A.
To the sshad serur add § to 7 draps of one N hydroshlane ead,
Bv mesns of & weditine dropper transfer the pampls quantitafively to fhe
weighed cruable whie meckameslly stirning the UZA
Wash remorsg gerum ash with threa 02 mb portions of approzumately 01 N
HCI fransfernng it to tha erueble
Now tvash the cruesble th 2 ml of UZA.
stir mechameally for & totsl of 5 munutes Then nnss the shenzg rod wmth 2
ml of DZA cover the crutible with a wateh gla 3 and Jot stand for 30 muutes
at rion terperature
11 Filter the :mgredients 1n exacible by suction

2 Using capiilsry pipettes, wash § tumen with £ m] portions of freshly filtered 95%

slechol saturated with the triple selt of UZA.
13 Then wash 8 tumes with 2 ! portions of sbsolats ether
14 Dry by vecuam  Clean outssde of cruesble wath 2 elean cloth and place 22 & dent
cstor for 1 hour

15 Wegh

)

» oo

1t
Sw

Calculatlon
1 If 10 ml of gervin was used mEQ Na/hter == {werght of precypitate 1 grams
- blank in grams} x 650
2 7o convert mFq Na to mg Na, mul 1ply by 83

Example
1 Weght of preaypitate was 02220 gro #nd weight of blank was 8000 gm, mEy
No/l ter serum = (G2 .0 1 0020) x 6,0 == 3430 mEy/Y
2 g Na o= M30x .3
3 7This caienlation 14 asmsted by Table 4.

Frecautions .
3 In washing out the precipifste be sura that no water iy sdded sy the sodium 32
urauvl acetate pretupitate dussolves very readily

Tapie 4 SeeUM Sopron
When 1wl of serura 19 analyzed, mEq Na/hter =
(g ppt ~ g blagk) x 650 or
(g ppt ~ mg blank) ¥

ki oixizisl4isis‘7l,ﬁ_i.;”

MINUS

z.l.(?xs SODION PER LITER SERUN
190 TE°77180 ] 15 ] 1.0 ) 36 J X7 f tat § 18 15; e
0% 1.8 131 38 132 13 333 13¢ 3 b2 "




Bodsum 89

2 Mako sure that the filters are dry before werghing
3 The accaracy of the method must be checked agamnst & standard solution (see
total base)

B SODIUM IN URINE
Apparatus  See serum
Reagents See serum

Procedute
1 To approximately 10 ml of urine sdd approximately 1 gm of powdered Ca(OH)
2 Shake manually st intervals for 1 hour
3 Centrifuge or filter through bardened filter paper

Tapie 5 S0p1OM 1N URINE

When 2 ml of unine are used for analys s mEq Na/Liter urive =
(gm ppt — gm blank) x 395 or
(mg ppt - mg blank) x 03 5

s [ 1 - 3 « | s [ 7 8 9
MG BLANK MILLIEQUIVALENTS SODIUM PER LITER URINE
0 00 0 [] 0 3 ) T 3 20 B
10 33 3 40 42 46 49 53 56 .9 6
20 85 & 72 15 78 81 85 88 91 94
30 98 101 104 107 111 14 117 10 14 127
40 130 133 137 140 143 146 10 13 16 159
50 163 166 16 17 116 7y 18 185 189 12
€0 195 19 02 05 08 211 15 218 21 4
70 28 23 34 37 41 14 7 20 o4 207
& 260 263 267 270 213 76 280 83 236 89
90 93 9 99 302 306 09 312 305 319 A
10 35 3°6 33 335 438 341 345 318 8,1 334
11 358 361 364 387 371 374 377 330 334 387
1 390 93 97 400 403 406 410 413 418 419
131 43 426 49 432 436 439 442 415 440 450
14 455 458 46 465 468 471 475 478 481 484
50 138 49t % 97 501 554 507 510 B14 517
160 50 57 530 533 536 510 3 546 54
170 .53 556 559 566 569 572 575 5.9 582
180 585 588 59° 95 598 601 605 608 611 614
190 618 61 64 67 631 634 637 640 644 64T
20 6 U 603 607 60G 603 bbb 670 73 b76 6790
1 633 688 685 696 696 696 70 705 709 7.
e 718 7T 2 7T 78 731 735 (38 41 .44
- 748 751 4 87 781 164 70 T4 TIT
4 780 783 787 90 793 796 800 803 806 809
75 813 816 #1J & ] B 6 832 835 839 842
28 Bio B84% B85 855 858 861 865 863 871 8 4
1 878 881 834 88y 891 84 897 900 904 907
28 911 913 917 9 o 3 930 93 036 939
20 943 948 949 952 956 J59 96 965 9r9 97,
0 978 98 B3, 988 951 695 Ji8 1001 1004
1 1008 1011 1014 1017 10°) | 10 4 10 , 12030 1034 1037
1040 1043 1047 1050 1053 | 1056 1060 1063 1006 1089
3 1073 1076 1079 108> 1086 | 1089 1092 1095 1099 110
4 1105 1108 111 1115 1118 | 121 115 118 1331 1134
5 1838 1141 1143 1147 1551 154771157 1160 1164 1167
6 170 1173 1177 1180 1183 | 1186 1100 1193 1196 1199
7 103 1206 1209 116 | 119 2* 1 5 1 ¢ 1
5 5 138 14, 1245 148 | 1°51 155 158 1261 164
9 1268 171 174 1277 1281 | 184 1987 1090 1294 1297
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5 To the ash add 07 m} of 2040 H P

Agitate the tube for % to one munuts or vnhl complete solution gecurs aad

R PLCl, beguns to prewpitate

Add approximately 5wl absolute EtOH and mix eontents thoroughly with st

rigg red  Rinse the 7od with 1 2 ml absolute ELOH.

Let the tabes stand for 30 mmnutea

Centrifuge pently for 10 minutes 2t about 1500 ¢ pm

Aspuate or decant supermstant hquid. (Save zt for platinum recovery if de

srred )

11 Wash contents with § m} of sbsolute ELOH mix with storring rod asd sines rod
a3 before

1? Centrfege agmm for 23 mimutes at 1500 rpm, sspirate the supernatent hqud
and save remdues

13 Place tubes 1n 70 € water bath

14 Bring tempersture to boling and alowly maiatess for 510 munutes watd O
55 completely volatsihzed If FtOH 15 not completely evaporsted it will reduce
1hs rodoplstinste to freo platinum black

16 Leave the tubes 1z hot water 2nd 243 spproxmately 45 ml of water 1o each.

16 Inesolve salt (K PtCl) compietely If the malt is mot dessolved free plstimua
will be Earmed upon eddition of K1,

17 Add approxmately 1 ml 2 N KX mix and let stand § munates 2z hot water

18 Then cool and titrate with 02 m) Rekberg busette umng 01000 N N2,%0y 18
113 ecomplete disappearance of red color The remmmng sofution will be lewen
yeilow Save the residue for recovery of the platinsm presesnt

Calculation
If 1 ml sernm wsed mEq K /hter serum = aml of Na,8,0 x normalty x 1000

To convert mEq potasstum per hier to mg potasswm per 100 ml multsply mEq/hter
BY 29 (re equuslent weght of potassium x 1/19)

>

-

=
Sew

Example
Tiration figure was 00530 m} of 02000 N sodunm thiosulfate azd the blask i3
00039 mt

mPBq K /hter of serom == (00530 ~ 0 0030) x 01000 » 1000 = 58

Precautiony

1 Mfake cerfain that all the aleohal 12 eveporated before addng the water
2 Then make certamn that the precspitate 1s dumsolved n the water before Aﬂdmtf
the pota sum rotide (If not free platimum wnll be formed tpon addition 0

the KLY
3 Be sure that the ssh 3s white otherwise muifle agamn
4 15 33 wise to check the mceuracy OF the method with & standurd solutwn {

tatal buse)
B POTASSIUM IN RED BLOOD CELLS

Reference
Congolamo W V {Unpublished) o
1 Tapette exastly 01 b of cells with Entamatic syringe pipette into gus
Vyeor tube a8 for geram
® Add 1 drop of satursted sofium ssifate (Ne,80 )
80 Dryetllo ¢
i. ?: ifaiﬁ"&"fﬁ add 1 :!ymp of concentrated HCL and place in 300 © Dvena\:;’:
dcy  This step provents ovclusion of K sslts on the awon, muce sl ferré
15 converted to fernc chlonide
5 Now proceed as for Se¢rum, steps 4 18

(1ed
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¢ POTASSIUM IN URINE

1 Into a quartz or Vyeor tubs p pette 0 2 ml of urine
Ada 1 drop of godzum sulfate solution

3 Add 1 drop of pulfunc aed solution

4 Proceed as for Serum steps 318

D POTASSIUM IN DIET STOOLS AND TISSUE

1 Uso approxmately 05 to 1 gm for food feces or issus  Ash 1 mufile
To the proper smount of HOL extract of aeh 8dd 1 dtop of NeS0 Do mot edd
H SO,
Dry at 110 ¢ Do not ash

4 Proceed as for Serum steps 518

5 Porex tubes may be used here in place of quartz fubes mnce R0 ashing 13 em
ployed after step

5 Caleum mn Seruwn Urme Food Tissue and Feces
A. IN SERUM
References
Kramer B and Twsdall F F A § mple Techaique for the Determination of Cal
cmm and Meagnesium 1n Small Amounts of Serum J Biol Chm 47 475481
(Aug) 1971
Clark E P and Colip J B A Study of the Tisdall Method for the Determina
tion of Blood Serum Caleum With & Suggested Modification I Biol Chem €3
461 464 (Marcb) 19°5
Principle

Caleram 15 precapitated Bs the oxalste whach 18 titrated 1n hot acid solution agamst
standard potassmum permanganate

M0 + 5G0 + 16H = 2Mn + 10CO + BH,0
Apparatus
1 A quentity of 15 m! comeal centnfuge tubes
A water bath with boiliny water
3 A3 or5ml microburette
4 An elecine ceatnifuge
o Accurately cal brated 1 and & ml syringe pipettes
Reagents
1 Phenol red approxmately 004% 1n water
® Ammomum oxalate approximetely 45 gm per hiter
3 hydronde 035 N 10 2 mi of con
centrated NH,OX diluted to 100 ml with water
4 Bulfunc 8¢ d spprox mately N prepared by diluting 3 ml concentrated H 8O
to 100 m] wath water
5 Standard Jotass um permanganate 001 N This 1a best prepared from a well

aged 01 N standard (3161 gm KMnO per I) and should be standardized weekly
aga nst oxalate as follows

8 A standard 01 N solubion of sodigm oxalste is prepared by diluting exactly
6700 gm of pure dry Na,G,O to exactly ons hiter

b A etandard 001 N solut on 15 prepared by diluting exaetly 10 ml of the 01 N
solutzon to exactly 200 ml.
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Y

© In comeal tubes place exactly 2 ml of the 001 N standard and approximately
2mlof 1 N HSO Heat mn the water bath at 60 70 C and titrate whilg ot
aganst the dilute KMnO

d Caleulation Normahty of dilute KMnO, =»Tm2—‘gnreuml x 001

Ammoma  Approximately 3 2 solution

Calerm Standard (Primary Standard)

0250 gm of dry calewm carbonate (pure Iceland spar) 1 & swall amount of wat
1 8 1000 ml flask  Add some dulute HCL (1 10) to dissolve the erytals and the
2dd & few ml of aexd m excess Dilute to 1000 m! with water and mix  This sob
tion 15 stable mdefimitely and contams 01 mg of Ca per ml It corresponds to
serum with & Ca content of 10 wg/100 m!

Procedure

_

N

@

3

a

© o

-
2

Pipette exactly 2 ml of serum into a ¢omcal tube

Add approximately 1 ml of ammonwum oxalate and 1 drop of phenol red. Murb
rotation of the tube

A48 29 ammonza drap by drap until the mdteator turns red

Stand at room temperature for at least .0 mmutes for precipitation and then ter
trifuge at hagh speed for 10 mnutes Do not use an angle head centnfuge
Using & fine capillary and slow suction, suck off and discard the supernatant flnx
taking great cate mot to lose any of the precipitate Do ot try to decant tb
supernatant

Pipette approximately 3 ml of 29 NH OH down the sides of the tube and st
the precipitate by twirling the tube by hand.

Centrifuge at high speed for 3 minutes suck off the supernatant flud and sepes
steps 6 and 7 until no eolor of phenol red remans i the precipitate Wash 4 time
n this way

Tap the tube sharply to loosen the precipitate and add 2 ml of 1 N H,S0

Place tubes 1n boiling water until the precipitato dissolves

Titrate with 001 N KMnO to the first permanent pink color lasting 30 second?
Tube and contents must never become cooler than 70 C during the titration.
With each run set a reagent blank consmsting of 2 ml of 1 N H SO and titrat
23 1n Steps 9 and 10 Tho blank should not be above 005 ml »f reagents sre sat
1sfactory

Calewlation

mg Ca/I00 mi serum ==

(ul tatration ~ ml blank)
(ml tatration - ml blank)

x Normahity KMnO x 004 x 100 =

(ml tatration ~ ml blank) x Normality KMaO x 1002

Example
Normality of EArO was 00095 Titration was 110 ml Blank was 003 ml
Therefore mg Ca per 100 ml serum = (110 - 0 03) ( 0095) (1002) =102

Precantions

"

e o

The phenol red turas reddish purple 1m Step 3 never trus purple
Take great ears not to lose precipitata in Steps 5 6 and 7 o
The titration must be carmed out above 70 C When the first drop of KM!: a,
1 added 1t permsts for somo time  As #0OR as some manganous salt 8 fore
the tatration proceeds more rapidly to the end point



Calesum 95

4 Bash at feast 4 tomes with emmomss  The amoust and type of washing should be
dotermuined for each laboratary Tt depends upon sbaps of tubes efficiency of
eenteduge and probably the quality of reagents especially dwtilled water In
our labarstary wa get very exrratic Tosults mith only $w0 washiags

5 Bs sure that the Sstilled water 35 of constant quelity fres of caloum

B CALCTUM I URINE
EBefesence
(Sama 2a for servm }
Prinetpts
Same 23 1n gerum eslesum  The presence i urme of megoemum ron and phos

phate 1 mgmfeant amounts makes siteation to the scadity dunng procipitation
very smportent

Apparatus
(Bame us for serum )
Reagents
1 Phent! red sulfuric acid and standard potessiui permangeeata 38 an seram
caterum
2 Ammonmum hydroxsde 4N Diule ® m} of concentrated NHOH to 100 mi with
water

Avetit and  Dilute 10 mi of glscial acette said to 100 mi with weter

Sodium seetrte eatorated  Approxmstely 100 gm sre ndded to 100 m} of water
Oxelic and 1N Dissolve 63 gre of e1d 1o oze | of water

‘Procedure

Use freshly eollected unine srthout added stabahzers parhenlarly withont added
oxalate Papetto exactly 1 m} of unine itio a comeal tube

Add % drop of phenol red mod then 4 N NI OX §rop by drop until the andieator
38 piok.

Quickly add 10° aretie and drop by Srop unti) imdicator turns yeliow

Add 1 m} of oxelie acid ued 1wl of sodiem acetate

Mux well znd stand Lo hours al rovm temperature

Proceed exactly as s Steps 4 through 10 in aerum calerum

Catenlation

mg Ce per 100 m! urize =
{m! titvation ~ ml blank) _
e x (normelity EMn0 ) x 2004 X 100 =

{m itration - ] Blank) x normahity KMzO x 004
Example
Normality of KAMz0 was 00093 Tatrstion way 155 ml, Blank wen 005 m)
Thesefore wy Cs per 100 m} urine = {165 005) {70080} ( 004) == .8 &
FPrecaptions
1 Uko fresh nowme befors prempitstion has taken place  If the nnne wmust ba al
lowed ta stend add 4 wl of glacaal acetic acid pez 100 ml of urine and carrect
2ppropriately 1 the ealeulations
2 Other precautians sa 13 serum caleram

3. Wash at Jeast 4 tumes with ammoms, The exact number of washings bas $o by
detarmined for each Jaboratory

o o

-

©

@ onm e
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4

This method 15 not very spectfic Under some conditions as dunsg therspy
with sulfagnanidize, unne contains substances which interfers swith the estine
tom  Under such conditions the urine has to be ashed with suMfuric aesd 3 dropa
of concentrated sulfune acid to every 2 m] of urse

¢ CALCIUM IN FOOD TISSUE AND FECES
Reference
Corley, R C, gnd Dems W  The Determmation of Calerum in Tissue Feces and

)k J Brol Chem 66 601608 (Dec ) 1025

Apparatus

1

2
3
4
5

A quantity of porcelamn or platinum crueibles

Mufllo oven set at 600 C

A quantity of good snalytical filter paper (Whatman 340) and funzels
Rubber stoppers

Rest of appsratus same &s for serum

Reagents

-

ESoxaaonmun

.

Concentrated nitne acid.
acid one m! d HCI to two parts of water
Alzarm red indicator 1n water
Latmus paper
Oxalic ae1d, 2 5 percent i water
Ammonram oxalate 3 percent n water
Ammonium osalate, 0 5 percent 1n water
Sodium acetate .0 percent an water
Sulfurie aed (1 N)
Concentrated ammoma
The rest of the reagents are the same as for serum

Procedure

-

e

cwaoa

16
17

For food tissus and feces nse samples weighing approximately 2 gm
Igmite 1n & porcelan or platinum crucible to & white ash with the aid of & few
drops of cone ANC and dissolve with HCI

Bring the volume to approximately 75 to 150 mL

Make alkalime with concentrated ammoma edding it drop by drop Use hitmuf
or alizann red 8s an indicator

Then add concentrated HCI drop by drop untl Just acid to htmus

Add 10 drops of concentrated FIC1 (sp gr 120)

Adad 10 ml of 2 5% oxalic acid

Stopper flask with & rubber stopper mix and stand for 12 hours

Add an excess of 3% ammontm oxalate and cool to room temporature
Then add 8 ml of 20¢” sodiam acetate solution  (For feces use 15ml)

Stopper and shake vigorously for 10 mnntes

Filter and wash precipitate with 05% ammonium oxalate
free of chlonde )

Then wash 3 times with cold distilled water Tho exsct umber of washizg
has to be determned mn each laboratory

Transfer precipitate quantitatively to & 50 ml beaker washwg J
filter paper with appronimately 5 ml of 1 N sulfurie 2ad

Add approximately 25 ml of water and atir until precipitato 1a all dissolved.
It may be necessary to add more sulfuric acad or to warm gently

Dilute with water to exactly 100 ml1n & volumetnic flask.

Titrate 10 mI abiquots with ¢ 01 N EMnO as for urine

(Tius 3 to wah

ast traces oI



Magnesum 97

Catenlatton
mg Cn per 100 g sample =
(W?;:‘::s:;;’ﬂ;g;;‘) X (pormality KMaO ) x (°0 03} x (100)
¥xample
A sample of £00d weighed 19546 gm  Normahity of KMaO was 0 0095
Bample was diluted to 100 m} and 10 ml shquots weve titrated Titration Sgure
was Gdml Blank was 004l
g Ca/300 g food =
(250 - 008)

mxoﬁo%x 004% 200 = 7308

8 Magnesium 1n Serum
Reference

Braggs A P A O Alethod for the of 8mall Amaents of
Muagnestam J Hrol Chem 52 340 355 (June) 197

Principle

» as 53 the phosph
ts estimated by the colommetric methad of Trchopp and Tschapp or that of Fiske
sad Subbarew

Mg + NI + PO = MgNE RO,

MENILPO + 2HCE = MgCl + NHEHE PO,
NI PO + Photorex == Blue color

Apperatuy

1 4 quantity of 15 mi conteal centesfuge tubes
An electrie centnfuge

2 A quantity of subber policemen

4 Refngerator

5 Water bath set between 60 70 €

6 Cofeman Jr Speetrophotometer Modal 6

T Cavettes 19 x 150 mm.

Reagenty
1 potesscm (RHEPO)

S soltion in wate

Awmmoniacal alcohol  This 1a prepared from 200 ml of 3¢ FOH and 50 ml of

toncentrated NH OH diluted to one | with water

Trichloracetic and (CCLCOOX) 157 solution i water Store sn refrgerator

Techapp end Techopp phosphorus reagents (e phosphorus method for reagents )

Ammonium. oralate {(NH ) GO HO spproxumately 407 in water

Concentrated ammonmum hydroxide {NITOH} low in magnes um and phosphate

Tydrochlor ¢ axd approvimately 1 N and N/5

& Stesdard maguesiem sclution. 01423 gm of magnesium mmmomum phosphate
(MENHEFO 6HO) per lter in approxumutely 001 N aolfure serd  Add 2 ml
of chiczoform for a preservabive  Of this § 1l == 007 mg Mg

Molybdic acxd photorez aud sodim biulfite as deseribed 3n the method an phas
pharus

R

L
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Procedurs
1 Mix 1 a 15 ml conical centrifuge tube
20 ml of serum
20 ml of water
10 ml of ammonum oxalate solution
Mix by 1nversion and centrifuge
(The p may be used for d of caleam )
Into & comeal centrifugs tube pipette 4 0 ml of the supernatant hiquid
Add 60 ml of 109 trichloracetic ac1d, mix and centnfuge
Transfer 50 ml of supernatant flmd to cone tipped 1o ml centrifuge tube
Add 1 ml of 2% potassium acid phosphate sclution (KH,PO )
Add 4 ml of concentrated ammoma (NH OH)
Serateh side of tube with rubber policeman until precipitate forms and rinse rod
with & few ml of water
Let stand overmight 1 refrigerator
Centrifuge decant and wash with § ml of ammoniacal aleohol
10 Centrifuge and decant again
11 Dissolve the precapitate in 1 ml of 1 N HCL
1° Trapsfer to a calibrated 25 ml tube
13 Estimate (eq to ) by adding the following phos
phate reagents
04 ml of NaHSO
04 ml of molybdi¢ se1d
04 ml of Photorex
14. Dilute to exactly 25 ml
15 Heat for 20 minutes at 60 70 C 1n water bath then cool vnder rupming water
16 Set reagent blank at 100° T at wave length 660 mm and tead unknowas

aom we

© o

Calenlation
1 A standard curve 13 based on samples conteuming 001 to 005 mg of magnesm
per mullihter and treated as above
2 mg of magnesium per 100 milhliters of seram =

2 4
(mg magnesivm 1 euvette) x 55 ¥ gy % 100 =
(wg magnesum 1 cuvette) x 16
Example

Aagnesium 1 cuvette was determined to be 0 04 mg
g anegmesom, 100 ) sernm = 004618 =24

Precautions
1 All resgents must be as low 11 magnesium 88 1t 33 possible to procurs them

7 Inorgame Iron 1n Serum

Reference
Kitzes G Elvehjem © A and Schuette H A
Plasms Iron J Biol. Chem 155 653 660 (Oct ) 1944.

The Determination 6f Blood

‘Principle s a0
Serum or plasma 1s borled in water to form a gelatmous aolution the pro ; ke
out with b tic aeid and the filtrate 15 treated with &P
plortmetrically

alpha bipyndine to produce & pink color which 13 measured photo
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Apparatus
1 Coleman Jr Spectrophotometer Model 6
2 Cuvettes 19 x 150 mm
3 A number of 15 ml con cal graduated centrifuge tubes
4 Anumber of 1 3 4and 5 ml volumetric pipettes
5 A quantity of glass sturring rods
6 A constant temperaturo bath set at 50 05 C
7 An eleetne centrifuge

Reagents

1 Tnchloracetic aid 5% 1n water I2 not free of won ths aed should be 16
@ stalled.
Tnd cator p mtrophenol 0 19 solubion in water

3 Ammon um hydromde solution apprommately 6 N 10 water

4 Buffer solut on (pH 458) To prepare this 272 ml of glacial acetic sexd and
334 gm of auhydrous sodm acetate are dissolved in water and made up to
250 ml

5 Thioglycohe ac d solut on (Eastman Practical Grade)

6 Alpha nlphabipyrid ne reagent Dissolve 0 gm of Teagent 1n 5 ml of glacial
acetic acd and dilute to 100 m with water

7 Redistilled water (aron free) Redistill in a glass stall

8 Standard iron solution D ssolve 1ron wire (998%) m & mixture of 1 teie aad
and hydrochlonc ae d and dilute with water to give & concentration of 1 mg/ml
From this solut on standard solutions of 100 and 1 meg per ml are made

Procedure

1 Pipetto exactly 3 to 5 ml of plasme or serum (contsmuog approximately 3 to 9
meg of norgan ¢ 1ron) 1nto a 15 ml comeal centrifuge tube
© Add 3 m of red stilled water and mix with plasma
3 A blank should be prepared at the same time using a1l the reagents
4 Place the tubes mn boiling water for ®3 mmutes or untl the solution becomes
opaque This must he done very carefully #0 ms not to get a gelat nous coagula
t10n from which 1t will be diffieult to extract the ron
5 Romove the tubes whle the solution 13 stall hiqud end opaque and allow o eool
by plac ng them 1 8 beaker of cold water
6 Add ml of tnchloracetic aesd ( 59) stir carefully and thoroughly so that the
2012 13 mixed 1mtimately with the solution The precipitste that ts formed be
comes fine and flocculant A small blunt end stirring 7od i3 preferred so as not
10 run the end of 1t through the centrifage tube
7 Place the tubes 1n & water bath set between 9095 C for about thres minutes
stirnng the solution once or twiee
§ Remove tho tubes from the bath and cool agmn 1n cold water
9 Then centrifuge the tubes at 2000 to 3000 rpm for about five minutes
10 Remove the tubes and earefully decant the supernatant fud imto o 15 ml gradu
ated tubs
11 To ¢he precipitats remaimiog x the tubes add 4 mi of redistilled water and I
ml trichloracetsc ac @ Then break up the procipitate and star st well
1 Agan place 1n the water bath (90 95 C) for 3 minutes stirnng each solution once
or twice  Remove and ¢ool the tubes i cold water
13 Centrifuge the tubes for 5 minutes and then decant the supernatant flad mto the
tube contaimng the first fltrate
14 Add 1 drop of p nitrophenol 1nd eator and then add ammomum hydromde soln
t on drop by drop until the solution becomes yellow
15 Add 1 ml of the buffer solution and dilute to exsctly 15 mL Mix thoroughly
and cent 1fuge



100 Biochemical Procedures

16 Pipetto 10 ml mto a cuvetts and then add 2 drops of thisglyeohe solution. (Do
not get this solution on fingers or shan as 1t s very forsc ) Mix by tappung the
tube or by a slight rotary metion

17 444 1 ml alphe alpha'bipyridine reagent and a fant pink eolor mil develop
Mix earefully but thoroughly

18 Set the blank at 100% T at 510 mp and read the unknowns and blenk

Calculations
A standardization curve 13 5¢t up on the Coleman Jr Bpectrophotometer with stand
ard solutions of 1wOR TANgIDg from ome gemma to tweaty gamms The eshbratwn
constant K 19 computed a3 n the section on spectrophotometry

Ther meg morgame 11on/100 m) serum ==
K(2-log % T) % 15 x 100
ml aliquot x ml serum’

Example
Five ml of serum were analyzed K was 4532 05T’ was 875 Alquots of
10 ml were used.

meg worganic 1r0n/100 ml erym =

4532 (2 - log 8°5) x 15 x 100
x5 =185

Precautions
Thioglyeolic ac1d 15 very toxie B careful wath it

8 Copper 1n Serum

A. METHOD I
Reference
Robunson J € A Swmple Method for the Determnation of Serum Copper J Bul
Chem 179 1103 1109 (July) 1940

Principle

The addition of sodium diethyldithiocarbamate to a solution contaimng copper Pro-
duces & golden brown color that can be measured colormetnically The copper salt
can be rapidly and quantitatively extracted from an aquecus solution by 1oamyl
aleohol which slso iatensifies the color This color 13 stable for at least two bourd
at a pH between 57 and 92

Tron anterferes with the color but the addition of sodwm pyrophosphate converts 3¢
1t toron pyrophosphate which does not react ith the carbamate

Apparatus
Test tubes 13 x 100 mm With ground glass stoppers

Pipettes. Serologresl 02 m] graduated to 0 01 ml

Mechanical shaker Kahn

A water bath set between 50 o 60 C 5
Spectrophotometer In this laboratory & Coleman Model 6 equpped with 1 X
mm cuvettes 15 used

Syringe pipettes exactly Olml 02ml 10mland 30mL

Glass still for metal free water

Electric centrifuge

@ m e

®
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‘Beagents
1 Sod um pyrophosphate Satu ate red st led water w th the salt
© Ammon um hydromde 10 to 12 Dst1l eoncentrated ammon a (8% reagent)

o

o

nto red st lled water to saturat on D lute to Yequ red concentrat on w th Ted s
tlled water

Sod um d ethyld th ocarbamate °¢ aqueous solut on  Remave eopper by shaking
w th casbon tetrachlor de wh ch has been dist lled over cale um ox do  The solu
ton s stable for some weeks f stored n the dark, (Sod um diethyld tho
ca bamate the yeagent wsed to Teact w th copper n th s procedu e gives colored
complexes with & number of heavy metal cat ons In b olog cal matenal how
ever on 3 the chef nterfer ng substence Ths nterference of wron s sats
fa torly elmnated by developng the copper cetbamate complex u an am
mon acal solut on conta ming pyrophosphate and hav ng pH 9 or greater The
color ntens t es of other nterfering metals such 23 n ckel and cobalt are we ght
for we ght only 1/20 1/30 as g eat as that g ven by copper Because the con
centrat on of these ons n gerum s of such relat vely low order the r nterference
smeglgbe)

Metalf es water Datled water redstuled from res stant glass apparatus
should be used n the preparat on of all reagents and n the final r ns ng of equ p
ment

S anda d copper solut on 0100 mg Cu/ml Prepa e stock solut on by d ssolving
0 98 gm of unefilo esced CuSO SHO 1 red st Ued water and diut ng to one
Jter Fom ths stock solut on the work ng standa ds may be preps ed It s
best to use = solut on conta nng 1 meg per mi becouse the final voluma of the
aqueous phase should be kept at B mnmum To pepa e ths the dluton 31
ml of stock solut on to 100 ml w th water

Isoamyl aleohol D st 1l from all glasa apparatus saturate w th water and store
atd C

Procedure
1

'S

o

"

e

-

o

©

Into es h of g nss stoppered test tubes accu ately del ver 10 ml serum

Add to each of the tubes 02 ml of saturated solut on of sod um pyrophosphate
Mux by tapp ng gently

To ea h of the tubes 8dd exactly 004 ml of 101 * smmon um hyd ox de
mx by tapp ng

Add 02 ml sod um d ethyld th oca bamate to one of the tubes and 0 ml water
to the other whch s the serum blank 1M x and s low to stand for one hour

P pette exactly 30 m] of soamyl aleohol nto each tube

Place tubes o 1ahn rack and secu ely fasten nto a honzontal poston on &
mechan cal shaker (It s con en ent to p ace & spange agawst ome end of the
shaker and clamp the rack so that the stoppered ends of the tubes are firmly
presse agu nst the sponge ) Shake for 15 m nutes

Place tubes u cent fuge cups and cool unt ! Water used n balanc ng the cups
beg s to form erystals of ce

Centrifuge at 4000 rpm for 10 munutes If the mn mum requred volume
(15 ml for 1 x 75 mm cuvette) of extract 8 mot obts ned gently shake the
P ecpratef eo ntothe soamyl alecho) and repeat centr fugat on

Corofully p pette the soumyl alcohol fract ons 110 17 x § mm cavettes stopper
and measure opt cal dens t es &t 410 mu _(If © oudy extracts are obta ned place
cuvettes for a few seconds n water wa med to 50 60 C)

Tt s nece sary to p epare & reageot blank subst tut ng d st lled wate for serym
for each semes of determ nat ons Ve y Jow read ngs about 99 100 pe cent trans

m tance are obta ned. e

Agan
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Calculations
Let Oc represent the optical density due to the serum copper, O  the optital denmty
of the carbamate extract from serum, O the optical denaity of the serum extract
and O the optical density of the reagent blank
Then O =0 - (0 +0)
snd Copper meg per 100 ml serum =
Og x calibration constant x dilution factor x 100

012
o1l T
o010}
009}
oos}
Woorl
F o006
£ oos}
004}
003}
ooz}
[eX ]|
00 0'5 I'O |l5 ;0—‘
GAMMA COPPER PER MILLILITER
OF WATER

Ordinate optical density absclast
ter

ENSITY

OP

Y

= 1
Fig 16 —Example of calibration curve for copper {n serum
Example "

O wes 009 O was 006 O was 001, and K (meg copper per ml per ul

density) was 17.5 o
In the analyms, the copper of 1 ml serum was extracted into 3 ml of soarzyl 4l

hol therefore copper meg per 100 wl serum =

sptiel

3
(009 - 006 ~001) x 175 x -Tx 100 = 105
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Bxperimentat Conyiderations

As prev ously mentined the fne] color 15 dos 39 three components  kerum coppet
copper &s an 1mpunty 1o the reagents and substances other tham copper carbamate
A large percentsge of the denmify of the final calor i3 due to matersals extracted
fram the mesum other than ropper catbemate Thss point 18 in Figs
16 and 17 which show that the wax mum leght absarption for both an 3 samyl ales
tol exteaet of copper carbamate from aqueous solution snd an isoamyl aleohoel ex
fract of the serum blank oscurs 16 the same gemers! region of the spectrum

016
o5}
o
013
oI

v COPPER GARBAMATE W
1S0 AMYL. ALCOHOL

o [O-AMYL. ALOOHOL.
EXTRAGT OF SERUM

bt " '}
400 450 500 550 600

WAVE LENGTH mu

Fig 1T —Spectral t an mly lon curv  of r_arbamat
PR TNEIR AR e e and serum. Ordinate  optiead

% laagih WA zeMwh ToR

The ratic of celor to the concentration of eopper earhamats 12 isoamyl aleckal is
Liear up o & concentration of nbont ® meg  Above this valus howeser thers is
&2 appreciabls de 1ation from Deer s lsw  Tha shoyld be boras wm mind prrticy
Iarly whon doing recovery exper ments and o such expersments concentestron
Sgures shauld be obtawned from & cshbrat on cur o rather than uao of the caf bra
$ on constsst

Precautions

1 Ba certain the tubes ave ool befora centrifug og the specimens
* Al reagents must be nexrly free of metals of the wron cobalt nickel ser es as well
a3 of copper



104 Biochemucal Procedures

B METHOD II
Reference

Cartwright E Jones J and Wintrobe M A Method for the Determmstion of
Copper 1n Blood Serum J Biol Chem 160 593 600 (Oct ) 1945

Principle

The additton of sodtum dtethyldithioenrbamate to a solution containing copper
produces a golden browxn color that can be measured colorimetrically The eopper
salt can be rapidly and quantitatively extracted from an aqueous solution by 1oamyl
alcohol which also intensifies the eolor This color 19 stable for at least .. hours at
pH57t092

Iron interferes with the color but the addition of sodium pyrophosphate eonverts st
to iron pyrophosphate which does not react with the carbamate

Apparatus
1 Coleman Jr Spectrophotometer Model #6
2 Cuvettes 19 x 150 mm
A quantity of 15 ml centnifugo tubes graduated
4 Electric centrifuge
5 A water bath set at 9095 C
6 A quantity of glass stiring rods
7 Glass water stall

@

Reagents
1 Redistilled water 13 used in all the reagents
2 Trnehloracetic acid 209 1n water
3 Sodum pyrophosphate saturated solution
4 Ammomum hydroxide solution 10 to 17 pereent
5 Sodium diethyldithiocarbsmate solution 1¢7
6 Standard copper solution 25 used 1n the method of Robinson (1949)
7 Isommyl aleohol

Procedure

All glassware used must be carcfully cleaned and then rinsed three tumes with re

distalled copper free water
Pipetto 3 to 5 ml samples preferably 5 ml of serum or plasma into ungradusted
15 ml Pyrex centrifuge tubes It 1s conventent to set up that number of tubes
which can bo centrifuged smultaneously
Add 3 ml of redistilled water to each mix with glass rods and place 1n bolling
water until they become opaque This must bo done very carefully or else the
solutions will become very gelatinous and coagulation of this type will hunder
the extractions which are to follow
When the tubes are opaque and still hqud, remove them and cool 1
contarmag cold water
Add 2 ml of 209 trichloracetic aad mix thorouyhly and break up the precipt
tate that forms so that it 1s finely flocculant Then place 1o water bath st
9095 C for five minutes
Stir this solution carefully and frequeatly
Cool as before, Temove the rods and centrifuge the tubes at 3000 ¥
five to ten minutes
Remove ond decant the supernatant liqud o a clean dry 15 m!

e tube

;‘eont::‘:ﬁ’lgmn] tubes add 7 m! of water and 1 m} of trichloracetic acid :emx ;“l;’
to break up the precipitate well by stirming the solution carefully and thorous

=

°

a beaker

o

-

S

pum for sbout

-

1 gradusted

<

o
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2 Heat zgam at 9095 C for five mnutes by earefully stirmng the solution to en

hance the extraction of the copper

Gool agasn in the cold water tentrifuge and decant the solution into the same

tubes contaning the first filtrate

Repeat thig operation once again ummg the same quantities of the water and

tnehloracetie scd.

Make the filtrate up to 15 ml It will contam some precipitate whch eame over

with each @ecantation

Centnifuge this down draw off & 10 m! ahquot and place this aliquot 1 & Cole

man Jr 150 x 19 mm spectraphotometer tube

A blank of all the reagents 1s prepared in the same way This may be prepared

directly 1 the Coleman tube

To the filtrate and blank 1n the Colemen tubes add 1 ml of a saturated solution

of sodium pyrophosphate

16 Add . ml of ammonium hydroxide solut on

17 Add1ml of the 01 sodium diethyld th aca bamate solution

18 Add 1 ml of d st lled Water to bring the total volume up to 15 ml Mix the solu
tioms thorougbly snd carefully

Set the blank at 1009 T (O opt eal dexs tv) and read the unknowns as soon

as posmible

s

b

=

=

3

Calculation
Wth the Mla ket at 100¢ I copper me, per 100 ml serum == (concentration

(fnal dilution) |, (nt el &Tut on)

wm euvette) » s Gl quoty

x 100
Example

5 ml of serum were diluted finally to 15 ml 1n trehloracetic acd  The photometer
reading was 0 © T in ths case equivalent to 08 meg of copper per ml 1n the
¢ vette

1515
Therofore copper meg pe 100 mise um =03 x o x 3 « 100 = 1#1
Precautions

1 Be careful that the solutions do not become gelat nous as this wall vitiate results
« All reagents must be nearly free of heavy metals

} Chloride m Serum and Urme
A. CHLORIDE IN SEEUM
Beference
keys A The M crodeterm nat on of Chlondes 1 B ological Matenals J Biol
Chem 113 89 403 (July) 1937
Principle
The chlonde 1s proeipitated as silver ehlor de with standard mlver mt ate and the
excess s lver 13 titrated agmmnst th ocyanate with ferne alum as indicator
+ Ag = AgCl
Ag (excess) + SCN = AgSCN
35CN  (excess) + Fo * = Fe(SCN) (RED)
Apparatus
1 A number of round bottom ¢ ¢ or eentnfuge tubes of 15 ml eapactty

A vanety of volumetnc pipettes weluding 1 ml 2 m! and 10 ml graduat d 1m
01 ml duv s ons
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3 Qne dropping bottle for storing indieator

4 Water bath (boiling)

§ Assorted bottles, beakers end flasks for reagents snd samples
6 Autowatic syringe pipettes to deliver 01 and 62 ml

7 AMicro burette, 3 m)

Beagenty

For field use it 13 convement to carrv all yeagents except mine smd weghed ont

dry an small botiles and to dilute them with digtilled water as needed. WWhen msay

analyses are to be done the best procedurs 13 to have the facihties to make up
strong standards * and to prepare ‘working standards’’ by diluting the ‘strong
standerd '

1 ‘Strong ' AgNO, In & muxing eyliader digsolve 23785 pm AgNO and ddute
to exactly 1 Liter with dastilled water Tap water may be used af 1t 1 ehlonde
tree
‘Worlnng standard’ AgNO, Dilute exactly 100 ml of strong standard to L hter
‘with dustalled or chioride free tap water
‘Strong’ hONS8 Dhlnte 19434 gm dry erystals to 1 hter with distilled of
chlondo free tap water
‘‘Worloog stapdard KCNS Dilute ezactly 100 m) of *‘atzoag ECNS ' ol
liter with distalled or chionde free tap water
HBNO, concentrated, chlonde free, resgent grade.

Ferne alum mdicator Prepare & saturated aolution of ferne ammomum sulphste
1o distilled or chlonde free tap water umng spproximately 40 gm to every 1™
wl of water Just before nse, .dd cone FENO, drop bv drop wati the eolor s yellow
not red. This converts ferrous 1ons to ferric  For use, the indicstor s stored 1t
a dropping bottle

Standard solutlon of NaCl, 100 mEq/hter Dilute 5845 gm pure NaCl to exaetly
1lhter This reagent 18 used solely for standardizing the siver mrate and potas
mum thiocyanate and keeps indefimtely

8 Dastilled or chlonide free tap water

O Y

X

-

Procedurs
1 Prepare and store samples of serum as described under the aection on hendbsg
blood.
2 Delwer exactly 02 mi of serum by means of an nutomatie pipette ato 8 15 ul
test tube

Dehiver 1nto the same tube 6 fo § successiva washings of the pipatte wath g
Xad ar shlonds free tap water

Add exnetly 20 ml of working standard ' AgNQ to each tube

Add appronimately % ml of conc HNO to each tube Digest ox & boding water
bath not Jess than a balf hour More does not matter

ool tabes 1n 1ce or cold weter bath, This step 19 essential for & sharp aud post

™

-

.

6
7 Add 3 or moure drops of ferrie alum indi ator N
$ Fi the microburetto with ‘working standard ! KNS and tirate to the 57
pormaaent pink color lasting & half punute or more
Standardization R
I the quabty of the chemicals is good apd weights sre accurate the -t;;ﬂmz's
AgNO, will be 01400 N and the worling ptandard 00140 N The stroog wly

il be 02000 N 2nd the working stapdard 00200 N Ths ideal s t ation 18
aceurs and tha solutions must be standardized as follows "
1 Papette exactly 5 ml of *‘worlung standard  AgNO, into & smell Erjenumey

fiask
5 Ad4 10 drops of fernc afum dieator
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w

Add spproximately 1 ml cone HNO

With worling stendard KCNS m the burette fitrate to the first p uk color
lasting 1 munute

Repeat until satisfactory triplicate estimations are obtamed

Run the standard solution of sodum chlonde exactly a1 for serum until satis
factory tnpliestes are obtaimed

The normalities of the working standards of AgNO and KCNS may be cal
culated from the two equations

-

o o

-

Tt tep 5
® agNo = D nhon;n step

(b) Normelity NaCl =

% Normahty KCNS

(Normahty AgNO) = (ml step 6 x Normality KCNS)
T 00

8 With the known values substituted equations (a) and (b) may be solved as
sumultaneous equations
An example of standardization 13

©

Concentration af NaCl standard

Calibration of synnge pipetts

Titzation 1n Step §

Tatration 1n Step 6

Let normal ty of AgNO
normality of KCNS

(4gN0 ) end
= (KONS)

(3 (AgN0) =222 x (KCNB) = 073 (KCNE)

_ 2.(AgNO) - 0440 (KCNS)
(b) 0100 = 0

000 = 7(AgNO ) - 0440 (KCNS)
Substtuting from (n) abovi
{KENS) - 0440 (hONS)

oo n 10. (KCNS)
0°0
and (ECNS) = 202., = 00195

From (a) above (AgNO ) = (073°) x (00195) = 00143
Calenlation
1 Inthe ease of serum mEq ehlor de/liter serum =

(2 x Normality AgNO ) = (ml t trat on x Normal ty XCVS)
Cal bration of Syr BEe F peite 1 ml X 1600

2 Line charts are useful for routime esleulations when reagents and pipettes are
always the same The line chart for serum 1s constructed by marking off the ¥ ¢
tical axs sccording to the titration Sgure and the horzontal axis for serum chloride
Two po uts only are required with & straight hoe drawn accurately between. Thess
two poimnts are obtained by substitnting all of the figures which are constant 1n the
equation above and then calculat ng the serum value for tit at ou figures of 0 200
and also 0500 ml,

For urine set up a chart with the vertical axls titration figure from 0 to
1500 m! and unzvary chlonde from 0 to 2 gm sodium chlonds per 100 m) a8 the
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honizontal axis  The two necessary points are obtamed by substituting all of ths
canstant values 1n the equation above and then caleulating for titration figmes
of 6 and 1356 ml

Example
Workimg standard ? AgNO = 00139 N
Working standard’ BCNS 00234 N
Tutration figure = 0370 ml of KCNS

(2 x 00139) — (0370 x 00234)
I

mEq ehlonde/hter serum = x 1000 =95 mEBy/l

Precauntions
1 Be sure to titrate with o good dayhght or daylight bulb agsnst & white back
ground.
2 Do not expose to bright light the smlver standards or the test tubes contmmn

uaknowns te which «ilver mtrate has been added.

Chloride 1n serum and urine 13 of course stable indefinitely st any temperature
Therefore amples may be kept for months before analyss provided thers 15 20
evaporalion

The operator may leave chlorde analyses for hours at any stage provided the
tubes contaming silver mitrate are not left in the Light

The titration must be carried out 1 the eold Oth rwise the results wlf be er
ratic

o

IS

o

B CELORIDE IN URINE

Principle Apparatus Reagents
Same as for serum

Procedure
1 Collect and store samples as deseribed previousty
2 Deliver exactly 01 ml of unue by means of an automatic syrimge pipette 1mto 3
15 ml test tube
345 Steps 3 4 and 5 are identrcal for urme snd serum except urme need 20t be du
gested 1n a bolling water hath mnless thers 18 good reason to suspect that the
urine containg protein
678 Steps 6 7 #nd 8 are rdentical for urine and serum
9 When the unne contams & high concentration of chionde 2 ml of working
standard AgNO may mot suffice to precipitate all the chlonde When fhs
the case the first drop of thiocyanate produces a Ted color In such cases add I
ml more of working standard AgNO, and proceed with the titration. ‘The
tutration fignre 13 then the final reading ymnus the reading before the first drop
of KCNS

Calculation
1 Grams NaCl/100 m) unine =
(ml AgNO x Normality AgNO ) - (m] KONS x Normality KONS) o,
T Calibration of syTinge pipeite 1m ml

2 The use of lce charts was described under serum

Example
Working standard AgNO = 00139 N
Working standard KCNS =00 05N
Syrnge prpetts contains 01 ml
3wl AgNO had to be used
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Titration figure 0550 w1 of KONS

Therefors gm NaCl/100 ml =
- 00
(3x00139) - (0550 x 00 05), 01(30550 x0095) . 585 — 178 gm/100 mt
Precautions
Bame as for serum

Inorgamc Phosphorus 1n Serum Urme Food and Feces
N SERUM
Reference

Fiske ¢ H and Subbarow Y  The Celonm tne Determygation of Phosphorns
J Bio! Chem 66 375 400 (Dec ) 19°5

Principle

Inorgame pho phate reacts with molybdate and a blue color 13 formed by reduc
tion with para amino naphthol sulfonie acid
Apparatus

1 Coleman J Spectrophotometer Model #6
Flectric centrifuge

3 A series of pipettes ncluding 05 ml 50 ml snd two 10 m) graduated 1o 01 ml
dxvis ons

4 Round bottomed 15 ml centrifuge tubes with #1 rubber stoppers

5 Coleman Jr cuvettes 19 x 150 mm

6 Pan of water and source of heat for water bath

7 Anaccurately cal brated syringe pipette 10 ml

& A quantity of 50 ml volumetric flasks

Reagents

1 Trchloracetic aad apfroxmately 1007 1n sater

2 Sulfur ¢ acid apprommately 10 N In & m g evhinder carefully pour 100 ml
of conc H 8O0 to 00 ml of water After cooling dilute 1o exactly 300 ml with
wator

3 Molybdate I (for standards and urime) ©5¢ ammomigm molybdate 1a 5 N
TISO In a one hiter mix ng eyhnder dussolve °5 gm of galt 1n 500 m of 10 N
H SO and dilute to one | ter with water

4 Molybdate II (for serum) 257 ammon um molybdate 1n 33 N HSO In a one
hter mmng cyl nder dissolve °5 gm of the salt 10 w00 m] of 10 N WSO and
dlute to one liter with water

5 Pate aminonaphtbolsultonic ecsd (ANSA) To & °50 ml minng cylinder 5dd 05
gm ANSA and 195 mb of 157 sedium bisulfite (metabisyifito gives the same ro
sults) Add 5 mtof 0 sodium sulte 3Gk If the ANSA does mot dissolve
within & half hour &dd more sulfite 5 ml at & time uny solut on 15 complete
Store n brown bottle It keeps for about .. weeks
(If the dry ANSA 13 more than shghtly colored brown or purple 1t must be
recrvatallized as follows and seve al t mes if necessary
In approximately 0ne 1 ter of water at sbout 90 C dissolye 150 gm of sodwum b
sulfite and 10 gm of sodiwm sulite  Add shout 30 §m ANSA and stand 25 mun
utes w th intermittent shaking Filter by suction while sy} hot Cgol the filtrate
and 2dd 10 ml of coacentrated TICl Let stand for 10 pynutes Filter off the
crystals wash once with 300 ml of eold water and twice with 100 m) po t:00s of
95% aleobol Dry in air 1 the dark and storo 18 & brown hogle )
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&

Stendsrd phosphate In s two Hter muxing cylder place exactly 0351 gm pure
KH,PO spproxunately 20 ml 10 N H50 snd approximately one hter distilled
water When dissolved dilute to exactly two liters This solution keeps 10
defimitely in refrigerator 1 ml equals 004 mg P

Procedure

—

o R

L3

-

To a I5 ml centrifuge tube add exactly 90 ml of 1095 trichloracetic anid
AQd exactly 1 0 ml serum mrx and centrifuge tall clear

To g cuvette add exactly 50 ml of filtrate

Add exactlv 10 ] Molybdate IT

Then 2dd 05 m! ANSA and 33 m} of istilled water Stopper apd mix Read in
10 mrautes

Prepare & blsnk ustng Molybdate I aad set at 100 T at 660 mer Read nz
krowns

Prepars s atandard curve using Molybdate I with 001 to 005 mg P at 001 mg
ntervals

Calenlation

mg P/100 ml serum =

(mg P 1n cuvette) x 10 x 100
ml ahiquot) x (wl st}

Example

Bample of serum was 1 m] Ahquot was 5 ml of 8 10 ml inchloracetic sexd fltrate
% T was 410 equivalent on the calibration curve to 002 mg P 1n the euvette

002) x 10 x 100

mg tnorganie P/100 ml serum = (_W = 40mg P

Precautions
1. The quality of the ANSA 1s critical If there 13 any doubt recrystallize 1t be

fors usng

B IN URINE
Procedure

1

2

3
4
5

Dulute exactly 10 ml of urine to 50 ml wath distilled water
To a cuvette add 50 ml of diluted urine

Add 10 ml of Molybdate I

05 ml of ANSA nd 35 ml of water Stopper 2ud mux
Place blank at 1009 T and read the unkpowns at 660 mu

@ IN FOOD AND FECES
RBeference

Official A O A C Method it
Corley R C &ad Dems W  The Determation of Calewm 12 Tissues, Feces

Miulk J Biol Chem 66 601608 (Dec) 1875

Apparatus

1

2
3
4
5

Steam bath

Crucibles (porcelain or quartz)

Muffle furnace at 600 C

Coleman Spectrophotometer Model 46
Cuvettes 19 x 150 mm
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‘Reagents
1 Standard potassium dihydrogen phosphate solution

Inssolve 04394 gm of puro dry KHPO in water and make up to a liter 50
ml of this solution i d luted to 200 ml and ives & standard of which 2 mi equala
005 mg of P
Ammonium molybdate solution
Dissolve 5 gm of smmomum molybdate in 300 ml of water Dilute 75 ml of
H SO to 200 m! and 23d to the ammonium molybaate solution.
Magnesium mtrate solution
Dissolve 160 gm of MgO 1 HNO (1 volume come HNO plus 1 volume water),
avoiding excess of the acid 8dd & hittle MgO in excess boil filter from the excess
MgO Fe,0 ete and dilute to 1 liter
4, Hydrochloric acid 1 patt plus 4 pasts of water

@

e

Preparation of Solution

1 To 1 gm of sample in & small crueible add 1 ml of the magnesium mtrate solation

nd place on steam beth.

After 8 few mimutes cautiously add a few drops of HCl talung care that forma
tion of gas bubbles does not push portions of sample over edge of crucible
Make or 3 further additions of & few @rops of HCl while aample 1y on bath so
that a3 1t epproaches dryness there 1s a tendency for 1t to char
1 conteats of crucible become g0 viscous that po further drying may ba obtained
on bath complete drying on a hot plate Then put on crueible cover transfer
to cold mufle and igmte at dull red heat for at least 6 hours (600 C) or unhl en
even gray ash 1s obta ned (It may be mecessary to cool crucible dissolve ash
10 a hittla water or alcoholic glycerol evaporate to dryness and return uncovered
to muffle for 4 5 hours longer )
Coo) teke up with IICl (1 plus 4) and transfer to 100 ml beaker
Add 5 ml of TICl and evaporate to dryness on steam bath to debydrate 810
Maisten remidue with ml of ICl add about 50 ml of water heat & few minutes
on bath transfor fo 100 ml volumetnc flask cool immediately make to volume
snd filter dascard ng first portion of fltrate
From this pomt on for feces take 3 ml of dilution and for food take 10 ml of
dilution
9 The procedure 1s the same as for phosphoros 1a urine steps 25

w ot

-

wao

D ALTEENATIVE METHOD FOR SERUM

Reference

Tachopp E and Techopp E  Tlelv Cham Acta 15 793 802 193
Principle

A blue complex forms upon the and para

phenol sulfome scid. The iotensty of the eolor is measured eoloﬂmetnc.)ly
Apparatus

1 A quantity of 15 m! conieal centrifuge tabes.

© A quantity of analytical filter paper and funnels to match

3 Coleman Jr Spectrophotometer Model 6

4 Cuvettes 19 x 150 mm.

5 Centrifuge

6 A water bath set ot approximately €0 C

7 Byn gopipetta01 10 ml end 47 ml

Reagents

1 Trichlorgeetic aad (CC1 COOH) 10¢ Sfltered. Keep in refrigerator
~ 8od um bisulite (NaHSO ) 0% solution in water
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3 Ammomum molybdate (Merck Resgent Grade 815 MoO) 1n 1 N sulfunc aed.
Dissolve 25 gm phosphate free salt 1n water and 50 m1 10 N HSO  Inlute to 500
m! Do not use 1f blue tinge develops Keep xu wax hined soft glass bottle to
guard aganst decomposition
Photorex
D1 solve 1n water and dilute to 1 hiter

20 gm p methyl smino phenol sulfome serd

2000 gm sodwm bisulfite

100 gm sodium sulfite
Phosphate standard solution
Dissolve 1n water and dilute to 1 hiter

035 gm potassium phosphate monobame
(pure dry salt) and 100 ml of 10 N sulfune sard

1 ml1s equivalent to 008 mg P

'S

@

Procedure

1 To a 1o ml cone tipped centrifuge tube add exactly 1 ml serum and § ml tn
chloracetic acid
Mix by inversion and centnfuge for 5 minutes Filter supernatast fiud
through quantitative filter paper
Pipette 5 m! of filtrate 1nt0 a euvette (preferably graduated at 10 mal)
Add 01 m! sodium bisulfite and mix
Add 01 ml Molvhdate and mix
Add 01 ml photorex and pux.
Dilute to exactly 10 ml and mix or add 4 7 ml of water
Tmmediately heat for 20 minutes m hot water bath at 60 C  After °0 munutet
cool the tube 1n running water to room temperature
For & blank make up with water and all reagents 88 for yaknowns. Heat
darly Bt at 100¢ T at 660 mp (or 635 mu) Then read the unkmowns

L SV 2

©

Standard Curve
Dilute standard 1n such a way that 5 ml of solution containy 005 mg throogh 04 g
of phosphorus

Caleulation
From the hate standard curve value of g readings f0F
unknowns 1 mg of phosphate As 5 ml of filtrate 13 equvalent to 05 xi serust
multiply by 2 To calculate mg of phosphorus per 100 ml multiply by 100

mg P/100 ml serum == (mg P in cuvette obtaumed from standard table) x 2 x 100

Fxample
A reading of 410% T was equivalent to 002 ;g of phosphorus o3 the cilbrAtid
chart In the cuvette was the equvalent of 05 ml serum (5 ml of a 1to 10 due
tion) Therefore mg P/100 ml serum = (0 0°) x 200 == 40

Precaution
1 Bo sure to heat all tubes :mmeduately at 60 C and for exactiy 20 misutes.

11 Sulfur m Urine
A. TOTAL SULFATE IN URINE

Reference 5 o)
Tolm O On Sulphur aud Sulphut Determmations J Biol Chem 1 13115
1906
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Principle
The sulfurt scid of the conjugated sulfates 13 set free by boilmg witk acid, The
total sulfates are precipitated as banum sufate and weighed
80 + BaCl = DBaSO + 2C

Apparatus

Porcelain crucibles

Asslytical balance

Muflo oven set at 600 C

A demceator for deyimg eructbles over caleium oxide
250 ml Erlenmeyer fasks

Analytical grade flter pagor and funzels

-

ERr

Reagents

1 Barium chlor de (BaCl ) 5% in distilled water
hd aed (HC1)

Procedure
1 Pipette ™5 or 50 ml of unine 1nto a 250 ml Erlenmeyer flash  (Less thaa 25 ml
gtves erratic results }
Add 5 m) of cone HC) and .0 m) water
Cover with watch glass boil g ntly for 0 30 minutes and cool
Dilute to approximately 150 m! with water
Ada 5 m of BaCl (5¢) along the side of the flask
Do not shake or disturb but mix gently by tilting the flask back and forth
Let stand for 1 hour and filter through aalytscal grade fllter paper

Wash filter with 50 ml of distilled water and place lter paper plus precipitate
mnto & weighed erucible

Dry and 1gmte 1n muffo oven at 600 C
10 Caol1n & des ccator and weigh

T uo e

©

Calelation
1 g 8/liter unine ==
tomic wgt 8 1000
(Bm PPY) X potetular wet Dab0 ¥ mluriae

_ b 308 1000
= {gm PP X J3g3 X @les e

&m ppt
wl orne % 137+
Example

1 P eapitate of BaSO, 1 0 mg
Ur no anslyzed

o

gm B/lite unbo = x 1375 = 066

This computation as a1l tated by Table &
Precautions

1 Atleast 5miof ariae have to be used 10 thia method Otberni ¢ recovery of
added sulfate 13 erratic and usually low



114 Biockemical Procedures

Tancx 6
forror W Urive
When 25 ml of ufine are analyzed, gm 8/liter urine = (gwm ppt) x 55 or (mg ppt) x 00055

mg [ 1 2 1 4 1 © T 8
ppﬁ GRAMS RULFUR PEB LITEP OF LRINE

(7 [ 03 [
10 06 07 08 09 10
20 n 12 13 4 15
k] 17 18 19 2 "
40 22 23 24 25 8
50 28 29 30 31 2
60 33 34 35 36 a7
0 39 40 41 42 43
80 44 45 48 47 48
80 50 51 5% 53 ot
100 55 b 57 53 P
110 61 62 63 4 65
1°0 66 &7 68 €9 0
130 161 73 4 5 76
140 77 78 kil 80 81
150 83 8% 85 86 87
160 88 89 oy 123 52
1710 94 95 98 97 28
180 99 100 101 102 103
190 105 106 107 108 109
200 110 Ti1 11 133 TH
210 116 117 118 119 120
220 121 122 12 124 5
230 127 128 129 130 131
240 132 .33 134 135 136
250 138 139 140 141 14
260 143 144 145 146 147
210 149 1.50 151 152 163
280 154 155 156 157 158
i 160 161 167 163 164

E Toa o 10; T8 16!

310 171 172 173 174 17

32¢ 16 177 178 179 2.8

330 182 183 1384 1 8

340 187 1.88 189 190 19,

B INORGANIC SULFATE IN URINE
Reference
Folm O On Bulphate and Bulphur Determumation J Biol Chem, 1 131159 (Jsn)
1906

Principle
The wmorganic sulfates are precipitated at onee 84 banum sulfate

Apparatus
1 A vanety of 250 m} Erlenmeyer flasks
2 Crucibles (porcelain)
3 Desecator
4. Analytral bafance
5 Auslytical dlter paper
6 Mufle oven—600 C

Reagents

1 Hydrochlone aaid dilute One volume t0 4 volumes of distalled water
2 Banum chlonde 5% solution
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‘Procedure

1 Pipette 5 ml of urine mto a 250 ml Frlenmeyer fask

© Add approximately 100 ml of water

3 Then acaidify with 10 ml of hydrochlone acid.

4 Add 10 ml of barum chlonde solution slowly drop by drop to the cold solution

5 Allow to stand for one hour and filter

6 Wash the filter paper with 50 ml of water and then place the flter paper plus

the precipitate 1nto 8 weighed crucible

7 Dry and 1gmte 1 muffie oven at 500 600 C {overmght)

8 Coolin & deseeator and weigh
Caleulation

1 gm 8 per liter urine =

atomic wgt 8 1000
{&m PPY) X oronTar wgt BasO. X ml utme
06 1000 gm ppt
= (et < EgF % amE = i % 1975
Example
Precipitate of BaSO == 1050 mg
TUrine analyzed 5 ml
N 1050
gm 1norganic § per hter unme = —gz=- x 13 5= 0578 gm

(Ths caleulation 1s facilitated by Table 6 )
Precautionz
1 At least ®5 ml of ur ne have to be uvsed 1 this method otherwise resovery of
added sulfate 1 erratic and usually low
ETHEREAL SULFATES
‘Reference

Folim O  On Snlphate and Sulphur Determmat on J Biol Chem 1 131159 (Jan )
1908

Calculation

Total § - Inorganic 8 = F thereal sulfatea
Example

0686 gm - 0578 = 0108 gm

2 Minerals Miscellaneous References

Isaline Earthy

allmann B Quentitative Separation of Calewm Barum and Strontwm Anal Chem
20 449 451 (May) 1948

duminum

trafford N end Wyatt P F The Separation and Determination of Very Small Amounts
of Alumium and Iron in Water Anlyst 68 319 3 4 (Nov ) 104;

folf I en A des Dlutes Bio

chem Ztschr S13 18 No 11948

\ntimony

faren T H Colorimetne Micro-Dstermmation of Antimony With Rhodsmine R A
Chem 19 (7) 487-491 (July) 1947 mine ual
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Bromine
Wuth &4 A Rahunul Brom:de Th‘utment, J A M A 88 20132017 (Juue) 10 7
Tsyving, B of & of Calaium Zavodskaya Lab 15

14" 144 1949

Tyner E H  Determumng Small Amounts of Calewum in Plant Matenials Anal Chem 20
7680 (Jan) 1948

Chlorine

Binkley P A Colonmetric Reaction of Chlonds Jon J Biol, Chem 173 (1) 403405
(AMarch) 1948

Ellms J W and Hauser 8 J  Ortho Toldino as a Peagent for the Colonmetrie Estma
hgﬂln of Small Quantities of Free Chlorine J Indust Epgin Chem 5 915917 (Nov)
3

Hoﬁman w s Phutoelometnc Chimcal Chemistry New York, 1941 W Morrow and Com

any pp 129 1
Sc\mles 0 and Schnlcs S 8 A Smple and Accurntu Method for the Determnation of
Chloride 1n Bilogieal Fluids T Diol Chem 140 (3) 849 884 (Sept ) 1941

Taylor W A Lamotte Wuth Bromide Compnator J Lab & Chn Med 13 49 456
(Oct Alarch) 19 719.8

Stiff, H A Jr he Colonmetnie D turmmhan of Blood Chlonide by the Iodometne
Method I Biok Chem 172 (2) 6935 608 (Feb ) 1

Swift E H Arcand G M Lutwack R and Meler, D T Determmation of Chlonde
Anal Chem 22 (2) 306 308 (Feb) 1950

Whitehorn J C Simphfied Method for the Determumation of Chlonides i Blood or
Plasma J Diol Chem 4o 419'460 (Fe ) 1921

Zimmerman W J and Layton E 3 Polarographic Mlemmethod for the Determinn
o of Blood Chiorde s Biol Chem 181 (1) 141147 (Nov ) 1

Calcium

Alten F Weilard H and K [o! uber
das lxkrnlnnat Bmchem Ztschr 265 266 ss 39 1933

DeLuca Photometric Microdetermunation of Caleum Canad. J Resesrch 25
B 449 454 (Sept) 1947

Klement apid ‘and Simple Determination of Small Quantities of Calewm 2 Anal
Chem 128 431 435 194! 8

KRorenman I M d Gut; G B Determination of Small Quantifies of Calews
Zavodskava Lab 15 136 138 1919 "

Mumnghnn M cro Diffusion Methnd for the Determmation of Calem 1 Bloo

erum Amlm 74 516,540 (0ot ) 1
Ringbom A and Menmbanto B A Tlmmemc Method for the Determination of Calewst
‘Acta Chem Scandinav 3 °9 31 No 1 1949 Bal
Ros J H and Kahn B 8  The Colorimetric Determination of Blood Caleum J
9

tion Of

Shohl A T  The Effect of 1‘ Upon the D

snohl A T, uod Pedley G A Rapid oad Aceursto Method for Caleium 12 Uro*
oL Chem 50, w37 oid (Feb ) 192° o
fohey B°F el Shtersiy 8 O A Dieeet Aedimetese Microtitratuon Method for Cal

Trevan J W apd Bambndg X W The Estimation of Calewum i Blood Serum Bio
chem. J 20 4 3426 No ° 197

Cobalt .

Claasstn A and D of Cobalt Wath Nitroso
Salt Re¢ Trav Chim 67 120 724 1948

Manuéht “h 3 The Determuation of Cobalt m Ammal Tissue Modification of tb¢

hod Analvst 67 9708 (Mareh) 194°
“an I\’l:o:ter TS Thritros K Salt s Tew Rengent for the Detection of Cobalt J A%
h, €8 1o T49 (Jan) 1971

\\”nllfnlE T ‘and anfa g 1 lonmetric Determumation of Cobalt Tmng Mitreso

Falt "hoal Chem 18 505 (July) 1947

oo Tumetnieally
Ogletborpe C C and Smith C G Determination of Copper \olumetneal
e odiae Thiocyaate Method Analyst 68 3753 8 (hov ) 1943

by the
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Todine
Barker 8 B Determunation of Protem Bound Todwe J Biol Chem 178 7157 4 (Apnl)
1948

Comzor A C Cum: G M and Bwenson B E A Symphfied Method for the Deter
mination of the Protein Bound Blood Jodine and Its Chimeal Appheation J Chin
Endocrinol 9 (11) 1185 118%( Nov) 1049

Dobouloz P Monge Hedde M F and Fondarai J  Colormetric 3 crodetersu nation of
Todino Bull 8oc Chim b ot France pp 898 899 1947

Fine S D Report on Todine J Assoe Offic Agne Chemists 32 (3) 555558 1949

Gomberg T J Bererwaltes W H and Lampe I  Rad o Iodme Uptake in Humens
¥ _Absolute Determination of Radio Tod me 1 the Thyro 1 Pro¢ Soc Exper Biol
&3ed 73 40 08 (Mar:h) 1950

Gross W G To J s D of
Todine Anal Chem B ﬂoo 901 (O¢t ) 194
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Magnestum
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949

Gnme R 1n Plasma or Serum by Means
of Txtnn \ellow DBiochem J 40 (5/6) 8 3831 1946
l\lmkel H O Pearson P Elzhwe gert B The Photnelertnc Detemmatmn
Magne um in Body Phud J Lab & Clhn Med 3" (8) 10
\hchneh G D Anderson C T Mal’gen S and Lingell L W Colﬂnmetnc Determina
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Manganese

Gate , ¥ M and Elis G I A Miero Colonmetrie Method for the Determination of
Manganese 1 B ological Mater als With 44 Tetramethyldiammotnphenylmethaze
3 Buol Chem 163 ' 3 544 (Ma y) 1947

hun I tod te m nation of Manganese 1 Biological Material by Menns of Catalys:s
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Mixtures
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and \[yers G B The’ Use of the Lmssion Spectrograph for the Quantitative De
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Phosphorus

Brgr A P Some Appl ulmns ©f the Colonmetne Phosphate Method J Biol. Chem
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Potasstum
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Shohl A T and Bennett H B _ A Micro Method for the Determination of Potassium as
Todoplatizate 7 Biol Chem 78" 64365 (Aug ) 1928
Van R 3 D f Potsssium by Sodum Cabalt

srtosts Mathod Tadust &Engm Chem Anal Ed 8 (1) 34 (Jan) 1931

Sodium
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Biologic Flmds J Lab & Clin Med 33 246 250 0 (Feb) 1

Buls 0 re 53 0 Sodtum end Potes
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47
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25 449 456, No 2 1931
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Sulfur
Erdos J  Procedure for ths M\cro D of Sulphur
Kahn B 8 end Lelboﬂ S L Colorimetric Determmation of Inorgame Sulphate 1t

Small Amourts of Urnine J Biol Chem 80 623 630 (Dee ) 19°8 N u
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Leclere R Volumetric Determinations of Sulphate Mém Services Clum dtat 37 1519
194

tion of
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Power, M H and Wakefield E G A Volumetric Benzidime Method for the Deternuns
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Liang Y W_and TeuCheng §  Gravimetne Determanation of Sulp
Sha gls‘:ﬁﬂu Slzlpghale TL, Phimnation o Chromo Ton Tnterferonce by Means of Tamnt
14 916 1946
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“Total Base

Fiske C F. A Method for the Estimation of Total Base 1n Utme J Biol Chem 51 (1)
55 61 (Mareh) 19°

Stadie W C and Ross E O A Mcro Method for the Determ nation of Base in Blood
and Serum and Other Biologieal Materialy J Diol Chem- 65 735 5% (Oct) 19 5
‘Water
s.pmmn L A A Sunple Method for the Densiometnic Determination of Heavy Water
J Lab & Chin Med 35 793794 (May) 1950

Zine

Moch ¥ L and Valle B L
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Valleo B I and Gibson J G 2nd  An Improved Dithizome Method for the Determina
tions of Bmall Q\lantmes of Zmc 1n Blood and Tissue Samples J R ol Chem 176
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SECTION IV
BIOCHEMICAL PROCEDURES (Continued)

B PROTEIN AND RITROGEN COMPOUNRDS

1 Total Nitrogen (Mtcro Kjeldahl) m Serum Urine, Food and Feces
A. IN SERUM AND URINE
Peferences
heys A A Rapid ‘iero Kjeldahl Method, J Biol Chem 132 181187 (Jaz)
1940
Ms T 8 and Zuazaga G  Micro Kjeldahl Determination of Matrogea A Dew

Indicator and an Improved Rapid Method, J Ind & Eng Chem (Aral Ed) M
280 282 (March) 1942

Principle
Serum and wrine ere digested with a phosphate catalyst plus hot sulfuric acid s2d
converted to ammontum sulfate The smmoma 13 hiberated by the additwa of
alksli &istille] 1nto & bore acid solution and titrated dircetly with standard aid.

Apparatus

1 Calibrated syringe ppette, 02 ml (furogh type)

2 A quantity of 100 m) Kjeldahl (rrero) flasks with standard tspered joints

3 A mamfold of six micro burpers wath a good hood

4 Miero hyeldshl ammoma spparatus  (Procured at Macalaster Bieanell €0
Cambndge Mass Ses Fig 18)

5 A 2 ml burette (Krogh syringe)

& A number of 15 ml round bottom tess tubes (Pebberg type)

7 A number of 100 ml volumetric Basks (for food and fecal snalyses)

8 Luer lok synage 5 ml

Reageuts

1 Mised indi atar Prepars m 959 alohol 10 ml bromeresol green (01%) 3nt
2 ml methy! red (01%) Thus solution keeps well at room temperatute

o Rome aid 20 (appromimately) Stored n e glass stoppered bottle 1t keeps
indefinstely

3. Mydrocklone seid or sulfuric eed 03 N accurately titrated

s Sodum hydroxde 309 (approxumately} Store 1n bottle with rubber stopper
FReeps indefinitely ted

5 Catalyst Pawder and mix potassium phosphate, dibasic (3IIPO ) axd hydra
copper sulfate (CuSO ) n the proportion (sppromimately) 4 1

¢ Concentrated sulfunc acid CP (ACS)

7 Grease for glass jonts  Use pure glycerol or a mixture of 0 ml glye
gm NsOH e ©0

3 Stondard emmomwm sulfate Dilute exactly - 30 goi of ammonium solfd
1000 2] of water This 3s equivalent to 05 mg N/m}

320

eral wit §
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Procedure

1 Pipette exactly 0.2 ml of serum or unne with 2 synnge Pipette wmnto &y estwon

flash, talang care to dehver to the very bottom of the flask Wash out pipetts

with distilled water 6 times

Add roughly 2 gm of catalyst (phosphate mixture)

Add 15 mtof sulfurc scid,

Digest over burners with exbaust or 1n hood until solution becomes a cleer green

Let flasks cool gradually to room temperature

Pipette 2 ml of 2% boric acid mto eollecting tubes (15 ml)

Add one drop of mixed indicator to each tube

Add approximately 10 0 ml distilled water down sde of digestion flask.

Dustall contents of flask mto borie acid contaned i Rehberg tube as follows

a Lubneate mouth of flask wath glycerol—NaOM and attach to still

b Attach Rehberg tube contammg borte acid to still so that delivery tube is

Just below surface of boric acxd

Turn on vacuum slowly

When pressure 13 umform still add 6 ml of sodum

hydroxide to flask by opening cock under burette

Wait 1 to 2 minutes nntal the evolution of gas decresses (when the rate of

bubbling 1n the acid tube will decrease) and turn or full vacuum

Laght micro burner vnder flask with very low flame for the first fow mumutes

gradually 1noreasing the flame untal 1t touches the flask

g Collect distillate At 1ntervals lower bore zcid tube 20 that delivery tip 76
mazns only 35 mnch below surface of distillate

h. Collect 9 20 ml distillate

Pull 2e1d tube b Jow tip of delivery tube

Dust1ll § 6 more drops and turn off gas flame

In 15 20 seconds turn off vacuum

Wait for bubbling to quiet down and open capillary cock slowly

Allow time for pressure within and without still {0 equahze

Remove collecting Rebberg tube and flask.

Remove digestion flask by holding its bulb with a towel Be sura to draun

off excess alkahne solution om t1p of glass tube which userts imto the fask

9 Titrate contents of micto tube with 03 N H,SO until solution first turns & &8
tinet orange Use miero burotte (2 ml) and air pressure for sturring

RPN

® oo

o

S

on B =pma

Blank
Digest and titrate as sbove & solution of distilled Water with 1 gram digest muxture
and 1 ml of acid.

Standard .
Place 5 m) of stendard smmonm sulfate (NH ) SO 1 s digestion flask snd PF
ceed 28 usual

Calenlation

1 Grams N per 100 ml of serum or urne =

0014 x (ml fitration — ml blank) « (Normahty of acid) x 100
Volume of sample 1m ml

2 To convert mtrogen to protem i serum multiply by the factor of 6°5

Example
1 Normahty of standard seid = 0335 N

1
(Equivalent to 14 % ggzy * 0335 gm mtrogen per ml)
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2 Amount of serum us d in analyses was 0231 ml

3 ml of standard ac1d vsed in titration was 0560 m)
& Blank analyss = 002 ml acsd

5 Therefore

014 x (560~ 0 ) % (¢ 5} x 100
G231 ml

= 109 gm mbrogen per 100 m}
6 Then
109 gm mtrogen/100 ml x 6 5= 6 8 gm protein/100 ml
Precautions

1 Never allow the distillate t p to be above the borie aead level

2 In digesting the sample do not allow the sample to dry If necessary add more
concentrated sulfune ac 4

3 Pinse out the 0C wl syringe pipette ot least b tumes with water adding all wash
1ngs to the flask

4 Be sure that emough alka] 18 added to liberate the ammona This ean be @
termined by & change 1n eolor from green to blue or brown,

5 The catalyst recommended above serves for most biologieal fluds If unusual
compounds maght be present 1t 13 hacessary to check the effictency of the
catalyst apd perhaps to use selenium or mercury as catalyst

B NITROGEN IN FFCES AND FoOD

1 Onee the food and feces are diluted with water and homogenized 1n & Wanog

blendor 1t 18 convenient to pipette out v ml for igesting

We use & cal brated 5 ml Luer Lok syrings for measuning as at bas a larger bore
than the regular synnge
Add 0 m of concentrated T SO and 4 gw of the catalyst
After d gostion to & elear green the flask 15 cooled and diluted very slowly to
100 ml (actually only concentrated I SO 15 left in the flask so be very cantions)
§ Then distil esther 10 or 0 m of solution

o

-

2 Serum Protemns (Biuret Method)
Reference
Wolfson W Q Cohn C Calvary ¥ &nd Ichaba F  Stadies m Serum Protems
% A Rapd Procedure for the Estimation of fotal Protem True Albumz Totsl
Globulin Alpha Globulm Beta Globuli and Gamma Globuln 1 10 mt of Seram
Am J Cin Path 18 , 3730 (Sept.) 1943

Princtple

The albumin and the three major globuha fractions wre determmed after precipita

tion and measured ma by the addition of an

alkalme copper sulfate reagent (biuret) which produces a blu sh purple elor
Apparatus

1 Cuvettes 19 x 150 mm

® Coleman Jr Spectrophotometer Model 6

3 Centnifuge tubes—135 ml round bottom

4 Ceutnfuge tubes—15 ml comeal

§ Centrifugo~—electnie

© Incubatorsetatd C

T Calibrated 01 0° 24 49 aad 98 ml synnge pipettes,

& Tubber stoppera 31 solid.
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Reagents

1 23% sodwum sulfate Exactly 23 grams of anhydrous sodium sulfate m distilled
water at 37 C Make up to 100 ml and keep 1n an ineubator at 37 ¢
28% sodium sulfite solution  Exactly 28 gm in water at 28 C  Shake end &
solve
Saline ammontum sulfate In & hter volumetric flask dssolve 193 gm of am
monium sulfate 1 approximately 500 ml of water Add 40 gm of sodum chlonds
{NaCl) disaolve and make up to 1000 m!
Buuret reagent (Wewchselbaum T E  Am J Chn Path 16 Tech Sec 10
4049 1946) Iissolve 90 gm of Rochells salts 1n about 400 ml of 02 N NaOR
Ad2 10 gm of CuSO 5HO When diussalved add 10 gm of potassium 10dide 8nd
meke up to 2000 ml with 03 N NaOH Store in tubber stoppered waxed glass
bottle
Span ether reagent (We are indebted to the Atles Powder Co of Wilmagton
Delaware for Span )
1 ml Span ~ 20
99 ml Ether (USP)
6 Ither USP

o

©

S

o

Filter through fast peper and dilute to 100 ml with ether

Procedure for Total Protein
For a standard curve use saline as the diluent and use protemn concentrations of
10 to 80 gm per 100 ml at intervals of one gram Use serum albumum contentrs
tron of 25 gm per 100 ml
Pipette exactly 01 ml of serum 1nto a 15 ml round bottom tube and dilute t0 5 mt
with 49 ml of distulled water Mix well by 1nversion
Transfer exactly 3 ml fo a cuvette
444 exactly 3 ml of buuret reagent and mix by inverting the tube
Propare a blank with 3 ml of water and 3 ml of biret reagent Save the same
blank for determination of albumin plus alpha globulin and for gamma globoht.
Let stand for at Jeast 30 pnnutes and read at 540 mu placing the blank at 1007
T The color 19 stable for 24 hours

ety

Y

Procedure for Serum Albumun Plus Alpha Glebulin

1 Pipette exactly 24 ml of sodim sulfate solution 1nt0 a test tube This solutiod
1 always kept 1n an incubator at 37 C

234 exzetly 01 ml of serum and mix by mversion Do nof shake

Add apprommately 1 wl of ether stopper and mix by inversion for 30 socods
Contnifuge for 5 to 10 minutes at 1500 0 2000 rpm

Hold tube on g slast and withdraw exactly 15 ml of clear centrfugate apd tran®
for to a cuvette

A4 exactly 15 ml of distilled water and 30 ml of biuret reagest 3k well
Read after 30 minutes at 510 ma, setting blank at 1007 T

w vt

EY

Procedure for Serum Albumin

Papette exactly 49 ml of sodim sulfite solutzon 1ato & 15 ml round botton tube.
Ada exactly 01 ml of serum and mix thoroughly by inversion s
Add sbout 1 ml Span ether reagent stopper snd invert gently for 30 secons
Do not shake T some cuses up to 30% of the albumun 13 fost by vigorous sbabing
Ceatrifuge as above

Pupetto exactly 3 0 ml of the clear centr:fugate into & cuvette o
'Add 3 ml of buret reagent and mix well by mversron Prepare a blank by o'
32 ! sodium sulfite plus 3 ml buuret rengent

Let stand 30 muutes and read at 540 m settin,, the blank a¢ 100% T

e e

EXS

@
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Procedure for Serum Gamma Globulin
1 Pipette exaetly 98 ml of pahne ammonium sulfate solut on nto 15 ml comeal tube
@ Layer exactly 02 m} of serum on top of the solution Stopper and mix by care
ful slow repeated anversion for about & minute o two unt] the turbidity has
reached & Maximum
Bemove exactly 10 ml of the mixturs and diseard,
Cork and centnfuge at 2 50 to /50 rpw for 0 minutes If turbad eool under
tap water for a few munutes and centnfuge egamm  Supernatavt flmd must be
clear
Decant supernatant flud and centrifoge for 3 mimutes more Invert tubes on &
Jayer of paper taweling or filter paper for & few munutes
First pipette exactly 30 ml of b uret reagent to the premtate 214 30 ml water
and shake br skly for 30 seconds
Allow to stand for 15 mnutes centnfuge down any glight residval turbadity re
maunng and deeant 15to & cuvette
For the blank use 30 ml biuret reagent plus 30 ml water Allow to stand 30 mmn
vtes and read at 540 mg with the blank at 1007 T
Divide the prote n value obtained by 3 to obtan the serum gamma globul o con
centration This 19 the yeason for disearding the 1 mlin step 3
Calcalation
Serum total globulia == Total prote n ~ Serum albumin
A/G Ttatio = Serum afbum n + Serum globuhn
Serum alphs globuhn = (Serom albumn + alpha globul n) — Serum albumm
Serum beta + gomma globula = Total proten — (slbumg + alpha globubn)
Serum beta globul n == (Serum beta + gamma globulm) - Serum gamma globulm
‘Example
1 Total protewn A reading of 5 © T on tho ealibrat on chart is equvalent to 416
mg of proten w actusl smonnt Tn the final analyses we sctually nsed 006 ml
of serum (3 ml of & 01 to 5 0 dilution)
Therefore 416 mg == 06 ml of serum
or 69 g of protein per 100 ml of serum,
Albumin A teading of 66 T 13 equvalent to 260 mg of elbumin i actnal
emounts  We used 06 ml of sernm (3 ) of 8 01 to 5 ml dilution)
Therefore 6 mg = 06 ml of serum
or 43 gm albumin per 100 ml of serum
3 dipha globulwn plus albumn A rending of 61 T iy equ alent to 21 my of
albumimn + glphs, globuln 1o actual amounts  We used 06 ml of serum (15 ml of &
01to 5midiution)
Therefore 31° mg = 06 ml of serum
or 5 1 gm of albuma plus alpha globulin per 100 i of serum
4 Serum gamma glodul n A reading of 77 T 13 equivalent ¢p 1.8 mg gamma globu
I 1 sctual amounts e used 018 ml of serum (9 ml of a 0.2 to 10 m) dilution)
Therefors 1.56 == 18 ml serum
or 087 gou of gamma globulin per 100 m of gerum,
5 Total prote n (89 gm) - albumin (43 gm) = total globulin { 6 gm)
Therefore  albumin/globulin ratio = 1 6o
Alpha globulin = (Serum wlbumin + slpha globalin 574 gm) ~ albumin (43) =
091

N

® = = -

©

o

15§
DBeta globaln = b ta + gamma globuhin (160) — gamms globuln (08 ) =
0.9 gm

7 Deta + gamma globula = Total protein (69) - albumn + alpha globulin (5°4) =
m

w
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Precantions

1 In the albumin determination, do ot shake the tube vigorously In some cases
up to 30 per cent of the albumn 13 lost 1n this way

2 This method depends on exact pipetting Therefore we have used syringe
pipettes throughout the procedure
3 In the serum gemma globubn 8dd the buuret reagent first before adduwg the

water
4 The serum albumin must be analyzed by the Kjeldahl method for exact snslyms.

8 Albumm and Globulin 1n Serum
Reference
Howe P E  The Use of Sodium Sulate as the Globuln Precipitant 1 the Do
termmnation of Protemns 1 Blood J Biol Chem 49 93107 (Nov) 19 1
Prineiple

Serum protems are fractionated by precipitation of globulin 1 sodwm sulfste The
albumin 1 solntion 15 analyzed by one of the total mtrogen methods

Apparatus
1 Anmcubstor set at 37 C
« Filter paper analytical grade (Whatman No 40)
3 Ammoma still and standard tapered flasks (see total mitrogen analyses)
4 Nitrogen digestion umt
5 An accurately ealibrated 0 5 ml syringe ptpette
6 A quantity of 50 ml Erlenmeyer fasks
7 A supply of funnels
Reagents
1 Sodwm sulfate (N, 8O) anhydrous a 229 solution 1n water keep in 37C

oven
2 Thymol crystals
3 Other reagents ate the same as those for Nonprotew Nutrogen and Total Netrogen.

Procedure
Pipette exactly 05 ml of serum and 15 ml of sodum sulfate solution mto 8 50
ml Erlenmeyer flask,

"

2 Add 1 erystel of thymol

3 Place 1n mcubator at 37 C for 3 hours

4 Heat a funnel a 50 ml Erlenmeyer flask and filter paper (Whatman No 40) by
plaeing 1n the same oven .

» Filter solution through heated filter 1nto heated flask to prevent precipitatita o
sodwm sulfate The filirate contawns albumm and nonprotein mtrogen If the
filtrate 18 not clear repeat filtration umng the same filter paper X

6 Digest exactly 5 ml of the filirate for mtrogen determmation unzg Bers
method Dalys

7 Estimate nonprotemn mitrogen in the original sample of serum followisg ly
method as d bed 1o the of mitrogen

Caleulation

Total protemn = (Total N— NPN)x 625

Albumin = (N filtrate - NPN) x 625

Globuln Total proten — albumin

A/G ratioc = (Albumm - Globuhn)
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Example
Total serum mitrogen == 105 gm. per 100 ml serum
Nonprotemn mtrogen = 400 mg per 100 ml serum
Total mtrogen in filirate = 067 gm per 100 ml serum
Total protein = (105 — 004) x 625 32 gm/100 ml
Afbumuin = (067 - 004) x 625 = 304 gm/100 ml

Globuhn 63, - 304 = 2.38 gm/100 ml
A/G 1ati0 3944233 = 166
Precautions

1 Time and temperature are crbieal, Be wure to incubste for exectly 3 hours at
exactly 37 C
2 Be sure to have fllter paper funnel and flask st exactly 37 G

. Whole Blood Hemoglobin and Serum Protemn (Copper Sulfate Specific
Gravity)
References
Philips R A Van Blyke D D Hamilton P B Dole V P Emerson K. Jr and
Archibald R M  Measurement of the Specific Gravities of Whols Blood aud
Plasma by Standard Copper Bulphate Solutwns J Biol Chem. 183 305 330
{Mareh) 1850
Van Blyke D D Hiller A Phillips B A Hamilton P B, Dole V P Archubald
R M eud Eder H A The Estimation of Plasma Protemn Concentration from
Plasma Specafic Gravity J Bio? Chem 183 331 343 (March) 1950
Van 8lyke D D Philbps B A Dole V P Hamilton P B Archibald B M and
Plazm J  Caleulation of Hemoglobwm from Blood Spemfic Gravitiey J Biol
Chem 183 349 360 (March) 1950

Prineiple
The concentration of protein in serum and hemoglobin 1 cells dotermines 1 large
part their specifie gravities the specific frav ty of whole blood 15 accounted for by
that of serum and cells The present method estimates specrfic gravity by the be
havior of drops of serum and whole blood 1n solutions of copper sulfate of vanous
potific gravity The serum protemn and whole blood hemoglobim are then ealeu
lated or more s mply read off from & line chart

Apparatus

1 30 square oz bottles of copper sulfate solution from ap gr 101 through 1033
end 105 through 1068 These bottles should have their sp gr etched clearly
on them
Four 0 5 ml tuberculin syninges.

3 Four hypodermic needles 4 of finer

4 Four stylots for clesning neodles.

5 Hepanmized vialy (8 ml) for coll cting whole bleod.

Reageats
1 Copper sulfate solid CuSO SH O finely grenular or powdered

a. Copper sulfate sclution sp gr 1100 Allow 1 Liter for every 500 samples of
blood 1t is most convewiently esrried 1n large amounts from the ba.e Jab-
oratory into the feld but can be made up es follows Four pounds of copper
sulfate nre placed in a gallon jug  About 2.5 hiters distilled or ratn water are

added  (Tap water may be used if it is not more than rp gr 1003 compared

with distilled water &5 1000 st the sams temperature Use urinometer for this
companson.) The bottle ia atoppered and shaken vigorously for § minutes at
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the end of which time the temperature 13 recorded to the nearest 14 degres C.
The d solution 13 decanted and is fltered
through cotton 1to a clean dry jug ‘The solution of sp gr 1100 38 now mads
at once by diluting accurately to 1 hter the amount of saturated solution
mdicated 1 Table 7 Once made the solution of sp gr 1100 keeps m
defirately Prepare 4 liters at a time

TapLr 7

Mr or SATURATED CoPPER SULFATE SOLTION 70 BE DILUTED To 1 LiTeR 70 MAKE STOCK
SoLuTION OF BPECIFIC GRaVITY 1100
Temperature 1t C or F refers to the temperature of the saturated solution nt the tume of
saturation (end of shaking for 5 mmnutes)

TEMPERATURE TEMPERATURE ‘TEMPERATURE

[ ¥ i c T ml © ¥ ml
160 500 78 00 630 183 300 360 T
105 509 573 05 639 484 305 869 43
19 513 568 210 698 480 310 878 40
115 v 7 563 2i5 707 477 33 2 417
1.0 536 358 570 716 73 30 26 i
15 545 553 o5 75 469 5 905 41
130 554 548 230 734 466 330 914 409
135 583 543 235 743 463 335 93 408
120 5¢ 53) %0 M 460 310 93 403
15 581 531 245 761 456 345 41 401
150 590 529 %0 770 453 30 950 398
155 599 55 55 779 450 325 959 395
160 008 571 %0 88 17 360 508 9
165 617 516 265 797 445 365 977 3%
170 62 512 270 806 44 370 986
175 845 508 275 815 439 375 995 384
180 (¥ 502 80 33 436 380 1004 38§
185 6.3 500 %85 833 434 385 1013 i
190 660 496 90 842 431 390 10 ° 36
195 671 492 %95 851 48 395 1031 33

b Copper sulfate sp gr 1100 An slternative to method 2 & 13 to dussolve e
actly 170 gm of pure CuSO 5T O 1n water Amounts of water recommmended
for preparing the solution gp gr 1100

Temporature C ml of Water
017 © 1004
w22 C 1005
° 2 € 1008
%635 C 1007
2033 C 1008
3336 C 1009
36.8 C 1010
3840 C 1011

Theso solutions are most canvemently made nccor(:lﬂf
to Table § bv runmng the stock solution of sp gr 1100 from s burette i;d; :
50 ml graduated mxng eylmder, diluting to the mark with water mmng;“ g
to the appropriate bottle nnsiag the eylinder and starting over Thm;aea i
should be changed when 50 dropa of whole blood or serum have been 8405
1s thereforo advissble to make up 1 the field about 500 m! each of thos

3 Copper sulfate solutions

commonly used
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Procedure

1

The amounts needed are about 05 ml each of whole blood and serum prepared as
deseribed 1n & previous mection  The whole blood must be mized thoroughly by
invers on of its container ymmed ately before use The whole blood serum and
solutions of copper sulfate must all be &t approximately the same temperature

TABLE 8

L of Brock COPPER BULFATE SOLUTION OF QravITY 11000 To Br DiLuTep T0 50 Mu TO
1

PREPARE STANDARD SOLUTIONS OF GRAVITY G 70 WirHn 0000

uSO ¥ 0 ¥
MIXING CYLINDER MIXING CYLINDER
8P GR ML 5P GR ML
T003 367 7013 100
416 41 2150
10 466 £
1 515 16 ” 50
1 26 47 300
13 614 43 2350
14 664 49 2400
15 713 50 2450
16 763 51 500
17 81 5 550
18 86 53 800
19 911 54 65
0 961 50 700
1 1010 56 750
1060 57
3 1109 59 2350
o4 1ns 50 900
v [ 60 950
[ 15 a1 2000
7 1304 € 3050
] 1354 63 3100
"9 1403 84 3150
30 145 65 300
31 10 66 3 50
1550 67 3300
33 1600 6
3¢ 1850 69 2104
35 1700 [ 346
3% 1 59 1 3508
31 1800 3560
3 1R 50 73 201
39 1900 1 3648
40 1950 5 3715
41 000
4 050

a

o

For whole blood the ranga 105 thro gh 10$ 1a used for serum the range 10 1
through 1033 Fill a ayringe with its needle attached to about the 0° ml mark
1f the syringe has just been used for a preceding estimation empty it o far as
practicable by puling the plunger back and forth several times before finally
Slling the ayr nge with the new samyle

With the copper sulfate tack in & convemient po ition remove the stopper from
*F gr 1000 for whole blood and 10 § for rerum Mold the syrnge fn an al
mth “artiead po stion with the 0P of {he Deedle about one half jnch abave the
solution.
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4. Delwver a drop from thé Avringe keeping steady pre sure en the plunger For sat
asfactory estimation the drop must break the surface and fall at least an 1neh 1ato
the solution without leaving a streamer attached to the surface

» Watch the progress of the drop wn the solution TWhen 1ts sp gr 1s exactly the
same s that of the solution the drop wall fall for a few seconds come to a com
plete halt w thout moving up or down for about 10 seconds and wall then slowly
fall to the bottom beeause 1t will take up copper and become heavy When its
sp gr 19 greater than that of the solut on the drop will continue to fall to the
battom If the drop 15 Lighter than the solut on 1t w 1l fall for a few seconds halt
for & second or two and begn to mse It will contimue to rise until it takes up
enough copper to full to the battom. If a drop nises on one bottle and falls 1 the
next Lightest the sp gr lLes between thuse of the two bottles and must be es
timated to the nearest 0000 by noting carefully the relative rates of nse 1m one
bottle avd fall in the next

6 Record the sp gr to the nearest 0000. aud procecd to the next sample

Calculations

Caleulate serum proten m grams per 100 ml and hemoglobm in grams per 100 ml
by refernng to the 1 ne chart F g 10

To find plasma protem use the two seales on the lefthand hme (Note that for
plasma the scales read from bottom to tap and for the oth rs from top to bottom )
To find hemoglobin or hematoent from Gy and G streteh thread between the aum
bers on the two outside lines and read the answer on the ins de line To approx
smate hemoglobin or hematoerit from G aloe streteh the thread between observel
G and mesn normal G and read from the m ddle lime The ranges for no mal
values are as follows

Men Women
Whole blood specific gravity 105 5 to 10735 105 3 to 10603
Plasma speeific gravity 1040 t0 1050 1040 to 10 80

When oxalats 19 used for an snticosgulant a correction must be made For each
mg of 3 ammon um oxalate potas 1um 0 alate added per mt of blood deduct 00004
trom both G and G

Exampls

SBerumsp gr = 10 64

Whole blood #p gr = 10,9+

From lno elartscrum p otewn
hemoglobin

735 gm per 100 mt and
159 gm per 100 mt

Precantions

L The smples wad botles of copper wlfate st Lo % appTvx miiely Yhe same

tempe ature otherwise very serious erro s ean be made

Thorough mixing of the whole blood 18 €3 ential
When particles remain 0v the sutface or when the drops fa | to break the rurface
cleanly the surface should be cleaned with w wooden applicator
In the absence of tubereul n syringes ordinary medic ne d oppers ean be used
The ranges of specific gravity sugge ted above are for normal soldiers 1n whom

hvpoprot nemia and anemis are extremelv rare For other populations other
ranges m ght be neces ary

w

o .

o

The ealculations for hemoglobin and heratoent are vahd only f ¢ mormochrom ¢
normoeytio blood
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EQUATIONS ON WHICH THE LINE CHARTS ARE BASED

(This 13 copied from the revised method, Don Baxter, Inc, Glendale Califorma whose M
miswion has been given to reprint 1t here )

The equations gaven befow may be used 1n Placo of the e charts to eal
culate results

Total plasma protewn concentration from plasma specfic gramty The equ
tion used 13

(1) P = 369 (Qr ~ 10065)

P 18 the plasma protein concentration 1n grams per 100 m!  Gp 1 the sproifc
gravity of the plasma 10065 1s the grawity of protemn free plasma ultrafiltrate, In
this equation as formerly used in the Lterature and i previous publications of the
copper sulfate method the constant 343 was used mstead of the present 369 The
valus 343 was ongwally denved by Moore and Van Blyke from observationa on
nephnitic patients for use with such patients

Hematocrst values  We have used the formulation of Ashworth and Tigerit
for caloulating hematornt valves from gravities Let Gp Gy and G represent
the spearfic ,ravities of blood plasma and centrifuged cells, Tespsctively sod E
the hematoent number 1 terms of ml of cells per 100 ml of blood Then the
weight of 100 ml of blood 100 G» ran be equated to the sum of tweigh ¢ oF 11
cells and plasma as follows

(2) 100 Gy = H Go + {100 — H) G,

Rearrangement of Fquation 2 to caleulate B gives

G, - Gy
VH =
(3 H = 100 x oy
Ashworth and Tigertt pointed out that if cell gravity wn diferent bloods
1 nearlv constant ooe can substitute its mean vslue for Go 1 Equation 3 and
use the latter to estimate hematoent values from cbserved Gy and G values
To estimate the value of G from ob ervel G G, sod H Equation 3w
rearranged to g1ve Equation 4
W (@G G)+HG
O
Ashworth and Adams measured 1 a series of vormal and pl!hohgl;‘:
bloods the values of Gy Gp and H, and calculated Go by Equstion 4 They ¥ ;
found the mean valus of Ge to be 10572 Ve hava made mmular ohservatwns “
& semes of 20 normal bloods and have obtemed a mean (e of 10970 ld!ﬂah
switk the value found by Ashworth and Adams Svhstitnting this value for O
Equation 3 gives
Qs - G
105 0-Ge

(5) H == 100 x

Equation » was v ed to calenlate the hematoent seale
In the expermments both of Ashworth and Adams and o
hematoent values used 1 Equation 4 to caleulate Ge were obtat
1 que for ehmeal h using T\ atrobe fo
blovd was centrfuged at 3000 rpm for 60 minutes the center o

tube bewng 18 centimeters from the azis 1

Then a centrifuge was used 1 which the centers of the
from the sxs 3000 rpm for an hour gave 51 wnstead of 4 &

£ the writert 1
med by tbo w0at
beg hepanmite
f the caninfvge

tobes were only 9 &>
s the mead
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Apparatis
1 Spewal greduated centrifuge tobe (85 mi)
2 Electnie centnfuge
3 Aceurste stopwatch

Reagents

1 Teuchiys s solution  3x 15 gm of phosphotungstac aerd 50 m) of soncentrated
Aydrochlor. seid (FICH and 1000 ml of 92 ethyl alechol

Procedure
1 Pipette exaetly 40 ml urine into o speassl centrifuge tube that e cabibrated to
6o ml
2 Ad2 25 ml of phosphotungstic reagent
3 Mix several fimes by inversion and allow to stand eractly 10 mimates
4 Centrifuge for evactly 10 pumutes st 1800 rpm and read amount of precipiiste 1
terms of )
Calcutation
gram protemn/Mhter = ml of precipitate x 72 x dilotion (1f any)
Example

Trine dulut 4 1 to 10
Readiwg 011 1l
an
1

gram protewn/liter = (011 x {(T2) x5 =79
Precautions
1 The timing 18 very importsnt exactly 10 minutes being required

« With unne from patients with nephnitis it may be necessary to diluta the unne
before analvis A dilution of 1 1o 10 18 usually satsstsctory

@

Fibrmogen in Plasma
Reference
Butler, 4 M aud Montgomery H  The Solubility of the Plasma Proterss J Butl
Chem 98 143195 (D ¢) 1937

Frinciple
Fib 18 in & phosphate buffer and the supernatant fud i 82
alyzed for mtrogen F 13 by &

Apparates

1 A quantity of 25 mi Basks or test tubes

2 Rubber stoppers

3 Anafytical grade filter paper

4 Funnels

5 Apparatns for maero hyeldabl determinations (see total mitrogen)

Heagents
1 Phosphate buffer 30 molar pH 65 Tato a one Liter flask put 4085 s
basi. potesyum phosphate (RH PO} 2dd 375 ml of accurate 4 N polast
dromde (KOH) 21d dilote 10 1 iter with water
2 Other reagenta ate the same a3 those for the total mtrogen methad.

gm of B
m By

Procedutre sl
1 To exactly 1o ml of phosphate buffer add 1 m) of plasma from eitrated
. Mix stopper Let stand overnight a¢ roam températore



Nonprofesn Mstrogen 135

3 Filter through good analytical flter paper

4. Analyze 8 3 ml al quot for mtrogen by the micro Kjeldahl method
5 Determ ne total n trogen of the plasma by the m cro Kjeldahl method
lelation

Fibrizogen == (total mitrogen - soluble mtrogen) x 6 °5

ample

Fotal mtrogen = 105 gm per 100 ml plasma

Soluble nitrogen = 098 gm per 100 ml plasma

grams fibrinogen per 100 m) plasma = (10 - 093) x 625 = 044
ecautions

1 The pH of the precipitating find 19 eratical It should be 65

® B sure that the blood s ¢ trated (05 ml of saturated sod um eitrato per 100 ml
of blood)

nprotewn Nitrogen 1n Serum and Whole Blood
ference

Daly ¢ A  The Determination of Non Protein Nitrogen With Special Peference to
the Koch McMeekin Method J Lab Chn Med 18 1 791285 (Sept) 1933

tnctple

Combined nitrogen 15 convertel to ammomia which forms & yellow color 1m the
presence of Nessler & solution

pparatus

1 Coleman Jr Spectrophotometer Modet 6
A vemety of 15 ml tound bottomed centrifuge tubes with rubber stoppers
(41 sohd)

3 Electrle contrifuge

4 Micro burners in the Inboratory or gasol ne stove 1n the fleld

5 Fohn digestion tutes graduatedat1 5and 5ml

6 Glass beads for digestion These ehould be about mm 12 dismeter

7 A vanety of pipettes meluding 05 ml 10 m) 50 ml gradusted in 01 m! and
10 ml graduated 1n 02 ml

8 Cuvettes 19 x 150 mm

eagents

1 Nitrogen standard Laactly 0236 gm of dry ammomum sulfate 13 made up to
exaetly one hter with distilled water One m! of this contains 005 mg N Tt
keeps for weeks in the eold.
Tricbloracetic acid approximately 8 gm 1n 100 ml water Tt keeps for at least
 weeks 1n the cold.

3 Digestion mizture A stock concentrated solution 1s prepared by pounng slowly
and ca efully with cool g 2vv ml of concentrated mitrogen free sulfuri scid fnto

15 mh of water Tho 1 orking mixture 13 prepared by diluting exactly 31 ml of the

stock eolution to 100 ! with distilled water

4 Hydrogen peromde. Superoxol (30 HO) 1 diuted with distille] water in the
proportion 14010 This 3¢ H O keeps for & week In the cold

5 Qum ghatt. Approxumately 1 gm is di_clved In 100 ml of water and the solation
is fltered through cotton

6 “eteler s solot on (after Koch) In a ® hter mxing eylinder place 40 gm of mer
curic fodide °0 ml of water and .0 gm of pots.sium jod d  Mix wntd du. olved
and difote to 00 ml. Add with mixisg 27 7l of 10~ sodium witrate fallowsd by
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975 ml of exactly 104 sodwm hydroude After the solution has cooled 1o roon
temperature dilute to exactly 1600 ml with water and sfore m a Pyrex vessel I
keeps adefinitely but does throw down a depostt

Procedure

oo

3 Precipitate protemn by adding exactly 05 ml of hlood or ssrum to exactly 45 m
of 8% tnichloracetic acid 1 & 15 ml centnfuge tube  Stopper and mix by auver
sion Do not shake or foaming will be arnoying

Centrifuge at high speed for 5 munutes If mecessary filter to take out partucles
To a digestron tube add exactly 10 ml filtrate 10 m! of digestion muxture and
smyll glass beads

Placo the digestion tube 1n a slanting position durectly over a freo flsme  When
boiling commences add exactly 2 drops of 3% H O, (Superoxol usually has some
combined prtrogen 1n 1t and therefore the exact amount of H O 18 importent)
During digestion the flmd should furn brown aud then become clear At the end
dense white fumes of SO, will appear 11 the nuddle part of the tube

Cool 1n the air  Inspeet the digest to be sure there 15 no brown in it, and sf there
15, redigest

At the same time as steps 3 4 apd 5 set up a blank tobe contanng 1 ml of wx
ter 2ad 2 standard tube contamuming eXaetly 1 m} {== 0050 mg N) of standsrd
and treat them exactly ike the unknowns

Add appraximately 10 ml of water and the 05 ml of gum ghattx soluton
Dalute to exactly 1?5 ml with water

Add exactly 5 ml of Nessler s solution With continuons mixing

8et spectrophotometer at 5.0 mu with blank at 1007 T and read nuokaowns.
Make up a standard curve using a range of 001 mg to 007 mg I at mtervals of
001 mg preferably from standards run through the whole method

o

@

w

@

@

ESwma

Calculattons

1 mg nonproteir N/100 ml serum =

(mg N 1n cuvette) x 5 x 100
(ol filtrate) x (wal sernm)

Example

Precautions

1 Unknown read 7459 T equivalent to 003 mg N in cuvette Serum was diuted
05 to 50 with trchloracetic acid  Of the filtrate 1 m] was used for analyse
003) x 5 x 100
mg nonprotein N/100 ml sesum = (.u'z)‘)Ws_ =300mg M
1t 18 & saving of

2 Since all samples of serum and blood are treated always alike, b0 and 1o resd
20 an

time to set up the standard curve 1n the manner shown 1 Fig
the final concentration directly

g for severt)

1 Both Nessler s sofution and gum ghatt! depost sedrments oz ma e

days Hence before each day & runm 1t 13 desirable to decant o
cletr supernatant flurd from each for tha analyses in prospect

»
2 The commonest sourco of error 19 splattenng durng digestion This ca? b
avaided by keeping the tubes 1 geatle motion until bothng starts
8 Creatimne 1 Urine
Reference 5 5310

Fohn O and Wu H A System of Blood Anslyms J Biol Chem:
(Barch) 1019
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Principle

Creatimine reacts with pierate i alkelwe eolutions at room temperature and ma
few minutes & stable intense orangs color 13 prodnced which ean be messured 1 &
photogolormeter

Apparatus

1 Coleman Jr Spectrophotometer Model 6

2 Cuvettes 19 x 150 mm

3 100 ml volumetric fasks

4 Cabbrated syringe pipettes 01 ml and 10 ml
5 Volumetric pipettes of 20 ml capacity

Reagents

1 Sodim hydroxide, a 10% solution 1n water

? Piene ecid a 19 olution i water Gentle heating may be required to dissolve
the acid  Muix 100 ml NaOH and 100 ml pierie acxd and dilute to 1000 ml Ths
solution 18 called the alkalme pierate  solution

4 Crystatline creatinine Zine chloride Dissolve and dilute 16106 gm to 1000 mlm
01 N hydrochloric acid This solution contains 10 mg of crestimmne per ml

Procedure

1 Into a 100 ml volumetric flask measure sccurately 01 ml of urime with a synsge
pipette

2 Dilute to approximately 0 ml with distilled water and add exactly 20 ml of the
mixed sodwm hydromde and pienic acd mixture

» Allow to stand for exactly 15 mmnutes after a gentle mimng and then dilute
to 100 ml mark

4 A blagk using exactly °0 ml of the alkaline picrate mixture 15 set up and dilated
to 100 ml

5 An ahquot (10 ml) of the blank 1s pipetted imto & euvette and set at 100% T 8¢
a wave length of 5 0 mu

6 Then read aliquots of the unknowns

Caleulation
1 Prepare a standard curve £rom creatimine zinc chlaride solution
& Dhlute exactly 5 ml of standard to 100 m]l This gives a solution of 005 Mg
creatinine per ml
Into 100 ml volumetric flasks pipette 0 1 2 3 4 and , ml of the dilute
standard
44420 19 18 17 16 and 15 m1 of wat r respectively
Add exactly 20 m! of the same alkaline picrate used for amalymis of 08
knowns
Btand exactly lo mmnutes and then dilute to 100 ml
Set blayk at 100¢/ T and read all standardyat 5 0 ma
g Plot the €T curve on semu log paper
{mg creatimne/m) of final solution) x 100 X 1000 -
® gm creatinine/ hiter unpe = Wy » O
(mg creatinine/m! final solution) x 1000

ar o

- o

Bxample
A reading of 810¢ T was equivalent to 00009 mg/ml of final solubion by
gm creatinine/ urine = ¢ 0009 x 1000 == 09 gm/1

‘hereforé
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Precautiond
1 Maay veriables sffect the intenmty of the creatimine piesate Important among
theee are  time of standing fempersturs concentsstion of atkah and presevca
of noncreatinize color producsng substances  Therefore 1f 1n essential to estab
hiah atandnrd conditione ans o adbere strrtly to these

9 Creatine in Unne
Raference

Toug O end Wu X A System of Blaod Amalvst J ot Cher 88 08 300
(4fareh) 1910

Principle
Crestize 18 conve ted to ereatinise when boiled or autociave] with sed. The
crentimpe s determined before aud afler the bothng trestment ond creatine
onginslly pre ent in the unne 1 alenlated by & Nevencs

Apparaus
} Coleman Jr Spectrophotometer Model 6

Cuvettea 18 150 m;

A quantitr of 200 m} ralumetzic fasky

Cahibratel  ringe prpottes 03 mignd 19 mi

Autoclave set at 15 pounds pres ure

4 quantits af  olumetsse p ettey of 18 and 0 ml capacsty

ENT

Reagents

Bodiem hvdronde a 307 eolution

Pierse and 3 37 solution 0 water It wmay le mece &3 to searee this to obtasn
» clear aolutson

Cey tall ne croat mine zine chlarcle  The same tontentrats n ns for ereatimne
{1 wg/ml)

4 fvdrocht me a 41 N 10 mi of concentsated FIC plus 100 mi of ditilled water

Frocedire

I

1 Into & 100 m] volumatric flask mea u ¢ sccurately 04 sml of u ine with a synnge
mpetta
Ad4 exactly 10 m! of prene aud aslation approyemately 0 ml of water £ad
i of LT eclution

3 Autoclava at 15 pounls pre< ure at s temperaty o2 335403 0 € £ ¢ 30 w nutes

4 Allawe ta cool to reom temperature

5

Add exsetly 10 mt of sodwm hrdronde and d31te to 100 ml after exantly 19

minutes of standing

€ Ron & blank axng 10 mi of ponic acid solution wed O mi of water  tutoelave
3 aove and run eXactly & unknowae

7 Set blank at 160~ Tats 0o

Calculation
1 (Tota ereatinttie -~ preforme 1 ereatinine) = Creatine (as sroatimae)

To convert ¢ eatine exp ¢s ed 83 cremtin ne 10(o the amount of creat me fteelf
muttaply by 318

3 {Total ereatsnivs ~ preformed ereatin ne) x 316 =2 € cattne
Example
5 Totsl efeatine
» Preformed ¢ stimine
ERTR RSN T U ST

110 gw yer hiter unne
8¢ 0 gm per Lter
© 3 g af ereatine per L ter urtme




140  Biochemscal Procedures

Precautions
1 The precantions ate the same a3 for creatinme with one 1mportant addition the
hydrolysis of creatine may be affected markedly by temperature sad suity
Hence conditions during hydrolys:s must be controlled ngidly
10 Urea Nitrogen
A. UREA NITROGEN IN BLOOD AND SERUM
Beference

Gentzkow C J and Masen J M An Accurate Method for the Determmation of
Blood Urea Nitrogen by Direet Nesslerization J Biol Chem 143 531544 (Feb)
1042

Principle

The enzyme urease hydroly ures into carbonate v at
ordinary temperatures

Apparatus

Coleman Jr Spectrophotometer Model #6
Cuvettes 19 x 150 mm

15 ml round bottom centrifuge tubes
Vater bath set at 55 C

Electric centnfuge

Syringe pipettes exactly 02 ml and 03 ml

oo e

Reagents

Urease 10% solution  Mix 4 gm of uresse (Squibbs Powder) 27 ml of distlled
water and 13 ml of 04 ethyl aleohol This solution keeps only for one wotkn
day

Sodium tungstate a 107 solution 1 Water

Sulfurie 2¢1d °/o N Exactly 66 ml concentrated sulfune ae:d (¥ S0 ) 19 made
up to 860 ml with distilled water

Dilute Nessler s veagent Pla e 500 ml of 105 NaOH solutson nto a Lier flask
2dd 150 ml of Nessler s (for NPN) and dilute to 1000 m} with water Mix and
use on same day

Standard solution of mtrogen Exactly 0236 gm of dry smmomwm sulfate 19
diluted to exactly one hiter with distilled water Store 1n refngerator 10 ml=
005 mg of mtrogen

Permutit prepared according to Foln (Folm O and Bell R D Appllsg
tions of a New Reagent for the Separation of Ammoma J Biol Chem 29 & d
March 1917) Permutit 18 au imsoluble sodwm alumimum stheate (zeolite) the!
15 used to absorb ammomia from solutions It 13 best prepared (freemng the ""h
moma) by washing with 10% NaOH and then with 2¢/ acetic acrd Decant vk
with distilled water and dry in the air without heat The recommended pow
10 use 13 60 mesh

o ~ we -

@

Procedure
1 Add exaetly ® 0 ml distilled water 1o & 15 ml centrifuge tube
2 Add exactly 0 ml serum with a syringe pipette
3 Add exactly 02 ml ureate solution end 1ncubate at 5 C for 15 rinutes
4 Add exactly 03 ml of godum tungstate solution
5 Add exactly 03 ml of 2/3 N sulfunie acid and allow to floceulate sl clest
6 4dd exactly ml of distilled water 3x by imversmon Centrifuge ©



B

Urea Msbrogen 141

7 Tato a cuvetta add exactly 5 ml of superastant fuwd 6nd 5 m} of water
3 Prepare » blank by sdding » ml of diute Messler » solution to 10 ml of water
 Sat blank at 1607 T at & wave leagth of 500 mu

10 AdR 2 ml of Dessler ¢ to the unknowns and read smmediately

11 Prepare « standard curve unng & range of 01 ;g {0 007 mg

Calentation
gy N 1n cuvette) x 10 x 100

mg uses N/100 mk serom == (,,,x aliquot) ¥ (m) servm)

Example
A reading of 859 T was obtmized equal to U2 mg N 0 the cuvette OFf geruin
0° ral wag ysed and ¢ 5 ml ahiquot of the supernatent Bwd

{00 ) x4 100

mg oreg N7100 mi serum = W = 00mgurea N
Precantions
1 The sumples must o send mmedintely o they cloud 6p b 1to  mioues
tme and are

3 The urease aolation 19 unstzble and most ba (cphc!d datty

DREA NITROGEN IN URINE

Pracedure
1 To & 50 ml fiask add approvimately 5 ml of urine
2 Add apprommately gm of permutit  Stoppe and shake for 5 minute  (The
permutit absorba the smmoma from theu ne}

3 Allow 1o settle and decant off clesr supernatant Buid

4 Duute exactle 1 ml of emmowsa free unne to exvetly 50 m) wth water

5 Pipette exactly 10 ml of d Juted urane 1nto a 15 m} cautrifuge tube

6 Adi exactly 10 mi distilled nater

7 Add exmetly @ mi of urease salution and wncabate for 15 minutes at 55 €

4 A3 04 miof sod um tungetate slution

2 AddB4miof /3N sulfunc aerd and difute 1o 10ml ( ml water)
19 Alfow to foceulate and centrifuge antil clear
11 Tee Oml of supernstact fiuid 1n & cavette

1 A4 80 ml distidled water

13 A3d 20 ol diluto Dessler s reagent and read smmediately at 500 mu

14 Bet blank sonmsting of 10 wl of water and  miof Nex ler satution at WG& T
15 Use sume standard curve as for se m

Caleutation
gy N 16 euvette) x {mi d tation) x (1000)

{;
gm ureas N/hter unize = =y T At quat) % (ml whwe)

Example
A read ng of 630 T was eqivalent 10 00.1 mg N m the cuvette  Dilutson was
Ono i of urine was d Juted 10 50 of this 1 mi was diluted ta 10 A shquot of 20
il whs taken fo aoalyms

00 1) x (80} % (10) x (1000
§m wrea D/nter wmo = LY ALDLED D) o 505
Precautions

Eame a8 o1 prea mtrogen in s rum and tlond
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Precantions

1 The precautions are the same a3 £or ereatinime with gne rmyportant additien  the
hydrolysts of ereatine may be affected markedly by temperature and sedity
Hence during hy ys1s must be ngdly

10 Urea Nitrogen
A UREA NITROGEN IN BLOOD AND SERUM
Reference

Gentehow G J and Mases J M Az Accurate Method for the Determwation of
Blood Ures Matrogen by Direct Nesslerization J Hiol Chem 343 531 544 (Feb}
1042

Principle

The enzyme wrease bydrolyzes urea into
ordinary tempetntures

3

Apparatus

1 Celemen Jr 8pectrophatometer Model #6
2 Cuvettes 10 x 150 mm

8 15 wl round hottom centnfuge tubes

4 Water bath eet st 55 ¢

& Fledtne centnfuge

6 Symnnge ppettes exactly ¢2 mlend 03wl

EReagents

1 Uresss 207 solution  Mex 4 gm of weense (Squibbs Ponder) 87 ] of dhiled
water and 13 wl of 95% ethy} aleohol This eolution keeps ovly for oxe workisg

day

2 Bodwm tungstate s 107% solution 1 water

3 Balfune and 2/3 N Exacily 66 ml concentrated sulfuric sed (O} 18 mrde
up to 60 mb with distiled water

4 Dilots Nessler & sreagent Place 500 ml of 10 NaOH selution fnto s hter fask
add 150 m} of Nessler 5 (for DFN) and didute to 2000 ml with water i< and
use on same day

£ Htandard solution of mirogen Exsetly 0236 gm of dry smmonium sulfats .)_’
diluted to exactly one hter with distalled water Store 1o refrigerator 19 ml =
005 mg of mutrogen hes

& Permuiit prepared mccording to Folin (Folm O and Beil X D APPS N
tons of a New Reagent for the Separation of Ammonia J Biol Chem. 29 "
March 1917) Permutit 1 an mwsoluble sodim alumisam smbicate (zechie) that
19 used to absord smmonta from solstsons 1¢ zs est prepared (freang the B
monta) by washing wath 30 NaOH and then with 207 acetic atud Decant :d"
with distilled water and dry 1m the mr without heat The recommended o
t0 gse 13 60 mesh

Procedure
Add exactly 20 m! dustilled water to a 15 ml centrifuge tube
Add exactly 07 m! serum with a syrings prpstie
A4 exactly 02 ml ureass solotaon and sneubate 8t 53 € for 13 manafes
Add exactly 63 mlof sb?\:\m t\ilfugatata ::n‘ﬂ;onu,, 1o floselate
ty 03 ml of 2/ sulfarie acd and atlow .
igg e:,:cqtn;; 7 wl of dwtilied water Mix by mverswon  Centrifugs untsl clex

E Ry Ay Co
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Into & cuvette sdd exuctly § tl of supersatant fimd and 5 ml of water
& Prepars a Blank by adding . ml of duute Nes fer 8 solution to 10 ml of water
§ Set blsnk at 1007 T st & wove length of 500 mu
10 A3G . m) of Nessier & Lo Xbe unknawns and rrad wmmediately
11 Prepare a standsrd eurve using a Tange of 01 mg to 007 g

galenlation
{me ) m euverta) x i0 x 180
g vres /100 mi serum = SLTIRo oty ¥ (il seram )
Example
A resd ng of 537 T wes obtamed equal 10 96 mg N in the cuvette OF serum
0.2 ml was used and 3 § ml aliquot of the aupernetant fuid

(00 ) x 10 x 100
mg wrea N/100 mb aerum = ey Ty = 00 wi wrea N
Precantions
1 The samples must be read immediately as they cloud up 0 1 to 2 miautes
tme ead wre

2 The urease solution 1s unatable and must be reptaced da iy

B UREA NITROGEN IN URINE

Procedare

1 Tox 50 ml fask add appraxumately 5 ml of nnme

Add sppromimately  gm of permutt Stapper and shake for 5 minutes {The
permutit absorba the ammorua £50m the unne)
Allow o settle apd decant off clea aupernstant €y 4
Dhlute exaetlv 1 ml of ammoma free unize to exactly 32 ml with water
Pipette exactly 3 0 m} of drluted urine ato s 15 mi centrifuge tube
Add extetly 10 ml & stalled water
Add exactly 02 ml of urease solution snd mevbate fo 15 minutes at 55 ¢
Ad3 02wl of sod wm tangstats sodution
Add 0 £ m) of %73 N sulfune a¢  and dilute to 30 m) {7 m? water)
10 Adew to focculate and cent fuge untd elear
11 Gse 0 ml of supernatsnt fud n & cuette
Add 80 ml d st Hed wate
12 A4S 9w} difuto Nesster a reagent and read mmeditely at 500 mu
14 Bet Hark vonsisting of 10 ml of wafer and  ml of Me sler s solution at 1000 T
15 Use sams standard curve as or seram

B anama

Cateulation.

mg N 1a & 1vette) x (ml d kot or) x (1000}
(T00TY (ol alt waty » (md wriae}

gm ures N/l ter unine ‘t

Example
A reading of 539 T was equivalent f0 00 % sz N tn the cavette Dilution was
Ous 1 of unine was 4 futed to 50 of thix 1 ml was diluted t0 10 An al quot of @
ml was taken for anaiyme

{8041} % (503 % (10) » {1000}

gm uren RAuter unize = Syttt

=5 ogmN

Precantiony
Bome as forurez B & ogen tn e um and blend

e
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11 Amino Acd Nitrogez i Urine

Reference

Foba O A Colonmetrse Determnation of the Amino Acid Nutrogen in Mormal
Urime J Pao) Chem. 51 393 304 (Apni) 19°2

Principle
Tha 1 to T pereent of the total mitroges which 1 cambined a3 aming serds 1 the
urine 13 estimated colonmetncaliy

Apparatus
1 fCuvettes 25 x 105 mm
Coleman Jr Speetrophotometer Model 46
3 Tubes gradusted to 25 m}
4 Derk room or equivalent
o Aceaeat It calibrated 5 ml avringe pipette

Reagents

1 Permutrt

2 175 sodwm carbonate 1 water

3 01\ hvdeochlone aed (HC1)

4 Sodwm beta napthoquinone-4 sulfonste 6.7 IR weter

5 Pbenolphthalern mndicator

6 Sodwum acetate 257 in s 25 aqueous solution of acetic aid
Sodium thio ulfate 4% 1z water

8 Standard solution Amuno seetre serd 056 gm plus 20 gm sodinm benson’s up
to 100 ml 01N HOU (01 mg of amioo geid nrtrogen per aml )

Procedure
1 Dilute exsctly §0 ml of arine to %o m! add 10 gm of permutit and shake (bt
atep removes free ammonia )
Derxnt 1nto another 3 gm of permutit  Bhake and decant agan
Fapette 50 mf of ammoma free dilnted uriae mwioa 5ml cavette
4dd 1@ mlof 61N HC
Add 10 mi of 125¢ sodium carbonate and dilute t6 10 wl
Then add 5 m) of sodwm b napthogmaone-t sulfonats salution and s
Stend overnight 1n dark snd make seid to phenolphthalesn
Add 50 ml of odim thiosulfet and dilute to 25 m}
Set blapk at 1007 T and read at 430 wmy
Set up standard zrve u 1ng 100 to $00 mg amwno acid ritrogen

Ao 2

Som-

Caleulation
(mg amno N 1n euvette) x {ditutron) x 1000
g, arin0 N/liter rine == Gy S oaoe o cuvette) ¥ (ml Briae 1n onginal ssap ¢

Fxample of
A readiny, ot 2007 T was equivalent to 0,20 wg amino utrogen 18 cuvette
urne 5 ml samples were duuted to 25 ml of which 5 ml was sastyzed

0 20, 25 2000,
mg amino N/ster urine = (—..,)7"5‘)!_;)?;_)_(_.-—) = .00 mg amino nitroges

Precautions
1 Depending on the intensity of calor dryeloped at Step 8 more 0

may be requr d at Step 3

1 Joss duluted BT
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12 Unc Aad

A. URIC ACID IN SERUM
Reference
Benedict ® R acl Franke E A Method for the Dircet Determination of Urne
Aadin Unne J Biol Chem 52 38 391 (June) 19 2

Principle

Ur ¢ neid reduces phosphotungstie acid and cyan de with the formation of a blue
color which 19 meesired color metrically

Apparatus

Coleman Jr Spectrophotometer Model 46
Cuvettes 19 x 150 mm

A quantity of 15 ml round bottom eentrifuge tubes
Electne centnfuge

Vater bath setat § C

Calibrated syminge pipette 05 ml

7 Burette

A ot ne

Reagents

1 Sod um tungstate (N&,WO HO) 10¢ solution in water

2 Sulfur ¢ aerd (180) /3N
66 ml concentrated sulfur ¢ aeid made up to 360 ml with distilled water

3 L thiwn chlor de (LiCl)
3 gm LaCl and 1 ml hydroeblo ¢ aeid (¢onc) made up to 1 hter with water

4 8 lver mtrate (AgNO )
116 gm mulver nitrate per | ter dist lled water

5 Bodwm cyamde (NaCN) & 102 solution 1 water freshly mede POISON

6 Color reagent Arsenophosphotungstic and  POISON
Stock. D ssolve 100 gm sod um tungstate (Na,WO HO) in about 600 ml of
water 1n & 1ter flask  Add 50 gm pure arsemc pentox de followed by 5 ml of
svrupy phosphonic acxd (85 ) and 0 ml concentrat A hydrochlorie acid Bring
to & boil and #da 10 W} of brom ne water (The stock edlution 13 0 ml water
saturated with bromime) Boil until color d sappears and continue to boil untl
all traces of bromme are dniven off Dilute to 1000 ml This color reagent heeps
wdefimtely
For use dilute stock color reagent with equal port ons of water before use

7 Benedict Hutcheock Stock Standard Solut on
Dissolve 9 gm of pure erystall zed d sodium phosphate (Na,HPO 12H0) and 1
gm monobas ¢ sodium pho phate (NaTl PO 110) m atout 50 m1hot water Filter
£ not clear Make up to 500 m} wih hot water and pour this solution on
exactly 00 mg of pure uric acid suspended m a few ml of water in & hter
volumetne flask  Shake gently unt 1 unc acid 19 1n solution  Cool and edd ex
actly 14 ml of glacial scet ¢ aed ilute to I Iter and mix well Add 5 ml
¢hlo oform to prevent bacteral g owth Keep 1n refngerator Good for two
months or more 1mi=0.mgu cad

8 Dlut unc acd stendard mede by d lut ng stack urcnc dsta da d 1 0 so that
1 mt conta ns 001 mg urie nexd

Procedure  (Se um)

1 Joto a 15 ml round bottom centrifuge tube p pette exactly 05 ml eru
accurately cal brated syringe pipette

2 Add exactly 8. ml water

3 Add exsetly 05 ml sodium tungstate solution (Na,WO HO)

from an
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Then #dd exactly 0 5 w) sulfune acd {F,80)

Btopper shake vagorously for approxumately 15 seconds and centnifege for §
minutes

Tsansfer exactly 5 ml of the above filtrate inte nother 15 ml cemintogs tobe
Add exaetly 25 mi bttium chlande solution (LiCl) and mix by mversion

Then add exsctly 25 ml siver mitrate solufion (Bteps * 8 and 9 are sud to
Temvye DOR urie A0 interfering substances )

Stopper mux and eentrifuge for § 10 minutes Disregard cloudizess of solution
10 Dran quantetatively wuto a cuvette

11 Add exactly 05 ml of color reagent POISON

12 Add  ml fresk NaCN  Use burette or syringe pipette for both stepa 11 md 17
13 Let stand for 35 misutes 8¢ 75 C then read n a spectrophotometer with wars
length at 540 mu  Thoe snstrument should bo set at 100 T agawnst 5 blazk of
10 ml water 05 ml golor reagent and 10 ml eyamde

wawm ot

©

Calewlation
1 Make up s standard curve usmg from 5 meg to 35 meg of un ac:d per semple
at intervals of 5 gamme
2 mg aree ae1d/100 m} serum =
{dlution) 100
(mg anc sexd i 0% e110) X oy T X Tt seram]
Example
A reading of 78% T was equvalent to 0008 my ume seid m the cuvette Of perum
Q% 1l was drluted to 10 m] of which 5 were taken for analysis

100

10
g une se1d/100 1l serum = (0008) x 5 X 5F = 3. MY

Precagtions
1 Use o burette for both the cyamde and color rengeat
2 The cysmde should be made up every two weeks aud Kept in the refngesster
3 Time and temperaturs are ritrcal

B UBIC ACID IN DRINE
Principle Apparatus Rexgents
Sawe as for ursc aerd m serum

Procedurs
1 Ddute the urime foutsnely I to 20 ml bewng satisfactory Ocossionally 1 fo 56 207
be Recessary
. Pipette exactly 1 ml of the dilute urme iato o cavetie
2 Addexratly @ wlaf water
4 Proceed as for Serum steps 11 12 end 13

Caleutation
1 Use the ssme standard curve as for Serum
2 mg une aad/hter urine=s
{datution} 110003
(mg unc sexd m envette) % Toraianary * Tl wrme wEE)

Example
A reading of 87¢ T was equivalent to 8912 mg unc aex
of urtne was diluted to 9 of which onp ml was used for analysis

20 1000
g uric aead/) urime = 012 x - x <y

d an the cuvette One nt

= 210 mg une said/l

Precautions
Samae us for Serum
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13 Unc Aad (Uncrse Method)

A URIC ACID IN URIND
Reference
Buchangs O I Block % D aad Chnstman A A The fetabohsm of the

Methvlated Punnes I The Fazymatic Determtnation of Wanary Une doid J
ot Chem 157 181°01 (Jan) 1945

Prisetple
The enzyme unease whes imebated with urine speaifically destroys all the unc
acid. Therefore by meamnag the volor wntensity of e speczmen befure and after
1meubation one ean ealeulate the true uns anud 15 1he wrve

Apparatus

-

o e

©

b
3
3
13

Coleman Jr Spectropbotometer Model Do &
Cuvettes 19 x 150 mm

A quant tv of 15 mt round hottom centrifuge tubes
Au electzic eeatnfage

A water bath setat 5 C

A water bath set at 45 C

Caliarated gy ringe ppottes Imi( ) and ®Smi
Cahibrated  m} boreties ()

A good £00d chopper o W reing Bleador

A retrigevat set at 4

A quaztaty of 50 m} volumetric flagks

A quantity of flter paper

An wmterval imer

Reagents

1

P

w

Cmuaoa

-]

™
13

Color seagent serd (for ses une acd i

serum ) FOISON

Ureaeysnde solution  Disolve o gm of eodwm cyamde and 50 gm of an

byarous vod um carhongta m 400 1l of water Cool add 5 gw of vren and dilute

to 500 ! with vate Tl solagion s stable for severat months even though g

shight pretapsiate will setele out on stand ng  POISON

Urie serd stendard solutzon 001 per cent  This solution 33 mads vp in & 0 15 per

cent molution of ¥ thinw cashonate (15 g dussolved sn 1000 mi of & st led mater)

Sod vz car) opate 01 o molutisn D gtabva I o pra Ma, U0 n 1090 ;) of nater

Totueno GP (reagent grade}

Sodwm tungstate a 10 sodution n ¢ ater

Sulfurie 8e d 2/AN

Acetaze OF (rexgent grade)

Bepzene OP (resgest grade)

Bodwum Rydrande su el N sohation

Borate buffer (pH 8 ) Dusolva 3 4 gm of bosse aexd 3n 2060 m3 of 01 N sod um

hydroxide

Thymel bize wdseator 0047 solution

Unease preperation of (M B Blauch and ¥ € Koch A New Method for the

Determmnation of Tnie Aead an Blood Wath Uncase J Baol Chem 130 443 454

Oct 1939)

% Ose pound of fresh beef kidsey 13 meshamscally defatfed and then ground
finely v & 093 chappet or Warig Blendor

b Dobydsate with 4 washings of scetome (500 ml each) over ® perod of 48
hou 8 st 4 € 3o hours being allowed for esch extrachion
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¢ Dry the tissue quickly with the a1d of & fan at Toom temperaturs
d. Treat the dry matenal twice (at room temperature) with 00 ml of benzens
the first treatment for 6 hours followed by filtersng and the second for 19
hours
¢ The material 1s dried at room temperature and then ground to 60 mesh.
f Store at 4 C
14 Megsurement of uricolytic actity
& To 10 ml of a standard une acd solution (001¢ 1n 015% Lithium carbonate)
2dd 1 ml of 0125¢% sodmm carbonate
Add 1 drop of toluene and 1ncreasing amounts of the kidney pulp
TIncubste for two hours at 45 C with oceasional stirnpg
Add 3o 1l of distalled water
A2d 1 m) of & 10 sodium tungstate solutzon
Add 2 m) of 2/3 N sulfure 2erd
Shake and filter
Then determune the urie acid content in the clear filtrate
The amount of uricase to ba used per analyms should be determined as the
powot where all the uric acid 13 destroyed 240 mg of the powder should de
stroy 34 mg of une acid after incubation

- me moae

Procedure Total Oolor
1 Pipette exactly 1 ml of unine (using a syrnge pipetts) 1mto & 50 ml fssk, duute
to the mark waith distilled water and mix
2 To another 50 ml flask transfer exactly 10 ml of the diuted urne and add 15
ml of water
To & second flask add only 2 ml of water This sample will be the blank
To each flask add 25 ml of urea cyamde solution umng & synnge pipette
Then add with a syringe pipette X ml of areenophosphotungatic acd
Immediately after the addition of the color reagent dilute to the 50 ml mark snd
mix, thoroughly
7 Allow to stand at room tempeTature for exactly 40 munutes and read the samples
at 690 my, setting the blank at 100% T

R

Procedure Restdual Color
1 Puipette exactly 5 ml of undiluted urine into a small flask add 10 ml of water
and a few drops of 0 04 per cent thymol blue solution as wdicator
2 Titrate with 0 1 N sodwm hydroxds to s definite blue tint and record the smov®
of alkal reqmred Ihscard the mixture
3 Intoa 50 ml sk pip ette exactly 5 ml of undilnted vrine
4 Add the predetormined gmount of alkall (Without mdicator)
5 Add 250 mg of unicase powder
6 Add 5 ml of horate buffer and wash down the mdes of the flask with 10 =l
watet
7 Place 1n a water bath at 43 C for 2 hours
8 Then 2dd 1 ml of sodium tungstate solution and 13 ml of 2/3 N sultune std.
9 Diluts to 50 ml matrk with water mux well and pour 1nto & dry filter g
10 Pipette exactly 10 m! of the fltrate mto a 50 ml volumetri flask aad
m} of water
11 Coatinue with the sddition of the color reagents and measure the
the same way as described sbove for the  total color
17 The same blank may be used or a § m] portion may be treated
all the other resgeats

1 of

o color 1B

with sncasa s8d
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Caleulation
1 (Total color) mtnus (Residusl color) = true unc acid content
© mg true uric amd per 100 ml urine =

d lution 100
[mg (rotal eclor) ume seid m euvette X T gust * wl vime
nse

minus

ddution 100
[mg (re dual eolor) unc acid 1 cuvette x i) el X m]
used

Example

1 The read ng for the total true color was equnalent to 0006 mg une ac1d 1 the
cuvette One mi of urine was d luted to 50 ml of whch 10 ml was used and
diluted to 50 ml 10 ml was read in the cuvette
The reading for the remdual color was equivalent to 0004 mg uric acd 5 ml of
urine wes diluted to 50 ml of which 10 ml was used 1n the final sample and
diluted to 50 ml 10 m) was read 1n the cu ette

©

100
“Total color mg/100 ml = 0006 xm %10 x —— = = 30 mg/100 ml

100
Re dusl color mg/100 ml == 0004 xE x10 - =4mg
Therefore T weurcacd mg/l00ml=30-4= 6mg

Precautions

1 Use s buette or & synnge pipette for the sodmm cyamde and ures eysmde
They are strong poisons

» Be sure to measure the uricolytic activity of each mew batch of unicase

3 Uncase 1s nvmlable commerciglly However for most luborstones the price 15
prohbitive

14 Paper Chromatography

This techmique has afforded a new tool whereby many biological factors
may be studzed One may nvestigate the ammo aeids mn plant and amimal t1s
sue with a mmmum amount of preparation and destruction Only small
quantities are required to demonstrate the presence of ammo acids Nor 1s 1ts
use confined solely to the estimation of amino acids Its sumplieity has per
mtted its ready adaptation to the analysis of such substances as sugars and
orgame acids VWith proper development 1t holds more promise to the chem
1stry of protemns carbohydrates orgamie acids and to the 1sotopie dertvatives
thereof than any other techmgue in the last decade

During the past few years filter paper chromawgraphy has been appled
to many different of The 'y below 15 by no
means complete but will serve to introdnce the prospective user to some of the
various phases of this versatile method
Methodology
Bulxlnlev R C  Quant tative Paper Chromutography Nature 163 215 16 (Feb) 1949

B dvances 1o Protemn Chem nry by M L Anson and J T Edesll New York
City 1947 Academie Press vol 3 p
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Bull 1 B Haln J W and Baptist, ¥ H  Filter Paper Chromatography J
Soc 7L 530653 (Feb) 10400 » graphy I Am. Chen.

Chargaff E Levine C and Green ¢ Techmques for the Demonstration by Chromsto
ephy of N Lipide Co ulfur C Amino Acids and Be
ducing Sugars J Biol Chem 175 67 71 (Aug ) 1948

Consder R aud Gorden A H  Effects of Salt on Partition Chromstograms, Nature 167
180 181 (July) 1948

Dentm(i E  Detection of Amno acids 1n Unne and Other Fluids Lancet 2 18 637 (Nov)

Dunsbin J E Mason I Seyfang A P sud Woodman F J  Spectrographic Exam
108ti0n of Chromatographic Columns Nature 164 916 (Nov ) 1949

Fimk B M Dest C E and Fink h  Apphcation of Filter Paper Partition Chromatog
raphy to Radwactive Tracer Studies Nature 160 801 803 (Dec ) 1947

Fink R M and Funk K Tadiocarbon and Filter Paper Partition Chromatography
Science 107 253 254 (March) 1948

Fisher, R B Parsons D 8 and Mornson G A  Quantitative Paper Chromatography
Nature 161 764 7Go (May) 1018

Fisher, R B Parsons D 8 and Holmes R  Quantitative Paper Chromatography
Nature 164 183 (July) 1949

Keston A 8 Udenfriend 8 and Levy M  Paper Chromatography Appled to the
TIsotopic Derivative Method of Analysis J Am Chem. Soc 69 38151315 (Dsc) 1947

Ta Cour L F and Drew R Partition Chromatography and Living Cells Natore 159

4035 307 (Mareh) 1947

Longnecher W H  Glass Trough for Filter Paper Partition Chromatography Science 207
5324 (Jan) 1948

Lugg J W H and Overell B T  Partitton Chromatography of Orgame Acids on 8
Paper Sheet Support Nature 160 4055 87 88 (July) 1047

Mmu:1 A J P Partition Chromatography Ann N Y Acad Sex 49 249764 (Feb)

Memh?éd J E and Hall N F Surface Chromatography Anal Chem 21 185188 (Jan}
19.

Meinhard J I and Hall N F Surface Chromatographv Anal Chem 22 (2) 344351
(Feb ) 1950

Miettmen J K and Virtanen A I A New Techniqus in Paper Chromatography
Acta Chem Scandinav 3 450 464 No 5 1940

Nicholson D E  Modified Techmque for the Devel of Paper C
Nature 163954 (June) 1949 R
Phillips D M P Use of Ultra Violet Fl m Paper Cl hy Natore 16

53 (Jan ) 1948
Pollard F H McOme T F W_and Elbeth J T M Inorganic Paper Chromatography
and Detection of Cations by Fluorescence Nature 363 2160 (Feb ) 104 "
Rutter L A Modified Techmque in Filter Paper Chromatography, Mature 161 4354
(lé&mh}

1948
Schroeder W A  Some n
N Y Acad Be1 49 04 217 (Feb ) 1948
Wilhams R J and Euby H = Paper Chromatography Usmng Capillary Ascest,
107 481483 (May) 1933
Winstea W A ¢ AY) d for One I ! Paper Partition Chre:
matography Science 107 600 (June) 1948
Wynn v Peptide like Contaminant of Filter Paper Nature 164 445 1949 48
Zéchmeister L _History Scope and Aethods of Chromatography Ann N Y Aca
49 s 160 (Feb ) 1948
Amino Ac
gren G A Nots on the Amino Acd Content of Bence Jomes Protem Acta Chews
Scond 3 (3) 301 30 1949 other
t b lyes of Amino Acids 2od
Agren G end Nilsson, T  Paper f};rg{m ographic A;I:: Dhais of Ao Aads = Genn

by Fed

9 @ hy Am

Berence

¥ eacting
dinav 3 595538 No . 1949

Ames 8 B apd Risley T A Amimoseiduna 1n Progressive Museular Dystrop!
Proc 7 1 142 (March) 1048

Free

Awapara of Paper Cl to the of Some
Amino Acids i Tissues of the Rat J Biol Chem 176 113116 (March) 1:?3 rech
Berry B K and Can L _Biochemcal Tndividualtty Iy Paper Chromatogtaphis "l
mque for Determunng Excretion of Ammo ,;cl.gsgm the Presenco of Interfenng

tances Arch Biochem 24 (1) 1 9 189 (Nov) 104

ock B T rQunn:ntntlve Est(uz;uon of Amino Acids on Paper Chromatograms Beence
108 608 609 (Dov ) 1948

Bl
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Blocg T I QGuastiire Taper Choomatogughy A Simphfed  oseluse Feae Sae
Exper Biol & Med, 72 (*) 337 311 (Nov } 1346

Consden P Uozdon A X and Martin A J  Qualitative Anabsun }retems A Par
Heton. Chermatograghi Methad Using Paper Tachem J 39 20 044

Cons es R Uordon A K and Marns A J  The Identifeat on of Ammo Acids Dertved
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SECTION IV
BIOCHEMICAL PROCEDURES (Continued)

C CARBOHYDRATES AND DERIVATIVES

1 Blood Glucose (Colormetric)
Reference

Folin O and Malmros H  An Improved Form of Foln s Aiero Method for Blood
Glucose Determination J Biol Chem 83 115 1°0 (July) 19 9

Principle
The glucose 13 oxidized with alkalime ferrcyamde and the ferrocyamde produced 13
measurdd colonmetrically as Prussian blue Gum ghatts 19 added to keep the Pror
sian blue m colloidal suspension  So ntense 15 the resulting color that two seps
rate deterrunations can be made on the extract from 01 ml of normal blood. The
final color 1s & mixture of the yellows of the excess ferricyamde and fernc sulfate
with the blue of the Prussian blue

RyFe(CN) + glucose = h Fe(CN) colorless
3K,Fe(CN) + 2Fe,(S0) = Fe [Fe(CN),], + 6K,50

Prassian blue
Apparatus
1 Coleman Junior Spectrophotometer Model 6
2 Cuvettes 19 x 150 mm
3 Tubes blood sugar type graduated at 1° 5 and 25 m!
4 Centnifuged tubes 15 ml round bottom
5 Micro pipettes, 01 m! Thess pipettes aro cahibrated to be washed out
6 A water bath with boiling water
7 An electric centrifuge
8 A wire rack to hold the tubes while boiling

Reagents

1 Sulfume seid A 2/3 M solution made by dilutrng 6 m! of concentrated TS0
t0 360 w1 with water

2 Sodwm tungstate A 10% solution 1 water

3 Dilute tungstate solution  Trsnsfer 20 m} of 10 sodium tungstate sol
a hter volumetric flask  Dilute to about 500 ml and while shaling &
2/3NISO Dilute to 1000 ml with water -

4 Potassum ferncyamdo eolution K Fo(CN)  Dissolvo 2 gm of pure potsstfy
ferneyamde (recrvstallized) 1n 500 ml flask and dilute to mark Keep 1o
bottle away from ight

5 Sodim corbonate ¢ Dissolve 8 gm of sodium carbonate m 500 ml of water

6 Fernc iron solation  Fall a Liter evhinder to the mark with cold tap vrmrhm N
1nto this cyhnder a cureular prece of copper screemng large endugh n”m =
bowl well below the surface of the water Place i 1t 20 gm gum gha

154
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Glucoss (Colorimeiric} 155

Caver cyhinder and set o do for 18 to 24 bours At the end of this time remave
sereen A3d undisolved remdne  Strawn through doudle thickness of toweihng to
remove dwrt. Ry aid of heat dissolve 5 gm of euhydrous ferrc sulfate in 75 ml
af 8.7 phosphoric acd aud 100 ml distilled water Coolf and oux with gum
ghattt  To the final mixture dd 1™ potassum permanganate solution at firat
& ml &t & time and later 3 m! gt & tume uatil the punk color remains parceptible
for at leasy thres minutes Thig step s essent at for oxidation of certain ma
tenals 1n the gum ghatta wh eh reduces ferneyamde Precavton  Avord excess
of K}MaO which Jeads to high and erzatic results

Standsr@ stock glucoss solption  Dissolve  gm of benzoie aed m abaat 500
 of hot water 1 & J ter flask  SWeigh out exactly SO pm of ankydrous ghu
cose (Bureau of Standards) and place m the flask  Dilete to about $00 m! and
cool  Then diute 1o volume The comcentration of this molutwon 19 2 gm/l ter
or $ mg/m}

Working glucose solutson stendard I ssolve 2 gm of benzese amad an about 500
ml of hot water Add 10 ml of stock standard to & hier flask Then add the
hot benzoie aeid solution and dilute to sbout 1500 md  Whea eoo! diluts to mark
Thus solation contains O 02 mg of glucoss per ml  Store in 1csbox

-

ES

Procedure

1 Measure eccurstely 01 al blood 12 a cestnifuge tube contamisg 10 m) of dilute
tungstis sad  Riz  out pipette B times  Stopper and rhake tube vigarously
Qentrifugs 35 m nutes at Lt rpm
Pipette out exactly 4 ml of filtrate nto & tabe graduated et 1 8 and v ml
Ad3d mlof 04 potas um ferncyamde
Add 1 m} of sodiwm carbonate salution Just before haiing
At the same e set up tubes contaiming 4 mi of water for a blank and 4 ml of
working ghucose sofut 0n av & chech on the standard curve Treat as i Steps
48nd 5
Heat 1 bo hing water for exactiy 8 minutes 3nd ¢oof 88 500z a posnble a2 run
mng cold water 3or  m nutes
Add 5 mlof fo 1c1von aloagside tube to prevent fosm ng
Mex and after  minutes ddute to mlmark
0 Set blank gt 1007 T at 5 0 mu wave Jength and read stands @ and wnksawos

e

-

 w

Caleulation
1 Set up @ ealibration curve with glucose st 1ntervals in the yange 001010 mg
glucase 1o cuvatte sett ng blaok at 1007 T wave leagth § 0 ma
mg glocose/100 mi blood =

(mg glanose 1n euvatte) x (Silution) % 100
(] Bliquot) x (mi Bload semwpla)

Txample
A Tesdmg of 5057 T was eyuvalant to 004 mg glucoss n the cuvette Samples
of blood were U3 m) Ailuted to 100 1) of which & m} were used for analyms  (The
precipstate 1s about 6 L ml contaimng vesy Litths glucose )
£0.042) x (10) x (300
g glucose/200 mt blood = _“”(T)TE“(%T)L—) = 10v mg/100 ml

Precautions
1 Be sare the water 1 bothng before adding the sodium earhonate
2 The bo ling time 13 exectly 8 minutes
3 The micro pipettes must be washed out at lesat 8 ¢ mes to get out s}t the blood
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2 Glucose (Volumetric)
Beferentes
Shaffer P A and Harman A ¥ The Yodometric Determination of Coppec md
Its Use wa Sugar Analys:s J Biol Chem. 45 349390 (Jan ) 10.1
Somogyt M Notes on Sugar Determumstions J Biol Chem 70 530-61% (\av)
1028
Bomogyt M A “ew Copper Reagent J Biol Chem 360 616 (Sept) 1943
Prntiple
The chief advartage of this method 1s 13 usefulness when samples contain widelr
varving awoyots of glueose  Bewng titmmeine it covers & very wids rapge withoat
necesnitatiog extra diutions  Cuprie wons sre reduced to cuprous in a hot medum.
In acid solution 108sme 13 relensed storchiometrieally from an odsde y03ate mxter
and 1s titrated waith thiosulfate
Cu + e = 2Cu
CoO + T + HO == .Cu0 + HI
REG + 3RI + w0 = 3I + 3R 60 + 30O
I +ruhan0 = .N\al s Nab0O

Apparatns
1 Filter faper quantatsiine

2 A pumber of spemal sugsr tubes (8ee references)
3 Boihing water bath
4 A eabbrated burette 12 ml @ caprosty
5 A quantity of fu m! centnfuge fubes (tound bottom) wath #1 sohd rbber
stoppers
Reageuts

1 Pho phate tartrate copper wodrde solution  Dissolva 93 gm disodom phospbete
tu 600 mi water Add 40 gm Rochelle salts dissolve snd sdd 200 mt of 13
sodium hydroxide Add 80 m) of a 20 solution of eupnc suliate and Witk tgn
stast enrnng 180 gm anbydrous sodum swifate Dilute to one hist with ¢
t lted water and add 8 gm patasmum sodide snd 25 ml of 357 potassum m!md

¢ Spdwm thiosplate  Prepare asd stendardze 01000 N throsulfste ay dewnh;
n the section en volomettic snalyme  As peeded prepare 0005 N thosulfate b7
Qiduting 25 wi of 01 N to 500 wi d st

2 Stareh mdtestor T 50 wml of bailing water add 1 gm of avluble sterch a2 o
antil disolved Then didute to 100 ml with cold water To prevent molds
wlse 1 gm of sahashic aeid 1 the water before usmg it 1n the starch .arnr;or;“

4 Sulfunc and  Inlsse .0 mi of coscentrated sulfurse scd to 360 ml W
ulled water This 1 approximately 2 N

5 Zimesulfste L5 solation in watet

6 Danum hydroude An 03 N solutwon ts prepared by duselnsg 50 mf:‘
Ba{DH, in 3000 1) warm water Titrate agamst zie sulfate These §%°
tions must be equal 1n atrength

‘Procedure

Ta o 15 m] eentrifuge tubs 233 45 ml of barium hydrenda sodution

244 exaetly T ml of blood

Then add 4 5 m} of zane hydroxde stopper and shake vigorously

Filter

Pipette exactiv 2 il of the filtrato 1nto a speciaf sugar tube

Add * ml of cappet yeagent

The blank consste of 2 m} of distilled water ploy 2 m) of copper reagont-

-

N A
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B Cover both tubes and beat 1 & beilieg water bath for exactly 10 minutey  Coal
under ropmpg water
9 Add 1 1ol of sulfunic gesd rapidly to each tabe while mining gently
10 AdQ 1 to ® drops of starch mdieator and titrate with 0005 M sodwm thiwoselfate
Tho end point 15 the di appearan @ of the blus eolor

Calewlation
Add tron of 1odsde to the copper sesgent increases the speed af this wethod but
cutx dows 1ta aceuraty 1z the fitration range 0 to I m!  Above a hiration figure of
1mi 1 miof 000 D thiosulfate 15 equivalent to 0135 mg glucos  However to
save time 1n computation 1t 18 best to use & tatle dertved empincally for the first
ml (Table 9)
Example
The blank turstion way 012 mi the uzknown titratian wes 16 m! Ons ml of
blood was d Iuted to 10 ml of which ” ml ahquots were avalyzed. Referesce to
Table 9 shows that funknown - hlgak) 12 (16 ~ 01°) is equvalent to 110 mg
glure & per 100 w1 blood
Precautions
1 Stnet sitention to every detail of this method s reqored  Especially smportant
are
& Tuming
b Avordaz 6 of reox dation of cuprius compousda on they are farmed
¢ Temperature
TaBre 9
BLoop GLOCOSE Susrree HArTMAN MEvsiop

{Disect con ermon of titranon ml 0005 N thies Ifate into blood glucose wh 2 « mf shgaots
o2 2110 duytion are avalyzed )

™o
prriiv 01 0 os | o5 us o7 as
mleLg mg GLLCOSP, 100 ml % HOLE Rioen
0 RV SR TR E I A S I T
1 5 8 8 9§ 103 LR L VYR s S
2 w3 149 185 18 18 ns 18 18 105 20
H a5 s 3t R RS S S
3 75§51 33 o 3 3w Wy 3 35
H 3 3 16 w370 38 451 399 38 403
[ 40 416 4 49 46 443 485 438 46 460
7 a78 48 488 49§ .03 0 58 .3 55 536
3 545 540 5.6 4§63 510 7 Js3 G900 o0 603
9 ‘ 81U 61§ 6 3 430 67 Bis 6.0 663 Pl
3 Lactic Acd
A I BLOOD AND SERUM
RBeference

Edvards H T A Smphfied ksuumation of Lactate o Narwsl Hman Blood
3 Bol Chem 125 571583 (Oct ) 1938
Frinciple
Lact ¢ aexd 25 oxidized o & etaldohyde which 3w volatile The acetaldebyde Iy ab
aorbed by bisulfite and the boind bisalnte 1s e * mated wdometrcally The etepe
un ¢ho pro edure ar
1 ORI CTIOM{COOH) + 0 == CILCHO + €O, + HO (a8 200 € 1 KMa0 )
CH CHO + Nal>D, = CH (HO NHSO (st pi 35)
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2 Glucose (Volumetric)
References

Sbafler ¥ A and Hartman A ¥ The Todomstrie Determmation of Copper and
Tts Use 1 Bugar Asalssis T Biol Chem 45 349390 (Jan ) 1971

sz;ogyl M Notes on Sugar Determszhone J Biod Chem 70 590612 {Nov)
19.6

Somogs: M A New Copper Keagent J Buwol Chem 160 0168 (Sept) 1045

Pripeipte

The ¢htef advantage of this method 38 sts nsefulgess when sampley contan widely

varyiug wmousnts of glucose  Bewnp itmimetne it covers 8 very wide tange without

necessitating extra difutions  Cupne aoms are seduced to cuprous 1 2 hot medwm

In aeid solution 10dine 13 released stoachiomersseally from an jo0ibde mndste mixiure

and 15 titrated with thiosnlfate

Cu +e =20

CuG+ 1 + HO = Ca + 2HI

KhIO + 5RY + wH B0 == 3T + 3K SO + 3HO
Y+ NasO == .Ng I+ NeSO

Apparatas
1 Fiter paper quantitative
2 A number of special sugar tubes (see references)
3 Botiag water bath
4 A rahbrated burette 10 m) iz eapacrty
& A quantits of 15 mi centrifuge tobes (round bottom} with I sohd rubber
stoppers

Reagents
3 Phosphaie tarizate copper sodsde solutia  Ihysolve 28 rm disodinm phosphate
wm 660 wl water Add 40 pm Rochelle sslts dwsolve and sdd 100 mi of I N
sodinm hydromde Add 80 ml of & 10¢ sofation of cupric seifate and with cox
stant steenng 150 gm avhydrous sodwm suifate  Dilate 1o ops hter with dis
tifled water and add § gm potmssiura sodide and 25 mi of 337 potesswm wdate
* Sodwm Prepare and 01000 N th 25 desenbed
1 the sectiot om volumetns analyms A needed prepare 0003 N thiosuifate by
ituting %o ml of 03 M to 500 ml
3 Starch wdicator  Ta 50 mi of boshing water xdd 1 gm of soluble starch and ate
uatil diswolved Then dilute to 100 b with cold water To prevent molds ds
solve 1 gm Of saliey lie aesd in the mater before utiag 11 in the starch Bolotion
4 SuMurc sd  Inlate p mi of contentrated sulfume sctd to 260 ml with
tilled water This 18 approxamately 2
5 Zine splfate A BY solution in water
6 Panam bydroxide An 03 N solution s prepared by dusobang 30 gm
Ba(OH) m 1000 mi warm water Titrate sganst zize sulfate These two solt
tuwny must be equal an strength
Procedure
Fo & 16 ml centnfugs tabe add 43 ral of bavium hydrotide solution
Add exsetly 1 ml of Blood
Then add 45 wm} of zine hydroxde stopper and shake vigorously
Filter
Pipette exactly 3wl of the fittrateintoa special augar tube
2 mi of copper Teagent
::2‘33 hl::k tanl:fm of 9 1] of distilled water plus » xml of copper resgeat

o oty
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8 Cover both tubes and heat 32 a bo | ng water bath for exacily 10 m nutes Cool
wader runn o water
9 Add 1w of sulfune se d sap dly to each tube wh fo mix ng geatly
10 Add 1 to ™ drops of starch 1nd eator end ¢ trate w th 0605 N sod nm th osulfate
The end po at s the d aappeatance of the blas colar
Calowlation
Add ton of od de to the copper reagent Increases the speed of ths method but
cuta down ts accu acy i ke € trat ov range 0 to 1 m}  Above o ¢ trat on Sgure of
I ml 1mlof 0005 N th canliate 1 eqn valest to 0135 mg glucose Howaver to
Bave time 7 computat on t 3 best to use » table denived empar eally for the flrst
@l (Table 9)
Exampla
The blank ttrat oy wag 01 m! the usknown ttraton was 16 mt Oze ml of
blood was 4 Iuted to 10 ml of whek ml aliquots were anelvzed. Reference ta
Table O shows that {ugknown blank) e (1€ 01 ) 9 equ valezt to 110 my
glucase pe 100 ml bleod
Precautions
1 Btr et attent on to every detalof thy method s requred Espec ally mportant
ure
e Tm
b Avo dance of eox dat on of tuprous compounds once they ara formed
¢ Temperature
Tasty ¢
Buoan QLocose Smavees Masruan Mer on

{D rect convers op of titraton ml 000s N th osulfate nto bleod glucoss when  mi al quots
of 1 110 ditat on aze eutlyzed.)

@l LvE

NS 81 g¢° 05 06 07 08 09

ml aLx ‘Mg GLLCOSE/1DD 1] VHOLE BLOOD
[ [N TS T 2o 0@ BL o1 &%
1 73 89 46 103 e 1 31 137
- M3 M8 1§ 1§ 169 us 18 188 1
3 215 23 2 1 48 58
4 25 ;L o8 % 30 309 813 33 238
5 342 349 3256 383 370 36 383 389 396 403
5 403 11 4 49 438 443 419 458 46 469
7 478 45 483 498 503 510 518 w3 536
3 543 549 556 563 50 57 5% 590 598 603
) 810 616 6 €30 637 614 ©50 8.7 663 60D

3 Lactic Aad
4. IN BLOOD AND SERUM
Refersnce
Pdwarde H. T A SmplGed Estmaton of Lactste 5 Normal Humsn Blood
J Bol Chem 125 571533 (Det) 1938
Principle
Lact ¢ e d 18 ox d zed to acetaldehyde wh ch §s volst Je  The svetaldehyde 25 ab
sorbed by b sulfite and the bound b sulfite s est mated iodomate cally 'The steps
1 tha procedure are
1 CHCHOM(COOH) + 0 = CHCHO ¢ 0O « 10 (2t 100 € 3u KMaO )
2 CHCHO + NaHSO — CH CHO NaHSO (st plf 35)
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3 HSO +2I+ HO = HSO + 2HI
4 CH CHO NaHSO CH CHO + NaHS0 (st pH 89)
5 HSO + T+ HO HSO + 2HI

Apparatus

1 Bpecial lactic acd mpparatus  (See Fog °1)

© 50 ml eentrfuge tubes

3 Electne centnfuge

4 05 mlp pettes or accurately calibrated syringe ppette

5 Micro burette 3 ml accurately calth ated

Reagents

1 Sodwm tungstate (Ne,;WO HO) spproximately 107 Adjust to pIl 89 usng
thymo! blue as an indicator with dilute NaOTL or H 80, (Igh blaoks ¢an some
tumes be avoided by botling 1 liter of this with 0 °5 ml of 3 HO
Silfunc aesd (HSO) 2/3 N made from speeinl concentrated Pregl acsd 66 ml
TS0 made up to 360 m) of water

3 Manganovs sulfate (MaSO T O) apprommately 109

4 Bulfune sad spproxmately 10 N made fron spec al Pregl sultunc scid (to get
& low blank) 1 d stilled water 100 m! 13 made up to 360 ml with water (Con
centrated acid 18 36 N )

5 Sodmm meta bisulfite (NaSO) epproximately 57 Keop In glass stoppered
bottle Do not use after two weeks

6 Potassizm. (RMnO ) N/°00

7 Starch solution spproxmately 1¢7

8 Sodium meta bisulfite (Na %0} 005% Make fresh daily

9 Todume (I) approxumately N/3 3 gm T and 48 gm of KI made up to 1 hiter
Ute crude 10dine and USP XI  Add more KI 1f necessary to got the lodine 1n
solation

10 Todme approximately N/10 Dulute from above

11 Yodne standerd N/.00 made by diluting standard N/10 fodine N/200 15 stable
for 23 days. N/10 19 stable for several months Make up and standardize N/10
10dime

12 Disodim phosphate (HeHPO 12HO) ground to & powder Use Eimer and
Amend sodiwm phosphate secondary USP granular

13 Standard Lth um lactate CH CHOMCOOH mol wt 95840 Prepare the salt
accordiug to Priedemann and Graeser (3 Biol Chem 100 291308 March 1933)
Prepars an accurate 01 M solution 1n 02 N H,50, Dilute this stock stendard 1 to
500 with 01 N HSO The diluted standard keeps well in the refngerator Of
this 15 ml 13 equivalent to 0270 mg lact caeid or 1 0 a1 N/200 sodine

Procedure

Ths method 15 also vahd for trichloroscetic aed centrifugates from blood sad
muscle Once the blood 13 hemolyzed 1t enn be kept in the 1cebox at any stage of
preeip tation the value being constant for & week or more It 13 best to remove
the filtrate from prec pitate if it will not be analyzed within s few days
For whole blood pipette exactly 1 ml of whole blood int 45 ml of distilled
water For plasma pipette 2 ml plasma into 17 ml of distilled water Mix For
cells pipette 1 ml of cella into 53 ml of distilled water Mix For cells it is best
10 use & pipette cahibrated to contan  aud wash out
Add mizing between sdditians
For whole blood p petts ® ml of 2/3 N sulfunc acid snd 2 ml of 107 tungstate
For plasma 1 ml of %/3 N eulfur ¢ acid and 1 ml of 1077 tungstate
For cells 3 ml of 2/3 N sulfuric ac d and 8 ml of 10 tungstate
Centrifage 5 10 minutes 1t 3000 rpm  Note
8 If nleohol 13 present bml the fltrate for 5 minutes with new Teagents 1
Steps 4 8 before adding permanganate

©
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b i:mi:hex 18 present bubble cold mir through the filtrate 15 minutes befors
¢ Inmnd ketonts use the filtrate Just as with nermal blood
Clean absorption towers and test tuhes with distilled water
Pipette 10 or 15 wl aliquots of the centrifugate into the resction flasks (Lift
up the Rlfa0 res rvoir 6 inches, msert pirette lower veservorr to hold it, and
allow pipette to droun while you do the othor pipettings Ths saves time) For
standard factate use about 02 mg of lactate
Add approximately 5 m! 10 N sulfunic neid approximately 10 ml of 10% MaSO
and epproximately 50 mt distill d water to cash reaction flask  Mix these thres
1 gradudte and add all together Vwhen first run is finished add fresh unksewn
solutions directly to the used solutions 1 the reaction flasks even when the old
MnSO H 90 solutions are deep brown or hot, or both  As many ss 8 subsgguent
Tuns can be made without addition of fresh reagents or cleanmng out the flasks
(Add 05 m1 10 N IS0 every ® 4 runs )
Add approximately 15 m! 5 5 NaH%0 to each absorption tube but not through
tower sdjust sbsorption tower Ml air smiske resorvewr with KMnO, (N7 00)
(ap 9 ml) with shut and connect all the rubber stappers
Make suto water 1b condenser s flowing  Adjust the mr to flow buskly (The
oxact rate does not matter provided it s brisk) Light the burners bnng to
boihing point and edd 1hAMaO by adjusting stopcocks to drip so that efter 1¢
minutes & faint pink shows 1n each flask. About 1 drop every 5 seconds 1a
needed If WMnO ecollects at drpping point @ vigorous shake mfter the run
will dispel the collection  (In q runs a brown p obscures the
punk color but drop in the KMuO at tho usual yate ) Be sure to add ell of the
KMnO 1n dropping feservorr in order to oxidize all unknown
9 Add RMnO for a total of exactly 15 minutes Contanue bortling for 5 additional
miputes
10 At the end of the 20 minutes turn off the burners and turn off the mr flow
Loc en ono tube at a time and wash the tower while holding the tube with the
tip of the tower near the top of thoe tube
11 Wash the towers with four 2 ml portiona of distilled water from a fast yupming 2
ml pipette Do this by washing with the first portion arcund the top of the b
sorption tower and With the next three so es to cover 3 of the tawer each time
Wash tho tip of the toner with about 1 ml of water

NS

ES

-

®

Titration

Note If room temperature 13 above ®4 , the tubes must be kept cold 1n a pan of 18

1 Add 4 drops of starch to the tube

o Add strong wdine firat then 00, N todine until & blue color permats {Avod
adding o farge excess of I becauso this raises the blank There i1 na need 1o
hurry with the titration at this point )

3 Add 004%% NalS0 mntil the blue color 1a discharged (Clesn this buretts with
dastilled water and ndd fresh 0050 NalIBO each day )

4 Add 0005 N j0dme until a faint blue color persists 15 seconds When you thisk
you have renched the end point tip the tubs 8o that the contenis inse down t6e
@d g This prevents drops of lodine or NalISO on the sudes of the tube giving
bad results Be sure the ead point 19 ebsl] present after tipping

5 Add 2 spatulas full of Na,lIPO 12O to discharge the blus color sad mix
thoroughly hy swirling the tube

6 Read the burctte coutaining the standard N/ 00 10dine

7 AQd N/200 fodime umtil the ficst faint blus color that pernds for 15 necund:5
agitate the tube constantly Tt does not matter if this end posat fades sfter

secondy
8 Read the burette again.
0 Subtract the resdings
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10 Subtract the blank from this result (The blank should never be over 004 ml
of 0005 N sodme) It 15 well af possible to Tan a distilled water blank and &
standard lactats solution with each run The Feagent blank should be the same
as o water blank If 1t 1 not change the reagents Tho commonest sources of
Tagh blanks d7e the FEO the Na'WO and the excss wdme dunag ttration
The blank appears to be due to the dist lled water used

11 Duplicate titrations must agres t0 00 mlof 0005 N T,

Caleulation
mg lactic ac 3/100 m] blood =
mi titration normality of
(~ 1 bl uk) x ( Mmi % (45) x (diluton) x 100
(@l aliquot) * (&1 blood sample)

‘Example
The standard 10fine was 00049 N One ml of whols blood was & luted to 50 ml of
which 15 ml a! quots were used The average titration was 109 ml and the blank
004 ml of 10dine
=g lactie 2e1d/190 ml blood =

{109 ~ 004) x 00049 x 45 x 50 x 100
15 x1

= 772 mg/100 w1
Precantions

1 There are meny steps in this method three of which (omdation binding of
aldchyde titration) are subject to many errors Most te hmcians need a great
desl of practice betare the method Tuns smoothly
Clean ng the apparatus s best done by stand ng m a mixture of 4 vols con
cent ated TIC1 + 1 vol of 5 NaHSO until the precipitated MnO is dissolved
Then wash thoroughly with eold tap water and riuse off with distilled water
Precipitates of tungstic oxide can be removed with d lute NaOH The burette
contaimng 0057 NaHSO and eontmmng 0005 N I must be mnsed out with
&istilled water each day The burette containing more concentrated 10dice may
‘oo left until 1ts contents have been completely used

©

B LACTIO ACID IN MUSCLE

Preparation of Spectmen

1 Bet the tabe of 8 homogen zer tube in a pan of sol d CO

Pipette 1 2 1l 0£ 107 trichloracet ¢ ncid and allow to freeze
The muscle or tissue (approximately 950 mg) s we ghed on a Roller Smuth type
balance and frozen 1m powdered CO
1t 18 then dropped 1nto the test tube covered with 3 ml more of trichloracetic
acid snd allowed to freeze sohdly
The tube 15 dipped 1 eold water until melting Just begina the pestle is imserted
the motor started and the muscle s ground to 2 fine pulp  This takes sbout 2
Tainutes
The peatle is withdrawn and washed off quantitat vely fnto the test tube wmth
ice cold trichloracetic ne &
Dilute to the 25 ml mark 1nsect a clean rubber stopper and shake
Centnfuge for 5 munutesat 00rpm
Pipette out an al quot and proceed as for whole blood

PO

- o

© oo

4 Glycogen i Tissue
Reference
Good € A hramer H. and Somogyi M The Determination of Glycoges J B ol
Chem 100 485491 (Apnil) 1933
Association of Official Agncultural Chemists Methods of Analyss ed 5 Washing
ton D C 1040 Assoc of Offic a1 Agr cultural Chemusts

P
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Principle
The tissue 13 hydrolyzed with bosln,
g KO whick does not destroy glycogen The
glycogen 1: precipatated with ethyl aleohol and 1s hydrolyzed with bnl‘l;u:g HC
ugar 13 then estimated by any appropriate macra method
s e then et P method such as that of Shaffer

Apparatus
1 Conieal 15 ml graduated centnfuge tubes
2 Hollow glass balls which fit the necks of tha centrifuge tubes These act as
reflux condensers

Reagents

1 Potassim hydroxide (KOH) approx 54 N

2 1otassium hydronde approx 001 N

3 Hydrochlone and (HCI) 055N For this solution take 31 4 ml of 35% acid mad
dilute 1t to 500 wl with distilled water

4 Thymol blue approx 155 aqueous solution

5 Etkyl aleohol (FtOH) 959

6 Glycogen standard solation 80 mg/100 ml  Veigh out 008 gm glycogen and
dissclve 1 100 ml of 20¢% KOH solution This mqlution is stable 1 icebox for
at least one week

7 Shaffer Hartman Somogyn sugar reagents

Procedure

1 Place 12 m] (enough to cover the muscle) of either cald or hot 209 KOH in the
tube fitted with the air condenser

2 After weighwng the frozen muscle (about 65 gm) drop it 1nto the tube mmed:
ately replace the air condenser and place the tube 1n a boiling water bath  Boil
for 30 minutes oceamonnlly removing the tube and shaling it to md the
bydrolysis

3 Cool the tube to room temperature and add 95°% aleohol The volume added
should equal 11 to 12 times the volume of solution alreadv in the tubs Stir
the solution vigorgusly with m platigum wire watil & complete mixing results
Anv glveogen will begin to precipitate here Place the tube 1n warm water
Slowly and carefully bring the aleoholie solution to the boilmg pownt and 1m
mediately remove the tubes from the water bath Cool to room temperature
This completes the coagulation of the glycogen

4 After the precipitate has been allowed to settle somewhat mote carefully the
emount present This value will be used later in the procedure

5 Remove the condensers and centnfuge the tube at the maximum speed for 15
minntes Decant the solution and drain the tubes for a few mnutes If the rest
of the estimation must Ge deisyed tity 13 tie Sest pics ¢ sy Dl d¢
tubes 1nverted 1m the 1eebox until the estimation can be resumed.

6 Remove the remammg alechal by placing the tubey 1n boihng water or in sz
oven at 100 for about 5 minutes or until no more aleohol ean be detected by ats
ofor This 13 m0t ecessary 1f the tubes have stood mn the reebox overnight

7 Cool snd add 22y HCl in amounts according to the amount of preaipitated
glycogen noted earlier

Use about 6 mIHCI for
Useo about 5 to 5% ml HOL for
Tse about 4 ml HCI for 0102 mi ppt
Never use le s than 15 to 2 m} HCl Place the tubes with attached ai coz
depsers 1n boihng water and bydrelyze for 2% hours. Cool to Toom tempera

ture

0304 ml ppt
0208 ml ppt
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8 Add 1 drop of thymol blue ta each tube Tt the solution 18 mot to be estimated

for over 5 hours adjust the pH 1 the range of 2 ta 6 by adding KON fram &

dropper untl the 14 cator is yellow 1n eolor and place the covered tubes 1 the

1cebox unti} the determination tan bo reswmed Then adjust the pH of the sola

tion to 8 with 30* KOH 05% KOM apd 2°¢ HCl the end point 19 reached

when the indicstor has Just reached & pale purple tolor

Fstimation of glucose by Shaffer Hartman Somogyr method  This method is

recommended because 1t covers & wide Tange of glucoss eoncentrations without

necessitat ng many dilutions

a Adyust the pH to 8 us 1n Step 8

b Dilute to & measured volume eg 5 md und use Bliquots tontaming ¥°3150
mg glucose Tle volume of aliguot should be around 5 ml

¢ Measure glucose by the Shafter Hartman Somagy method

©

10 Estimation of Glucose by Method of Fobn and Wu Thia method mav be pre
ferr & by those who use it routunely for blood
2 Adjust pH to 8 asn Step 8
t Tilute the solution to a known volume with d stilled water according 10 the
amount of precipitated giycogen noted earlier If tho precip tate was greater
than 04 ml dilute to 15 ml and use 1 ml of the sclut on and 1 m} of distilled
water for the sugar determmation
It ppt was 0304 ml make up to 15 ml  and use 2 m}
34 ppt was 0703 m\ meke up to 1 35 ml and use 2wl
If ppt was 0102 m! make up to 810 ml  aad use ? ml
£ ppt was 01 or less make up to 68 mi  and use 2 ml
© Proceed as describel under the method of Fol and W 1
Caleulation

(g glucose /ml hydrolysate) x (dilution) x (100)
(il aliquat) % (gm hiasue)

For the Sheffer Martman Somogys method sn empirical cahbration eurve s re

quired  Set up giyeogen standstds at wntervals in the range 0 °5 mg 150 mg/5 m

run through the hydrolyss techmque previously deseribed meutralize and es

tiate the glarose

Example
A sample of muscle weighed Zo. mg  Affer hydrolyns the solution was dilted to

5 i snd 5 m eliquots were analyzed for glacose The average concentration wan
found to be 0 16 mg glucose/ml of dilute hydrolysate

(016) x5 x 100
5x0 8

1 mp glucose/100 gm tissue ==

g glycogen (as glucose)/100 gm tissue = = 30s /100 g
Precautions

1 The chref source of error in th s method §s glycogenolyms in the tissue betore
the glycolyuic system can be 1phibited or 1nctisated Txtreme eare 13 required
1 handling the tissue
5 Alcohol in Blood and Unne
Reference

Gabson J G II and Blodaer H  The Determination of Ethyl Aleohol i Blood
and Unne With the Photoelertric Colorimeter J Bjol Chemw. 126 541559 (Nov)
1938

Princtple

Aleohol 15 sepsrated from blood Sltrate by distillation  Aleobol 19 oxd: 62 by
potass um d chromate eausing s Joss of eolor

3CHOH + K,CrO +8HSO = 3CHCOOH + K,0 +2Cr(80) + NHO Cad
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Apparatus
1 An aleohol stil} {or & Kjeldahl ammonia atiil)
2 A quantity of o0 ml round bottom teat tube, t!
stonsers s with & aumber of #1 sohd rubber
3 An electnie centnifuge
4 & quantity of 25 mi glass stoppered graduated cylindera
§ A Coleman Junior Spectrophotometer
6 Cuvettes 19 x 160 mm
7 An uccurately calibrated 2 ml syringe pipette

Reagents

1 Potassium di hromate (h CrO) Dissolve 31943 gm pure ealt 1 1000 ml water

2 Sodwm tungstate (Na WO ) Dissolve 100 gm to make 1 hiter

3 Sulfuric axd (HSO) Prepare 2/3 N HSO by diluting 66 ml of concentrated
acid to 360 ml with water

4 Bulfuric nc1d (S0 ) Concentrated and 18 N both used

5 Potassium oxalate (h,C,0) Frepare a eaturated solution i1n water One drop
will prevent clotting 1n 10 ml of blood

¢ Seaadard anhydrous aldeltyde fres ethiyl afcofiof Kz together one fiter absolute
EtOH 05 gm NaOH and 75 gm AgNO, dissolyed 1n 3 m{ water Reflux 2 fo 3
hours  Distill and store first §00 ml 1 brown bottle for use as standard

Procedure

Pipette exactly 2 ml of oxalated blood 1nto 14 ml water 1 a 50 ml centnfuge

tube

Add 2 m) of 2/3 N sulfunie ae1d mix

Add 2 m) of 10¢" sodium tungstate

Mux and centnfuge for 10 minutes

Place 1n a 100 ml Kjeldabl flask 10 ml of blood filtrate For urne use 1 to 10

m) ding on the of alecho] and 8dd water to make

10 m) 1n the flask

Distall off 6 to s ml nto 2o ml gla s stoppered eylinder contmming 5 ml of 18 N

sulfuric acid and 2 ml of potassum dichromate The volume in the cylmnder

should be about 15 m) after distillation The cyhnder 18 cooled m an xce bath

during distillation

Az and after seahng glass stopper with & drop of cone euifurie aud Rest

cylinder and contents in & water bath for 20 minutes at 7580 C

Then ool to room temperature and dilute to exqetly °0 m]

9 Mix and decant 1nto a colonmeter tube

0 At the same tume prepare & reagent blank by mixing 5 m} 18 N H S0 13 ml
swater and © ml of potassium dichromate

11 Set colommeter at 440 mu and & water tube at 100" T

-

ety

ES

-

®

Calculation
1 Prepare a calibration curve from standard aleohol solutions contaming 0 0 150

mg per 100 mt st 1ntervals of 15 mg per 100 m! and runming them through the
shole method Note that 1n this case the higher the & T the more concentrated
3 the aleoho)
(mg alcohol 1 cuvetts) x (dilution) x (100)
mg aleohol/100 ml fu d = {mal aliquot) x (sl fund sample)

s

Example
A readmg of 60¢% T was equivalent to 015 mg kicohol 1n the cuvette Duriag the
analysis ¢ ml blood were difuted to 20 mi of which 10 ml aliquats werg analvzed
0 15) x °0 x 100
mg aleobol/100 ml blood == -(-———16—;—2———' = 150 mg/100 ml
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Precantions
1 In this method the commonest sources af error are
& Loss of alcohol during distallation
b Erratio eolor from farlure to observe conditions of oxidation exactly
2 The alcohol standard 1s enitieal 3t must be water and aldehyde free

6 'Total Bisulfite Bmnding Capacity
Reference

Thompson R I 8 and Johnson R E  Blood Pyrivate in Vitamn B Deficsency
Biochem J 29 674 700 (May) 1035

Principle

On occamon as im exerc se or 1n th amine deficiency an ineresse 1n the keto acids
of blood 18 chserved The present method gives & measure of the inerease of total
keto nexds 1 the blood by virtue of their capacity to comb ne with bisulfite 1 and
salution  These complexes a o broken down 1n alkalme solution and the bisulfite
13 titrated 10d metrically The present method 1s mot useful m the preseace of
ketos 3
For specafic compounds such as pyruvic acd and alpha ketogiuta ¢ acd the eader
should use methols recommended in the b bliography of the succeed ng pages

Apparatus
1 Au electr ¢ centnfoge
2 An eecurstely calibrated 3 ml burette
3 A pumber of o ml round bottom tubes
4 Ance bath

A number of 2 ml volumetric flasks
6 A number of 15 m1 round bottom centnfuge tubes

Reagents
1 Trchloreacetic acid & 4% sclut on i water
© Thymol blue 1ndicator
3 Sodwm mets bisulphite & 5¢/ solution 1o water
4 Btarch indicator (see lactate method)

5 Standard sodime 0005 N (see lactate method)

Procedure

1 P pette 9 ml of 4 trichlo acehic aeid :nto & 15 ml centnifuge tube
Add exactly 1 ml of blood and mx by nversion

Centnfuge for 5 m nutes

Transfer 8 ml to 25 m) volumetric fask and adjust pH to

blye (orange color)

Dilute to § ml with water

Pipette out 10 mt samples 1mto lactate titration tubes

Add 1 mt of sodium hisulfite (5¢7)

Allow to stand at Toom temperature for 15 minutes

Titrate 1n 1ce bath as 10 lactate The end po nt 1s ditficult

10 Bet up & blank from trchloratetic acid treated as blood filtrate

Calculation

Y

530 us ag thymol

cemaoo

B sulfite bind ng capaeaty expressed us mg pyruv ¢ 2c1d/100 ml blood =

(ml titration — ml blank) x (45) X (normal ty of 10dine) x d lution x 100
(mT eniquot) % (ml blood used)
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Example
A titration of 0°5 ml and & blank of 004 ml were obtamned Of blood 1 ml had

been precipitated 12 10 m! 8 ml of this were diluted to 25 ml and 10 ml aliquots
wers titrated  Todine was 0005 N

Bisulfite binding eapacity expressed as mg pyrevie soid =

{025 - 0.04) x 45 x 0005 x 25 x 10 x 100

Tox8x1 =ur

Precautions
The end point 19 diffieult nad titration must be earried out in the cold

7 Carbohydrates Miscellaneous References

Aldehydes

Biggia S and Maxey W Improved Procedure for Detoermimation of Aldehvdes Anal
Chem 18 10°3 10°5 (Dec ) 1944

Citric Acid

Goldber, A 8 snd Bernhetm A R Citne Aexd Determination J Biol Chem 156
3346 (Mhov ) 1944

Natelson S Lugovey J K and Pancus J B Determination of Miero Quantities of
Citnie Aeid 1n Biological Fluids J Biol Chem 170 597 606 (Oct ) 1947

Saffran M and Denstedt O F A Rapid Method for the Determination of Citrie Aad
J Biol Chem 175 849 855 (Sept ) 1948

Taussky H JI A Miero Colorimetric Method for the Determination of Citrie Acid II
A Note on the Substitution of Ferrous Sulphate for Hydrazine Sulphate as the Re
ducing Agent J Biol Chem 181 195 198 (Nov ) 1949

Woleott G H Boyer P D _ A Colorimetric Method for the Determnation of Citnic Ac:d
n Blood and Plasma J Biol Chem 172 729 7u6

Glucose
Benedict, 8 R The Analyms of Whole Blood II The Determination of Sugar and
Saccharada (Non fermeltable Copper Reducing Substances) J Biol Chem 92

141 159 (June) 1931
Fohim O and Wu R A System of Blood Analyms J Biol Chem 38 106110 (May)

1919
Hall D A A Simphfied Method of Blood Sugar Estimation Bnt. AL T pages 351353
Feb ) 1950
K!ng(slev G R snd Remnholdd J G The Determination of True Glucose in Blood by Re
duction of Ferneyamde J Lab & Chn Med 3% (5) 713 719 (May) 1949
Polis B D, and Sorfwell M  Rapid@ Photoeolorimetric Micro Procedure for Blood Bugar
Using Copper Reduction Wath I erchlorie Aeid Deprotemized Filtrates Arch Biochem
11(°) 9233 (Oct) 1946
Sehales O and Schales S 8 A Simple Method for Determination of Glucose in Blaod
Arch Biochem 8 (2) 285 %9° (Nov) 1945

Wagner B The Estunation of Gly
S Biochem 11 (2) 249 58 (Oct) I

Inulin
Little J M A Modified Diphenviamune Procedure for the Determwatton of Jmuhia
J Biol Chem 180 747 754 (Sept ) 1049 . o
Robson J § Ferguson M H Olbnch O and Stewart C P The Determination
of Inuhin 1n Man Quart J Exper Phymol 35 11113% (Jume)

the Renal Clearance
1949 N
J H and Goldstem N P& Method for the
Roe t‘l‘onnofEll::l:ﬁ::‘Im Plagme and Urine J Biol Chem 178 830 845 (Apnil) 1949

Lactic Acid
Friedemane T E and Graeser J B

133
D (201 308, (March) 1953 and Goldacherder s Method for Determmag Lactic Aed 12
Blood Analyst 61 91 o6 {Feb ) 1236

Glycogen
cogen 1u Whole Blood and White Blood Cells Arch.
946

The Determination of Lactic Acid J Biol Chem
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Manuitol
Corcoran A C and Page I H A Method for the Determination of Manmtol = Plasma
and Unne J Biol Chem 170 165171 (Sept) 1947

Methylpentose

Dusche Z nnd Shettles L B A Speafic Color Reaction of Methylpentoses and & Spec
trophotometric Mi yomethod for Thew Determunstion J B ol Chem 175 595603
(Sept ) 1943

Pentose

Dache Z  Spectrophotometrie Method for the Determimation of Free Pentose and
Pentose n Nucleotides J Biol Chem 181 3/939 (Nov ) 1949

Dunstan 8 snd Gillam A E A Micro Method for the Determination of Pentoses by
Photoelectr ¢ Spectrophotometry J Chem Soc Suppl Issue No 1 9140144 1949

Roe J H and Rice E W A Photometnc Method for the Dete miation of Free
Pentoses m 4n mal Tugsues J Biol Chem 173 50 51 (Apnl) 1948

Pyruvic Acld

Klem, D The Determmation of Pyruv ¢ Acid 1 Blood 1n Presence of Acetoacetic Acid

B ol Chem 137 311316 (Jan) 1941

Teao M and Brown Pyru sc Acd Determination A Micro Method J Lab &

Chm Med 35 (2) 3 0393 (Feb) 1050



SECTION 1Iv
BIOCHEMICAL PROCEDURES (Continyed)

D FATS AND DERIVATIVES
1 Total Lapids 1n Serum
Reference

Bloor W R The Determination of Small Amounts of L nd 1o Blood Pl
J Biol Chem 77 5373 (Apnl) 19°8 i o

Principle
The lipids are extracted with ether alcohol and saponified with sodium ethylate
Fatty acids and )| are with ether and oxidized with
silver and The excess 19 titrated with sodiom thio
sulfate

Apparatus

1 A quantity of 25 and 50 mf volumetric flasks

2 A steam bath

3 Special quantitative filter paper (Whatman 40}

4 A quantity of 125 ml glass stoppered Erlenmeyer Basks

5 An electnic oven set at 124 C

Beagents

1 Ether aleohol mxture 3 volumes of 95% ethy! alcohol (G;H OH) and 1 volume
of ethvl ether (GH ) O

2 Sodwum thiosulfate (Na,30) 01000 N (See section on volumetnic methods.)

3 Potassim 1odide (KI) & 107 solution made freshly

4 Starch suspension  (See lactate method }

5 Silver dichromate (AgCrO) Dissolve 5 gm of mlver mtrate 1n 25 ml of water
Add 5 gm of K CrO dissolved 1n 50 ml of water Stir and centnfuge Wash
precpitate twice with water to remove NO  Dissolve 1 500 ml of concentrated
HS0

6 Petroleum ether bp 4060 C

7 Sodum etbylate (C;HONa) Introduce 3 gm of fresh sodwm ethylate iato
100 ml of absolute EtOM contaming 1 ml of 5% aleohol (EtOH) Cool Store
12 cool dark place

2 Dilute sulfunc acid  To one volume coacentrated H SO add 3 volumes of water

9 Potassium dichromate (K:Cr0) 10000 N (Seo scction under atandardization }

10 Methyl red inducator (019 1n water)

Procedure
Into 40 ml of the ether alechol mixture 1t & 50 m) volumetric flask pipette eX
setly 3 ml of serum or plasma
Let stand 1 hour Make up to 50 ml with ether alcohol
Mir Filter through filter paper
Add 0ml of filtrate to 1 5 ml Erlenmeyer flask
Add 2 ml of sodium ethylate
Evaporate on steam bath to disappearance of slcahol odor
Remove last traces of aleohol by stresm of air
To the residue add 1 ml of dilute sulfuric acid
Heat mixture on steam bath for One miunte
168

-

Do not overheat

EXRR SO
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10 Pour 10 m) petroleum ether onto hot mi ture and allow to come to a bml

11 Rotate flask gently ° 3 munutes

1 Add 1 drop of methyl red to sce the separation between ether water layer

13 Pour only hot ether ext act into 25 ml volumetne flagk

11 Repeat extractions with 3 to 5 ml part ons of petroleum ether combiming the
extracts

15 Cool and dilute to 5 ml with petroleum ether Mix

16 Pipette 10 ml aliquots of the extract imto 1 5 mi glass stoppered Erlemmeyer
flaska

17 Evaporate remove last traces of ether with a stream of air

18 Add 5 wl of AgCrO resgent snd 3 ml of 10000 N KCrO rotating flask
wh le adding resgents

Heat loosely stoppered fiask at 1 ¢ C 1n an electric oven for 0 m nutes a blank

b ng treated with Ag Cr O and h r O 1n the same manner

0 8tr solut ons and aga n lesve at 124 C for 40 minutes more If at end of §

minutes the solntion 13 green add more of the dichromates

To hot flasks ad1 75 ml of water

A3 10 ml of KI Do not stir

Titrate with th osulfate until the yellow color fades Add starch indicator and

titrate to the d ssppearance of blue eolor The flask may be sgitated vigorously

as the 1odine s tak n p by the thiosulfate

=

w

Calewlation
1 Ths method measutes primeipally paim tic oleic and stearic ac ds and choles
terol A factor of 1 mg total fat == 030 ml 1 N dichromate has been determimed
empineally for the mixture typical of plasma
g total hip ds/100 ml plasma =

@

(ml thiosulfate blank ~ m} unknown) x (dilution ) x {dilut om 1) x (100)
(3G0) = (mlal quat ) x (ml &l quot 1) x (ml plasma used)

Exatple

Three ml plasmn were extracted 1n 50 ml 20 ml ahquots were sapon fied and diluted
to 5ml and 10 ml aliquots were onidized T tration of blank was 33 ml 01N tho
sulfate that of uaknown was 26 0 ml

(33~ 6) x 5x50x100
TR R X xg 406 mg/100 ml

mg total Iipids/100 ml pla ma =
Precautions
Reing ratber empir cal this method requ res 1 d adherence to time temperatute
spec fications
2 Total Cholesterol
Beference
Modification of Bloor W R The Fatty Acids of Blood Plasma J B o) Chem 56
11, 4 (July) 10 3
Trmighe
For some ci nical purposes the quick methad recommended here for determimng
total chalesterol will prove satistactory Chale terol 1a extracted wto & mixtu e of
ether and alcohol wh ch is then evapo ated A greemsh blue color 13 developed from
the Tesidue 1n the Pres nce of chloroform atetic anhydrde and sulfune acd
Apyparatns
1 A quentity of 15 m! round hottomed test tubes
Cul brated 15 m conical test tubes
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3 02l accurstely eslibrated synnge Pipetie
4 A number of 10 ml pipettes
5 Gradusated pipettes
6 Cork and rubber stoppers
7 Coleman Jr Spectrophotometer Model 6
8 Cuvettes 19 x 150 om
9 An electric centrifuge
10 A varety of +4 cork stoppers
11 A boiling water bath

Reagents

1 Mixture of ether and alcobol. 3 volumes of anhydrous ethyl alcohol ((;H OH) and 1
volume of ethy} ether (GH,),0

2 Chloroform (CHCI ) dry Merek s reagent

3 Acetic anhydnde (CH CO) O Merck s reagent

4 Sulfunc acd (H 80 ) cone ACS

5 Stock standard 1 400 mg chal 1 100 ml

6 Workiung standard cholestcrol dilute stock atandard 1 to 100 with chloroform
10 ml = 0 4 mg cholesterol

Procedure
1 To 98 ml of ether aleohol 1n a calibrated cune tipped centrifuge tube add exactly
02 miserum Stopper with a rubber stopper

2 Allow to rest on mde 60 minutes with occamonal shaking or place 1 a rotator
for 30 minutes

3 Adjust volume to exaetly 10 ml with ether alcohol mix, 1nstall taight cork stopper
and centnifuge 5 to 10 munutes Check the volume after centnfuging

4 Place an 8 ml aliquot of the ethey aleohol supernatant fliid 1n & 35 ml round bot
tomed test tobe

5 Evaporate te drype s 1n & water bath AVOID OPEN FI AME  This takes about
10 ramutes  Cool

6 Add 10 mi chloroform 4 ml acetic anhydnde and 02 ml sulfunc arid  Stopper
with rubber stopper Mix

7 Stand .0 minutes at 25 Cx1 C preferably in water bath

8 At the same time set up a reagent blank starting with stepas 1 and omtting
sernm.

9 Trausfer unknowns and blanks to cuvett s and read at 660 mp with the blank

set at 100 T
Caleulation
1 Set up a calibration curve voverng the range U to U5 mg choesterof 1 the
cuvette wath samples of standard cholesterol run through the whole method

(rog cholesteral in cuvette) x (dilutiom) x 100
2 mg cholesterol/100 m! serum = TRl sTiquot) (T seram sed)

Example
A readmg of 72% T was equival nt to 015 mg cholesterol 1n the cavette For analyns
02 ml of serum was extracted 1m 10 ml solvent, of which 8 m] was analyzed

0151 x 10 ¥ 100
s cholesterol/100 ml serum = g N0 = 937 2g/100 mI

Precautions
1 This method 15 recommended enly for chinieal purposes mot for eazes 1n whith
Igh precision and fractionation are required
2 Bewxre of open Sames st all stages
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8 Free and Combmed Cholesterol in Blood
References

Schoenheimer R and Sperry W M A Mro Method for the Determimation of
Fre and Combined Cholesters! J B ol Chem 108 145760 (Seyt) 1934

Sperry W M and Brand F C  The C 1
J Buol Chem 150 315 4 (Oct) 1943
Prineiple

Cholesterol exists 1n plasma partly free and partly esterfied or combined
Dafferentsal precipitat on with digitonin enables the two forms to be caleulated by
difference when measured colomimetr cally m aeetic anhydnde and sufunc acd
Apparatus
1 Filter paper quantitat ve—extracted with hot aleohol unt! completely freo of
sterols
2 Preserv g jars either pint or quart with rubber gaskets
3 A dark eabinet contmmng a water bath A wooden packing box equipped W th
doot or eurtan  The cab net 1s fitted with & pan or tray about 4 inches deep
The larger the water bath the easmer t will Te to control the temperature Pro
iy ons should be mad for a thermometer and & funne! for the add ¢ on of water
by rilling holes tn the top of the box
4 C vettes 19 % 150 mm
5 Colemsn Jr Spectrophotometer Model 6
6 A quantity of 15 ml round bottom centr fuge tubes
7 A 110 Coven
8 An1ineubstorsetat 7 G
9 A quant ty of 5 ml volumetne flasks
10 A quantity of stirr ng rods
11 A steam bath
Reagents
1 Acetone aleokol misture One olume of relistilled acetone 13 m xed with one
volume of abgolute aleohol
2 Ether peroxide free
3 Acetone ether mustare One volume of red stilled acetone to two volumes of
peroxide free ether
4 Digtonn solution D ssolve 400 mg 1n 100 ml of d st lled water by heat ng on
u steam bath The solution must be clear A sed ment 1l de elop on standing
but this can be remove by filtration or ce t fugmg teforcu ¢
5 Potass um hydroxide solution 339 1n water
6 Phenolphthale n aclution & 17 solution in aleohol
7 Acet ¢ acid solution D lute 10 ml acetrc a 3d u to 100 ml with d t led water
8 Glacial acet ¢ aerd (ACS or reapent grade)
9 Acet ¢ anhydride 99 10 1002 chlonde free
10 Bulfuric scid concentrated
11 Stock chol sterol solut on tn glac al acetic acid 100 mg of cholesterol per 100
ml of glamial acet ¢ and  The cholesterol must be pure wh te and odorless and
it must melt sharply at 0ot below 147 € If not reerystallize from an anhvdro s
solvent such as absolute aleohol methyl aleohol or ethylens chlonde
17 Uso & working standard of 0% mg/ml D lute 30 ml of the stock eholesterol to
100 ml wath glacial acetse atid
13 Acetic anhydnde sulfunc acd mixture  Add s etic sohydnde (enough for s
series of determination) 1nto m glass stoppered flask ch 1l 2t 1n an 1ce bath and
4dd concentrated sulfuric acid 1n the propostion of 1 ml to 20 ml of enhyd 1de
ugitate the contents during tte addition while the flask 15 kept 1 tho ieo bath
Insert the stopper remove from the bath shake vigorously for & few moments
and return to the bath
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Procedure
1 Preparation of Sample

a Plpe&!e 7 to 10 ml of acetone aleohol solution mto & % ml volumetne fask and
mpelts exactly 1 ml of serum into the solution  Mix after the addix

by swirling the solution ion ot the serom
Heat the flask over a steam bath and rotate the fask to prevent bumpmg

When the solation boils cool the flask to room temperatare and dilute to the mark
with acetone aleohol solutron

Filter mto a clean flask

Pupette samples for free cholesterol and total cholesterol at once to avord cancentra
tion changes due to eviporation

ez

Y

Isolation of Free Cholesterol
a Pipette 7wl of the filtrate into & 15 ml centrifuge tube 2dd approximately 3.5 ml
of digitonin solution and one drop of 109 acetic acad solution

Stir thoroughly and leave rod 1 the tube  Place the tube m & preserving jar rover
tightly and leave 1t overmight at room temperature

Tranafer tube to a rack tar to break up elumps of precipitate and to free particles
which may adhere to the sides of the tube uear the surface of the higmd Remove
the rod and place 1t 10 the rach making certamn that no precipitate on rod 19 lost
Centrifuge until the precipitate is packed tightly enough to permit decanting with
out any loss Then dram the tube for a few moments hy touching the hip to a clesn
towel

Replace the stirring rod and wash down the wall of the tube and rod with approx
1mately 4 ml of acetone ethee solution

Stir thoroughly return rod to rack centnfuge and decant agam

Wash the precputate twice more with ether mstead of the acetons ether mixture
Replace the rod and met the tube amde for color development (Be sure that the
ether has been comp p before p

=

o a

LA 0N

3 Total Cholesterol Dypitomde

2 Add 3 drops of the 33% KOH sclutwu to & 15 ml centrifuge tube prpette 3 mt of
the extract mto the tube and stir at wmtervals with 2 vigorous up and down motion
of a stirnng rod until no droplets of the alkali can be se n at the tip of the tube
Place a layer of sand about 5 cm deep m a preserving jar and heat 1t 1n a water
bath until the temperature of the sand 19 about 4, C  Place the tube mn the sand
cover the jar tightly and put it in an incubator 37 to 40 C for 30 mnufes
Temove the tube to & rack, allow to cool rase the sturrng rod and add aleohol
2 etone to the 6 ml mark

Then 2dQd 1 drop of phenolphthalem solution and titrate with 107 acetic aerd solu
tion  About 0 4 ml should be required  Add one drop in excess

Add 3 ml of the digitonin solution stir thoroughly and place the tube 1n a presery
g s Gover 1t tightly and leave 1t nt room temperature for at Jeast 3 hours
preferably overmght Carry out the centnifuging and washung s Qescribed for free
cholesterol except that i thia case only one ether washing 13 necessary

=

B

a

3

4 Development of Color 1n All Specimens

a Heat a shollow par contarung a layer of sand (about 3 cm deep) to 110 to 115
n an oven DPlace the tubes contmning the precipitate in the sand i the order in
which readmgs are to be taken and return the pans to the oven for 30 punutes

b While the precipitate are drying m the oven adjust the water bath to 5 C and

matataim it at this tempersture dunng the rest of the procedure

After 30 muutes remove the sand bath from the oven and papette . ml of glaclal

acetic acd 1ato tho first tube while 1t »s still 1n the fot sand

Allow the acid to wash down the rod end the wall of the tube Kb the conteats

wigorously and have the tube contamung the rod 1n the sand while scid 13 beg

added to the next two or three tubes (2 or 3 mutes m all)

o

Y
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Stir agam zemove the tube from the sand aliow o eool amd place 1t m a rack m
the water bath  Continve 1n this mavner watil ncet ¢ ae1d hay been added to uf) the
ceptrsfuce {nbes m the seres 1o by read and all have been placed 1n the water bath
Yn ench series of determinations ron At least oo standexds Pipette . ml of stand
ard cholesteral {01 mg per mi) nto centsifuge fubes insest strng rods and
place 1 the water bath along with the unknowns Flate one at the beginn ng and
one at the end of the series of unknowns

g Start » stopwateh  Then p pette 2 wl of glac al eeetic acd and 4 mi of the tuxed
reacent wto 5 cuvette tux thotanghly snd use ax s blank

T After 9 nunntes remove one of the standesds from the wate bath wipe 3t dry and
pipette 4 md of the mixed Teagent ntot

3 Bur wigorousty for a few moments and pour iato a cuvette Leave an water hath
for 3 mnutes

3 Then 2dd 4 ml of muved reagent to all the tubes shake wgorously sad note tume
Pour wio & covette and leave 32 o batk for 3 mnutes

k Set the blank at 100 T (or D == 0) at 6 3 ws Then remove eoch tube from the
hath ¢ y with & clean d y tonel and read (Ye careful not fo sisr vp the small
quantity of sed ment at the bottom of the tube)

Caleutation
mg ' total chalesteral = G = 1%6—7— x Du

mg ¢ free choleaterol

7
=34 o

c
my o combmed chalestersl w € = Gp ~ C
i

Fer cent chalesterql cominned =

0 C
Cx

Where Ds s the mean optical density of tha standards ezd
Du 3 the density of the unknown

Procautions

1

3
4

The centr fugiog for fres  shoudd be for X5 munutes st SUU ypm at the frst
stage For tofal 5 to 7 minutes 15 usually enough for the acetone ether and
ether washings

The acetsc anhydnde reagent should be made up for each serses of detormzuations
8ome heat 1a produced when mizred end & period of 18 minutes should ba ailowed
befors the reagent 1 used asag equil briam s resch d at that tine

Ty wath bath shouid e mainta ned at o

Ple careful of wate a8 1t interteres with the sreaction (830 d splashing)

4 Yapid Phosphorus in Blood snd Serum
Beference
Yosngabwiy 4 ¥ wnd Yeungsburg MV Pho phores Matabolism 1 A 8ys

tem of Blood Phosphorus Analyss J Lab & Chin. Me& 16 158 366 (hov ) 1930

Princtple

The extracted hp ds sre axidized with mlfunc sod and hydrogen peroxide and the
phosphata pressnt 13 measured by the method of Fiske and Subbarow

Apparsing

1

"
2
<
5

Lorge test tubes graduated at 0 ml

A boiling water bath

A quantaty of filter papar (qraatitetive)
A quantity of broken o 1 ¢a ware

Wire racks
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6 An electric hot plate or mueraburnars
7 A quantity of o ml volumetric flasks
8 Other apparatus 21 1o phosphorus method (Fiske and Bubbarow)

Reagents

1 Alcohol ether mixture  Mix 3 volumes of 95% redistilled sleohol and ome vol
ume of redistilled ether

2 Bulfunic aid 5 N Dilute 40 m! of concentrated sulfunc ac:d to 360 ml wath dis
tilled water

3 rvdrogen peroxide 309 (Buperoxol)

4 Ammonium molybdate a 25 per tent solution

5 Ammonaphtholsulfonir aed solution (ANYA) (see phosphorus method)

Procednre

1 Into a graduated 20 mi test tube pipette 18 ml of the aleohol ether mixture
Add exactly 1 ml of plasma or serum drop by drop
Mx and place 1 a bohing water bath until the contents of the tube boal  Allow
te cool 2t room temperature
Dilute to 20 ml with slcohol ether mixture mix and filter through quastitative
filter paper
Pipette exactly 8 ml of the filtrate 1nto a large test tube Add a mhes pebble
snd place 1n & wire rack
Heat the rack and tubes over an electrc hot plate until evaporated to dryness
Then 2dd 25 ml of 5 N sulfuric ac1d and digest over a hot plate or mieroburner
(Place the tube in a slanting position end heat until the mixture turns brown or
black )
Allow to cool and add 1 drop of hydrogen peromide allowing it to fall directly
1nto the muxture
Replace the tube and continus heating until colorless
Vhen colorless cool the tube add some water heat again and transfer the con
tents to a 5 ml volumetnic flask washing With water to abont 15 ml volume
11 Then add ® 5 ml of ammonmum molybdate solution
12 Add 1 ml of ANSA reagent mix and dilute to 5 mi with water
13 For a blapk add 2 ml of water and digest with sulfuric acid and peroxide ma
above 1n Steps 717
Using the Fiske and Subbatow phosphorus eurve set the blank at 10055 T at 660
mp and read the unknowns

°

-
Be = e o o W

-
-

Caleutation
1 Use the phosphorus curve of the methed of Fiske aud Subbarow
2 g lipid phosphorus (as P)/100 ml servm =
(mg P/m) wuknown) x (dilstion 1) x (dilution 2) 100
{ahquot 1) x (ml seram)

Example
A reading of 85% T was equvalen
cuvette In the snalyss one Inl of serum was extracted in 20 ml of alcohol ef

whaeh 8 ml were finally diluted to 25 sl 1m the phosphorus analysia
mg ipid phosphorus (as ¥)/100 ml serum =
(0.0015) :io: B0 _ oy e 200 ml

t to a concentration of 00015 mgP/ml im the
ther of

Precantions
1 Thesa in general arc the same as for phosphorus estimations
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5 Acetone Bodies
A. TOTAL IN BLOOD
References
Yan Slyke D D Studies of Acidoss VII T Bl Chem 32 455494 (Dec)
191
Van Slyke D D and Fitz P Stud es 1n Aaadoss  VIII The Determnation of

# Hydroxybutyne Aad Acetoacetic Acd and Acetons 1n Blood J B ol Chem
w2 49 487 (Dec) 1017
Prineiple
4cetone 1n hot sulfune acid olutions forms au insoluble precipitate w th mereuric
sulfate Aceto acetic acid breaks down to acetone on heating mnd beta hydroxy
butynie acd treated with potass um dichromate 1a hot ne d solutions forma acetone

The three compounds may the efore be estumated by weigh ng the mercuric acetone
sulfate

Apparatus
1 Reflax sith 500 ml Basks
An oven set at 110 C
S ntered glass Pyrex crucibles with medium po os ty
Volumetr ¢ p pettes 8 ml or an accurately calibrated svringe p pette
A desiceator
An aceu ate analytical balance
Quant tative filter pape
Graduated eyhoders 50 ml capacity
Volumetrie flasks 100 mi

wmam o w

Peagents

Copper sulfate (CuSO 5H Q) a 109’ solution 1n water

Calexem hydroxide (CaOH) & 109 suspension 1n water

Mereurie sulfste (HgSO) Dissolve 73 gm of red oxide of me eury n 1000 ml
of 4 N sulfurtc acxd  Gentle warming may be requ ed

Sulfunc and  Make & 4 N solut on by diluting 40 ml of concentrated HSO
to 60 ml of water

Potassium d chromate (K Cr0O) a 57 solution 1 wate

Sulfur ¢ seid (HSO) 17 N 140 ml of concentrated sulfune aeid 4 luted to 360
ml of water

7 A muxture of HgSO solution and 17 N sulfunc acd m the ratio 3o volumes
HgSO to 10 volumes H SO
8 Sod um hydromide 5 N 0 gm of sod um hydromde made up to 100 ml of water
Procedure
1 Preparat on of Blood
a Pipette exactly 8 ml of blood mto 80 ml of water m 00 or 50 ml graduated
cylnders  Mix
b Ad nath mmng 16 ml of 10 HgSO  Allow to stand one-half hour ar more
¢ Dilute to 00 ml with dstilled water Mix aad allow to stand 1 hour or aver
n okt in refngerator
d Falter through quant tat ve filter paper
o Use 100 2°5 ml of filtrate (= 5 ml blood) for analyss
Preparation of Swntered Glass Flter
a Add 1015 ml of aqua reqa o cup and let stand overnight Filter and wash
out by runming 00 ml of hot distilled water through filter Dy 1 hour at 110 C
Cool for one halt hou 1u des ceator and we gh

™

»

oo
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o Precipitatson of Mercunc Acetone Sulfate

a To & wide mouthed flask 22 45 wl pf HgSO, ~ H §O reagent

b Add 125 ml of blood filtrate

¢ Attack to a retlux condenser

d Light a medium sized flame

e Brng to a boil

£ Add 5 ml of potassium dichromate solution 1f the dichromate 1s added before
solutian comes 1o & boul the audation 18 to acetic serd wnstead of to acetone pp that
there 13 & sr mificant loss

£ Boil for 90 mmutes after adding dichromate heep buling uatil Just bafare filtermy
them through Pyrex erneshles

k Filter while stul very hot using suction  Wash with 100 200 ml of water

1 Dry one hour at 150 C  Weigh after coolmg for one half hour

Calealation
1 In this method certam @ sumpfiions have to be made m the ealeulation
a That I mg acetone yiells 20 0 mg precipitate, that 1 mg uceto acetie acxd nields
114 mg preaptate and that both substances react guantitatively
b That bets hydroxybutyne se:d yiolds ouly 75% under the eondiions of fhus
method and that 1 m, of beta hvdroxyhatynie ac:d yrelds 845 mg of pre 1pt
tate
¢ Thst 1n most spectmens of blood and vrine the molecular proportson of hets
hydroxybutyric acid 13 7567 of the total acetone hodies
d. Under the conditions deseribed the following factors are vahd wh n the
equivalent of 5 ml of blood 13 analyzed and calculated as acetone For total
&cetons bodies I mg of precipitate equals 128 my of total acetone bodies/100
ml blood for beta hydroxybutyric acid 1 mg of precipitate equals 13° snd
for acetone + aceto aretrc at1d, 1 mg of precipitate equals 100
5 mg total acetone bodies (as acetone)/100 ml blood = (mg ppt) x 128

Example
The precipitate from the blood of a diabetic weighed 1 1mg
mg total acetone bodwes (as acetons)/100 m) blood = 171 x 128 = 155 xg/300 ml

Precautions
This method 13 rather empineal
1nstructions expheitly

Hence grest care must be taken to follow the

B TOTAL IN DRINE

Procedure
3} Preperation of Urme
a Pipette evactly 10 ml of urwe mto 100 m] volumetric flask  Add about 30 m) water

b Add .0 ml copper sulMate reagent
¢ If not turbd ndd apprommately § N NaOH drop by drop until turbiduty persists
2 Add 20 ml ¢slewum hydroxide reagent
e Dilute to marh sheke and keep in resrigerator at least one¢ hour preferybly over
night
£ Filter
2 Blank for Unne
& Add 25 mi flirate to a 125 mw) flask
b Add 05 m! 17 N sulfun sad
mumutes

Bonl not less than § nor more than 10
; F‘:;uxnsnz wash with 100 m} of water wte 45 m{ of mized reagent (HgSO ~ [ S0)



& Boln condenser not more than 40 muutes Do not add dichromate
£ Remove and filter through sitered glass ilter
g Wegh
3 Prec p tat on of Mercur c Acetone Sulfate
a To 5 500 ml flask 2dd 45 ml of HgSO H SO reagent 2o ml of urme flirate and
100 ml water
b Pro ced as under blood

Caleulations
1 For urmne the same cons derat ons hold as for blood For ur ne under the eond t ong
of this method ( ¢ the equ valent of 5 m] urime snalyzed) the factors are  total
a etone bodes 1 me ppt — 256 for beta hydroxybutyrc acd °64¢ and for
acetone 00
mg total acetone bod es (as ac tone)/100 ml unne — (mg ppt  me blank) x 256

Example
The urme from a mild d abetc was analysed The Blank weghed 1 mg the on
Lnavw 56
mg total acotone bodes (as acetone)/100 ml unme = (56 - 12) x 256 = 112
mg/100 mk

‘Precautions
Bame as for blood

¢ INDIVIDUAL ACETONE BODIES
Principle
Acetoue reacts d rectly w th mereur ¢ sulfate n hot ac d Solut on aceto acet c ac d
breaks down quant tat vely to earbon d ox de and acetone wh ch reacts at oncs
beta hydroxybutyrie ac d yields acetone only when an ox diz ng agent (d thromate)
13 present

Apparatus and Reagents
Same as for blood total acetone bod es

Procedure

1 Tn ether blood or unne determ no ncotone plus acetoacet ¢ acd by runmng
through the procedures descr bed above but w th the following alterat ons
a Do net #dd & chromate
b Bo | for not less than 30 nor more than 45 m nutes
T ¢ ther blood or ur ne determ ne beta hydroxybutyr ¢ ac d by runn og through
ths whole procedure nclud ug d chromate after the follow ng prel minary steps
ta remave acetons and aceto acet v ee d
a The filtrates equ valent to 5 ml blood or 25 m] ur ne are m xed w th 100 ml

water and 2 ml 509 sulfur ¢ ac d.

b They ate bo led 10 m nutes n an open flask and cooled
¢ They are d luted to 1 5 ml w th water

Calculation
1 mg (acetons plus acetoncet ¢ scd s acetone)/100 ml = mg ppt x 100 (for
Dlood)
(g ppt mg blank) x 200 (for ur ne)
© mg beta hydroxybutyr ¢ ac d (a3 acetone)/100 ml = mg ppt x 13% (for blood)
(mg ppt g blank) x 64 (for ur ne)
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6 Fats and Derivatives, Miscellaneous References

Acetoacetic Acid
Rosenthal 8 M A Colonmetric Method for the Estimaty Acet
Blood J Biol Chem 179 1 35 1°#4 (July) 1949 imation of Aestoncetic Aeid mm the

Acetone

Adams C A and Nacholls F B The Analyss of Mixtures Contarm: caton 3
Aleohol and Isopropyl Alcohol, Analyst 54 5% (Jan) 19 9 ¢ °g Acetone Ettl

Behre J A A Modified Sslicyaldehyde Method for the Determination of Acetone Bodies
1n Blood and Urine J Biol Chem 186 25 3% (Oct ) 1940

Greenberg L A and Lester D A Micro Method for the Determinztion of Acetons and
Jietone Bodies J Bio)l Chem 154 (1) 177 190 (June) 1944

Huckabay W B Newton C J and Mettler A V Optimum Conditions for Titrimetric
Determinations Determination of Acetone, Anal Chem 19 838 841 (Nov) 1947

Rappeport, ¥ and Baner B Microdetermination of Acetone and Distetic Aard 10 Blaod

Lab & Clin Med 28 1770 1772 (Nov ) 1943

Rotbera A © H  Note on the Sodium Nitroprusside Reaction for Acetone J Phymo!

37 491 494 (Dec) 1908

Acetyl Acetone

Witter R F Snyder J and Stotz & Colorimetnic Determination of Acetylacetone and
Related 8 Diketones J Biol Chem 176 493 500 (Nov ) 1948

Cholesterol

Rangsley, G R and Schaffert R B Detormunation of Free and Total Cholesterol by
Durect Chloroform Extraction J Bio] Chem 180 (1) 315393 (Aug ) 1949

Fatty Acids

Bloor W R A Colorimetric Procedure for the Determination of Small Amounts of
Fatty Acid J Biol Chem 170 671 6/4 (Ocet ) JM7

Formic Acld

Bastrup J T Method for the Determination of Farmic Aesd m Unne Acta Pharmacol

et Toxicol 3 303311 1947
Grant W M Colonmetne Mieromethod for Determination of Formie Acid Anal Chem

19 (3) 206207 (March) 1947
Hydroxybutyric Actd
Shaffer P A and Marrot W 31  The Determination of Oxvbutyrie Acid J Biol Chem
16 265 80 (Sept Oct) 191a

Phospholipid

E d D of the P de Content of Serum Acta Phymol
Scandinav 16 { /3) 171178 1348

Hack I Fstimation of the Phospholipides n Human Blood J TBiol Chem 169
(1) 137 143 (June) 1947

Harnes A The D of Lipod P 1n Blood J Buol
Chem 77 405 408 (May) 19 8

Total Fat

Bayer F € Jr, and Hizsch E F  Estenfied Fatty Aad Levels of Normal Human Sera

J
h Bioch 23 (1) 137 140 (Aug) 1949
Fawﬁ::therl ;‘ eg and‘ }Anderson W xx) A Method for the Determination of Fat 18
B J 40 (31 850 351 1946
Stndﬁﬁs,.r l?fhil:d Drur;' 1 E A Titration Method for Blood Fat J Biol Chem 8%
741 748 (Nov ) 10 @ .
van de hamer J ¥ ten Bokkel Huinink H and Weyers H A Rap:d Methed for the
Determination 0f Fat 1n Fe es J Biol Chem 177 347 355 (Jan ) 1910
Zuckermsn J L Zymams M C and Natelson 8 The Simple Method tgr the De
termiaation of ¥ecal Fat and Fatty Acids J Lab & Chn Med 38 78. 786 (Feb}
1949



SECTION 1V
BIOCHEMICAL PROCEDURES (Continued)

E VITAMINS

1 Vitamm A and Carotenoids (Carr Price)
A. IN BLOOD AND SERUM
Reference

May C D Blackfan h T McCreary J F and Allen F H Jr  Muimcal Studies
of Vitamin A 1 Infants and Children Am J Ds Child 59 1167 1184 (June) 1940
Principle
Materials contanng witamm A when treated by a chloroform solution of antimony
trichloride form a blue color (CarrPree eact on) Fxperence has shown a defi

nite B930C ation betw en the blue color and vitamin A content of 3 wide vanety
of mater ala as determined by biolog ¢ a sav

Apparatus

1 A special contmner for the antymouy tr chloride This rengent has a tendency to
pick up water easly and 3 & result the blue color 13 1mpo s ble to 7ead 1n the

colormeter

Cuvettes—Coleman 10 x 75 rm

Axr pressure to evaporate the ether

Centnfuge tubes—15 m] round bottom

An electric centnifuge

Coleman Jr Spectrophotometer Model 6 wth the smallest cuvette holder

(46 108)

A wate bathsetat 45 C

$ Sy nge pipettes 1 and ” ml

PN

Reagents

Ant monv trichlonde ¢ 1 chloroform

Ethyt aleobol 95¢°

Petroleum benzine (ether) USP

Vitamin A eleohol standard Made up n pet oleum ether one gamma pet ml
Beta carotene standard 3 gamms/m! m petroleum ether (1 gm witamm A aleohol
s 4500000 Internations! Unts 1e 11U 1s0° merograms 11U 1506 m cro
grams beta carotene )

e

‘Procedure
1 To exactly 1 ml of serura add 2 ml of 95 ethv] aleoho!

® Then sdd  ml of petroleum ether stopper ¢ ghtly and shake vigorously and
continuou 1y fo 10 minutes for complete extract on

173
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3 Centnifuge and pipette out accurately 1 ml of the ether layer 1ato & small
cuvette Read immediately 8t 440 mu the petroleum ether blank being set at
100% T
The yellow color of the ether layer 13 due to the carotenoid pigments the bile
pigments being unextracted under these conditions The prineipal carotenords
blood serum are earoteme and xanthophyll Estimation of the totsl amount of
ds 18 ary iz the d of wtsmin A, 1m order that the
measurement of the total blue color formed by the Carr Price resction may be
corrected for that portion ansing from the carotenoids
Evaporate ether at 40 to 45 C to drymess by gently blowing dry air anto the
cuvette while 1t 13 partially 1mmersed 1n water Make sure that the ether odor
18 completely gome and that the cuvetts 1s perfectly dry Otherwise the Carr
Price color will be a cloudy blue
Place an antimony trichlonde blank at 10095 T at 670 mu
Add exactly 1 ml of antimony tnehlonds to the dry euvette and read mmeds
ately The galvanometer reading 19 taken at the punt of maximum absorption
of hight that 15 maximum color formation This 18 necessary as the blue color
fades very fast (°0 40 seconds)

-

o

“ o

Calculation

Run a calibration curve for carotenoids usig beta carotene 1 the range 0 to 4
meg/ml at 440 mp

Run & cahbration cutve for vilamin A alcohol in the range ¢ to 15 meg/ml at
690 mu and following all the steps iz the procedure

-

3

(meg 10 _cuvette at 440 mu) x {dilutron) x 100
meg carotenoids/100 ml serum = Tty (al sert)

w

'S

meg vitamin A aleohol/100 ml serum =

{meg 1n cuvette at 670 mu) x (dilutron} % 100

d
{ml ahiguot) x (ml serum) - (011 x meg )

The correction factor for blue color due to carotenaids 1s necessary 1n Equation
4 and was established empincally for & muxture of carotene and xanthophyll 1z
the proportions usually present 1 serum

=Y

Example
At 440 mp the readiog was 8507 T equivalent to 070 meg beta carotene 1n the
cuvette
At 670 mu the reading was 805% T equivalent to 040 meg 1 the cuvette One ml
of sorea wes sxiracted anfo 2 ml of petroleum ether of which 1 m) was used for

analyms
070) x (°) (100}
1 meg earotenoids/100 ml serum = (—m—— = 140 meg/100 ml

(040) x (%) x (100)
2 meg vitsmin A7100 ml = gy y -~ (O11% 140)

= 80 ~ 15 = 65 meg/100 ml
Precautions
1 Be sure the antimony tnchlonde contaimy no water otherwise the solut
be cloudy
2 Do sure the sample 1a dry before the addition of antimony tnchlande

on w1l
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B VITAMIN A IN TECES

Reference
Friedernann T T ersonnl commumication

Apparatus
1 Water bath set at 60 C
. 3lectnc centnfugn ete a3 for xerom
2 An enslytical balas o
1 A quashity of 100 wl volumetne flasks
5 A quantity of 100 mi graduated cyl nders
Reagen.s
1 Phosphone s d {symupy)
» Sadiym sulfate (auhydrous)
3 Sohum Fydromde (NaOH) 16 N 40 gia/100 m! water
4 Capryhe uleohol
3 Tthyl gleohol 509 3n water
€ Methy) alechol 707 an water
7 Oth T rengents are the sume s for serum vitamin A
Procedure
1 Wegh out 10 gm of mixed feces mto a 100 mi volumetric flank
2 Ad2 50 ml of %% zlcohal 5 ml of 30 N NaOH snd 1 mi of caprvlic aleohol
3 Heat for Dminntes st 60 C cool and diluts to 100 m)
4 Pipetts 10 mi of diluted feces 1ato » 100 w1 eyhader
5 Add 10 mi of water and G m! of petraleum ether
6 Shake for § minutes and remove Lop layer to & new test tube
7 Add § ml of svrupv phospboric aeid snd shake well (TYe phosphoric and takes
away imterfering matertal without removing any of the vitamin A )
8 Remava phosphorie said layer wod wash with 10 mi of &0¢ ethyl afeohol
9 Dry out water with sodium s1lfate and decsnt solution to measure calor
30 To remove carotens shake two times with 70% metlyl aleohol This step wall
tske 033 the earotene and als0 & ittle of the witamin A
i1 Cout nue as n method for serom vitamia A

Calculation and Precautions
Beo vitamin A 11 s tum

2 Vitamn A and Carotenoids {Dichlorobydrin)

Reference

Scbel A E and Snow 8 D The Est mation of Servm Vatamin A With Achrvated
(13 cerol Dichloromdna J ¥iol Chem 171 €1/ 537 (Dec ) 184

A. USING THE COLEMAN UNIVERSAL MODEL 11

Principle
A solut on of activated glyce ol dictlorohydna (GDH) when added to & chlorotorm
solution conts mng vitemin A produces s violet color Advantages over the ants
mony tnchlonds metbod sre prinsipally two  first 1o color 2 stable for two to
10 minates second the reagest i not sffected by trsces of wma sture The inter
ference of vitamns D aud I ergosteral T dehydrocholesteral and eholesterol with
tho GDIT renction has been found to be negl gible

Apparatus

3 Tt s n ce sary to messure s mples at 500 mp or above Jleuce the Coleman Um
ersal Spectrophotometer Model 13 is recommended
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2 ll’a ¢m cuvettes and cuvette carrier obtamed from the Coleman Eleetne Com
any
3 o0 em cuvettes obtawned from the Pyrocell Manufactunn
84th Street New York 28 Carner obt’;med from thecéolemzlnc;;li::z: C:::pf:?
4 555 mg filter (filter combination 3487 M608 10 mm and 5300, M954 40 mm)
obtamed from the Corning Glags Works Cormng New York
5 An electne oven set at 60 C
6 A water bath set between 40 50 C
7 Anelectnic centrifuge
8 Synnge pipette 1 ml accurately cahibrated
9 A quantity of flat tipped glass stirring rods

Reagents
1 95 percent ethanol (USP)
b 1‘N KOH m approximately 90 percent ethanol freshly prepared 56 gm KOH/100
m
3 Petroleum ether bp 3060 C
4 Nitrogen Ohio Chemical Compansy
5 Sodium sulfate (Na,S0 ) anhydrous snalytieal resgent grads
6 Chloroform Analytical reagent grade 15 washed with water distilled the firat and
last fractions are discarded and the remainder 1 kept over dry Na,80,.
7 Antmony trichlonde, analytical reagent grade
8 Carotene 90 percent beta 10 percent alpha, from Genmeral Biochemieals Ine
9 Standard vitamin A solution Abont 40 to 50 mg of & witamin A concentrate
which comes 1n gelatin capsules control PC3 from Distillation Products Tue
were diluted 1n chloroform to give the desired concentration of vitamm A The
% oalus 1n sbsolute ethanol of 10075 Ths valus was sup
plied by the manufacturers and agreed with that found by the authors Multiply
g this value by 2000 the standard commercial conversion factor permits es
timation of the vitamin A potemcy st 2015000 USP umts per gm If the ex
tinction of the concentrate 13 divided by the extinction of crystaline vitamia A
aleohol 1 ethano) 1780 the vitamin A content of the concentrate becomes by
simple proportion 5 56 percent
10 Activated GDH  Glycerol dichlorehydnn (Eastman Kodak practical grade
a maxture of 1 3 and 2 3 dichlorohydrin from the Shell Chemucal Companv) 18
vacaum distilled 1n the presence of approximately 1 percent by weight of SbCl
st from 10 to 40 mm of pressure the first and last fractions being duscarded.
The distilled rengent should be colorless and clear (a samaple of the reagent
should not become even shightly cloudy on the sdditton of water) The presence
of SOl 1n the distillate (shown when a sample of GDH becomes cloudy upon
the addition of water) can be remedied by & second vacuum distillation The
activated reagent may be obtamed from the J B Shohan Laboratories 78 Wheeler
Point Road Newark 5 New Jersoy

concentrate has E

Procedure

Exactly 1wl of serum 13 ppetted into & % x 4 1nch test tube

2 Add 1 ml of 95 percent ethanol and mix by tapping the tube (or for snpomification
1 m) of the 1 N KO in 90 percent ethanol 18 added and the contents of the tube
mixed and placed na 60 C oven for 20 minutes)

Add 2 m} of smalytical reagent p troleum etber and shake for 10 misutes
After shaking the tube 13 centnfuged for about 30 seconds

The supernatant petroleum ether 13 aspirated and placed fn a % x & inch test
tube The aspirator 18 a fine tipped dropper

-

oot
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o

Witk another ® ml of the petroleum ether and shalung for only five mnutes the
extraction procedure 13 repented

The extract 18 evaporated to drymess by placing the tube 1n & 4050 C water
Dath and rupning e stream of mitrogen over it

Add 1 ml of analybeal reagent grade chloroform to bring the dried extract mto a
solution

Then 8dd 4 ml of GDH and m x Mith & flat tipped stirnng rod.

0 Two m nutes after m Xture the solution 13 placed m & o0 mm cuvette The ab
sorption of the solution 15 measured first at 550 my (with the 555 me filter)
agawnst & blank cons sting of 4 ml of GDH and 1 ml of chloroform  When the
concentration of vitam n & 15 b gh read at 4 m nutes

The wave length disl 13 then turned to 800 ma the 555 mu filter replaced with
flter PC5 and 8t 4 mumutes after the Amtia] mixture of the reagents the absorp
t 0n 15 read at 800 mx

<

@

©

Caleylation

1 Prepare the calitrat on eurve for vitam n A as follows
u Prepure solutions of vitamin A m chloroform solut on contmming standard
solution as well as the GDH preheated to 25 C before use
b To 1 ml of the standard in a glass stoppered cylinder are added 4 m) of GDH
o The contents of the ¢y} nder are mxed by maversion and are placed n & 25 C
water bath for minutes The solution 18 then pouted into the 5 cm cuvette
d The absorption of the p nk calor produced 1s read agamst & blank conmsting
of 4 ml of GDH and 1 ml of chioroform The 1nstrument 15 used with the
wave length scale sot ut 550 ma in conjunction with a 555 mp flter
Prepuze the cal bration curve for catotene at 800 wa as follows
a Prepare standards of earotens in chloroform 1 the range 010 meg/ml
b Carry these through all steps of the procedure reading them agamst & ehloro
form blank at 800 mp us no filter PC 5
3 Prepar a curve for correcting for carotene interference at 550 mu as follows
a Prepare carotene standards im ehloroform 1n the range 0 10 meg/ml.
b Run these through the vitsmin A method reading them agamst the blank set
841007 Tat 50 mu with the 555 ma flter
¢ Determ ne tls interference factor of carotene at 550 mu 1e the apparent
vitsmn A n meg due to 1 meg of carotene/100 ml serum whea measured at
50 ma
4 meg carotene/100 ml serum = LCE 18 cuvette 8t 800 ma) x 100 ”“:::“B::u:’f me) x 100
+ meg vitamim A/100 ml serum =
(meg in cuvetts at 550 ma) x 100

=T soram) ~ (Factor x meg ca otene/100 ml serum)

Example

1 At 800 mu the read ng was 78¢ T equivalent to 16 meg carotene 1n the cuvette
At 550 mu the resding was 81 T equivalent to 1° meg vtama A in the
cuvstte Ome ml of serum had been extracted fato 4 ml of petroleum ether
all of which was evaporated to dryne s and treated 1n the cuvette with 1 ml
ehlo oform and 4 ml of GDH

2 meg carotene/100 ml serum =

16) x 1
{18 % 2% o 160 meg/100 ml

3 meg vitamn A/100 ml serum =

1
LX30  (015 x 160) = (10 = *4) = 88 meg/100 mt
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Precautions
1 In this method exact timing 19 necessary for good results
2 Yhen the concentration of vitamiz A 13 high read at 4 minutes instead of °

B VITAMIN A (DICHLOROHYDRIN METHOD)
COMETER WITR BECKMAN SPECTROPHO
Apparatus
1 A Beckman Spectrophotometer Model DU
2 Four matched Corex cells with 10 mm hight path absorption cells
3 A four place cell holder
4 Synange pipettes 06 mland 24 ml sccurately ealibrated
5 Other apparatus same as for Coleman Universal Afodel 11

Procedure

Same as procedure for Coleman Universal up to and including step 7

Add 06 ml of ehloroform with a symnge pipette

Stir and add 4 ml GDH

Read at 2 minutes but if the sample 13 krgh (a tolerance test) read between 3
and 4 minutes

B eo 0

5 Read at 555 mu setting the blank at 100 T
6 Change wave length to 830 mu and read again setting the blank at 10055 T
Calenlation

1 The ealeulation and calibration s the same as for the Coleman Afodel 11

Precauntion

1 Uso glass stoppered tubes for extraction
2 Saponfication 13 a critical step complete sapomification 19 essential

3 Thiamne it Urmme Food Blood and Feces
A. IN URINE
Reference
Hennessey D J and Cerecedo L R The Determination of Free and Phos
phorylated Thiamin by a Modified Thwchrome Assay J Am Chem Soc 61
179183 (Jan ) 1939
Connor R T and Straub G J  Combined Determination of Riboflavin and Th
amine 11 Food Products Ind 2ud Eng Chem Anal EQ 13 335389 (June) 1941

Principle
Thiamine 15 adsorbed from urime m acd solution by means of activated zeolite
It 13 eluted with concentrated potasswm chlonde and 13 converted to thiochrome
by ferricyamde 1n alkaline solution Thiochrome 15 extracted 1nto 1sobutyl sleobol
and measured flnorometnieally

Apparatus

1 Photofluorometer Coleman Model 12 or 12B

2 Hennessey adsorption tubes or columns with long (5 to 55 inch) stews

3 Fine glass wool

L Reaction vessels 25 ml glass stoppered (interchangeable stoppers) vessels with
& conicat bottom

5 Reading cuvettes Coleman 19 x 350 mm

6 Synnge pipettes—Sml 10 ml

7 Wooden appheators for inserting the glass wool into the columns
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Reagents

1 Potsssum ehlonde 5 solution  Dussoive » 8 gm KClan 1500 ml 01 N UGl
w1th the a:d of heat Falter
Bromcresal green wdicator 04¢ 1n 70% aleohol.
Bodinm acetate T3 M D ssolve 330 gm n 1900 m) disilied water
Decalso Wash 6D to B0 mesh Decalso 3 times with 3¢5 acetic and onee with "5¢%
KOl agan with 3¢ acetc gerd and then several tumes with distilled water
Each washung conmsts of stirrng the Decalso 15 mmutes 1 the wash zetthng sud
Qecantiog
Sodium hydreade 1N solution  Dissolve 40 gm of sodium hyd pxade 10 1000 ml
of distilled water
Sodwm eulfate anhpdrons
Acetic acid 05% solution a water
Tsobutyt aleoho) redsstilled
Potessium ferneyanide & 1 aolutton sn water This solution v stable for €
montbs 1f kept i g dark bottle
10 Potass uzm hydronde 8 15¢ solution 1 water
11 Ondw ag veagent Ope part of 17 ferncyamide solstion s mzed with B patts
of potassum hydroxsde (15¢)  Prepare fresh every day
Quinine sulfate standszd
Stock stendard 100 wg USP quuune sulfate per hter of 01 N HSO  Btable
201 1 year
Intermediate standacd 5 ml sto k standard dilute to 200 m! with 01 N H,80
Porhwg standard  § ml intrrmediate standard to 500 ml 01 N H,80, Prepare
darly
Thiasire gt ndard (100 meg/ml) Drasalve 50 mg USP thiamine stapdard m 200
ml of 95 CILOH Add 5 ml ¢ 1 N HO! and bring to 500 ! with distslled water
Gtore 1n refnigeratar Tt 13 ateble for § months.

o

o

H cwaa

"
&

Coltectton of Sample
Indsvidual ssmples aro preserved by adding 05 ml of 0 N H SO to each 100 m! of
sample ™t hour ssmples sre collected jn amber colored 1 gallon jugs which con
tam 5 ml of 0 N HSYO The vitemin conteat of the scdified ssmple will re
msin 1 nchanged over several weeks 1f the szmple 1« kept in the refngerator A
sustable sliquot ss transferred to a 150 wl ext action Bask the reaction 13 ad
Justed to pIT 35 and the adsorption 15 earned out as descrihed below

Procedure

1 Ploce o swall p o of glass wool fn the tip of th & o mu ro adsarption column,
1l the column with activated Decalsa g that the bottom of the b It is just
tavered
Wash the columa with 3ml 9 €% acetic aad sud alfow 1o dram
Take a 5 ml al quot of urine in a 50 mt Erfemmeyer flask add o drops of brom
cresol green and neutralize to & 3 ght greemsh yellow evlor with 1 N MaOH
A bisuk covs st ng 0 B Wk DU meehic a3 )3 run trrongh the method with each
set o samples. Ron the samplea through the eolumns and allow 3 drmn be
gravity 1uto s waste pan
Rioso the Basks with 3 ml 0% scetic sd #nd put this through the colzmna
After ths hay drained through thy columes are completely dramed by os 2g &
small amount of sur pre sure st the top of the column  Reeovenes of thixmune
standard added to unne h uld also be run along with each batch of waknowns
Penction vessoly are pla &4 uzd r the adsorption calimes and the ¢olimns sre
eluted with § ml 25 KCL Aft ¢ this has drain d the calimos are again  blown
out with & emall emount of air pressura
8 To the § ml eluate 07 w0 of oxid 2 ng reagent 18 added with murag

-
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9 Thea 2dd 10 ml 1sobutanol stopper with the gla 3 stopper and shake 50 tumes.
Each sample 13 done individually and after the layers have settled the bottom
layer 13 drawn off with suction.

10 A emall amount of anhydrous Na SO 13 added and the vessel 13 agitated gently
The 1s0butanol layer must be clear after the sulfate has settled. If mot Tepeat
thus step

11 The sample 13 then decanted 1nto cuvettes to be read on the Coleman Model 19
Photofluorometer

12 The B filters are used and after the machine has warmed up and has been
balanced the working quinine sulfate standard 1s used to set the machine at 60

Preparation of Standard Curve
1 Dilte the stock thixmine solutron to 1 meg/ml in 01 N H,SO to which has been
added 10 ml 2.5 M sodium acetate/100 m! Run s senes of standards in the
range 0 2 meg per tube following all steps of the procedure
2 Plot these values as deseribed in the section on fluorometry

Calculation
(meg 1n euvette - blank) x (total ml eluate) x 100
h
1 meg 100 ml urine = (ol eluate) x (ml urime)

2 The problem of the blank has mever been solved completely in this procedare

becanse urme conmtans many In lar N methyl
mcotinamde 13 adsorbed and eluted ke thiamne fluoresces iz alkahine solution
and 15 only partsally 'y Nagjar has a blank
conmsting of unne treated in every way as for thiamine omrtting the ferm
eyamide step and making an 1 has ded
washing the final 3sobutyl layer with sc1d to remove non thiochrome fluorescente
The reader will have to make his own choice of blank.

Example
The unknown samples read an average of 55 and the blank 5 eqmvalent to 063
meg and 006 meg of thiarne respectively 1n the euvette Five ml of unre had
been used and eluted with 5 ml of KC1 all of which was oxidized

(068 — 606) x 5 x 100

Fx5

meg thiamine/100 ml unne = = 124 meg/100 ml

Precantiony
1 The samples must be sheken immediately after the sddition of the omdimng

solution
2 Be sure the Decalso 15 activated before using 1t
2 The 1sobutyl alcohol must have a low blank 1f 1t does mot redistill it until 2t

does read below § on thie scafe
B THIAMINE IN FOOD BLOOD AND FECES

Reference
Same a8 for thiamine 10 urine

Principle
Same as for thiamme i utine except thatin £003 blood and feces bound thiamune
Ras to be hydrolyzed to Iiberate free thamme

Apparatus
1 Digestion tubes
mtrogen, They are sufficient

as Teceiving tubes for the eluate

The ssme tubes are used for digestion as for pomproten
dy sccurate for meny types of samples to serve
Heavy walled tobes made from fgmtion
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tubes showld be specified. It 1s mevessary that they be besvy walled mnmco
they are elso used as centrifuge tubes in some anslyses (blood) As puschased
they ate eabibrated at 1 5 °5 35 ead 50 ml

# 7 shaped stirring rods  These are made from 1 inch fengthe of 3 mm glass rod.
The round bead at oue end Ste the buottom of the tube With euch & r0d the
contents of the tube can be violenily agiteted by rolhng ihe rod back sad forth
betwesn the thymb sod sndex Suger

3 Hentessy adsorption tubes with the Jong (5 t0 55 inch) stems are recommended.

4 Reactaon vessels Cemtrifuge tubey of about 50 ml eapscsty which are glass
stoppered rnd painted st the bottom {Wilkens Auderson FTI05GUR)

5 Wanag Blendor

6 Coleman Phatoflua omste

¥ Cuvettes 1 x 150 mm

8 Anxerbator set a3 43 €
Reagents

Thaese are the ssme #s f07 th A% fe 158 urine with a few add tiony

1 Hydrochlone and 0F N Aix 3 m} of cone HCl with 110 ml of water
Sodiwm bicarbonate To prepere a malar solution dssolve B4 gm up to 1000
ml with water

3 Metaphosphorsc acxd A 10 per cent salation 13 prepared st frequent sutecvale
prefersbly each day  Smce the and Tapidly Bt roum
1% should be diassived o eold water aud stored 1 a reftigerator

4 Bazgmes A 10 per cent rolution of Takadiastase or Clarase 34 prepared at fre
quent antervals preferably each dev  The preparation should yield s pale yeltow
solutian and 1t shouid dusolve sesdily with very Ixttls vemduve The inscluble
matens] contams conmdershle guantities of thiamize The solution ¢ cen
trifuged and the clear supernatant solution 15 kept fn a refngevator

Colleetion and Preparation of Samples
1 Blood Blood 1 eollacted and 16 prevented from clott g with & ummum of heperm
or oxalate The sample 38 eooled smmedistely 2nd the analyms §o made within
8 fow bours of coliection  Fuve wl are travsfurred to an NPN tube the volumens
sdjusted to about 5wl sud 70 ml of b HClare edded.
Feces  Bamples mre collected w larpe plass vessels amd stored o the cold. For
dgestion § gm samples are we ghed on flter papers wad filter paper and ssmples
are transferred to NPN tubes  Three mi of M HClare added and the volume s ad
susted to 35wl {Because of many fuctors whueh affect digestion obeorphion snd
sntestunal motiity the compostion of the stool way vary cons deretly from day
to dsy even when the human subject 1 receiving & somatunt we ghed et In order
to be of eny ¥ guificance the collection should be earmied out for st least 4 days
The storage bottles must be kept told  Batersal syathems of thiwmine dus to
greth of bacteria may greatly mcreass the viamy qoutent pf the sample 1f 1t 18
ot mmediately analyzed or §f 1t 18 not kept eold )
Ceeeals aud dry somples of food. The rsmple 8 finely ground by swtable means
Freslt tissues saimal and plant. The sample is fapudly eut soto swsll strips o
ehunks A we ghed portion rs homogemzed wath :yprmunndy 100 wal of water 3
the Warmg Blendor It 1s then ask and
the wolume 1y brought to the mark A swiable sl quot s tm,,fgma to &n NPN
tube
Procedure —Extraction
1 The finsly ground or hemogenized sample 3s weighed or measured by meass of &
ayringe ppette It 3s travsferred to aa NEN tabe the volume 1 braught to the
35 mY murk and & measored volomws of ™ NCLis adked. Tha quantity of xad to
To #dded should be determued for ach 1ype of matenal Enough aesd should be

-
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to

B3

added so that the acidity after 10 or more minutes in the boihng water bath 1s
approxumately pH 3 The conteats of the tube are thoroughly emulsified by means
of a Jshaped stienng tod  They are then heated 30 minutes with frequent stir
ring 1n the boiling water bath

The tube 13 now cooled 1n a cold bath of Tunming water after which 1 drop of
capryhic aleohol and a volume of M NalICO whuch 15 equvalent to the N HCI 1
added The contents after stirming shonld have a reaction of Pl {to5
Beveral blark tubes which contain equal volumes of N HCl and M NaTICO
are prepared at this tune  They should be earried through the subsequent op
erations along with the sample

Procedure—Hydrolysis of Bound Thiamine

1

2

Add 2 ml of enzvme solution More of enzyme preparation 13 added to samples
which contsin much starch or viscous material The tube 1s 1neubated 2 hours 1
a water bath at 40 to 50 C The mixture 18 stirred frequently (Some samples
Itke blood required only 1 hour of incubation Long ncubation may 1ntroduce
serious errors due to baeterial growth The temperature should be kept near 45 C
1n order to prevent such growth )

The tube 15 cooled 1n a bath of runmng water

Procedure—Precipitation of Protein

1

©

w

The contents of the tube are to a vol tre flask of
©50 ml capacity 20 ml of HPO are added and the volume 1s brought to the
mark Sufficient time should be given to allow diffusion of the vitamin from
the particles mnto the solution

Filter or centrifuge (The analysis may be discontinued at thia ime The flasks
may stand overnight 1n the refrigerator )

Blood and samples which contatn less than 1 microgram of thizmine are treated
somewhat differently ‘Ten ml (or le s 1f the protein content 1s small) of HPO
solution are added the volume 13 brought to 50 ml and the contents are mixed
thoroughly 'The supernatant solution 15 poured off after centnfugation the
re 1due 1s emulsifed with 25 ml HPO solution (usiag the J rod) and the volume
13 agam brought to the 50 ml mark The clear supernatant solution 19 added to

the first supernatant

-

ts

w
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lon Elution,

The npecessary adsorption columns are prepared as under thiamine in urie

An ahquot of the extract suffictent to contain 1 to 5 meg of thiamne 1s adjusted
to pH 35 by means of 01 N NaOH with bromeresol green as mdicator The
extract 15 then passed through the column After passage of all of the extract
the flask 15 rinsed with several succe sive portions of about 5wl each of distlled
water ond the washings are sent through the column  The flmd 19 allowed to
drain completely after ench of the washiags

With the tip of the column 10 an NPN tube four 5 ml portions of °5¢ KCl are
sent through the column Finally eough «u$6 KCl 18 sent through to brng the

lume to exactly 25 ml
;“:v‘: ml porhonsyof eluate (10 for blood) are added to extraction vessels and the
rtest of the procedure 13 followed as under thiamize 1n unne

Calculation
1 Prepare eahbration curves with standard thiamine as described under urine

°

meg total thiamine/100 gm 1mtial substance =

o — blank) x (total eluate) x (total extract) x 100
d) x (ml extract used) x (gm sample)

(meg 1 _cuvett:
w1 eluste use
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‘Example
A sample of foces wo ghed 4701 gm  The fluotescance of the nuknown was equiva
lent to 6 60 meg thiamine m the tube that of the Hlank was equieslent to 007 meg
The sample had been @ luted ta 30 md of which 50 ml had been sext thravgh
the zeolite The zeohite had bren eluted with »5 it of K.Cl of whih 5 m} ssmples
were unalyzed.
meg total thiumine/100 gm Feees =x
(060 - 087) x ( 5) x («50) x 100
ST R (S0) R (4 700) = 8 meg/lt0 gu
Precauttons
Same es for thumme 1 wnne

¢ Nt Methylnicotmamide 1 Urine
Betetenice
Coulson R A Ebmnger P aud Halden M A Method for the Estrmation of
N cotroamids Methochionde 1n Unine Biochem J 38 150 154 (194¢)
Privelple
Nt methybucotinam de @ metabolic prodact of mistin bresks down w alkalme solu
t oz ta & Buorescent cowmpound which 19 scluble 12 evhuty) glcoho}
Apparatus
Bama ag for thiamme in vhine
Reagents
“gme as for thiamne 1n ur ae wath s fow additions
1 Standard N1 methylmicotinerude Dhssolve 10 g of the purs substance 1a 50
) 6f 17 goeteg ad (40 megs/mi of solution)
Procedure
Bame 8s for thame 1 anme dows fo the onidatonm step  After elutmg the
cotuen w th KCI proceed aa follows
1 To o mtef hCl elunte add 30 mi of usabutyl elcohot
443 07 ml of 147 7 OH stopper and shake immed ately for st least 50 tumes
Stend av least 10 m nutes before readung
3 Pead a8 sn thowmons analyss with quimse stendard ey 60 (Maxuaum flaores
cence develops slonly so that & penad of standing 19 yequired before vesding )
Standard Cusys
un & senes of standard N2 methyln cotmamide ssfutions The range shonld be 40
gamma to 00 gamma per sample with intervels o 40 gamma
Calcalation

{meg 1n euvatts) x (total eluate) x 100
g I methybmeotinam de/300 b ur ne g

Bxample
A reating of 30 on the gal enameter waa equivalent to 43 meg in the euvette The
flaak was equivalent to 10 mey Five ol of wriae were used far anaiyss and
eluged with § ml of RCY all of which was uaed for analysys,

{43-10) w8 x 100

g N2 w prise st i — 068 mg /100

Precautions

Tha s » mesdod fraught snith someen actes At every stap thers are mgmfiesat
losses Tiemce 1bd results must be considered only tamt quantitative
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5 Riboflavin 1n Urine, Blood, Food and Feces
A IN URINE
Eeference

Connor, R T and Straub G J  Combined Determination of Riboflavin #ud Th
amin e Food Products Ind and Epg Chem Aral Ed 13 385339 {June) 1041

Principle

18 after are destroyed
An internal standard 15 used and the blank s determined after reduetion of ribo
flavin to the lenko form which 19 not fluorescent

Apparatus
1 Photofluorometer Coleman Model 12 or 12B
2 Cuvettes Coleman 19 x 150 mm
3 Synnge pipettes one sud 2 m}
4 A number of °5 ml graduated cylinders with ground glass stoppers

Reagents

Buffer solution pH 47 Ihssolve 111 gm of sodum acetate plus 544 ml of
glacial acetre acid an 2000 ml of water

Potassium permanganate 8 4% solution in water

Hydrogen peroxide a 3% solution 1n water

Standard nbofiavin solutions Prepare s stock solution (100 meg/ml) by &is
solving 10 mg of standard tn exactly 100 ml of 3% acetic acid  Store 1 a dark
bottle in a refngerator This eolution 13 stable for sx months For & working
standard (1 meg/ml) dilute the stock 1 to 100 with water

e

Taor 10
PIBorLAYIN 1N UPINE

(For analyses 1n which 1 ml of urine 1s anal{led m 10 m) of solutron A 1s_galvanometer
Teadig with unlmows B wth 1 meg nboflavin imternal standard ond C with blank
Thus table gives approumately carreet vatues 1n the range of normal nrine )

A C (ACTOSS) 18 [ 0 - | 2471 20 8 | 30 ) 3. [ a3t [ 3¢
B A (POWN) meg B /ml LRINE
20 5, & @8 1@ I T3 19 138 T4
1 8 8 4 10 110 118 1°4 13° 139 146
22 7. 82 90 98 105 113 119 1°7 133 141
23 179 87 9 101 109 113 12 128 133
4 69 75 8 98 104 110 117 1°4 181
35 66 Tu 81 88 94 100 10, 113 170 186
26 61 70 84 90 97 103 109 115 12
o7 6 68 " 81 88 94 100 106 117 113
8 60 6o 73 79 8y 90 97 10° 108 114
29 53 63 0 16 8 88 93 99 105 110
30 56 6l 68 T3 9 853 J0 9610 107
3 51 6 86 1. T 2 B8 93 9y 104
32 52 88 62 70 75 79 85 91 96 101
33 51 56 63 68 73 -5 83 93 99
34 50 55 6 68 7l 75 B0 85 91 _ 9
53 9 61 [ 73 78 5 s 93
g% :-51 ] 2 67 7 5 80 88 0L
37 8 51 58 6l 69 .3 718 8+ 88
28 45 48 54 59 64 67 11 15 8 86
39 44 48 53 58 6 65 63 74 80 B%
47 5. 56 61 b [3 7 77 8
:‘lj ;2 46 51 55 59 6366 "0 5 80
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5 Sod um fluorescein reference standard D lute 10 mg of sodum fluorescemn to
1000 ml 1m 3¢ acetic aad For & working standard (05 meg/ml) d tute the stock

1to 20 W th water

6 Pure sod um hydrosulfite powdered

Procedure
P pette etactly 1 ml ur ne plus 3 ml buffer solgtion 1nto & 95 ml graduated stop
pered ¢yl nder
Ada one or two drops of 4 KMnO until a pnk or violet calor persusts for one
m nute
Then add two to 4 drops of HO (3¢') until th color & asppears

Make up to 10 ml wath buffer solutio  mix and transfer to cuvettes

For & Teaj,ent blank use 1 ml d stilled water instead of 1 ml of urime

Read samples within one hour (keeping 1n dark meanwhile) as follows

& Warm up instrument for 15 mnutes befors using  Use B filte

Balance st zero and set galvanometer at 25 With s sample of the dlute
flaoreseein reference 1 the cuvette

Resd the unknown (Reading A)

To the sample add exactly 1 ml of standard B solution (10 meg B)

Mix thoroughly with stirning rod and read smmediately (Reading B)

To the same cuvette now add & small amount of sodwm hydrosulfite on the
end of a spatula st rnng unt 1 d ssolved

g Read mmed ately (Reading C)

1

L4

R

Calentation

1 Read ng A represents the galvanometer deflecfion due fo nbofla in plus blank
1 10 ml

Reading B represents the galvanometer defiection due to added rboflavia 1
11 ml
Reading C Tep esents the galvanometer read ng due to the blank alome 1n 11 ml

T4BLE 10 (CoNT D)

A C (ACROSS) 3% | 40 | 4 [ 4% | 46 [ 48 | 50 | 5 | 6% | 56
B A (DOWN) meg By/m) LRINE

20 To6 16 172 180 188 300 0T H L0
A 153 160 167 13 180 | 183 19 0 ¢ 21
147 154 160 167 174 | 181 185 19 193 °04

3 141 148 154 161 167 174 178 185 191 19
L 136 143 149 155 161 | 168 1, 173 181 190
> T3T 148 143 1560 156 | 16 166 173 173 181
6 1 133 133 14 151 157 161 167 1.3 178
7 1°3 19 13 140 148 15 156 16 167 13
3 119 1o 130 136 141 | 14 151 15 16> 163
) 115 11 1 13% 13 143 147 15 3158 163
5 1 1y 1 T3 133 | 13+ 143 145 183 158
21 109 114 119 14 130 13 13 144 149 154
2 108 111 13 171 1% 131 13, 140 140 150
23 103 108 113 118 123 [ 18 181 13 141 116
3% 160 165 110 1o 118 | 13> 18 133 137 1
35 § 103 10 11 1lo | T To> 1% 131 13
38 95 100 104 109 113 | 118 1 7131 13
kg 93 93 101 10r 112 { 111 119 14 19 13
38 91 95 99 3103 103 | 113 116 1°1 15 19
39 8 93 9 101 106 110 113 118 1 16
30 Yo 91 9o 83 103 | 10% 110 135 119 1.3
41 84 83 93 97 101 10 108 113 117 170
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2 meg nboflavin/100 ml urne =

n
A-Cxix
(A-Cxyp) m! dilution

ml grine

x meg riboflavin added x x 100

11
(B xy5-4)
Example
1 One ml of unne way diluted to 10 and read 150 (Reading A) After 1 meg of
miboflavin was added the reading was 500 (Reading B) After hydrosulfte the
reading was 50 (Reading C)

meg nboflavin/100 ml unne =

11
150 -5 LTy 10
x1x T* 100 = 275 meg/100 ml

11
500 x 0 150
2 A tabls (Table 10) has been eonstructed which for most practical purposes Gves &
good approxmmation to the correct value over most of the normal range The aswmp
1
tions made are (a) the blank 13 usually smell eo that blank x ﬁ 18 equivalent
to blank (b) Reading B — Reading A 15 almost constant so that B x% —Aw
also slmast constant
Precautions
1 Reep samples 1n dark as much as possible
2 Because of the danger of reomdation read immediately after adding hydro
sulfite
B IN BLOOD ¥OOD AND FECES

Reference
Ssme 23 for riboflavin 1 unne

Principle
The determipation conststs of
1) of bound des by means of heat and and

((z) clanfieation of the sample and conversion of slloxamme mucleotdes mto sibo
flavn by means of Clarase or Takadisstase

(3) removal of many 1mpunties by adsorption on Supersorb and subsequent elution
with pyndie solutson at pH 5

(4) oxdation of mpunties i the eluate by means of KMnO and

(5) determnation of fluorescence

Apparatus
Same &s for thiamine in blood food and feces

Reagents

1 Hydrocklone ac2d approx N Cone HCI (sp gr 119) 1a diluted 1. times, or 83
m] are dituted to a volume of 1000 ml 1z distalled water
Bodim bicarbonate approx N Dilate 84 gm NalCO to 1000 m)
Tyoamy] aleohol
Enzyme solution A 109 solution of Takadiastase (Parke Davis Detrott) or
Clarase (Takamime Laboratories; Chifton N J) a3 prepared at frequent mtervals
proferably each day The preparation shooll yield a pale yellow sofuticn #af it

- e 1y
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should ds solve readily with very hitle resdue The solotion 1s centrifoged and
the clear aupernatant solution 1s kept m the refrigerator when not mn wse
Supersarb (Flondin Co, Warren Pa) The adsorbent s bought contams mu h
fine matersal which must be removed It also ;must be act vated before it can be
used One pound or more 13 covered with & 1 per cent solution of acetre sexd (1n &
large round bottom flask with short mech or 3 lter Erleameyer fiask) The
mxture s stirred very briefiy by rotaton allowed to stand uat:l most of the
adsorbent has setiled aud the supermatant solution Is then poured off This s
repeated twice It is sumilarly washed by decastation several times with dis
tilled water after wh ¢k 1t 13 transferred to a large Buchner funnel and washed
further with distidled water The Supersorb ia then dried at Toom temperature
o a large pan  In order to have the matenal 1a its maximum expanded state
before use & small quantity 15 kept moistened 1 a wade mouthed bottle
Pyndise solutron  Approxumstely 500 ml of distilled water 00 ml of redis
tilled pyndine snd ¢ ml of glacial acetic aeid are traneferred to a 1000 ml
volumetric flask after which the volume 1s made to the mark with distilled
water

Potassium permangapate Dissolve 316 gm K3nO in one I distilled water Keep
thus approximately N solution 12 a brown droppiag bottle

Hydrogen peroxide USF 37 Keep in 2 brown drapping bottle

Biboflavin stock solution The reference standard (Dr E F Cook 43rd 6t and
Woodland Ave Dluladelphia) 1s dried for 4 hours over phosphorus pentoxide
40 mg are transferred to a fls k of 1000 ml eapacity Water to about 800 m! and
100 ml of spproximately N HSO are added The solution 1s frequently shaken
and 1s kept 1 the refrigerator or in a cool dark place until all of the vitamin
15 dssolved The contents are warmed to a temperature of 0 C after which
the volume 1s brought to the mark The flask 1s protected from hight 1n double
brown paper bags If kept in the sef igerator the stock standard solution fs
stable for at least 6 months (40 meg/m})

Riboflavin working solution  Dilute ® ml of the etock solut on to a volume of
50 m! or 10 m! to & volume of 50 ml Five ml of this intermedsate standard
and .5 ml (gradvated eylinder) of pyndie solution are transferred to & 50 ml
volumetric fask and the volume 13 brou~ht to tho mark The sensitivity 19 ad
Justed to s galvanometer reading of 50 (0 16 meg/ml)

Sodwm hydrosulfite solution (Lycopon) & nee sodium bydrosulfite reacts rapidly
with atmospheric oxygen solutions must be prepared immediately befora use
they must not be usnmece sanly shaken the surfaces should be small and solu
tions should be used not longer than ” hours To 5 m! of ice cold water con
tawed 1 an AP\ tube are added 1 gm of sodwm hydrosulfite and 1 gm of
NallCO

1 Capryl e aleokol

o

@
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Collection and Preparation of Samples
The co d tions for collection and preparation of samples are the same as deseribed
1 the directions for the d terminst on of thiamize by the thiochrome metbod.

Special p ecautions must be taken fo avoid unneces ary exposure of samples to
strong light e pecially to sunlight
Procedure
1 The £ ely g ound or homogemzed sample 1s weighed or measured bv means of a
pipette It 15 transferred to an NP tube the volume 1s brought to the 35 ml
mark and a measured volume of N TICI (from 3 t0 5 mJ) 13 added Fuough & 12
should be added to briag the acidity of the basled esmple to pH 1to 2 The quan
tity of acid to be adled should be determined for each type of materal
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2 The contents of the fubo are thoroughly emulaufied by menns of & J sheped stir
g rod They nre then heated 20 mnutes to I hour with frequent stenng es
pectally during the first 0 minutes in the bouling water bath
The tube 18 now cooled a1z & cold bath of running water, after which 1 drop of
caprylic aleohol and a volume of NaTICO, which is equivalent to the N F(1
27 added. The contents after stirrng, should have e resction of pll 4 t0 5
Several blankh  tubes which contain equal volumes of N I(Cl and M NallCO
aro prepared at this time  They should be carned through the subsequent opera
tions along with the sample
Add 20 ml of Clarase or Takadwstase solution More of the enzvmo solution
is ndded to samples which contmin mueh stareh or viscous material The tube
38 ncubated 2 hours in a water bath st 40 to 50 C the contents bemng
stecred frequentfy
6 The tube 13 cooled in a bath of runpmg water after which the contents are
toa flask of 250 ml cepacity The volume
13 brought to the mark At this pownt the analysis may be discontinued and the
flask may be stored 1n the refngerator
The solution 15 gllowed to settla overmht or if analyzed immediately it 11
ceatnifuged  Filtrotion may eause large and varmble errors due to adsorption
of the vitemm by the paper If filtered the first °5 ml of the solution should be
discarded
The eolumns are filled with Supersorb a3 deseribed in directions for the determiva
tion of thramine
A suitable ahquat of the clear supernatant solution 1s transferred to a 150 ml
exstraction flask  Bromeresol green iedicator and enough water to brng the
volome to ahout 100 ml are added The resction is then adjusted to approx
imately pH 45 by means of 01 N HC) or NaOXt
10 The extract 18 passed through the colymn  \fter passage of all the extract the
flask 13 r1nsed with two suceessive portions of about 5 ml each of diatilled water
and the washings are scat through the column The flyid 18 allowed to drun
completely after each of the washings The contaner below the ¢olumn is re
moved and the lLiquid which has passed through the column s discarded A
eslibrated NN tyubo 13 put sn 1ts place below the column
8mall portions of pyndime solution are now add d unti) exactly *5 m} of eluate
have been collected at which pomt the elutton 13 discontinued
1° Oxidation of ampunties 1 the pyndmne eluste Permanganate solution ia added
arop by arop unt} an excess 13 present as mdicated Ly a violet color  Afieran
intervel of 1 to § minutes L0 13 added drop by drop until the solution is tom
pletely clean Usually 4 drops of AMzO and 8 drops of 150 solutions are suf
ficsent
The volume 18 brought 1o the 50 ml mark and the solution 13 mixed Iy means of
of & J stirnng rod
Beveral tubes or cuvettes contaimng the standard should te prepared and ther
should he used alternately to prevent rise of temp rature It rhould be empha
sized that the fluorescence changes with temperature The atandards should
therefore be kept under the same conditions ss the solutions which 816 to be
examned The standard tub 4 shoull be stoppered f they aro to bo used over
= penod of time
Tha cuvette or tube 1 flled to the mark Tho sensitivity of the appuratus 13 st
by meaus of the standard after which the rending 18 taken with the vaknown
solation  Thia {s readsing A A excesy (0° ml) of sodium hydrosulfite sofutson
19 then mdded the contents are quickly mized and the yeading is mada tmot di
ately Thw 15 readiog B (The solution should be mited with gentle sotation
aftar addition of the hydrosulfite Violent mixing produces bubttes which seat
ter the Light and thus give high resulta Pibofiavin becomes nonfiuoresceat in

@

'S

o

-

®

©

=

"
3

-
=

-
&



Ascorbrc daad 195

stantly B olog: al materials contan many substances whote fluorescence 13
slowly destroyed by the hydrosulfite The reading therefore should be made
immediatels after addition and mrxing of the reagent )
Standardization

1 hnown quanttes of the standard are adsorbed on Supersorb eluted with
pyndine and treated with KMnO as described above Water blanka should be
neluded in the ser es The readings corrected by the blank are then plotted as
meg nboflav n/ml solut on 1 the cuvelte
The presence of Light adsorbing substences in the eluate may markedly slter the
resulta even though the recovery of edded mboflamn mav be quantitetive Milk
urine and feces for example conts n sueh sub tances However thewr effect 1a
almost entirely ehiminated Ly the adsorption and the KMnO omdation. The
Tecovery should be & term ned for every type of sample 1If repeated analyses
71eld quantitative recovery of added mboflavin 1t 38 not mecessary to make much
Qeterminations in subsequent analyscs It 19 suggested however that the e
covery be tested at frequent intervals as o check on the accuracy of the tech
nique

Calculation

1 meg nboflavin/mi solut on in cuvette =
(unknown reading Af i)c ;vg;}nnk resdng A-B) o factor

© meg 1 boflavin /100 ml original material =
(meg riboflav n/ml 1n cuvette) x (ml eluate) x (total ml extract) x 100

(il extract through eolumn) x (m samaple)

Example
Weght of 0od 4 gm Dilution after hydrolysis 50 ml Totsl volume adsorbed
50 ml Total olume elution v ml heading A 55 Reading B 11 Blank read
mgA 9 Dlavk eadingB 5 Recovery 04
1 m g nboflavin/ml solution i cuvette =

(5511) - (95) 016 40
T X 100 x 55

100 x g = 53 % 03 = 0136 meg/ul

013C x %5 x 50 x 100
meg r boflavin/100 gm food == —X_su :4 .

= 404 meg/100 gm
Precautions
Same as for r boflavic 1n ur ne

& Ascorbic Ac:d 1 Whole Blood Serum and Urine
A, WHOLE BLOOD AND SERUM (MACROMETHOD)
Beference

Roe J H and Fuether €. A 15 Detem aton of As orbic And in Whale
Blood and Unine Thro gh the 4 dinitrophenylhydrazine Derivat ve of Dehvdro
nseorbie Acd J Dol Chem 347 30)40: (Feb) 1843

Prinetple
A dwashed ot comverts ncobe me 1 to dehydros corbic aeid. In the pres
enco 4 dunll azne neid 39 coupled with the phenyl
hydra me Jn the pee o of strong sulfuric acid & colored com pound 1s formed

from the bydra o e
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Apparatus
1 Coleman Jr Spectrophotometer Model 6
2 Cuvettes 19 x 150 um
3 Centnfuge tubes capacity of 50 ml
4 Incubator set at 37 C
5 A quantity of 125 ml Trlenmeyor flasks
6 An electric centrifuge
7 A quantity of §0 ml centrifuge tubes
& Quantitative filter paper YWhatman 40
9 Ance bath
Reagents
1 2 4 dimtrophenylhydrazine reagent Dissolve 2 gm of hydrazine 1n 100 m! of

[

o e oor

ES

;f: sulfunic acid (3 parts of water and one part of concentrated sulfuric scid)
1lter

Aad washed Norit  Place 200 gm Nort 1n a large flask  Add 1 liter of 10 HCl
and heat to bolg  Fulter with suction Remove Norit cake o a Jarge beaker
and add 1 Liter dustilled water Stir thoraughly eund filter Repest until wash
10gs give & megative or very fant test for ferne iron. (Test filtrate with 19
potassium ferrocyamde )

Dry Nont cake 1 oven overmght at 110 120 C  (Nomt 1s an activated char
eoal}

‘Inchloracetse aeid & 6% solution 1n water

Sulfunie acid 85¢ solution  To 100 ml of distilled water add 900 ml of con
centrated sulfuric nerd (sp gr 184)

Thicures @ 109% solution  Dissolve 10 gm thiourea 1 100 ml of 50~ (by vol
ume) aqueous ethyl sleohol This reagent keeps satisfactorily for two months
but to check 1t see that 1t read:ly reduces HgCl or hMnO

Standard Vitamia C  Dhissolve exactly 100 mg mm 100 ml of 5¢% acetic acd
{1 mg/ml) Dilute 10 to 100 with §% tnichloracetic aeid (100 meg/mi) Add 1
wml of thiourea before making to volume

Procedure

Noo e o -

©w

10
n
12
13

Btandard Curve
Prepare & standard curve by mum
the method The renge should be

Pipette 15 ml of 6% trichloracetic neid 1nto & 50 ml Pyrex centrifuge tube Add
» ml of whole blood (plasma) drop by drop and with & glass rod etir until fice
suspension 18 produced

Let stand for at least 5 minutes and centrifoge

Transfor supernatant to Pyrex test tube Add 075 gm (3 scoops) aed washed
Norit and shake vigorously Fulter through 9 e filter paper

Place 4 ml Nont filtrate 1n each of two matched photoetectric ecolorsmeter tubes

444 1 drop of 107 thiourea to each

‘Hold one tube as reserve for blank

Add 1 o] hydrazine reagent to other

Place second tube 1m constant temperature bath at 37 € heep tube ammersed
for exaetly 3 hiours

Remove tube and place thia and the blank 1n an 1ce bath

To each tubo add slowly 5 ml of 857 salfure acid  Add the acid drop by drep
from the burette talang at least one to one and a half minutes for total addition

Mix thoroaghly with tubes immeraed

434 1 ml bydrazine reagent to blank.

Remove and after o0 minutes st room temperature Wipe the tubes clean and dry

Trapsfer to cuvettes

et blank at 1007 T at 540 mu and read ynknowns

mng a series of ascorbic acsd standards through
from O to 35 meg per tube at Sutervals of 5 meg

Plot on semilog paper
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Cajeulation
meg 1n cuvette X total dilntion x 100

mg total ascorbic acid/100 ml serum = = ur DU e

Example
A reading of 775% T was equivalent {0 10 meg of ascorbic aesd 1n the cuvette
Five ml of blood were diluted to 0 ml of which 4 ml were taken for maalyss
mg total ascorbic aeid/100 ml serum = 1&;‘%:—&?— == 10 mg/100 ml
Precautions
1 Nont must be fres from fernc iron whose 10ms may irreversibly omdize as
corbic aeid  Ferrie 1ons 8l o react with hydrazine reagent producing interfer ng
colors
Thiourea by producing a reducing environment protects agamst interference
by fernc ons and other ox dizing substances The coupling resction 1s mot ap-
preciably slowed by th ourea.
3 The final color 18 stable for 40 mnutes After 18 hours the mammum fad ng 13
© 5 points on the galvanometer seale
Gluecose xylos fructose and glucurome amd do not interfere in ordinary
phys ologic and pathologie ranges

-

B IN UBINE (MACROMETHOD)
Reference Principle Apparatus and Reagents
Bame as for ascorbie serd n blood

Procedure
1 Toe 15 ml Eflenmeyer flask add exactly 5 ml of urine
® Add 5 ml of 6¢ trichlo acetic acxd  (This stabil zes the ascorbic acid durng
estraction.)
3 Add 05 g acid washed Mont and shake vigorously (Nont omdizes ascorbic
a¢ 4 to dehydro form.)
Falter
Pipette 4 ml of fltrate 15to two colorimeter tubes
Add 1 drop of thioures to both
Add1mlof 4 dimtrophenylhydrazine to one excluding the blank
\fux and 1ncubate for 3 hours at 37
Remove and place 13 16 bath.
A23 5 ml of 857 sulfunc acid slowly so a3 not to ra se the temperaturs (1 to 13
mnutes)
Add 1 ml of hydrazime reagent to the blank
Set blank at 100~ T and read sll specimens &t 540 mu

Standard Curve
Same us for sscorbic aexd 1 blood.

Bomaoan

Calculation
meg in euvette x total ml § lut on x 100

g ascorbic ac1d/100 mil unine = 1050 5 mLSIegiot T arae

Example
A reading of 7 5¢ T was ¢qu valent to 10 meg wacorbic aaid in the euvette Five
ml of urine had been diluted to 10 ml of wh ch 4 m] aliquots were anulyzed

10 x 10 x 100
mg total ascorbic aeid/100 ml urine = "ot = 0 0 mg /100 ml

Precautions
Samme 88 for ascorbic a¢ d in blond
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WHOLE BLOOD AND SERUM (MICROMETHOD)

RBeference
Bessey O A Vitamin Methods Vol 1, Academic Press Tnc Pybliskers Edited
by P Gyorgy New York, pages 303 30. 1950
Lowry O H,Lopez J A and Bessey O A  The Determmation of Ascorhic Aad
i Small Amounts of Blood Serum, J Biol Chem 360 609 615 (Oct) 1945

Principle
Bame as for the method of Ros and Kuethor
Apparatus
1 A Coleman Jr 8p. or a Beckman Spectrophot Model DU

© A quantity of cuvettes 12 x 75 mm

3 A cuvette holder for 12 x 75 mm cuvettes

4 A water bath or an mcubator set at 38 €

5 Anice bath

6 Quantitative filter paper or an electne centrifuge
7 A quantity of 15 m] round bottom centrifuge tubes
8 A quantity of 3t1 sohd rubber stoppers

Reagents

1 A 299 solution of 24 dimtrophenylhydrazine made up 1 10 N sulfune serd.

2 Thioures 8 5% solution iz water This solution keeps well for ome month if
left at 4 C

3 Copper sulfate (CuSO SI,0) an 06% solution made up 1w 001 N sulfuric aeid
Thus solution 12 stable 1ndefimtely

4 Sulfuric acid €59 solution  Dilute 70 ml of concentrated sulfuric acd with
30 m] of distalled water Keep 1n the refrigerator

5 Tnchloracetic acid 4% solution

6 Trchloracetic ac1d a 5% aqueous solution

7 For the combined resgent dilute 18 ml of the 4 dimtrophenylhydrazine solution
1 ml of copper sulfate solution and 1 m? of thwurea (This solution 12 stable for
at least one week and should be centrifuged unless crystal clear )

Procedure

Pipette 4 ml of 5% trchloracetic aerd 1nto & 15 ml round bottom centrifuge tube
‘Add exactly 1 m] of whole blood or serum stopper and mix

Centrifuge at 3000 rpm for 10 minutes

Pipette exactly 1 ml of the aliquot 1nto each of two small test tubes

Into onme tubo add exactly UZ5 ml of the mixed thiourea topper sulfate #nd
24 dinitrophenylhydrazine reagent

Afix by tapping and 1ncubate for 4 houra at 38 C

Chull in 1ce water and add 15 ml of cold 65% sulfuric acid solution
acid may be added at once

Now add 025 ml of the mixed reagent to the blank tube and mix by shaking
Set the blank at 100% T at 590 mg and reed the unknowas

Treat 1 ml of standard ascorbic aerd solution (in 4% tricbloracetic acid solu
tion) 1z the same way These solutions should cover a range of 3 to 21 meg/ml

at intervals of 3 meg

D 9

ES

The cold

<

S,

Caleulation
meg 1 _cuvetie x total dilution x 100

mg total ascorbic ac1d/100 ml of 5 rum= 1000 » ml sliquot x &l serom
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Exampls
One ml of blood was dilated to 5 m) of which one rl was vsed in the nalyses As
corbic acad In the cuvette was 3 0 meg

Therefore
3 x5 x 100
mg tatal ascorbic aesd/100 ml of blood = T XIxT = 15
Precautions
1 The final concentration of acid 1s entical in this method and must be watched care
futly
Vanations in the concentration of thiourea will cause large vanations in the final
color

3 The age of the trichloracetic eid appears to be ymmatenial.

T Ascorbic Aeaid m Tissue
Reference
Roe J H Mlls M B, Oesterhng 3 J end Damron C 3 The Determnation of
DiketoGulonic Aid DehydrolAscorbic Acd and lAscorbe acd in the Bame
Trasue Extract by the 2 4 Dumtrophenylhydraz ne Method J Biol Chem 174 201
08 (May) 1948

Principle
Bame as for serum ascorbic sed

Apparatus
‘The same aa for servm ascorbi¢ ac1d with the addition of
1 A moctar and pestle
An T8 generator
3 Carbon dioxide gas

Reagents
The same aa for serum ascorbic acid with the sddition of
1 Metaphosphonc ac1d 5 1n water
Btannous chlonde solution  Dis olve 10 gm stannous ehlonide 1w 100 ml 5¢ meta
phosphoric aaid
3 Thiourea powdered
4 Dromine

Preparation of Tissue

1 Weigh accurately a sample of tissue of from 1o 5 gm  This sampls is ground 1
® mortar with u ml of 107 &aCl solution  Add 100 ml of 5 metaphosphonc acid
and mix thoroughly (Do not u o & Wanng Blendor or homogenizing apparatus
that would mtroduce increased smounts of oxygen into the slarry) The slorry
18 thoroughly nuxed and filtered. (A solstion w th » d lut on of 1 part of tissue
1n 100 parts of extract 1s desirable and 1n dilutions greater than this & concentrs
tion I ta I per ml of total AA DHA and DKA 19 recommended Tt Is neces
2ary to work rapidly to prevent ehanges in partition of the three sompounds,
A conversion of DIA to DRA of 7 percent in a solution contain ug 05 percent
80l - § percent HPO was observed in 1 hour at room temperatare

Procedurs fot Diketo {Gulonic Actd (DQA)Y

1 Place 100 ml of the ongmoal 5aCLIPO fltrats 1 & large tube. TYotrodace s
gus flter tube with » s nte o glass Alter about 0 mm in d xmeter and pass S
through for 15 minutes
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2 To 40 m! of the H,8 saturated extract add 04 gm of powdered thiourea shake
until dissolved and filter

Bubble CO 1nto the filtrate for § minates

Pipette 4 ml aliquots 1nto each of three colormeter tubes

‘To two tubes add 1 ml of 24 dimstrophenylhydrazine The third tube will be a
blank

Place 1 water bath at 37 C for 6 hours

From here on the analysis 13 the same as for seram ascorbre acxd,

PERNEYY

“a

Procedure for the Sum of Dehydrol Ascorbie Acid (DHA) and Diketo-l-Gulonic Acid
(DGA)
1 Pipette 4 ml aliquots of the orgmal S5aC! HPO filtrate mto each of three cuvettes
2 Add 1 ml of 2, 4dimtrophenylbydrazive to two of the tubes the third beng
used as a blank
3 Place1n a water bath at 37 C for 6 hours
4 Continue as for serum ascorhie acid.

Procedure for the Sum of 1AsScorbic Acid (AA) Dehydre I Ascorbic Actd (DHA)
and Diketo-l-Gulonic Acid (DGA)

1 The remarnder of the H,S saturated solution 1s filtered to remove SaS (thicurea
13 not added) 1nto a test tube smtable for bubbling gas Aur 13 drawn throsgh
& water trap before passing through the HS solation tp mimmize volume
changes Sufficient bromine 1s added to eolor the solution Excess bromine 19
removed by bubbling air through the solution
Add powdered thiourea mn sufficient quantities to make 8 1¢” solution
Pipette 4 ml aliquots into three colorimeter tubes
Add 1 ml of 2 4 dimtrophenylhydrazine to two tubes the third bemng used 83 8
blank,

Place 1 a water bath at 37 C for 6 hours
Contnue a3 for serum ascorbic and

FEFTY

XY

Preparation of Calibration Curves
1 Because the rate of couphng 19 wfluenced by the acid solution nsed and the ants
tomidant present 1t 18 upportant in preparing a calibration curve to use the same
cone ntration of HPO #nd thiourea or SaCl ss 13 used sn the procedure followed
for the unknewn A calibration curve 13 made wath standard dehydro sscorbic
se1d salation prepared by bromine oxidation of ascorbic acid as directed by Roe
and Qe terhng  TBe staudards are wade up ur § percent XPG solation coatarn
ing 1 percent of thiourea The tubes are tmeubated for 6 bours at 3, C The
curve obte ned with I percent thioures 19 practically the same as that obtained
with 0§ percent §nCl, Therefore caleulations of DITA DGA and AA are all made

wath the same standard curve

Calenlation
3 All thres eub tan es are of practically the same molecular weight and are ex
pressed 1m te ms af mg sscorbie acid, according to the procedurs outlined under
ascorbie sad.
2 DGA 13 measured directly
3 DHA = (DHA + DGA) - DGA
4 AA = (AA + DHA + DGA) - (DHA + DGA)

Precaations
1 Speed 1n handhing
of this method.

. ue and timing of reactions are the most smportant aspects
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8 Rapid Field Methods for Ascorbic Acid, Piboflavin, Thiamine and N*
Methylmcotinamde
Reference
1 For ascorbic acsd see  Farmer C J and Abt A F  Proc Soc Exper Buol
& Med 31 16150 1976
 For nboflavin thiam ne and N1 methylaicot namide sea  Jobnson R E Ssrgent
F I Robwnson P F and Conolazio € F  Estimation of Riboflams Thi
amme ahl Nimethyln cotmamade Rapid Field Methods Ind 20d Eng Chem.
Ansl EQ 17 384 387 (June) 1945

A. ASCORBIC ACID IN SERUM AND URINE.
Principle
The blue dye 6 d chlorophenolindophencl in acid solution 1e decolorized by as
corhic aead.  An aqueous solution of the dye standardized agminst known amounts
of escorbic acid ean therefors be used to titrate samples of serum snd unne
Apparatus
1 Burette 5 m! eapacity graduated to 05 ml
Round bottom te t tubes 15 ml capacity
3 Ripettes to del ver exactly 01 ml 05 m! and approx 35 m! Automatic syringe
pipettes are the most satisfactory type
4 Bu table titration bench with good daylight or dayl ght eleetric shiming sgamat
a white background.
Reagents
1 Metaphosphorie #1d appromimately 3¢ and 6¢ in mqueous solution This takea
& long tume to d ssolve and one should start making it several hours hefore use
Tt keeps for several day
Duffered solution of 6 dichlorophenolindophencl In the field this should be
P epared from a dry mixture weighed out 1a the laboratorv of lo mg of the dye
18 gm KILPO snd 8 gm of NaJIPO all mired together and stored dry in
small envelopes One envelope 33 d ssolved 10 sbout 500 ml of water esther d §
tilled or tap if the latter s blank is known to be low The aqueous sclution
of buffered dye will keep for se eral days but changes its standardization s0 that
1t must be standsrdized daily as described below
3 Ascorbc acid 100 mg water soluble tablets prepared by reputable drg houses
ere satisfactory for making a standard solut on but ench freah lot of tablets
must be assayed before use In & 100 ml mix ng cyhinder place about 0 ml of
3 metaphosphonie and add 1 tablet ascorbie ntid snd il mecurately to the
mark with water The tablet 13 dissolved by imvernon  After complete solu
tion 1 m of thiy strong standard 1s p petted accurately 1mto a 100 mi muxing
eyhnder about 0 m] of acid. The cylinder 1a filled
accurately to the mark sad mning is efected by wnvers on  This  weak stand
ard  coutains 10 mg of mscorb ¢ mtid per 100 ml and 18 used for styudardizing
the dve &a deseribed below

Procedure

1 Beforo each day & work the dye must be atendard zed against & fresh solution of
ascorbic aad 4 m] of the weak standard ascorbic acid are pipetted accurately
10to & 15 m test tube Diye 1a added from the burette until the first pink eolor
lasting 30 see 13 reached  Satisfactory dupl eate estumdtions muat be obtained
before any fu ther steps are taken The fitration figure should be wbout 3 ml
A reagent Llank must be vun Lefore each day s work 4 ml of the 3¢ mets
pho phor ¢ acid solution are pipetted uccurately fnto & test tube and ars titrated



202 Brochemical Procedures

agmnst the dye  For satwfattory resalis ths titratwn figure must be below 0.2
ml If at s higher there 1s something wrong with the resgents most prob-
:h:y the water and thig error must ba corsected before any furtber siepa are
aken,

Eetunation of vitamin Can nnne  Urine 1s collected and stored wth uxehe ¥md
28 & stabitizer =3 deserbed 1 the section on unne, In the case of fasting #pecr
meas exactly 05 ml 15 pipetted snto 8 test tube and approximately 35 m) of
3¢ metaphosphonie amid 12 added. Yo the case of Joaded spetimens exactiy 01
m} of nrine 3 used. Yo erther cave dye 13 udded from the buretis rather rapidly
The first defimite punk Iasting 15 sec 13 faken a9 the end powst xnd no notwe 1 taken
of fading after this stage 13 reached, There ave 1 urime reducing substances other
than escorbie aetd which reduce the dye somewhat more slowly tha does ascarhie
and. Ramd titzation 1s therefore shsolntely essential

Estumation 1s serum.  Exactly 2 ml of serum are sdded to exactly 6 m! of 6%
wetaphosphonic and 1n & 15 ml centnfuge tube The tubs 13 stoppered with &
clesn rubber stopper sud 1s gently amverted seversl tumes Do not shake wig
orously because of froth formatiom. The tubs M5 centnfuged st hagh speed asd
exactly 4 ml of the sopernatant Snd are papeited into a test tube 'Titration s
carned opt disectly on the aupernatant fimd, which already contains metsphos
phone acd,

Caleutations
A. Standardization of the dye

o

-

0o
wg ascorbie atid equivalent to § ml of dye = yaiy T8 T Feapent blank m mt

B Caleulation for serum.

mg aseorbie sard 1n 200 ml = (fstration figure 1z wl - reagent blank 1o ml} x
equivalent of dge x 100

C Caleiation for fasting unne

mg aseorbic said 5@ 100 ml = (tstration figure s ml - resgent blamk 12 mi} x
equivalent of dye x 200

D Caleulstion for loaded unne

g ascorbie saxd 1 200 ml == (titretron figure m ml - resgent blank in mly x
equivalent of dye x 1000

Examples
1 Resgent blank == 010 3°3 m} dye titrated 4 m! of weak standard therefore 1
it dye == 004+ {3 °4 ~ 0 10) == 00127 ;g a3corbic acsd.
® Tatrstion fignre for serum = 083 mbL Therefore serum contawy (¢85 ~ 040} ¥
£017) % 100 = 10 mg sscarbre aaxd per 100 ml
Trteation figure for fasting unne == 055 ml dye Therefore fastiag unne €o
¢arms (052 ~ 0 10) x 0 0127 x 200 == 11 rg sacarbie aeid w 100 ml.
Tatratron figure for loaded unne == 100 ml dy¢  Therefore Jorded unine contains
{100~ 010) x 0017 x 3000 = 11 4 mg escorbic acid m 100 mb.
Use of constent fectors Dunng & msgle day the standarduation of the dye
Qoes not change Henmte d b, the Faetor F
epresenting the tonstant number by which the titzation figure 18 raaitiphied te
gve the result directly 1 terms of wg astorbie aad per 100 ml of rerum fastisg
urme or Joaded unme  In example I sbove 1wl of dye = DOI°7 mg sscorbie
and.
Hence F for serum == {0012 ) x (100} == 127
T for fasting amme == (001.7) x {°00) =254
F for loaded wrine == (POLT) x (1000) = 127

w
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ASCORBIC ACID
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Fig 2 ~Line chart for axcorble acll  For use, see test.
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6 Ue of lne chart The nomogram (Fig 22) 1s for serum fasting unne and
loaded unze. A string 13 stretched between the left hand hine (titration minus
blank) and the right hand L (titration of 0 0% mg 8 corbic aeid minus blaak)
and the concentration of a corbic aeid 1n 100 m! of erum fasting urine or loaded
urime 15 réad off on the middle kme Section I of the right hand hime 13 for nse
with Joeded urme Sectron IT for fasting unne and Section IIT of serum when
the procedure 15 exactly as de enbed above

Precautions

1 The reagents must be standardized at least once daily and 1n hot weather twice
a day

2. Titration of unne must be earried on as rapidly 25 13 cons tent with sccorate
work. Sernm need mot be titrated so rapidly because it does mot econtain g
mficant amounts of nona corbic 2c1d reduerng ubstances

3 Tt 13 empha.ized that even wn 1ndivaduals who ¢ body stores of vatamin C are
very low the appatent urne fevel by this method never reaches O because of
the presente in urine of redueing substances which are not mseorbie aed.

B RIBOFLAVIN IN URINE

Principle
Riboflavin 1n Urme 19 extracted into 1 obutyl alcohol after & prehminary treatment
1 the presence of pyridine and acetic acid with potassium permanganate followed
by hydrogen peroxide The 1obutyl laver 13 elesred with anhydrous sodipm sulfate
and 1s read fluorometrically

Apparatas

1 Apparatus for collecting and stonng unne as described 1n Section IL

2 Apparatus for viual fuorometry as described n the section on fluorometry The
comparator rack for reading solutions of rboflavin should have fixed on the side
nearest the eye a smtable yellow glass filter with maximal transmismon at 560
mesons.
At least two dozen glass stoppered test tubes of 10 ml capacity These are ¢on
ventently made from standard 10 ml gla s stoppered footed mimiog eylnders by
removing the foot mith & sharp tap of a tack hammer and rounding the bottom

n the blast lamp

Beagents  (Assumung 100 specimens)
Reagents for storing unne as deseribed 1n Section IL
A muxtare of 1 part pyndine and 1 part glacial acetic aexd. Ths should bo made
up fresh each day 50 ml for 100 specimens
5 m! aqueous 417 pota sium permanganste
10 m1 aqueous 3% hydrogen peroxide This keeps well aud the potency of 88y
bateh should be such that two drops destroy 1 drop of 45 permanganate 15 the
presence of acetrc at2d.
Tsobutsl aleohol of low blank. “ormal butyl aleohol 1s equally satisfactory
Each fresh batch of aleoho! should be examined before the ultraviolet hight and
must be af there 19 p b
Anhydrous sodinm sulfate 40 gm.
Water soluble tablets of nboflaviz 5 mg
assayed before use
Procedure

1. All msmpulations should be carried out in diffuse hght Oaly direct suchight

desttoys mboflavn rapidly enough to make extreme Pprecantions necessary

o

T

@

By

for standards Esech batch must be

sgamnst light.
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Tg the case of fast ng urine exactly 05 ml of urine 1 pipetted 1nto & 10 ml glass
stoppered test tube In the case of loaded uine exactly 01 ml 1s added and 04
ml of water to keep volume relations constant

05 ml of pyndine acetic acid mixture 15 added and mixed by gentle shaking of
the rack

1 drop of potassium permangsnate 13 added and mixed by a few gentle shakes of
the rack At this pomnt the tubes may stand anywhere from %s to 5 minutes
without affectang results

Twa drops of hydrogen peramde are added and mized by gentle shaking of the
rack The permanganate should be destroyed within & few seconds If 3t 1
not another drop of !ydrogen peroxide may be necessary In temperatures mear
freezing gentle warming of the tube may be necessary Thiy 13 conveniently
done 1n a water bath at about 70 F'

Exactly 15 ml of 1sobutyl slechol are added by means of exther an ordwary
mpette or preferably from an automstic syringe pipette which aveids getting
unpleasant vapors n the mouth The glass stopper 13 wserted and the tube 18
shaken vigorously by hand w th an vp and down motion 25 times The distnbdu
tion coeffierent of nboflavin between the aqueous phase and the aleohol pyndine
acetic acd phase is such that more sbaking haa been proved to be unnecessary
The test tube 18 allowed to stand in the rack until the aqueous phase is mearly
separated. This usually takes from 1 to 5 minutes being faster the h gher the
temperature

A emall wide mouthed funel 13 placed 1n the meck of the tube after the glass
stopper has been Temoved and a emall spatula of sodium eulfate 19 added to the
tube A gentle rotary motion imparted to the tube assists clearing of the slcohol
layer

The tube is allowed to stand 1n the rack until 1t is water clear which uyually
takes ome to two minutes IHowever a few turns on a hand eemtrafuge wall
materially hasten thi step

Approximstely 1 ml of the aleokol layer 15 transferred to & standard thin walled
Pyrex test tube of 3 mensions 10 x 75 mm  This a best achieved w th an auto
mat ¢ ayringe p petts as described under flnorometry but any pipette can ba used
Reading 1s conducted before the ultravialet lamp as desenbed 1und r fluorometry
Tie aleohol solut ons are stable 1n the dark for at least hours even st h gk
temperatures and therefors there 15 no hurry in reading them Make surs that
standards and va! are ot the same

After this anitial reading 1f ome wishes to obtain true nboflavin the tubes must
be exposcd to strong ultraviolet Light for an hour or more Where sunshine can
be counted on 1t may be u ed but usually an ultraviolet lamp 13 es ential Xf this
step 18 omitted eatt factory comparative resulta are still cbimmed s mce the
swount of ot destroyed by hght 1s constant
at about 50" of the imt al value Following load ng tests because of the high
concontranions of Tiboflavin exposure to ultraviolet Light may bo safely om tted
and & constent factar used

o
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Standard Solutions
Twa types of sta dards will be described The first and theoretically best is made
by runming aqueous folutions through the whole methed Such standards tend ta
to to un table and when & large numb(r of est mationa have to be done the sec
onl type of sts dard 1s recommended. The o consist of aqueous solutsons of nbo
£ v which are €0 siderably mote stable but somewhat less demrable othermise
Both types of stand 1d must be thecked at lenst once & day for deteroration
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A Btansdards run througk the whale methed

I Prepare two hiers of water eontaming 03 ml of cone I SO per hier Acrdulated
;nsm 18 used 1 all subsequent steps beesnse n 25 most atable 12 D01 X
0

.

Dissolve ¢me § my tablet n exsetly 1 Mter of sordulated water This atrong
stendard  coatsins 5 meg riboflavi per ml

In & glass stoppered muxing cvhinder make standard solutions by adding from
a pipetts the smount of  strong standard  shown in the fabls below
diduting to axactly 25 m} with acidulated water mxng transferning to & dry
Loz amber bottle for starage nnmng the mixing cyfinder with water and etert
19g the vext diution in the same eylinder

w

CONCENTRATION RRBOXLAVIN STRONG STANDARD REQUIRED
REQUIRED mep/100 mi i
In ench cese diluta to 25 ml
with neidulated water

Sa"n"8

]

e =

& g
e
gECumannms

cuom  amnme

¢ Run %4 m! somples of the standards through the method as described 1o ateps 1 %0
2 sbove The final alcokol layers should be placed 1 clean dry glasy stoppered
standard teyt tubos the racks of whish should be clextly markad wmith the vaine
of the imstial standard solutions

B Agueous standards for use with Iarge numbers of estumations

1 Prepare two hiters of water containueg 0 3 mt of cone T 80

“® Tnssolve one § mg pdl m exmetly one lder of aaidulated mater This  strong
standard conttns 5 meg nibofiavin per mi

3 Prepats 2 working standard by dilutiag sxactly 30 mi of
to exaetly 30 m} with nerdalated water

4 Prepere & series of fqueous standards as 1n step A 3 but using the following fable
which 13 constructed on the ssyumptiona that the over all vecovery of ubofivia 1
the method 11 807 and that 0§ ml samples of urinz arg 1o be used

strong standerd *

ETANDARD DESIRED WORRING ETANDARD REQLIRED

meg RIBOFLAVIN PEZR 100 my wi
2 8 In ench ease dilute to exactly
25 L6 °5 xai with aciiulated weter

50 40

% 85

100 23

5 ws

150 1.5

00 185

°50 10

200 Y

5 Stors these in brown botttles 1 a ool place  They will keep for one week
@ For u ¢ as standards the aqueous sofutions ay thev atand shauld be placed urectly
1 the standard tubes withoat rusmsg them throngh the method. The racks of the
tubea should be labsled with the numbers 1 the Jeft band eolumn  The vulots then
repressnt aeg of Tihofavia por 100 sl of unme when 05 ml samples are snalyzed
7 Replece the standatds in the tubes movmag snd sfternoon when large numbess of

estumations are beaf done
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Calculations
The caleslations for fasting urines sre s follons
mcg/100 ml ur e == (Ist Tadueg - reading after 1 hr m UV hght) If the sample
hag not been exposed to sunlight or ultraviolet i ht meg/100 ml urine = (st reading)
X (05)
Tl(e caleulations for loade] nrines are as follows
1meg/100 ml urn o = (Ist readmo - readng after 1 hr 1m UV Ight) x 5 If the
sample bas mot been exposed to sunlight or ultraviolet Light meg/100 ml wnme =
(st read ng x 8) - (1 5)
Examples
Fastng Urme  Furst realmg 50 Resdue after sunshin 15 Therefors meg
Tiboflavia/100 ml = (200 -1 5) =15
Loaded Urm  Purst readwg 00 Reading after sunshme 5 Therefore meg
niboflav /100 ml — ( 00 = 95) x 5 == 875
Precautions
1 The commonest sourco of error in this method 13 the wstability of the standards
Thess must bo cheched at least every day and when many readings are bewng
made twice a day
Our experience hos be n that an ultrav olet bulb 1s far preferable to sualipht be-
cause of the extreme vamabilty of the sunshine wm chmates whers there i8 mter
mittent cloudiness
3 Standards and anknowns must be at the same temperature When read

THIAMINE AND Ni METEYLNICOTINAMIDE
Princtple
These two substances aro est mated by methods so sumlar that they are best de
serbed tocether except for the last steps Eoth compounds sre absorbed from
urne on activated zeolits and eluted with potassium ehlonde Thiamine 1s con
verted 10 th ochrome by ferricyamde m alkahue solat 02 N1 methylmeotinamds
(bereafter referred to as NMN) 19 atsclf nonfluoresceat but 15 converted to the
fluorescent Factor F by mere addition of alkal.. The thiochrome aud Factor F are
shaken nto isobutyl alechol and are estimated fluorometaically
Apparatus
1 Apparatus for collection and storage of unise as described 1n Section IT
Apparats for nisusl fluorometry as deser bed 1n Soction I F'
Qlass stoppered 10 m] test tubes as under nboflavin
Deakers pipettes funnels and 1f ava luble futomatic syr nge pipettes as under
nboflavin
Reagents

Activated zeohite This requites considerable tume patience and sometimes ex
penmentation 1n order to get & satisfactory product which will settle out rapidly
2and also absorb thiamine well. Commercial zeolite 15 erushed 1n a stons crusher
or su table mortar  (In our expenenco permutit and deealso aro as good aa zeo
Lite) ‘That partion of the product which will pess & 100 mesh meve is saved
and suspended in 1¢* acetic &¢ d 1n distilled water 12 largo evhinders. The gran
ules which settle to the bottom rap dly that 18 in about 3 minntes are separatod
from the lighter particles by decanting These heavier particles are boiled thres
timea with 1+ acetic acid W th setthng and decanting between fresh additions
of acctic sad  ‘The Product 19 washed with distilled water and dried in the oven
w1 110 €. It should be & wiite bomogeneous pawder 50d when nbout 00 mg are
shaken with water 1z a 10 ml muxing evlinder ull the particles should setle rap-
idly to the bottom in mot more than 2 min  We have eacountered grest vari

-

-
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bility from batch to batch Vhen test runs with synthetic thiamine are made re
covery 13 sometimes poor and the product may bave to be resctivated by the tech
nique of Najjar and Wood (1940) Sometimes addition of ferricyamde results
1o the formation of Prussan blue In such esses the product has to be washed
with warm farrly strong solutions of hydrochlorie or mtre acid  When a satis
factory product 1s finally obtsined 1ts ctivity remans comstant for months if
1f 1t 19 kept dry

Agueous chlonde app o5 At near freezmg
the properties lower

Aqueous sodium hydroxide approximately 15¢%

Bromeresol green, 19 1n water

Aqueous potassim ferricyamde 025¢% This should be made up fresh every
:‘laby, most convenlently from weighed samples stored dry in small stoppered test
ubes

Tsobutyl alechol 'This must have & blank of essentially zero and each new batch
has to be tested before use It can be recovered by redistillation of the resdue
after analysms Normal butyl alcohol can be used 1nstead of 1sobuty)

AciQulated water This 1s most convemently mado up a gallon at a time Ap
approximately °0 1l of glacial acid are added to & gallon of distilled water Tap
water of low blank may be used but 18 usually infersor to distilled water

Procedure

1

o

©

-

ES

-

Urnine 19 collected and stored as desersbed 1n Section 17, Thiamioe and NMN are
stable for at least a week even at high temperatures provided the pH of the
sample 18 between 3 and 6 This pII 18 almost always attained with the oxahe
acid 1n the storage bottle

The acidity of the urme 13 checked soom after collection with bromeresol green
as external indicator The aaidity 18 correct when the indicator turns sny sbade
of green or yellow If 1t 13 blue add glacia) acetic acad drop by drop to the
storage bottle until the acidity 1s correct

Steps 4 through 8 which follow are 1dentieal for NMN and thramine It 18 there
fore convement to run both at the same time but with separate aliquots untd
the final stages which will be differentiated below 2 ml of fasting urne are
pipetted nto & glass stoppered test tube or 05 ml of loaded unne

About 700 mg of zeolite are delivered from a small spatula into the tube most
sasly through & small funnel and mised by sbout ten rapid vigorons shakes
of the rack The time of standing at this stage 18 not critical up to 3% hr No
more than ten shakes are required

Appromimately 8 ml of aaidulated water are gdded to the tube from 8 large
syringe and the tube 13 mixed by mversion 10 tumes wath the fiager as a stopper
After a few seconds standing 1n the rack until the particles of zeolite have begun
o settle the $ow partules adherent to the top &nd mdes are washed down by
closing the top With a clean finger and admimistering a single sharp upward jerk
The tube is replaced mn the tack until the zeolite particles have settled to the
bottom In unne contsimng oxalic aeid there 1a usually shight permapent turbid

sty which 1s disregarded 1n decading when the zeolite has settled

The supernatant fiuid 15 withdrawn by means of Suction through a long needle
of stawnless steel and 19 discarded A DMechamcal vacuum pump s highly de

grable but & 50 or 100 m! svringe may be used if fecessary

Approximately § ml of acidulated water are added and the processes of standug

Jnversion and remaval of the supernatant fuid ave Tepeated Thia washing step
19 entical 1n both the estimation of NMN and thiamine but for different yeasons

In the case of thiamine 1f washiag s not effective the fluorescence obtained in
the final step 1s off color With & mlvery blue admuxture to the true thiochrome
mauve and resding 1s wholly unsatisfactory In our experience tsp water can be
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used metead of distilled water bat 1t may be necessary an thu es ¢ to #dd more
acetic ac d o b at the water or even zometimes to wash three tupes before the
thiochrome eolor 13 satiafactory  Thiamine 33 frmly bound to the zeohte and re
p ated washings temove the mterfermg substances without afecting the thi
smige  Experimentation deétermincs how many wash ngs with the svaudable
swater supply are reqmred m orler to get satisfactory results for t}ismme In
the cose of NN In contrast to {oamine eath washing dmizabes the fnel
fluorescence  Apparently NN 1s refatnely essly washed off the zeobte In
makiog roatise surveys st 1s t1erefors essential 1o sdopt snd fallow serupuiously
& fired technijue of washing 1n order to be sble to compare value for MMN
from one glace to wuotter

Ou wh of potass um chlonde 13 added to the tube mud the ra k 13 shaken gently s0
as to mix the zeolite with the potsssum ehlonde Lut wot 1o streek the reolite
far up the mdes The time necessary for elution 13 short Dot exceeding 30 sec
onds  From this pout on the estimanions of NMN and thiamne are dilferent

'S

Tinal steps for thiamine
6 01 ml of potsssium ferneysmde 19 added and mixed by 8 fow gentle shakes of
the rack.

19 ©°; m} of solwm kydroxde 13 sdded und suzed With a gevtle shake of the rack.
The time uecessary for eompleting the oxidation from thamna ta thiochrome
18 only a few seconds Ones formed 1n this maxture it 1a stable for at Jeast 35
hour
481 m} of wmchutyl elechal The glass stoper s wmserted and tho tubs 13
haken vigorously ”w tuses up and down 1ts fong axmis  This number of abskes
insures camplete d 1t 1bution of thiochrome between the Bleohol and the agaeous
phas s More shaking 15 superflvous
Tio tube 19 allowed to stand m the rack intsl separation of the phases 1a almost
complete sud is then centrifuged 1f neces ary a few seconds in » hand centn
fugs to o ure complets cleanag
About 1 ml of the supernatant Smd 1 tran ferred to a smsll test tube by mesns
of a.p pette or & svringe and seedle
The fluorescene 15 matched mgamnst stendards 1a the vissal comparator as de
scr bed 1 the se tion on fluorometry care beng taken that standards and un
koowns ste at approximatelv the same temperature

=

2

Final steps for N\ methylnicotinamide
®  ml of 1obutyl nlechol nre deds ered into tho tube o mextng 13 necessury at
th's pownt
10 0 o ol of sod um hydrox de 13 added the tubs 1 soppered with s glase atop
por and 1 shaken  times g3 uod r thaem ne  The additson of aod um hedrox
1de should be followed by st sking at once becauss Feetor F 1o aquecus slkalng
s0lution breaks down to monfluorescent end yroducts within & very few mimutes
but s stabla 10 the 1sobutyl fayer for days
The tube 38 replaced fn t1e rack and when separst on of the phases Is mare or
iess complete it 1s centr figel If nece 2ary for 3 few seconls In  hand cen
tnfuge
1 m) of the supernatant dayer 13 transferre ! to amall test tube as under thiamise
Flute ceucs 15 mat hed in the comparator aganst standard solutions ss de
wce bed 1 the w ction under finorometrs The color of Fy de elos relatively
slowly after step 10 It 1a ob olutely nece ary to allow af least 5 minutes be
toeen step 10 wnd the fina) reading  ‘The develapment of color goes on at the
#xme vate either mt step X1 or #t p 17 Lecomes maxamal in 5 misutes 22d then
rematas con taat for st least sn hour  Care should be taken that styndards ssd
unknowss ere at approximately the same temperature

-
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Standards
4 For thiamsne
Ta order to compensate for sanabibty wm the zeegents standards arm mada by
ruamng solations of thaamune bydrochloride through the method
1 Prepare 2 hters of merdulated dustslled water by adding approxumately 0 m) of
Flatial acetic 10 2 hiters of distilled water Thue sesdulated water 19 veed in alt
subsequent steps sinco the vitanun s maxumsly stable at about pH 4 and 1s
quickly destroyed above pH 7
One § mg tablet of thawmwna hydrochlonds 33 dussolved 1o exactly oze hter of
sadalated water This  strong standard  coutmns § meg of thiamine hydro
chloride per ml
Diluty exaetly 5 m) of astrong standard  to exectly 250 ml wath seidulated
water This workung standard  contatns 15 wmeg of thiamine hydrochlonds
per ml
Using & ming cylaaber and graduated pipettes make up the following xener
of standards

[

L

-

CONCENTRATION OF THIAMINE HYDROCHLOKIDE WORKING STANDARD REQUIRED

PESIRED (meg/100 ml) {mb)
¢ 0 In each case diufe fo ex
5 083 actly 25 m] with scsdulated
10 167  water
15 25
0 s
30 50
50 83
75 13
100 167
150 250

5 'The above standards are stored m 1 oz amher bottles 1 & dark cool place. They
Xeep for at Jeast 2 weeks
Two ml of each of the reries sre run through the thuamane method Ove md of the
asobntyl Iayer 12 placed 1 the ptaudard comparator tube the rack of whieh 23 clessly
Isheled with the concentration of the ongmal solution  Standards must be checked
daaly for detenoration
B For N1 methylmeotinamede

1 Dissolve 100 mg N? methyluscotuamde chlonds i exactly 133 ml of 197 peetic aeid

Im water
2 Make up the following for storsfe 1n 1 02 brown bottles

3

CONQENTBATION DESTRED ml
(mg PEE 100 i} METHYLNIOOTINAMIDE

In each ease dilute 0 exactly
*50 ml with

2

32.> 1% mestie
o580
015
1¢

e

Aorears
EuRpereesy
Ed
PrmMomELO S
&a's
waaam
2an

2 Btore these stondurds m & cool place They keep for 18 weeks 2N met!;y:
13 mot but 13 ted to ¥ 1 alkahne wobutyl elcohd

Qalenlationy

Fasting specaens of anee
! migftg tﬁumm& per 100 mi and mg of NMN per 100 wf == reading on vack of

stazderd.
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Loaded arine

meg of thiarame per 100 md and my of NMN per 100 ml = reating on Tack of
standard x 4.

On theosetscal grounds most of the stardard lavoratory methods subtract ¥ from
tbioehroms 1z ealcvlating thimmioe e do not make thir correction i the
present method beceuss of the demon tration by ™ajpsr and Ketron (19443 that
P ts about B0¢ destroyed by the addiion af ferneyamide  Thercfore only when
the F 18 large 1o companison with B 19 correct on for F neces ary  This hes
very rarely happened i our feld surveys

™

‘Examples
1 Fasting unme
Resdings By F 15 Therefors meg B per 100 m unse == 30 and mg NAK
per 100wl == 15
2 Losded ursue

Teadisgy B 30 F 15 Therefors mep B pr 100 ml unne = 4 x 40 = 160
mg NMN per 100 ml unnesx 4% 40 =2 160

Precautions
4 For both thuam ne and NUN
1 The chust sources of ervor 1n these methods are two  the difficuity of getting &
#ut $inetory preparat ow of rechts and the washung stages  Both of these huf
culties have to be settied by expenmentation
Ones propared the standards for thismiue uswally are stabls for ome fo two
weeks  They ehould be checked every 4y or twa sgainst freshly prepared
standards
The atandards and auknown should he at the samae txmpersture when sead be
cause fluorescence 1y stropgly sfected by ehanges In tem perature
B For thamine
1 For uttne of subjecty taking qumine or stabrine preliminary treatment of the
specimen 1% sxacatial
{5) Paur tpprossmately T b of anue 210 a centrifuge tube
(1) AdQ approximately 3§ ml of isobuty) slcohol and sbout 10 mg Nonte (% of
a sorll spatula)  The exuet amouny of charcon) is <ritiesl ns too myeh will
destroy the thiam ne
{c} Clos with thumb and shaks 5 times,
{4} Centretugs fud nc  mi samples of the water Jsyer Below the olutyl Iayer
€ For N methyinecot samsde
1 Ta the final step bo sure to u.» the followtng order 03 ml KOl mix 2 m) 1s0-
butsl aleohol 6% m3 NaDf shoke st once. F 1y un fable in watery slkslue
rofateons but stable w the isobutyl Iayer
Ater tho shakivg with “aOff ¥ develops velat vely slowly in the wobutyl Inyer
41 Beast § minates mu.t elapse after the sbalang befors the specumen 13 read  Yon
may either lob the glaxs stoppered tubes s ¢ for 5 musntas or eise yon may drsw off
the scbutyl Dayer into the read og tubes 208 read after & munutes, A = mmom
of v mputes waitlog 1 abolately exvential. The ¢olor 19 atadle ©p io ove hour to
that epeed 15 reading 38 ROt necrasary
For snne of aubjeety takiog quinine or afabnne prelm nary trestment with
chareont fa € aont 4t The procedure is
{8) Dout apgrox 5 mt of urine fnto & centritupe tobe,
{b) AdS wpprox . mg Dorite A (about 5, of & swall spatola) The exsct
&maust 1s 1ot entieal for ¥ but enoagh is ¢ sentlsl
(#) Close with 1homb and shakae 23 times.
(i} Centrituge aod use 2 ol samples of supernatent dusd,

°

w

e
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9 Vitamuns and Nutntion Miscellaneous Keferences
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Rosen F Perzweg W A and Hondler A ¥luorometno Asay for Nt Methy 6
pyndﬂnef!cmboxyhmxde Proc Fed Soc Yo (Mareh) 194
Boen F Perl weig W A and Leder A Fluerometrie l[tthod for the Determine

tion of tha § Pyridens of N1 Mathylmcohnamlde 1 Unne J Bol Chem. 179 157 168
(Mar) 194

4 Pyridoxic Actd
Huff, J W and Perlzweig W A A Product of Oxidative Metabohasm of Pyhdoxmu
4 Methy! 3 hydroxy 4 carboxy 5 hydroxymethylpyndine (4 pynidoxie acid)
tion From Unme Structure and Synthems I Biol Chem 155 345355 (Sept) wu
Pyridoxtne
Hochberg H, Melick D and Oser B L Chem ¢al Determination of Pynidoxine

nmxogmui Mater als and Pharmaceutical Products The Multiple Nature of Vitam n
B T Biol Chem 155 (1) 1101 8 (Sept) 1944

Riboflavin
Emmett A D Tird O D Drown R A Peacock g 32d Sandosbelt ¥ M Deternina
tion of Vitemn B, ( ) Ce £ Bio; lnd Flu

orometne. &Iethwﬂs Tod, Dng Chem (Anal. Ee.) 13 (4) 182 1 (Apnl) X

Loy I %~ Jc * Peport o Pifoflavia (Wirobuologieal) —Tess d Mechod (Cl\emlcnl)-—-

Fluorometrio Method Asso of Offic Agric Ch msts 37 () 461464 1049

Morell D B and Slater F C_ The Fluonmetr ¢ Determination of Ribofluv 1 1n Urse
Buoghe 3 40,(5/6) G G37 1530

Mubin S H De Mutter T Bchuman P I and Bavernfer d J € Determnation of
Bibolevin o Lew Potency Teods and Feods. Tod Bug. Ghom (At B2 T 0"%e)
16140 (Mareh) 1945

Shater € wnd Moll D B & Modteation of the Fluorimetne Method of Determ o
ing Ribofavin 1 Biolog cal Matorials T ochem J 40 64465 104

Thiaming

Fgate T oot Moiklaohe A T The Fetumation of Thamass 1a Unize 3 Diok Chen
141 553870 (Dec ) 1941

Friedemann T L wod Kmecsk T € The Determmation of Thinmine m Blood J

o Lab & Citn Tied.28 1603 5 (Ju) 1043

ente 3D 5 Chemeal Aethods for the Determiastion of Vitamia B Tad. En

Add Fdy1s 16 18 apel) 1ol B g Chem

Heanessy D J, and Cereccdo L. K. The Determmation of Fres and Pho phorylated
Thamis by’ s Mod fied Th ocbrome Assay I Am Chem, Soc. 81 (1) 1 8193 Wan)

Tocierg 3 Melmek D and Ouer B I Simpified Colormstnc Deteranation of
Thoamo in Coresl Produet cemd Chem 22 ( ) 390 (arch) 15
Mkl en O Condiff, I S Thiroane i Urme by Means
ok ha Thiochnon § Techmag o 3 oL, Chim 360 (1) 361 370 (Sept) 100
‘Tocopherol
Tencto T Tho Determiaation of Tacopkero] by the Color Tes
B S P y N gent of Furter and Meyer
mot A lerm mon ot Tocopherol in Blood B J
it Q0 SRS g o o e
unite an) Taehler 2 sy fied Tydrogenation Techmque for fh
‘“son of Disod Plasma Tocopherols' 3 Dok, Chem 150 (3) 663450 CArg ) Toiea
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Quaife M L, and Harns Tho Chemical Esumxtmn of Tocopherals 1 Blood
Plasma J Biol Chem 156 (") 499 505 (Dec ) 19

Quarfe M L Serim N 8 and Lowry O A Mieromethod for Assay of Total
Tocopherols 1n iood deru. 7" Buol Chon: Q1.0 1735 (Oct ) 1949

‘Trigonelline
Kodicek E and Wang ¥ L. A New Method for the Estrmation of Tngonellne 12
Unne and Foodstufls Nature 148 .3 24 (July) 1941

Vitamin A and Carotene

Adlersberg D Kann 8 Maurer A P Newerly K Wintermtz W and Sobotks, H
Studies on Serum Caotene 1n Man Am J Digest Dus 16 () 333387 (Sept) 919

Clausen 8 W, feCoord A B The Carotinoids and Vitamun A in the Blood J
Petiat 13 fu) 3650 (Nov ) 1938

Rowasaly, G and Suensga S Colonmetnic Estumaion of latsmn A by Glycero-
dichlorohydrn Reagest J Pharm Soc Japan 69 460 463 1949

hochk W end haplan D A Simultaneous Carr Price Reaction for the Determuastion
of Vitamn A J Buol Chem 173 (1) 363 969 (Aarch) 1948

Thompson, 8 ¥ A Photoelectric Spectrophotometer Suitabls for the Measurement of
Yitamin A by the Avtimony Tnchlonde Reaction, British J Nut 3 (1) 4350 1949

Vitamin D

Dewitt J B and Sulliwsn 2 X Spectrophotometnic Prosedure for Quantitative Es
fimatios of Vitamun D Ind bag Ghem (Ansl Ed) 18 117110 (Feb) 100

Muller P B _The Colonmetric Determmation of Vitaminy A D aud g Caratene With
Pasticular Regard to Vitamin D Helv Chim Acta 30 (5) 117. 1190 1948

Sobel A £ Mayer A M and Kramer B A New Colorimetric Reaction of Vitamn D
and D and Theit Provitamas Tnd Eng Chem (Anal Ed) 17 (3) 160165 (aarch)
1945



SECTION 1V
BIOCHEMICAL PROCEDURES (Continucd)

F HORMONES

1 Ketosterowds i Unine
Reference

Copsotazie W % and Talbott J M Thbe Latrartion and Determisatsdn of Y
Retosterpids in Trine J Endocnipol 27 3553 9 (Sept.) 1940

Prizetple

The stesord linked to glucurame serd iy 2et { ee by byd olyzag with hydroeklonie aeid
und 1 extracted wsth earbon tetrachloride. Interfering mubstances ere washed ont
asd the result ng extract s equilibrated with alkalize meta dimitrobenzene. The
final color w mea ured.
Apparatas
1 One tontmuouy extraetor umt. (Ses refersnce Aalde by Macdlaster Bicknell
Company Cambnd~e Mz s BeeFig 3}
2. Bteam brdrohvzer (Accardung to Consolazio and Tatbate.)
Al gla s 60l S0 §¢ ronnd Bottom extraetion sk
Antomatsc aynags pipette O ml capacts
Six pearshaped separatory funnels { o0 ml capseitv) with urerchaagesdle
ground glats gtoppers,
Swivel separators fanzel rack
Coleman Jr Epectrophotometer
& A quastity of 19 x o0 mm eavettes,
J A quantity of unglazed porcetain
10 A wates bathetst 3 C
11 An electne centnfure
1 A steam bath
Reagents
1 Potassium hydroxide (hOU) exactly 7%
Ethv) alcchol (FLOH) sldebvde free
ets @ mitrobestens GYLINO Yy & Thasclve ™0 gm In * 0 m} of EtON
feat 10 40 C a0 #d2 100 ml of 2 N “aOH After 5 minute cool xnd add 400
m) of water Filter wnd wash thoroughle with water Dry by suction. Re
crvetalline twice from 1 0 mt and o8 smb o wb oluts aldehvde free ¥IOH wnzg
Nonte Mehing pont 803 910 G A m xtura af 17 aslatinn wi ageal gor
f20n8 oF aqsecus ® X “aOMl gives vo calor atter £0 minutes A °~ sofution 1o
absolute sldehyde freo EXOT atared in the dark may b meed for 3014 dars,
4 Hrdrocblonie acid (HCl) coneentrate)
Cartion tetrachlon s (CCL) €3
Eghyl aleohol {GILON) ol olute

Sod uz bydroxtde (\aOH) approximately ™ N Dissolve 80 gm su 3000 mt
water

~e

o

w

“wo
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Quarfe M L, and Ham The Chemlcul Eshmsmn of Totopherols 1 Blood
FPlasra, 7 Biol Chee XSG (2) 4!19 505 {Dee ) 1B

Quaife, M L., Sczimshaw, N 1y O H Aheromethod for Assay of Total
Tocophe ols 1 Blood ervm J Bml C‘bem 180 1.,.9 1235 (Oet ) 148

‘Trigoneiine

Eodicrk E, aad ang, L A New Method for the Estiration of Trgonedive 1
Urme and Pood tnﬁa, Xwnture 148 23 24 (July) 1941

Vitamin A and Carotene

Adlersherg D, hann, 8, Maurer A P “everly K, Wintermitz, W, and Sobotka H
Sm\ius nn Kerum (,amcene i Maa Am. J D:ges: D& 18 (9) 333 337 (Sept } 1948
Claw; W end MeQourd A B The Cerotnmids and Vitsoun A in the Blood, J
Pedmt 138 (5) 635 6.0 (Nov ) 1038
Eawasaln ¢, and duenage §  Colonmetne Estunation of Vitamin A by Glyeeres
dxcblomh)dnn Reagent J Phum Boe Japan &3 46046, 194
och % and hagplas, D Swnvltansous Carr Price Renct\nn for the Determumation
of Vitamia A J Biol Chem 173 g) 383 269 (March) 1643
Thompsos 8 % A Photorlectrse Specteophotrmeter Smitnble for the Measurement of
Vitamn 4 by the Antunonv Tnchionide Reaction Brtish & Mut 3 {1} 4.0, 1040

Vitamin D

DeWitt, I B and Sulhean N X
timation of Vitamin I Ind Eog Chem {(Ausl Hd} 18 114 115 (I’eb) 1846

Muller P B The Colonmetric Detemmatwn of Vitemins A D rad f Cazatens Wath
Part:eular Regard to Vitamen D Hele Oham Acta 30 (5) 1121100 1649

Sohsl A E, Mayer & 3 apd Kramer B A “ew Colonmelr ¢ Reachion of Vilamn Dy
sod D and Therr Provitame  Ind Fog Chem. {Ans] Ed) 17 {3) 100185 {Mareh)
1945




SECTION IV
BIOCHEMICAL PROCEDURES (Continued)

F HORMONES

1 Ketosteroids iz Unine
Reference

Comsolazio W V_and Talbott T H  The Extract on and Determimation of 1¢
Ketostero ds 10 Unne J Lndocrinol 27 355 0 (Sept ) 1940

Principle

The ste 0 d Liked to glhicuromie &c d 18 8¢t freo by hydrolyzmg with hydrochlone ac 1
and 15 extracted With carbon tet achlonde Inte fering substances are washed out
and the result ng extract s equilibrated with alksline meta dimtrobenzene The
final color 18 measured
Apparatus
1 One continuous extractor umit  (See reference Made by MacAlaster Brcknell
Company Camb dge Mass SesFig 3)
 Steam bydralyzer (According to Consolazio and Talbott )
3 All glass st 1L to fit round bottom extraction flask
4 Automatic syrnge p pette 02 m} capacity
5 §x pearshaped separatory fumnels (250 ml capacty) with interchangeable
ground glasa stoppers
6 Swivel separatory funnel rack
¢ Coleman Jr Spectrophotometer
8 A quant ty of 19 x 150 mm cuvettes
9 A quantity of unglazed porcelain
10 A water bath set at 25 C
11 An electne centrifuge
12 A steam bath
Reagents
1 Lotasstum bydromde (KOH) exactly 2 ¥
Fthyt sleohol (ELOH) sldehyds free
3 Meta din trobenzene CH (NO) 27 Dissolve .0 gm 1m 750 ml of EtOH
Heat t0 40 C and add 100 mlof N NeOM After 5 mnutes cool and add 2500
1wl of water Tilter and Wash thoroughly with water Dry by suetion Re
ceystallize twice from 120 ml and u0 ml of sbsolute eldehyde free EOH us ng
Notte Melt ug posnt 905 910 C 4 mixture of 1 solution w th equal por
t ons of aqueous ® N NaOH gives no color after 60 mmnites A .o solutioz 1n
sbaolute aldehyde £ eo EtOH stored n tbe darh may be nsed for 10 14 days
s Hydroshlor ¢ ac d (HCI) concentrated
5 Carbon tetrachlonde (CC1) CP
6 Ethyl aleohol (CH OH) sbsolute

7 Sodium hydrox de (N&OH) app ox mately 2 N D ssalve 50 gm im 1000 ml
water

215
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Hhetosterosds i Urine 217

»

Sodwm hydvossdfits (Lycopon)  (Obtemed from Centrsl Scienbific Compeny)
To 100 m} of 3 ] 1aOX edd 10 gm of Lyropor  Blix quickly pour into a
oparstory fugnet apd cover with Light sineral ol
9 And osterons stendard. Dissolve 250 mg androsterone 35 1000 mi sldshyde freo
bsoluta EXOF Onami==0 5mg
10 Maineral ol
11 Nonts
Crilection and Storage ef Urine
Coltect I overmght speesmens on successve n ghts keeping the specimeny cold
unt  brought to the laboratory Use no preservative Pool the two specimens and
1f they measuze not more than 1400 ml extract the totsl pesl N0 sample shouid
be assaved which showa Mpns o} putrefaction IE necessary to keep the unne
ac dify 1t and keep 1t 1n . refrigerator
Procedure

1 Into « stenm hydrolyzer messurs 500 m) of urme &nd 50 m} of concent ated HCL
Hydrolyze witk steaw £or 0 moutes

3 Coot with running water

4 A8d app oxmstely 50 mi of CC to extraetor and epprommately 75 ml of €O
to  round bottomwed fask

3 Rug bydealyzed unne mto extracte  make praper somuwectione end extract for
60 m nutes

6 Tato 4 sepuratary funnels pipette 10 ml of 2 N podwem hyd onde

7 Suck OCL, extract mte frst fannel and wash extract flask with tno 10w} porhona
of CL1

8 Wash 17 ketostermda (4} 4 times with 0 m} of 3 N soduum hydromde (b} 1

time with 10 mf of 107 Lyeopon m 1 N NaOH autil the pigment desappears
Shake for 30 secands longer Pigments dusppear when all oxygen hes been ab
ambed Do not open eeparatory funnel uatil tompl te separation bas oceurred
Then deliver rapdly ato 8 separatory fummel contsiming 5350 wmi of water
If ths step t8 not carned oqut 33 desenbed the red pigment sppears egmn  {c)
Wash with water

9 After washing with water let settle for 10 minutes and delsver directly intn
st 1ing fask  Add a piece of unglazed parcaimn.

10 D st off €C3

11 Dry thoroughly w th euation 2nd dilute to 50 w} or 500 ml with aldehyde fres
priiid

1 Iate dry centrifuge tube p pette O ;) of alechol ¢ extract
13 Add 0. miof 27 meta & nitrobenzens
14 AdQ 0 miof N potassium bydromde Stopper with bew elean cork
15 Equslibrate for § mnutes at 25 €
18 424 100 mlabsolute BLOW Mk,
17 Ceumtnfuge Tramafor to » cwvette {Usut on  Cemtrifuge must bo cold)
33 Read within 15 sunutes 8t § 0 mp setting the blank at 3100 T
Btandard Curee
2l of androste one sz DIOR.
07 m} of mets dimtrobenzene in aleoho}
¢ mlef2N KOR
Equ librate §mzutesat 5 C
Add 180 ml of absgiute EtOR  (If androsterone 19 dissolved 1n more than 02
wl of BtOH add androsterene o tube and evaporate EROI wuth air current ‘Then
832 0 ml aldebvde free EtOH 0 ml meta dmitrchenzens and proceed )} The

points 1 the standaxd susve Tenge from 005 mg throngh 0 .5 mg of end oxterons
1n the covette

or oo 19
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Calenlation
mg 17 Ret /1000 ml _(m:;: 0 cuvette) x (total ml extract) x 1000
100D % {m] aliquet) x (ml urine sample)
Example

Volume of urine extracted 500 m! Volume of extract 10 mf
assayed 0. ml Reading ".¢bT equivalent to 160 meg i cuvellte olums of extost
180 x 10 x 10
mg 1/ Tetosteroids/1000 m! unine = l—o—oj—‘g—_}?%? = 18 mg/1000 mi
Precautlons

1 Al gl wust be ch clean after of urine
The ¢lassware used after the ether phase must be dry A usetul additional pro
caution 13 to heat glassware 1n the oven to destroy any steroids Stop-cock
grease should not come in contact with solutions if posmble It is necessary
to grease stopcocks each time they are used

2 Cork stoppers must never come 1a contact with solutions Use tinfoil over them
or use ground glass junctions

2 Hormones Miscellaneous References

Acetylcholine
Tawer D B and McEachers, D Experiences \With the ‘Yenus Hurt Method for
Det rmmng Acetylcho‘lm! Canad. J Rescarch 26B 183 187 (Apnl) 19.

Wat & B The Action of Acetylcholine on the Isolated Heart of Vinis Mercenarsn
Buat Dut 887058 (Aug ) 1943
Adrenaine

of Adrenshize

Annersten S Gronwall A and Koow E The
n Blood Pla ma Scandinay J Chig & Lab A sos 1940

Bloor % F and Dullen 8 8 Tho Determmation 6¢ Adrenahin 1 Blood J Biol Chem
188 (2) ¢27 720 (Apnl) 1041

Josgen en, K. Determination of Adrenalino Content of Blood With the Fluoroscence
Mothod Acta Fharmecol Tonical 1 .7 739 1941

Robre M [& 1 the Bluad 1 A Quntitatirs
hemical Mothod for Det of the C liz 3 the Blood
Acta med. Scandimav 124 511 5°1 1946

Whitehorn J C A Chemical Method for Estimating Epinephnne i Blood J Baol Chem

108 (3) 633 043 (March) 1035

Androgens
Callow ¥ ¥ Collow R K aud I'mmens € W Colorunetrie Determination of Sub
stances Contewning the Grouping GH CO 1n Unino Fatracts as an Isdication of
Andsogen Content, Biach m 5211 1312 1331 (June) 1038
Hilmer P E and Hess W of and
Testosterane, Anal Chem 21 £ 8°3 (July) 1949
Langstroth G O Talbot N B, and Fimeman A  Spectrochemieal Assay of Andros
Gerone snd Dihydrosoandrosterone 1n Simple Solntions J B ol Chem 130 (2) 595
59) (Oct ) 1939
i Jones M _E “McCall P J and Gallagher T F A Colorimetrie Method

Munsow P 1
for Estimations of Debydros onndrosterans snd lts Apphications to Unme Extracts

J Biol Chem 176 73 8 (Oct ) 1043
Naelsen, A T C Assx)y of T Acta 1 367374 1948
Cortleal Steroids
Tsolation 0{

Sehmerder I J Studses on the of A
the 17 HMydroxy 11 Debydrocorticosterons 1 Normal iales ST et Chem 183 363

3,6 (March) 1050
Corticosterolds b Ch . ¢ cor
orcoran A L and Page I H  Methods far the Chemtcal etermmltmn of Ca
Cor tléox;termds 1 Unze s;n\i Plasma J Lal Cha Med. 83 1° 61333 {Oc!) lWSD
Daughaday W H Jaffe I and Withans P H  Chemtal Assuy for ‘Cortin Cla
te mination of Formaldebyde Liberated on Oxidation With Periodic Aesd J§ Chs
Endoerinol 8 166 174 (Feb ) 1948



Hormones 219

Furchgott B ¥ Rosenhrantz H and Shors E _Infra red Absorption Spectra of Sterouds
v Adtenul Cortical Hormones and Related Steroids 7 B ol Chem 171 ( ) 5235 9
Dec

Talbot S B Saltoman A H W xom R L and Volfe J K Tho Color metric Assay of
Unnary Gorticosteroud ke Substances J Buol Chem 160 () 1355165 (Oct) 1945

Venmng £ H Kaemn V E snd Bell J C B olog eal Assay of Adrenal Corticords
Frdoenmol 88 ( ) 989 (I‘eb) 1946

Estrogens

Cohen H and Bates B W c Method for
Sterowds J Chn Endocnnol T (m) 1T (Oct ) 1947

Dunford B A The Colonmetne Determy stion of Some Synthetic Oestrogens Canad
J Research 7B 64665 (Ju

Evans J 8 Varney R F and h F ¢ The Mon!n Uternine Weight Method for the
“Mtsty of Eatrorens Endoormol 28 147 752 (May) 1041

kae\stem M _ Mcrodete mnation of Stero d Estmgens 1 Une by Fluorom try Proc
Soc Bxper Diol & Med 69 181 184 (Nov Dee ) 1948

Jatler J ¥ 4 Fluorometr ¢ Method for tte Determination of Estrogens Endoerinol 41
T o (An )1

Melpress F H© The (,olorlmetnu Ethahon ot st Iboestrol Hexoestrol and Their Glu
turon des n Urne Boch m J 4 16 104

Stevenson 31 F aad Marpen G B e Detesmmzation of Oestrogens 1n Human Preg
mancy Urno A New M thol of Comesting for the Brown Colour Doveloped in the
Kober Reaction by Non vestrogem Substances Bochem J 41 (4) 507511 104

Sepo © M and Roberts 8 The Doterminstion of Fioteia Bownd Bload: Estrogen
Endoe mol 41 § 3 4 (Oct ) 1947

Tubis M and Bloom A Color metr ¢ Determmation of D ethylst lbestrol Ind Eng
Chem (Ausl E3) 14 800 104

ean Bruegen J Comgpanson of Methods Used for the Hyd olysis of Conjugated
TUnna yE:tngens 5 TR et B 00218 (Feb ) 1043

Gonadotrophins

Dekanskr J  The Knolin Adsorpt on Method for the Quunmat ve Assay of Urnary
Gonudotmph ns Brit J Exper Path..0 (4) * (Aug) 1949

Hagkns A I Jr and Sherman A I Quamt tatrve Bio Assay of Choriome Gonadotroph
Wit the Male Frop Endoor of 44 51 545 (June) 1940

Smth I H Albught F and Dodge E _ Modifications in Method for the Precipitation
nnd Aasey of Fac eased Amounts of Pmnmy Gonadotropie Substances m the U

Lab & Cln Med 28 1761 1766 (Nov) 1043

\nney R F snd hoch F G A Method for the Assay of the Gonadotropm Content

of Normal Human Ur ne Endocrinology 30 399 407 (Mareh) 1042

Hiztamine

M Intire ¥ ¢ Poth L W and Sha The Pu ification of Histam ne for Bio
assay J Bol Chem 170 (2) 53 B4 (Oct) 1947

Parathormone

OP)éuska Blauth J  Preparat on_and Dete minat on of Pa Mhyrmd ‘Hormones Ann
m v Marna Curie 8kiolowska Lublin Polome Sec D2 1338 1947

Pltuitary Adrenocorticotropin
Fo gham P H Thorn G W anly F T G and Hlls A G Clneal Stud es Wath

Lockp S Uity 4 e Rowier T 1 Ad VAR T

oeke ert 3.0 renot o] hlc Activ ty of Humai

Soc Tape Bl 4 3Med e " 470 474’ (Now ) 1~p man finze Froc
Sayers M A Sayers O snd Woodbury L A 'The A say of Adrenocort cotroph ¢ Hor

ry L
mane by the Ad ensl 5 orbic A¢ d Deplehion Eofv Endoer nol 42 375 833 (Mayy

Protein Bound Iodine

Basett A M Coons A H Salter W T and 8mmons S M Proten Bound Todine
Elood " Baturelly Oceurring Todino ¥ actions ead Therr O o
Blood v atunsily Oce ir Chemical Behavior Awm

Steroids
Tarnett J Hemly A 4 wmdMo s €O T The Pol
Storoid Hormoner of Neatral 17 hevosserords o e (ootumat on cf

Trochem 7 30 445 412 1944 18y Fxtracts
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Clark L € Jr and Thompson H A New Series of Bengents for the Colonntne
Determination of Steroids Serence 107 499 431 (Apnl) 1

Dobrnor K Lecberman § and Rhoads © B Biodseysn Stored Metabohsm T Methods
for the Tsolation and Qualitative Estimation of Neutral Sterods Present 1 Homea
Unne J Biol Chem 172 °41 261 (Jan ) 1948

Drekter I J Peatson §, Bartezak b and McGavack T I A Rapd Method for the
?ﬁter;mnntwn of Total Uninary 17 Ketosteroads J Chn Endocrinol 7 (1) 795800

ee

Engel L L Patterson H R Talson H and Schinkel M The Colonmetric Estimation
of Unnary Neutral Steroid Alcohols J Biol Chem. 183 4772 (March) 1850

Fraser B W, Forbes A P Albnght F_Sulkowitch T, and Reenstes E It

{o Assay of 17 K 1 Urine J Clu Endoerinal 1 234 o6 (March

Heap B D B sod Sobel § VI A Colonmetnc Method for tbe Estimstion of
Reducing Steronds J Diol Chem 165 (2) 657 695 (Oct ) 194G

Holtor, A F and hoeck F C  The
Their Appheation to Urine Extpaste F ot G 188 Y (Sept)

Licbermen & Dobruner B, Jhll B R Tieser L T and Thosds C T Studion
Sterord and ds Tsolated
From Urine of nealm Lnd Braenaes Personn 5 B Choer: 102 503 08 (Jan ) 1988

Talbot N B DButler A M and McLacklan E  The Colonmetric Assay of Totsl
« and § ¢ hetosteroids 1n Extracts of Humen Unow J Biol Chem 132 (%) 595603
(Feb) 1940

Tompsett § L and Oastler E G The &
o the Total Free Reducing hetosteroids 1n oo Glasgow M J 285 363 (Nov)
1947

Tompsett § L The Determmation of Sterards 1 Unne The Analyst 74 €17 (Jaa)

19
Wisn H and Cuter P Stabilzation of the Aleakolic Potassum Tiydronde 1
(¢ 7% 1(5) 4174.1 (Nov) 1947

Thyroxine
Pittnvers R and Lerman J_ Physologieal Activity of the Optically Active Tsomers of
Thyroxine J Endoerimol b (5) 2°3 . 8 (June) 1018



SECTION IV
BIOCHEMICAL PROCEDURES (Continued)

G ENZYMES

1 Iipase m Serum

Reference

Joknson T A &nd Bockus JI L Diagnosty of D of
SerumL ps e Arch Int Med 66 6 7 (July) 1940

Principle
This method depends on the estimation of fatty acids prod ced by the hydrolysis
of an ol ve o1l ewulmon on wh h lipase in the blood serum has been acting dur 2g
& 4hou period und T optimum coudrt ons of pH and temperature

Apparatus
1 A water bath set at 100 C.
© Anameubator setat 3¢5
3 Accy ately calib ated 0 ml and 1 ml syminge pipette
4 A 10 ml burette
5 A Wanng Blendor
Reagents
1 Phenolphthalein solut on 1¢* 1 sleohol.
2 Disod um hydrogen phosphate (Na,JIPO HO) Dissolve 5935 gm im 1000 mt
of & stilled water to make an 3M/3 solution
3 Potassium dihydrogen phosphate (KII PO) Dissolve 4538 gm an 1000 ml of dis
illed water to make M/3 solution
4 Mixed buffer solut an  Mix 10 parts of Na,HPO IO with 3 parts of KH PO,
5 Olve oil emulsion & 50¢7 solution Prepare by nmng 8 5 solution of acacta 89
the emuls fymg acent Add O percent of sod um benzouts as a preservative M x
1 War ng Blendor
6 Ethy! aleoha} 9>
7 Sodum hydrox de 00, N Bee under volumetrni analyss for makiag up 3 N
sodwum hydroxide and d lute exactly 0tim s
Procedure
1 Papette 3 mi of d stilled water into esch 0f two 15 ml eentrifuge tubes A and B
Add exactly 1 m1 serum to each and shake
Place tubo A (control) 10 5 100 C water bath for o munutes to inactivate the
hipase  Be sure 1o cool before proceed ng
Add 05 ml of buffer solution to each tube
Then 230 m! of ohve o1l emuls on to ¢ach snd shake
Incubate at 375 C for 4 hours
At the end of that tme add 3 mi of 9o% sleohol and 2 drofs of phenolphthalem
mndieator
8 Tit ate each tube to & fawt p nk eolor with 005 N sodium hydroxide

"1

o

waan
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3 Cholnesterase 1n Serum and Cells
Reference
Michel H O Electrometric Method for the Determination of Red Blood Cell gad
Pla ma Cholinestera ¢ ictivity, Fed Proe 8 99 (March) 1949

Principle
Cholinestera e bydrolyses acetyleholine bromide with the production of acetic
sed.  The resultant drop 1 pIl 15 measured in & barbitsl phosphate buffer shen
serum 13 mixed with a known exce s of acetyleholme bromde Results are expressed
a3 decrea e 1 pH units per hour

Apparatus

Constant temperature bath at 25 C

Bechman pH meter Model G’

A number of 15 ml thin wall glass test tubes
Accurately calibrated 10 and 10 0 m] gyringe pipettes
01 ml volumetric sexology pipettes

Smal] glass beakers 20 ml capacity

D en s 1o

Reagents
1 Preparanion of the Stock Buffer
A stock buffer, which will keep approxmately 1 month m a glass stoppered bottle at
room temperature and which containy 01 M sodinm dethylbarbiturate (Barbitsl
Sodium Merck) 2ad 00167 M K HPO 1 dishilled water 13 prepared as follows
a °0618 gm of barbital sodium and 29092 gm of K HPO are weighed ccurately
and placed 1n a clean one hter beaker  About 0 ml of distilled water are added
This olution will have & pH of sbout 99 Dilute acid (ap provumately 01 N HC, 1
ml of concentrated HCl to 1.0 ml of water) 1s added slonly and with constant
stirnng to bring the pII of the buffer down to between 82 and 84 If strong amd
25 wsed 21 2ddation of the anxd 25 Tap:d or i shrnng 39 wadequats whits expstals
of burbatal may appear 'The ¢ may be redissolved by heatng and they will remamn
m solation 1f the solution 13 cooled slowly The byffer 1s then tramsferred with
washing nto & volumetric flask and brought to velume with distilled water
® Preporation of Working Buffer
A working buffer must be made up fresh each day It 13 made from the stock buffer
with o salt solution contamg 15 N NaCl and 030 N MgSO 1 distilled water
(8768 gm NaCl and 1806 gm of MSO dissolved m water up to ome hter} in the
proportions 3 ml sto k buffer 10 ml salt solutson and 87 ml distilled water This
gives 100 m) of workng buffer I the preparation of the working buffer exactly
m} of stock buffer and 10 ml of salt solution are mixed mith about 80 ml of distilled
water The pIf 1s then adjusted to exactly 800 by addition of approxumately 01 N
HCL 3¢ yts pH s aver 800 or approvimately 01 N NaOIL (4 gm NaOH per liter) of
sts pH 19 under 8§00 The buffer 18 then transferred with washing mte a volumetnie
flask and brought to 100 ml with distilled water
eparatson of Acetylcholine Solution
: :’s:lu:an of/aeetylz:holme bromde is ued 373 m du»l]-/‘ The materal

- + fied
tained commercially 18 wmpure 2’ pun
A y e 19 dissol 95~ aleohol

mmercsally obtmned acetyleho
gxua glass !tipp‘.ud flask  Lhis s cool in for dhours
Cold ether 1s then added untal turt The place xn;
refnigerator for 48 hours T 7 ::,l;u;(;
by filtration through fir d ¢ %
alcohol and 050[ d
over NaOH
wll keep

The 373%
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Procedure

1 Pupette 39 ml of working buffer wnto a thun glass tesd tube and placs 1m 2 water

bathat § € for o4 least 10 munptes

» Add 0% mi of unknown serum {ar plasma) and 10 wl of aceiyichalive solutron
to the buffer
The exuct t me of addibion of meetylebolne solution 1 moted. Mixing witk a
gless stirring 1od 1s performed on the sddition of the reetylcholioe solution.
The test tubs 13 stoppered (rubber) and placed back sn the *5 C water baty
Rendings tre tosvesiently takes o3 esactly 1 hour Dut 1f this s impractieable
they msy be {aken at any Lme after en hour asd the decrease 13 pH corrected
to one hour For sera w th very low chohmesterasg values incubstion for longer
pet ods tham ome hour {¢g up to § Iours) may be Tegumsed to give reliskle
resdings, The resding 13 noted and the corrected vaive for pil drop per hour
determ ned fro the secorpanying table (Tubls 11) sk ch makes correction for non
entymat ¢ hydvelyss of scetylcholne and charge 1 sste of pH drap wich vary
mg it s
It .Eoum be oted thet g} glassware zmust be ecrupuleusty cleas as small changes
15 pT may be cansed by durt and thas will alfect reachnge It 19 suggested thet
wll resdings ba dene in duplicate as a check and that with every set of unknown
sers on wh ¢k determinations sre besng run 2 serum whose cholinestérase setivity
13 knosn be vun evmoltaneosely a3 & check an the method
Calentation

o

- -

@

I Twe mgmfieant carrschions have to be made i £he cowputat on of uusts
A pH/hr
a. on enzymatic bydrolys 8 of the substrats
b The effect of pH on the speesfic activsty of cholinesterase
® The eamplets eslculstion 1a corrected & pH umite/honr =
(800 — final pIl + blank £ wpecific effect of pif)
{Total hours}

3 Tabla 11 inearporates the two vecessary correct ans 8nd n edd ton the sub
tract on from pH 506

TaBtE 13
Mucren 8 MErsop yor Esriarivg CHOLINESTYRSSS ACTIRITY CORRECTsp VALUES ¥OR pH
Dregeweny yex Hovw ros pll 6 ¢ o pH 798
{This fable racorposates mnte the ohaerved & PH correct ony for wonensymat & hydrolysis of

acetyichol ne bromide and for effect of pH on specific ecimty  and 1t subtricty the cor
Featad pEL froms 805 ) pHom np v

PH Uity 300 [ 1 o0 ] 80v " | 0O8
%3 Bead Currecied A pil Unsts
i 17 77 T )
3 63 160 158 158 154
4 5 50 133 238 14
H T3 o) TH 136 T3
& a 3 19 1 6
a7 4 > 13 119 e
£ 13 % 13 n IR
69 08 0 101 00
§ 5 3 < 55 By
¥ 8 87 5 & 81
2 877 5 73 1
2 69 1331 5 81
4 59 056 4 5 50
5 37 545 Y 1 £
s 36 034 i 30 7
11 5 93 =0 18 218
78 14 017 10 o8 208
78 be a0 ) 01 000
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Chymotrypsin
Tsehn B M Huang I T, and Niemann € A Colorimetric Method for the Detera
t10n of Chymotry pin Aetivity, J Biol Chem 183 403 408 (April) 1950 et

Cytochrome Oxidase
Smith F, and Stotz, E A Colommetric Aethod for the Determination of Cytochrome
Oxidase, J Biol Chem 179 891 902 (June) 1949

Hyaluronidage

Lass E I, and Seastone € V  Role of the Mucord Polysaccharide (Hyalurome Aeid)
m the Virulence of Group A Hemolytie Btreptoroect, J Exper Med 79 319330
(March) 1944

Tolksdorf & McCready M H MeCullagh, D R and Schwenk E  The Turbidimetric
Assay of Hyaluromdase J Lab & Ch Med 34 74 89 (Jan ) 1949

VWarren G M Durse J G nnd Levin N R A Modified Turbidimetric Method for the
Assay of Hysluromdase Endocrinology 43 48 51 (July) 1948

Dorfman A and Ott M L A Turbidimetric Method for the Assay af Hyaluromdase

J Biol Chem 172 367 3s0 (Feb ) 1048

Lipase
Seligman A L and Nachlas M M The Colonmetric Determination of Lipase and
Esterase in Human Serum J Chn Investigation 20 (1) 3136 (Jan ) 1950

Lipoxidase
Sumner J B and Smith G N The Estimation of Lipomdase Activity Arch Biochem
14 8792 (July) 1947

Peptic Actlvity

Fodor P J Prnice V E and Jr
and Unsaturated Trpeptides J Biol Chem 180 (1) 103208 (Aug) 1049

Tomarelly, R M Charney J and Harding M L The Use of Azoalbumn as 3 Bub
strate 1z the Colonmetric Determmmation of Peptic and Tryptic Activity, J Lab &
Clhin NMed 31 4°8 433 (March) 1949

Wesselman, H J and Hulty W W The Turbidimetrie Determination of Pephic A¢
tivity, J Am Pharmaceut Assoc Rex EQ 37 357 359 (Sept ) 1948

Peroxidase
Ettori, I  The Lstimation of Peroxidase Activity Biochem J 44 3,38 (Jar) 1949

Phosphatase

Andersch M A and Szezypinsla A J  Use of p Nutrophenylphosphate as the Substrate
1 Determination of Serum Aeid Phosphatase Am J Cha lath 17 (7) 571574

; 947

!luch(:;rx:lyl2 ll} Brendler H and Scott W W A Simple Method for the Determunation
of Serum Acid Phosphatase J_Urol 58 (1) 89 92 (July) 1947 a

Jung E J and Armstrong A R A Convement Method for Determmng Serum en
Bile Phosphatase Activity Canad M A J 81 (4) 376 381 (Oet ) 1934 R

Sherloek 8 P V and Walshe V  Hepatic Alkaline Phosphatase  Histolomieal sa
Micro Chemmecal Studies on Laver Tissue m Normal Subjects and i Laver and Booe Dis
ease J Path & Bact 59 (4) blo 630 (Oct ) 1947

Proteolytic Activity e
Tochm B M and Miemazn C A Pr e are for the D of Proteoly
Biol Chem 182 82 e
Schwars TR ond Eagel F L  Pivtometric Nuhydrin Mothod for the Messure
‘mert of Proteolysis J Biol Chem 184 197 .0 (May) 1950

s tbe
H Fraenkel Conrat H and Bean, B 8  Determination of Trypmn 12
e vencs of Epg White Trypen Tabibitor and D;Tgn;tmtmn of Absence of Trypsin
Egg White J Biol Chem 177 205 %07 (Jan ) 194
Spenie‘:‘;m“ g%L :Jisuou:testmnl Studies VIII A Method for the Quantitative Estima
ion of Trypsin 1n Gastnc Contents J Biol Chem 21 165167 (Juno) 1015 o
White F D end Bowman J M  The Estimation of Trypsin Cansd J Researc

153 161 (Aug ) 1047

of Batarated




SECTION IV
BIOCHEMICAL PROCEDURES (Contimied)

H PIGMENTS
1 Hemoglobm (Sanford Sheard)
Peference

Sanford A H and Sheard C  The Determination of Hemoglobmm With the
Photoelectrometer J Lab & Cln Aed 15 483 480 (Feb ) 1930

Princple

Blood 15 dilated with encugh water to 1msure that all of the hemoglobin 1a eon
verted to oxyhemoglobin Complets solution 1a sssited by the addition of 8 small
quantity of sod um carbonate

Apparatus
1 A Coleman Jr Spectrophotometer
Cuvettes 19 x 150 mm
3 Micvo pipettes 01ml accurately calibrated
4 A quastity of v0 m} volumetric flasks
Reagents
1 Sodwm carbonate & 5 golut on in water

Procedure

1 Into a 50 ml volumetric flask contmming approx mately 5 ml d stilled water
P pette exactly 01 ml of blood 7 nnag the pipette out at least 6 t mes
Add 0° ml carbonate dilute 10 50 ol mx tramsfer to cuvette set water blank
at 100¢7 T at 550 mu and read unknowns

Calibratton Cuxve
Determine the exact oxygen capac ty of blood speeimens equil brated 030 manutes
% th room & * s ng the Van Slyke fechmigse for analyss The values 1 volumen
percent oxygen ate first corvected for dissolved oxygen and then dinded by a factor
of 134 for convers on to grams of hemoglobin et up d lutiona of the blood umng
the Sanford Sheard method 1n the range 5 to ® gm hemogloban/100 w1 blosd
Calenlation

(mg 1b/ml n euvette) x (total d lution) x 100
£m hemoglobin/100 ml blood ~= o0 Sl Bt

Example
mlblood 01 Total didution 50 ml
mg Hb/ml a0 cuvette 030
1030 x 50 x 100
ST T = 150 gm/100 ml
3

o hemoglobin/100 ml blood =
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Precantions
1 The color 13 stable for at lesst o0 minutes at wsual room temperatures, but is pn
stable m tho heat
2 This method 15 good for ehimieal purposes For more precasion and for frac
tionating the heme pigment fractions the method of Evelyn and Malloy
Tecommended,
Normal Hemoglobin Standards

Various authors have propesed different values for ‘mormal ! or 100 hemoglobin
For instance Haldane used 138 gm/100 ml and Halen 15¢ gm/100 ml  The follow

1ng distnibution curve was denved from analyses of the oxvgen eapacity of 781
healthy males

OXYGEN CAPACITY NUMBER OF EUBJLCTS
(ml/100 ml BLOOD) { " OF TOTAL)
From 156 to 170 12

From 171 to 180 38

From 181 to 190 4

From 191 to 200 53

From 201 to °10 3°6

From 211 to 220 62

From .21 to 230 46

From 231 to 236 08

The average of all analyses was %0 11 m! oxygen/100 ml or 150 g Hb/100 it

EXAMPLE OF HEMOGLOBIN CALIBRATION CHART
Direct conversion gm Hb/200 m] blood when 0 1 ml of blood 1s diluted to 50 m!

[S)

oy (28 & [ 5 [ 6 {7 ] 8§49

o g #B/100 ml BLOOD

0 16 | 151 ] 186 | Y81 [ 175 | 170 | 168 [ 161 | 157 | B
50 148 | 144 141 | 136 | 13. | 128 | 195 | 1.0 | 116 | 13
60 109 l06 | 101 98 95 92 88 84 8 79
70 76 73 [ 69 o6 | 64 61| &8 55 ) 5° ;?
80 47 45 | 43 39 | 36 34| 33 31] .9

Total Hemoglobm (Evelyn Malloy)
Reference
Evelyn, h. A and Malloy H T (Modified) 0t O toban
Methemoglobun and Sulfhemoglobin 1 & Single Sample of Blood, J Biol Chem 1°6
655662 (Dec ) 19 8

Principle
Total tobin 18 d d by g all the preseat to ¢yan
methemoglobin and measuring the 1:ght sbsorption at v40 ma

Apparatus

1 Coleman Jr Spectrophotometer Model 6
2 Micro prpettes 01 ml accurately calibrated
3 A vanety of 50 m} volumetrte fasks
4 Cuvettes 19 x 150 mm
Reagents
1 Phosphate bufter (pH 66) 01 Af (Ses section on baffers )
2 Potassium ferricyamde 6 .07 solution 1n water
3 Sodium eyamde or potassium cysmde a 5¢% solution 1 water POISON}
& Concentrated ammomum hydroxide
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Procedure

1 Introduce exactly 01 ml of whole blood into a 50 ml volumetric flask contmmn ag
approximately 5 ml of dist lled water Hinse pipette at least 6 tumes

2 Add 10 ml of 1/10 M phosphate buffer pH 6 6 and mix

3 Add 3 drops of 207 potasswum ferncyamde mix and let stand for 10 mnutes

4 Add 3 drops of 57 NaCN or KCN mix and let stend 2 m nutes

5 Add 1 or 2 drops of concentrated NY OH and mix

6 Dlute to 50 ml with d stilled water

7 Prepare a blank tube n same manner as above bemg careful to add exactly the same
quant ty of potassium ferrieyan de

8 Set blank at 1009 T at 540 me and read the unknowns

Qalibration Curve

1 Determine the oxygen capacity of samples of blood aa descr bed vader the method
of Sanford and Sheard
Run appropr ate d lut ons through the Evelyn Malloy procedurs 1n the range 5 to
25 g n hemoglobin/100 m} blood

Caleulation

(mg/m] i cuvette) x (dilution) x (100)

gm hemoglob 17100 ml blood = (3090) % (i blood bamrie)

‘Example
6259 T was equivalent to 0 30 mg Hb/ml 1n cuvette
For analyss 01 ml blood was finally diluted to 50 ml

_ (0 0) x (50) x (100)
&m Remoglobra/100 ml blood = i gy = 150 gm/100 ml
‘Precautions

1 Be sure to wash out the micro prpette at least 8 t mes 1n the water
© The color 13 stable for at least 30 minutes

tohin. Meth bin Sulfh Jobm

Reference

Evelyn K A and Malloy H T M crodetermnstion of Oxyhemoglobin Methemo
globin and Sulfhemoglob n 1m & & nole Sample of Blood J Biol Chem 126 655
66 (Dec ) 1038

Prineiple

The methemoglobin 15 measured photoe lor metrically after being converted to

he n 18 converted firat to methemaglahin with
ferr cyamde and then o cyanmetbemoglobn  Sulfhemoglobin 18 estimated by darect
observation at 6 0 mu with a correct on for the abso pt on by oxyhemoglobm and
eyanmethemoglobin at this wavelength

Apparatus
1 Coleman Jz Spectrophotometer Model 6
2 Cuvettes 19 x 150 mm
3 Miero p pettes 01m! accurately calibrated
4 Dropp g bottles
Reagents

1 Phosphate buffer /15 pH 66 (Seo Sgrensen a tables m the section on buffera )
Phosphate buffer A/60 d Tuted from above when needed.

P o —— L ERVYE T
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4 Eodwm eyamide (NaCN), & 1094 solation in water POISON!

5 Acetic sud (CH COOH) a 12¢% solution 1n water

& Solution of 105 NaCN mixed withia ONE HOUR of use with an equal volume of
125 acetic acad.
7 A

de (NH OH)

Procedure for Methemoglobin

1 Papette exactly 01 m? of fresh whole blood wmto 99 ml of M/60 pho phats buffer
1 cuvette Wiash out the pipette at least 6 times

2 Let stand for £ oumutes

3 Make up & blank with 10 ml of M/G0 buffer and set at 0 density at & wave length
of 635 my,

4 Read the vaknown ample (Peading D )

5 Add 1 drop of neutrahized NaC\ to convert MIb to MHBON

6 After 2 mimutes read agam at 630 ma with tho same blank This 1 D, The

(D -Dy) sy 1to the of Milb

Procedure for Sulfhemoglobin

1 Clear the solution for SHb determination by addition of X drop of concentrated
smmonium hydroxide

2 Read m colommeter at 6°0 mp with water blank st 0 dem ity This resding
15D

Procedure for Total Hemoglobin

Papette 2 ml of this solution 1nto a second cuvette

Add 8 ml of M/15 phosphate buffer of pH 66 and 005 ml of "0 potassum
fernieyamde

Let stand for 2 minutes to allow HbO to be converted to MHb

Add 1 drop of NaC\ reagent to convert MHb to MIICN\ for total hemoglobin
Read D, after 2 minutes at 540 mg, with a blank consisting of 10 ml water 1
drop cyamde reagent and 0 05 ml 20% potassium ferncyamde

03

ke

Calibration Curves

1 Estimate the total hemoglobin of samples of blood by means of the oxygen
capacity s described under the Sanford Sheard methad for hemoglobn

Following the procedure de enbed above run samples through the method for
total hemoglobin and computs Kun the calibration constant for total hemoglohin

o

3 At the same time convert IIbO to MHD as under total hemoglobm but run
through as for methemoglobmn and compute the ealibration constant Iy sw
4 The constant for Koy 18 assumed to b 10 unless s
sample of pure sulfhemoglobip can be prepared
Calculation
100 x D
1 7T = gm total hemo,lobin/100 ml blood = ~Fm

100 (D - D)
2 M = gm methemoglobin/100 ml blood = - ——
100 x D - (85 x M) - (44 x T)
3 8 = gm sulfhemoglobn/100 ml blood == ————
4 Corrected value of T = T from equation 1-02 x 8
5 HbO = Corrected T~} -8

Precautions

1 Che least aceurste part of this method 1s that for sulfhemoglobin Fortunately
this compound 18 rately present 1n amounts over 05 gm/100 m! blood.
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4 Pigments Miscellaneous References

Carboxyhemoglobin
Klendshoy N C Feldsten M and Sprague A L The Spﬂchopho!nmetnc Determina
tion of Carbon Monox de J ol Chem 183 "9 303 (March) 1950

Chlorophylt

Goodwin R M Fluorometr ¢ Method of Estimating Small Amousta of Chloroghsll & Anal
Chemm 19, 759 104 (Qct ) 147

Peterng 11 G Beans E J and Morgal P W 8 mplification of the Petering Wolman
Tikbard Method for Determ nstion ot Chlorophyll and Catotens Tad Evg Chem
(Anal E4) 13 23 (Apnil) 1941

Chromoprotetns

Drsbkz D L The Distnbution of the Chromoprote ns Hb Myoglolan and Cytochrome
C 1n the T ssaes of Diffevent Species and the Relationship of the Total Content of
Each Chromoprotein to Body Mass J Biol Chem 182 317 34 (Jan ) 19,0

Cytochrome O

Prader A. and Gonella A The of Cy ¥

n Tissues Fxpenent a3 46. 464 1937
Rosenthal O and Drablaa D L %peezmphueomemc Studies  XT. Tho Direct Micro
D C'T Biol Chem 149 437450 (Avg )

1943

mmgmm

Holden H of Austral an J Exper
ool & 31 5085 (1) 57 60 (Mnch) 1947

Pennell B B Sout nd Werkhe ser % C Prepuration of Hemoglobun Sy

tiops Contam ng Hemuglobm Redueing Enzymes Proc Soc Exper Biol & Med. 65
(2)_ 95 95 (June) 1
Petora 7 T - A New Musto ron Method for the Determination of Hemoglobua 1z Blood
From One Drop o Fiager tip Bload South 31 J 40 (1) © 49 6 (Nov ) X
Porphyrins
Onzston M aad Wintiobe M M Spectrophotometnis Mieromothod for the Quants
tative Detemmmation of {26 Froo Lrythrocyte Protopurphyma J Dicl Chem 172
(2) 450467 (Feb ) 1
Nichgas BB 1 "2 Faguan ngton C - Qualitative Auslyns of Porphymins by Partition
Ch omatograghy Scandina? 7 Clin & Lab Tnvest gation 1 1718 1
Svemsson oton C and Bemes, H D  Complets Puxphynn Analyns of
athologicsl Unines Seasdimav J Cln_& Lsb Tavest gation 1
Waton CJ Schwartz § and lekmsan A Btud es of the Uro, pOTphy‘nns Ix Further
ud a5 of the Forgbyrins of the Urine Feces Bﬂe Jod Liver 1n Ci e3 of Porphvs.
With Part calar Teference to s Waldens Porphyna Behieviog 85 an Entity
on the Tawett Column J Biol Chem 157 345 351 (Jnn) 1945



BIOCHEMICAL PROCEDURES (Continued)
SECTION 1V

I HYDROGEN ION CONCENTRATION

1 Indicators

Indicators are weak orgame acids or bases whose salts are different m
color from the acid They are buffers with buffer ranges charactenstie for
each indieator  As the ratio of aeid to salt form of the indicator changes dur
ng 2 titration a gradual change 1n color ensues, and the range of pH over
which this change oceurs determines what indicator may be used for any par
tienlar titration

When a stroni, mineral acid 1s titrated with a strong base almost any
mndicator may be used sinee the pH changes from acid to alkahne with & very
small amount of alkal: at the end pomnt

When a weak orgame acid such as acetie 13 titrated with a strong base
the mdicator must be one that changes color at alhalme pl Tlus 18 because
the weak orgame acids are buffers and in order to titrate them completely,
one must titrate well beyond their buffer range Phenolphthalemn 1s often
used for this kind of titration, but cannot be used 1n the presence of ammonium
salts or of carbome ac1d

When a weak base 1s titrated with & strong acid one must use an imdicator
whose color echange 1s 1n the acid range Bromphenol blue 15 useful for these
titrations

LaMotte American Amiline Company Eastman and Eumer and Amend
supply either the dry imdicator from which solutions can be prepared or
standard solutions of indieators prepared according to Clark (See Table 13}

Auseful umversal indicator 13 prepared and used as follows
5 mg thymol blue

25 mg methyl red

60 mg bromthymol blue

60 mg phendlphthal m

Dhssolve and make up to 100 ml of 57 ethyl alcohol Titrate with 001 N NaOH

to a green color
The range of this solution 13 from pII 4 to pH 10 The color changes are

Red PH 4 Green pIL7
Orange pH 5 Blue pH 8
Yellow PH 6 Indigo pH 9

Violet PH 10

2 Buffer Solutions

Reference
Clark W Mansfield The Determination of Hydrogen Tons ed 3 Baltiumore 1978

Williams and Willuns Company
234
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TasLr 13

Inbicarors SELECTED BY CLARK axp I UBS (1917)
BUPPLEMEN (ED BY ComEX (19 T)

"ABSOPFTION
‘ COLOR CHANGE B ] MAXIMUM
Mop I ACID [ALEALL
COMMON NAME wr | A { pK !rancE| acm | ALk pH pK ™y ma
Metacresal putple 3 6 11 1228 redyellow cone HCI 535
Thymol bl 466 215 1 1% 8 red yellow cone HCl ﬁ 544
Bramyhenol blne 699 149 393 3046 yellow blue 0 7 59
PBromcresol green 648 143 467 3854  yellow blue 1 8 617
Chlorophenol 43 36 598 1664 yellowred 9 573
‘Bromphenol red 512 195 616 5 68 Jellawred 3 10 wld
Bromere ol purph 530 185 63 5 6% yellow purple 3 10 w91
Bromthymol blu 64 160 70 5 70 yellow blue 4 10 617
Phenol red 304 982 79 6884 yellowred 5 11
C'resol 33 62 83 7288 yellovred 5 1 7
Metac e ol purple 38 26 83, 7490 Jellowpurple B 1 w80
Thymol blus 466 215 89 8096 blus 6 w96
Cre ol phlhalem 94 8298 colorless red 6 12
A= of 001 N NaOIl required per 010 gm mdicator to form mono sod um selt

Bituto to 350 21 ot 0 045 motat
epprox. BT valua of solut on zogu yed for full  aeud color
approx pH value of Bolution requ red for full _alkal ne color
Clark W M The Determinati n of Hydrogen Ins d 2 B ltimo e 10.8 Willlam &
Wilkdns Company
Degatttans
1 A bufter 15 any sibsts ce or combination of substances which when dissolved iz
water produces & solubion wh ¢h Tes: ts a change in 1ts hydrogen 1on concentra
t on upon the sddition of an acid or an alkalr
2 pH = - log hydrogen 10n concentration expressed n moles/liter (the pH of 001
N HCl1n 009 N KCI st %0 C s taken a9 2038)
3 pK = pH st which a buffer 15 half 10n1zed and half un onized.
Buffer Solutions
The various portions of Tables 14A to 14E give the directions for prepanng buffer
solntions of known hydrogen on concentration as recommended by diferent autbors

a
it

3 Glasg Electrodes
(Measurement of pH of Blood Plasma and Red Cell Under Anaerobic
Conditions )
‘References
DI D B Daly C A and Forbes W I pK of Serum and Red Cells J Biol
Chem. 117 560 579 (Feb ) 1037
Clark W M The Determ nation of Hydrogen Ions ed 3 Balt more 19°8 Wilhams
and Wilking Company p 1
Principle
Glass acts Iike & flud m which hydrocen 1oms dissolve It 15 the efore poss ble to
measure the boundary potentials when fiuids of dufferent hydrogen 10n concentrations
&re on either s de of & th n glass membrane In the present method fuids may be
kendled snserobically within & hin glass tube which & ts as the glass el ctrods
Apparatus
1 Glass electrode w th 010 N HCI AgCl half cell and water jacket for temperature
control (See Fig 24) The eloctrode proper of Cormmg Glass No 015 s a
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TABLF 1A

SPRENSEN s PHOSPHATE MISTURE For pH 5852
(Biochem, Z 21 131 1909 and 22 352 1909)

1 3M/15 Prumary phosphate 9 08 gm hH PO, /hiter
2 M/15 Secondary phosphate 94/ gm NaHPO (aukyd)/hter

11715 Na,HPO, A/15 REPO Phosphate
pH 8t 20 C {ml) {ml} mEq/

58 30 ) 1030
59 90 901 1032
[y 1.2 B0E by
61 153 817 153

.2 186 814 156
6.3 23 778 104
64 267 733 187
[ 318 o3 1318
66 375 62a 1315
6~ 430 565 1435
6809 496 504 06
6862 525 475 1525
6909 504 446 1554
69%8 582 418 1582

[ oll 339 Jo1'1
707 639 361 1639
-103 666 331 1666
~ 158 692 308 1692
~8)2 - 30 1°0
=261 44 26 144
~313 68 232 168
~ 361 789 11 189
~412 808 102 180§
~ 462 825 175 18°5
7504 811 59 FEXYY
" 61 857 143 1857
7610 870 130 180
7 €54 832 18 882
"0 894 06 59
- 54 905 95 1905
7506 015 8o 5
~ 909 035 68 1032
8015 917 93 1947
810 058 iz s
§90 970 30 1970

T shaped tube with & wall le s than 01 mm n thickness With a length of ™00
m and 1nsde dameter of 15 mm the volume 13 about 010 ml The tobe 13
bent by 1ts own weight while a postive pressuce 18 mawtaned witha the tube
and the md porhop heated gently with & small lommous flame. Then the wall
of the tube 13 thinged by thoroughly cleanmg and dippng in hy@rofiuone aod
The process 18 controlled by frequently removiag the electrode Tinmpg m wut;r
and th 0 ob erving the change in the amount of pre ure required to bend the
tobe A satisfactorv eleetrode will give a potentil of apprommately o015
volt per umt ehange 1 PH at 37 C  The electrode 1s held in position beme#:
{he halves of & rubber stopper which 15 sealed and fastened together with thuc]

yobber cement and & wire band. 01 N HCI surronnds the electrods 1a the mlﬂ'
chamber snd fills the mde tube F  An Ag AgCl electrode copnecte] to an t:np!:{
fier at E, 18 placed within a paratined tube at D and a large glass bead updu:h
sbove the copstriction 1 order o mummze movements of solution .rm;u )

Ag AgCl electrode  Water from & constant temperature bath mlmlamz t” ee :“ "

peratore by erculating 1 the onter chamber e have used the el cf rd s
cessfollp at 05 25 »nd 37 ¢ A small eopper wire 1s grounded at G sud P
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Tame 1D

WaLPOLE § ACZTATS Burree Mrerores rox pH 36 1a 58
(¥ Chem Soc 105 2,01 1914)

1 bodium acetate 0 N 7 gm SaC H O LH O diluted to 1000 ml witk water

Z Acetie aad 0 N .ppmmmy 113 1 ot 957 glacial mestac amd d Inted
to 1000 ml with water Stendarliza sgawst 01 N soduwm hydremde with
phenolphthalen as &m ndicator

TN bodium acetete 0N Zeety Aal
{zmly fod)

Sﬂ ES 8’5

35 %0 830
40 180 "o
42 %5 35
44 370 620
46 430 520
48 53¢ 410
50 700 300
§° 790 210

4 860 140
56 90 20
8 940 60

Tasrg 140

TLaRE 8 D ® DI BoRATE BUFrER MItvTURES FoR pH ¢ 8 10 1D
{ The Deternnation of Hydrogen Tons 19 8)

T 02 3 bone ana 1 405 gm 35,801
0° M potasnam ehlorde 1491 gm KO,
04 M s0d um hydroude from cone. CO_free alkal

0 AMHBO D M KG . M NaUH
j2:4 {m1) (m)
78 Elg 63
8¢ A £00
82 590
84 50 8 55
3.3 5Q 1200
88 50 1840
80 50 14
g &0 <670
94 50
26 50 © 85
98 G0 40 80
100 50 4300
D lute to 200 ml w th 4 tilled water 1n each esse

throngh the Tbber tubing and connection 1t 15 e oater thamber 1n order to ro
move stray electnie cussents which might result from the airculating, water
@ Calomel half cell with saturated FCl and KCI resorvosr
3 Apparatus for ampl fiestion and messurement of potentials
ot mesre nrrurately 46 O3 WY Wil serve
4. A copstant femperature water bath set at 35 €
5 A number of 2 m} ayninges

Anv arent which

Reagents
1 Potasstum ehtonde (RC1) s satarated aoltion 1a wat ©
” Sodwm chlonds (NaCl) 1:0t0n e €% ) sl stion 1w water
3 Buffers on each #1da of the rango of the unkzowas
4 For blood work nss M/L. prosphats buffers Thess should be kept in sa zce

box 23 1wo sepatate solutions (a) and (b) and mized 3 needed in the propar
t10ns shown in the accompanying Table 15
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TasLe 14D
SprexsEw 5 Guycine HyprocHLore ACID MIXTURE FoR pH 1135
(Ergeb Physol 12 393, 1912)

I glycme agdsmsm ch)o;:df zolutzon 01 Xf
1e30Ive 7 505 gm of glyewe and 585 of godium chlontde 1n 1000 ml of wate
2 Hydrochloric ae1d an 01 N eolution E e i
Temperatare =~ 18 C

Glytinehacl HCT R
(m) (ml)
' 00 1038
10 90 1146
20 80 1251
30 70 1419
40 60 1645
50 50 1932
60 40 2219
70 20 2607
80 20 29.2
90 10 3341
85 05 3679
TABLE 14E

BpexaSEN 8 GLYCIVE Sopromt HYpRoXIDE MixTUPES ror pH 8515
(Ergeb Physiol. 12 393, 1912)

Reagents
1 Dissolve 7505 gm of glyewe and 585 gm of soduwum chlorade 12 1000 ml of
water (012 glycne plas 0 1 M NaCl)
2 Sodium hydromde am 01N solutson

Glyeme Sodinm Hydroxidel 15 C 0 C 30 C

(ml) (ml) »H pH ‘ pH
[ 75 838 853 33
99 10 8§93 883 867
80 20 9.36 931 908
70 30 971 968 942
60 40 1014 1009 983
55 45 1048 104, 1017
51 49 107 1101 1072
50 50 1131 125 1097
49 51 1157 1151 .
45 55 1210 1204 174
40 60 1240 1733 1703
30 70 1267 160 9
20 80 1256 1279 147
10 90 1297 1790 125

(2) Monobasic potassium phosphate (KI,PO,) 9 078 gm/1000 mi
(b) Dibastc sodsum phosphate (Na&,HPO ), 8 469 gmn/1000 ml
Tho sslts most be dned at 95 100 C. Pure salts may be obtamed from Ls

Motte and Co ot
5 (a) For buffer of pH 621 to 37 C 5 ml of Na,HPQ, sre mixed with 0 o

(b) For buffer of pIT 735 at 37 C, 20 ml of NGHPO are mixed mith 5 =l of
KH,PO

Procednre—Testing System
1 Runse electrode twice with sahne
2 Ripso twice with buffer
3 Pat 1n sample of buffer
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TABLF 15

SgrEnsEN 8 Proserate BUPFER 80L0ONS AT 20 ¢ axD 37 C Tor PH Rarar 58 o0 87
(/15 at1d pho phate 90 8 gm dry KH,PO,/Lter,
3/15 basie pho phate 9469 gm anhydrous No;HE O/hter)

A P /1> Phosphats Solation
At200 ] At 37T C g, HPO (ml) | KH PO (m)

580 i €0 B0
590 587 99 901
690 597 122 878
610 607 153 887
.20 617 186 814
624 62 290 800
630 627 2.4 776
610 637 267 33
650 t47 FIE] €3,
660 657 315 675
60 667 135 565
650 677 496 504
690 687 504 46
700 697 611 389
710 707 666 334
720 717 72 280
730 727 768 232
433 735 800 =00
~ 10 737 808 192
50 37 w1 159
760 7.7 8:0 130
740 767 894 106
780 777 215 85
790 787 932 68
800 797 a7 53
810 807 958 42
820 817 970 30

TFlash stopesck with KCL

Turn stopeock to connect KCI wath buffer and read st once

Read again 1n one minute

a. The two readings should be withia 05 millivolts Temperature 1 probably
dnfting 1f greater divergence 12 noted, This drift must be ehmmated. When
a stable reading 13 obtamed Tepeat steps 1 to G with second buffer Thed
repeat 3 6 with & second sample

b These 4 readings on the second buffer should be wathun 1 mv of each other and

should differ from the readings of the other buffer by "0 mv (1e 615 mv per

PH umt st 37 € or 581 mv at 20 C) There 1s a Linear relation between te

perature and EALF

1f the difference between these two buffers (pH 6 °1 and 7.35) exceeds 70 =¥

the buffers are not correet If 1t 13 Jess than 70 the buffers may be wiong bot

1t 13 more probable that the trouble Lies 1n the electrode It 13 exther too thick

100 old eracked or perhaps thers 13 an electrical leak around 1t. However if the

:fference 15 constant and not less than 60 my the electrode 13 vsable.

Procedunre—Dbleasuriog Unknown
1 Tash electrode four tumes wath warm 1sotone salt solution.

2 Pnt an blood sample by means of small syrmge  Sample should be fresh and
must b handled a3 anserobieally a3 possible aved getting oil wnto the electrode
Push at least a guarter of a ml slowly through the electrode so that the blood
1 contact with the membrane 13 not the first blood layer to come from the

syringe

oo

a
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Rinse stopeock with KCl

Turn stopcock to conneet KCl with sampla snd read at once

Read agaun in 1 mimnute

Follow EMF for 5 mmnutes by oceusional 1 adings There will probably be =
greater change with the blood than with the buffers during the first nunute but
st should not be more than 1 mvy The change between 1 and 5 minutes should
beless than 1 mv Take the 1 mnute readung

Repeat2 3 4and 5 if thero 18 enough of the sample

Repeat steps 1 through 6 with the buffer which 15 nearest in pil to the unknawn

Repeat steps through 6 with the other buffer If the temperature s constant and
the electrode 18 working satisfactonly it 13 safe to use a3 many ss 3 samples be

tween rechecks agamst a bulfer and the eheck aga nst the two buffers may be
left to the end.

Calculation

1

PH of unknown =
PH acid buffer + [EMF unknown - EMF acd buffer] +

EMF alkshne buffer —EMT aeid buffer
DAL slkalme butfer = pif aeid builer

Example
PH alkalze buffer 775
FH 101 buffer 671
EMP alkaline buffer 3 01 mv
EMF ac & buffer °1my
EMF unknown 3114 my

P of unknown = 6 1 + [(3114 -5 1)+ w]

(735 -6 1)
691 + (593 + 596)
790

Precautions

-

©

- e

o

LS

Al solations put into the electrode should be withn 2 or G of the temperatura
of the solution to be tested For blood thia 19 37 ¢ Electrode wmust be constant
wathin 01 and sbould be within 1 C of the temperature required It 13 mot
necesaary to have the calomel cell and KCl st the same temperaturs as the
electrode but they must not change 1n temperature duning the experiment
Electrode should be left flled with water 1f in constant use and »f not with
001 N HQl

Saturated KCl should not come xn contact wath electrade

The solutions are introduced with &mall gyringes and should be at about the
temperature of the electrode

The main difficulties wath the glasy electrode amse from the fragd ty of the
electrode and its very high electncal resistance One 13 messuning s small po
tential fn series w th & Pemstance of several megohms and great care must be
taken to avo d electnical leaks over mowst gurfaces. The N/10 HCl the KCl 2nd
the NaCl if spult prom s uously are Likely {o lead to lesks especially in damp

weather and 1f the electrode 1s used at low temperatures condensation will do
the same

The temperature ¢oeficient for drawn humau blood under the cond tions of
measurement 3 approzumately 001 pIl un ts per 1 C. As the temperaturs rises
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the pH falls The same is true to a much smaller extent of the phosphate bullers

However tho LMTF of the whole system changes greatly with temperature and

one should work as near as posmble to the desired temporature aud be pattica
. larly eareful ta avard fluctuntions

4 Measurement of pH 1n Solutions
(Conditions Not Anaerobie Beckman pII Meter)

Principle
A glass electrode, when immersed in an unknown solution, develops a potential dif
ference the magnitude depending on the hydrogen 1on concentration of the solu
tion  This potential diff s d b, b the glass electrode with
some standard half cell such as the saturated calomel electrode and measuring the
voltage of the system

Apparatuy
1 A Beckman pII meter Model M

Reagents
1 Potassum chlanide 8 saturated sclution approximately 28 gm diluted up to 100
m] with water
2 Buffer solution pH 70 (see section on glass electrods under enaeroble conditions)

Procedure

1 Remove rubber cap from the end of the calomel electrode Mount the electrodes
11 their holder 8o that tho calomel electrode projects slightly lower than the glass
electrode and be sure they cannot touch the bottom of the beaker when the holder
19 lowered agminst the stop Remove the stopper from the calomel efectrods
during use
Tith control now in off position the meter should read exactly pH 70 Adyust
12 necessary by turning the screw below the meter s ale
With push button 1o lower nght hand corner in up postion, turn switch to oo
and leave 1a this position for a few seconds
Turn switeh to 7 14 range and adjust meter to pIl 7 with amplifier control kned
1 lower left corner
Turn switch to 07 range snd adjust to pIl 7 with standerd knob Check the
smplifler adjustment occasonally during use
Tmmerso electrodes 1 s buffer solution of pH 70
Place switch at proper range press button and adjust meter to buffer pIl by
means of the AP knob
To determing pH of test solutions clean electrodes 1mmerse in test solutzon asd
Ppress button Tho meter wll indicate the pIH automatically Tf the needlo goes
off the scale turn the ewitch to the other range

2

o

-

o

a0

@

Calculation
1 piH 1aread directly
Precautions

The standard knob should require only infrequent adjuatment
The electrodes should be immersed a full inch in the olution to wvoid shght

residunl effects N
When not in use the clectrodea should be immersed 1n & beaker of water and th®

ealomel electrode stopper replaced.
Keep the electrodes cloan at all imea rod do not allow the test solut

on them

-

1

[

ton to 457

-
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5 Keap the solutions nt approxumately *5 C ps the spparatos has been calibrated at
thet temperatare

6 When testing solutions of pH B, oc higher contaning slkals metsl 100s readings
should be corrected for alkal won exror This correction may be determuned ex
penmentatly

b Hydrogen Ion C:

Plasma pH

Ven Biyke D D Wewmger J B and Van Biyke K. k. Photometne Messurement ot
Pliswma pH J B ol Chers 178 743756 (June) 1949

Urine pH

Van Slyke D D Wemger § B and Ven Slyke K K Photometne Measurement of
Tnine pi T Mol Chem, 178 7 7761 (June) 1949



SECTION V
MICROBIOLOGICAL PROCEDURES

1 Pteroylglutamc Acid (Folie Acid)

Reference

Modified Mierobralogical Method of Tepley, L J and Elvehjem € A The Titrimet
¢ Determunation of Lactobacillus Caser Factor and Folie Aaid J Biol Chem 157

303 309 (Jan) 1945
‘Principte

The response (2cid production) of Lactobacillus cases E to graded nerements of the
aample and of a standard solution of pteroviglutamic acid added to medss furmshing
81l the nutrients required by this microorganism except the nutrient under asssy is
measured by titration with sodium bvdrox:de The acid produced 1s & direct fuze

tion of the origimal concentration of pteroyiglutamie acid

Apparatus
Autoclave bhorizontal type

Beakers assorted 25 1000 ml

Burette 50 ml

Centutuge

Cotton nonabsorbent

Gradust d eylinders glass stoppered assorted 25 1000 ml
Filter paper quahitative

Flasks Erlenmeyer 50 and 175 ml

Flasks volumetric glass stoppered assorted 52000 ml
10 Funrels 2 3 inch diameter

11 Ineubator water jacketed electnic (20 €)

2 Innculating needle platinum or nichrome steel

13 Automatic pipette (Fisher Volustat)

14 Graduated prpettes 05 10 20 50 100and 250 ml

R L T R

15 Volumetnie transfer pipettes 05 10 20 50 100 200 and 500 L

16 Refngerator
17 Arpold sterahizer
18 Hot air stertlizer
19 Stenhzing cans
20 Hypodermic synnges § to 10 ml
21 Interval timera
27 Test tubes naiform hpless Pyrex
23 Test tube covers sluminum rectangular
24 Test tube supPorts metal
25 Water bath constant temperature
Reagents
1 Water, glass distalled.
2 00° N NaOH &nd 01 N NaOH
3 01 bromthymol blue
4 1N NaOH (approx.)
244
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01 N HCl (approx )

Chloroform USP

Toluene USP

Prtamn frec aoid Fydroly ed casen 1007

Adenme Guanine end Uracsl These are dissolved m 75 wml distilled water and 5

m1 or more cone TICl Heat and dilute to 1 me of each per m! of final solution

Asparag ne  Dissolve 10 gm Tasparagwne i 1 hter of water Add o few drops of

chloroform nd toluene

Atanme Dissolve 5 gm dlalanime m o0 wl of water Add a few dropa of chloro

form and toluene

1% 1Cystine and I Tryptophane Ench of th se 13 dissolved m a mwsll amount of 10

N TICL and diluted to 4 my per ml and 2 mo per T respectively

Salt Solution 4 Dhissalve 2¢ gm KIIPO and 2, gm KHPO 1n water to make

50 ml Keep under toluene and chloroform

Salt Solution B Dassolve 10 gm of MpSO 7THO 05 gm NaCl 05 gm FeSO THO

and 04 gm MaSO HO in water and dilute to 50 ml  Add »10 drops of TICl

o clear golution  Add chloroform and toluene

Pitamn Solution 10 mg of thizm o hlonide 60 mg p: 3

30 mg meobinte and 20 g esleom pustothenste 05 mg p ammcbenzoie sud snd 1

m) malt soluton A are added to 100 ml water Add chloroform and toluene and

store 1 refrigerator

Pteroglglutamic Acid Stondard Solution We gh 10 mg pteroviglutamic aed and

transfer to 1000 @l volumetric flask wsing 00 N NaOH to make up to volume

Using 1 mt of this solution plus 1 ml of salt solut on A dilute to 100 ml with 00

N NaOH for & standard stock soluton of 100 meg per ml Dilute to 01 mlh

micrograms per ml for the working standard

Brotm 25 meg of crystalline (free arid) biotm are transferred to 2 50 ml volumet

mie fask  Add 7l of salt solution A and adjust to volume with water

Riboflat  Werh 50 mg USP referen ¢ standard nboflavm (dned m vatoum

des ccator) snd transfer to 2 hter volametric flask  Add 1500 ml HO 24 ml

gla al acetc acxd and warm Cool and make to volume Thiy solution contains

25 meg niboflavin per wl of 0 0” N scetic sesd

Teast Destrose dgar 15 gm sgar (Difeo Bacto) are dusolyed in aboot 150 ml of

hot water After agar 19 1 solution 8dd 5 gm glucose 20 gm yemst extract and

dilute to 1 Lter Tube 1n 78 ml portions  Plog tubes with nonabsorbent cotton

and autoclave ut 15 Ibs pre sure for 15 mmutes Cool and store 1 refngerator

0 Yeast Deztrose Broth Dissolve 5 gm Bacto yeast extract 10 gm NaGHO 3HOQ
5 gm glucose 5 ml galt A 8nd 5 ml salt B n water Adyust to pIl 6870 and

dlute ta 1 Liter Tube m 10 ml port ons plug with nonabaorbent cotton and auto

clave gt 15 Iba pressure for 15 m notes  Cool and store 1 refrigerator  Mammmm

amount of pteroyl lutamic 8¢ vsed m preparation of standard curve mav be

incorporated wath ench tube sa a supplement to the hroth

Hotonie Salt Solution, Tube m 10 ml portions plug with cotton and sterslize in
auto lave

nom
¢ o= E 2 eomuan

-
]

-
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-
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N5
3

Lactobacillus Stock Culture 'The fest organism 19 & purs culture obtaied ongmally
from the \mer can Type Culture Coll ct ons Georgetown Un versity Medical School
Weshington D © as number 7469 The orgamism 13 carr ed s 3 stab coltars in
a yeast dextrose agar mediom and transferred at weekly 1ntervals
3 Tahadustase Dissolve 2 gm 6f commercial takadistase fn 100 m) of water
Procedare

1 Preparat on of the Inoculsm On the day prior to use transfer cells from the

stock culture to & storile tubs of wnoculum eulture medwm (Peagent °0) Inew
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bate this culture for 1624 hours ¢ 375 C  After inewbation, the edlly ws
contrifuged out, resuspended 1n saline and 1 drop added to 10 ml of 08 er eent
saline  For the 1moculum one drop of this gell suspension 15 addeq per tube
Preparation of Samples
Food Weigh nccurately about 1 gm food Add 25 ml neetate byffer PH 45
1 ml takadiastase enzyme (2%) sclution 2 ml of toluene plug With cotton ead
sncubats 375 C for 18 24 hours Adjust pH to 6668 steam for 10 munates in
autoclave dilute 1 200 for normal diet and filter
Feces About 08 gm feces 19 treated by enzyme method above final dilation It
125000
Urme Dilute 2 ml arine to 100 ml with water 1 a didubion of 1 to u0
Plasms, and Blood Add 8 ml acetate buffer to 25 m] Erlenmeyer flask and add
01 ml blood or plasma Wash pipette several tumes with acetate buffer Add
¢1 ml 2% takadiosts e solobon  Gently mux and then 2dd 1 drop of tolusl to
each Erlenmeyer Sask  Alwoys run blank consmsting of all components except
eample Incubate at 375 C for 24 hours & 2 hours Steam samples 1n autoctave
for 15 ynnutes  Cool and adjust to pH 6668  Dilute blood 1 500, plasma 1950
Preparation of Basal ifedwm Prepare the basal medigm having the compontion
shown below  About 500 ml 38 requred for 100 tubes
20 gm anhydrous glucose
334 gm sodinm acetate
125 gm X,HPO
50 ml casein hydrolysate 10%
50 m) Itryptophane solution (2 g per ml)
50 ml Iecystme (4 mg per ml)
10 ml adenine gusnine nraeil (1 mg each per ml)
10 m) ssparagme (10 mp per ml)
10 m! i alpha alanne (20 mg per ml)
v ml salt B
4 ml vitamn salytion

50 meg thiamin

300 meg pyrdomine

150 meg macin

100 meg pantotheme sesd

25 meg p amunchenzoe acid

8 ml biotia 01 meg per ml
8 ml mboflavin 25 meg per ml

Adjust pHL 10 6 6 6 B and dilute to 500 ml
Preparation of Standard Tubes To duplicate tubes 13 x 100 mm, sdd 00, 015,
025 05 075 10 1°5 15,175 and 20 ml of standard ptereylglutamie aad sole
tion, (01 mulpuerogram per ml)  AdQ auffieient water to bring the volume in ench
tubs o 2 ml To each of these tubes add 1 ml of basal media An automatio
pipetimg machine 13 & valuable asset 1n this step
Preparation of Assoy Tubes 'To dupheato tubes 13 x 100 mm 2dd 05 10 15and
20 ml of the specimen  Add suficzent wter to brng the volame to 20 ml. To each
of these tubes 2dd 1 ml of basal medium.
Stershzation  Plare aluminum covers over the sssay tubes 1n racks Antoclave at
15 1bs pressure for 10 mnutes
Inoculatron gnd Incubation  Coal all the tubes to the ineubation tewperature
Aseptically moculate each tube with one drop of woculum. Jneubat for 72 hours
at 375 C
T.(th.on Transfer the contents of a tube to a 50 ml Erlenmeyer fask mosng
onte with 10 ml of water Titrate the contents of the flask with 00° N NsOH to
a PH of 6 8 using bromthymol blue s an internal wdicator

»

o

P

Per ml
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Calenfation

1 Draw & standard eurve for the assay by plott ng milhmucrograms of pteroyl
glutsmie aeid (abscssa) 1 the standard seres sgmnst ml 00 N NaOH
(ordinate)
Determ ne the Jteroylglutame acid content of the tubes 1 the unkaown series
by mterpalation of the hiter values on the standard cutve Use only values
wh ch d0 not duter from the average by more than 109

o

m 1l micrograms fohic 8¢ d/ml specimen =
average/tube

T quot vorms ¥ Dlution factor

Example
The method of ealeulation 18 shown 1 the table below

PTEROYLOLUTAMIC PTEROYLOLUTAMIC
TITRATION AFTER  ACIDEVALUATED  Acm PERmloy

ASSAY TUBF INCUBATION FROM STD CURVE TEST EXTRACT
ml oY l my my
05 49 0019 0038
10 59 0010 000
15 65 0021 007 Av 0031
20 80 oorg 0034

Thlution was 1 to 40 F nal answer 13 therefore 40 x 0031 = 124
Precautions

1 In order to avod errahic results only glass d stilled water and suitably pure ve
search products should be used

« Digestion with takad stase and papain does not give mamimum values for the
folie acid content of many natu al materals Each kind of matenal needs m
Arvidual research to determine the best means for hydrolyss

2 Nicotime Amd

Referentes
1 Modified M crobiolog ¢al Method of Snell E E and Wrght L D A Muro
b ological Method for the Determination of Nicot n ¢ Aexd J Biol Chem 1.9
6 5685 (May) 1941
Kreht W A Strong F M and Flvehjem C A Determmation of Nicotime
Acd Ind Eng Chem Anal Ed 15 471 475 (July) 1943

Principle
The mierob ological dete mnation of micotime anid 13 based upon the growth stmu
lat on of Lactobae:lus arabinosus In a basal medium that 33 macin free but other

wise complete growth Tesponses of the organ sm are measured quentitatively 1n
standard and unknown solut ons by t teat on of the ne d produced

Apparatus
1 Same ax mn pteroylglitamuc acid as ay
 Futamin Solut on 5 m, thamm 5 mg ealc;om panto

thenste 5 mg poammchenzo¢ aeid 10 mg pyndoxme 1 ml salt solation A aad
dulute to 100 ml. Add chlo oform and toluena and store in yefngerator

3 Stands & Wicotimc deid Solwt on A solution of mecotime acd 05 mg per ml (500
mierograms per ml) 23 made by dissolving 1 15 mg of eryataline vitam n in the
proper amount of distilled wate 0 ml of this sol tion plus 1 ml salt solution A
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are made up to 100 ml m & volumetne flask to g1ve a concentration of 100 meg

ver ml Dilute to 50 milbmcrograms per ml for working standard for mer-
assay

S

Stock Cultere Stock cultures are carried as stab cultures 1n 2 yeast destrose azar
medium.  These cultores are transferred at weekly intervals incubated *4 hours at
375 C and then stored m the refrgerator until meeded The orgamsm weed 18
Lactobscillus arabuosus 175 and may be secured from the American Type Culture
Collection, where 1t 13 histed s No §014

Procedure

1 Preparation of the Inocultm QOn the day prior to use tramsfer cells from the stock
cultore to a stenle tube of yeast dextrose broth supplemented with the mammum
quantity of mcotime acid used for preparation of standard curse  For the wocn
lum the cells are centnfuged out the supernatant liqud decanted und the cells re-
suspended 30 10 ml 1otome salime solution. One drop of ths cell suspension 18
added to 10 ml of saline to provide a working cell suspension Use 1 drop per tube
for anoculation
2 Preparation of Samples
a. Food—Weigh accurately about 1 gm food 2dd 20 ml 2 N FICl sutoclave 30 un
utes at 15 Ibs nentralize to pH 66 68 duute I to 100 in water and flter

b Blood—Dilute 0 § ml to 50 m] with water

¢ Urme—To 10 m] urime add 10 ml 1 N HC1 sutaclave 30 minutes at 1°1 € cool
and adjust pH to 6668 For assay dilute ths sclution 1 to 4 with water

4. Weigh securately about 1 pm feces Add °0 m) 1 N HCl autoclave 30 munutes
at 15 Ibs  Cool, adjust to pHL 6668 uute to 100 m! with water and filter
For use dilute filtrate 1 to 10 with water (1e final dilution 1 1000)

3 Prepgration of Basal Mediwn  Yrepare a basal medium having the composibion
shown below
a Mix the following

20 gm anbydrous glucose

334 gm Na acetate 3H O (20 gm anhydrous)

50 ml casem hydrolysate 109

50 ml tryptophane (2 mg 7 tryptophane per ml)

50 ml { cystmme (4 mg per ml)

10 ml ademine guanine uraci (1 mg of each per ml)
2 ml witanun solution (see reagents)
5 ml salf nuxture A
5 m} salt mixture B

4 ml niboflavan (25 meg per ml)
2 m] biotm (01 meg, per ml)

b Adjust the pH to 66 68 Dilute to 500 ml with water

4 Preparation of Standard Tubes Same as for pteroylglutamic acid assay g

standard meotmme geid solation (50 millimcrograms per ml) for working standard

5 Preparation of Assay Tubes Ste i and Tﬂ{axc
These follow the same general mucrobiological te hniques msed i pteroylgiot
sc1d assay

Cajculation
Same as for pteroylgltame acd
Precantions Diereatil

ts aoude

1 Lactebaallus srabinosus responds equally to maecw and i
microbiological gssays have to be used to ustinguish between the seversl metabolites
of this mitamin.
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8 Bioctm
References
1 Modified Aicradialog eal Method of Shull ¢ Af Hutchugs B L and Peterson
A A Migrabclogieal Assay for Biotin J Bhol Chem 142 §139 0 (Fe™)

294
2 Tepley L J =08 Elvebjem € A  The Titenmetric Deternunatwn of Lacto
baciilus Caser Factor asd Folic Aeid J Biol Chem 157 302 200 (Jan ) 1945
‘principle
B otan may be af 1ts effect upon the
growth of Lactobac Nus caset £ The utmlﬂx)e sedity prodaced by L caset B a3
& funetion of the tnctiz cancentration of the medwm

Appazatus
1 Same &s for pteroylglutamee ac1d asay
Reagents
Reagents are the ssme as for the 2wy of pteroyiglytame and with » few ad
ditrens
1 Maogenese dioxde (MzO USP)
2 Mvor te ar sctivated charcozl
3 Superoxol (309 HO ACS)
4 Peptone {Iifeo Bacto)
5 Peptone Supplement Dissolve 5 gm of peptonc m 100 ml of warm distalled
water Adyust to pH 3 Stz with °5 gm Norte for 1 hour Filter Diute to
00 m} A4 18 ml Superoxol (307 O} Do not pipettel! Allow to stand
¢ room tempernture o8 bours  Adyist to pH 7 AGd sbout 25 gm Ma0 slowly
with stiring  When evolution of oxyges cesses flter solution and dulute to “50
m with water  Add chloroform and toluene and stare in refngerator
Stock Cuitare
Ssme as for pteraylglutamic seid
Procedure

1 Preparation of the Inocwlum  Bame as for pteroylglutsmia auid 2 say extept 3
stead of pteroyiglutamic acad the yeast dextrose Droth should be sypplemented
wath the minimum quntity of b ofin unsed o preparation of the standard errar
Preparation of Samples
Feces  We gh accurately about 07 gm feces wto 8 50 ml Erjenmeyer fask
Ad 5 ml acetate buffer 1wl ¢ papan (emuls fy 05 gm papam m 85 ml
glycerine aud dlute with 4 md water) 1 m} 2 tek1hiastase and 2 m tofuens
Plug with cotton ntubate 13°4 bours at 37 € =adjust o 6568 steam IO
mipntes and coo!  Dilute 1 1o 100 with water Sltes avd diinte the flirate to s
final dilation of 1 to 10 008
¥ood e gh geeurntely x sample of about 3 gm  Treat 1ke feces through the
stags of steazupy Thlute X o 50 flter and uve Qizectly  An siternative method
18 sometones yeqmred  ndd X gmfood to S mi X N BT autoelare 30 mumntes
st i3t mdyuttopiT 6668 dlute I uf flter and use
Unze Diute one mlta 50 eith water
Biood s2d Plasma. Bix 10 m} blood or pla ma wath 10 m! 2 N HOl autoclave
at 15 s for 3¢ minutes and vool Adjust to pIL 6668 dilnte 3 to 5 fiter
wnd use
Pregoronon of Tasnt Medwm  Preparo the ba ai med um haviog the componitivn
shown helow
2 Mix togtzhef

0 gm gl

3Bégm Nm ututltu ST G ( 0 gm anhydrovy)

>

o

oo
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1.25 gm K,HPO
50 w1 casein hydrolysate 10¢%
50 md { tryptopbane (2 mg per m1)
50 m! feystme (4 mg per ml)
10 m! adensne guazme wracd eolution (1 mg eack per ml}
10 ml asparagine (10 my per ml)
10 ml g7 alpha alamme (20 mg per ml)
10 m! peptone supplement (norite and peroxide treated)
40 ml vitamun solution (same as for pterosliglutamic acid)
10 ml fole acid (1 meg per ml)
80 m! riboflavin (25 meg per ml)
50 m] salt muxtore B
b Adjust to pIl 6 6 68 and dilute to 500 ml with water
4 Preparation of Siandarg Tubes Same ss for pteroylglatamuc acid mssay wung
stendard biotm solution (02 milumierogram per ml) for working standard,
5 Preparation of a.say tube stenl ! and b titration and
ealeulation are all according fo the ssme gemeral mucrobiologieal technics as n.ed
for pteroylgivtame and a sy

4 Pantotheme Acid

‘Beferences
1 Modfied Merobiologieal Method of Cheldehn V H. Hosg, E H and Sarett H.
P The Pantothemc Aerd Requirements of Lactic Aeid Bactena J Back 49
4145 (Jan,) 1945
2 Hoag £ H Sorett . P and Cheldels 3 I Tse of Lactobacilus Arshimoss
175 for Microassay of Pantothente Aerd Ind and Eng Chem Anal Ed. 17
60 62 (Jan.) 1945

Priaciple
Pantotheme acid 19 estimated from 1ts growth stimulation of Lactobacillus arabuo-
#ps 175 Lactic apd 13 d ) The bownd wismin
15 first biberated by means of digestive enzymes

Apparatus
1 Bame as for pteroviglutaruce acid assay

RBeagents

Reagents sre the same ag for pteroylglutamic ac:d assay with s few additiona
1 dBal-Treated Peptone To a solution of 50 gra peptone an 300 ml of distilled
water 13 added 75 gm of NaOH also dissolved m 300 ml of distulled water Tbs
solution 13 placed under uvltraviolet Light and allowed to stand £ hours ‘The pH
15 adjusted to 66 68 with glacisl acetrc acid and 14 gm of godium acetate are added
and the volume made up to 1 hter This solution contains 5¢% peptones azd €%
sodium acetate, Store m a Toluene and are added.
Futamin Solution Incorporate 5 mg thuamune hydrochlorde 5 mj, p-amumobenzoic
2ed 10 mg mcotime aed 10 mg pyndoxine hydrochlonde 1 ml of salt golution A
and ddute to 100 mL  Add ehloroform 2ad tolvene and store in refrigerator
Standard Solutwn of Pantothenic And A solntion of caleiunt pantothenate 1 mg
per ml, 1 made up by dissolving 10 £0 mg of the ervatalline vitamun 1n the proper
smount of water Of this solution 54 ml plus 1 m! ealt solution A are made vp
to 100 ml 10 & volumetre flash to give a concentration of 50 meg per mb Tante
to 10 millimserograms per mi for the working standard.

& Stock Culture  The organiem used is Lactobaealtus arabmosus 17 § (Amencsn Type

Culture Coflection No 8014) It 1s mamtaied on Feast agar stabs

@
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Procedute
1 Preparation of the Inorulum Prepare the incenlum for the assay tubes by trans
fernng from the stock culturs to & stenle tube of yeast dextrose broth supple
mented with .0 mulmerograms of calum pautotienate Toeubate for °4 hours
8t 375 0 Centnifuge and dieard supernotant iqud  Resuspend the cells m 10
o1 of phys ologacal saline  One drop of thus cell suspension 19 edded to 10 ml sale
and one drop of this resuspended cell suspension 1 added per assay tube
Preparation of Samples
. Food About 1 gm food 18 treated with 1 ml 2¢% fakadinstase solution 25 ml
Beetate buffer pIt 43 and * ml toluene  Plug wath cotton in ubate at 87 O for
1824 hours Adjust pIl to 6680 steam 10 mumutes m autoclave dilute and
fiiter Forusedlutolto 00
b Feces About 08 gm feces are treated with enzvme o3 above fnal ddution 19
12000
¢ Whole Blood, 10 ml blood 13 treated as above finsl dulution 18 140
d Plspa 10 mal plasma enzyme 15 trented a3 pbove final dulution 18 120
e Unme Diute 1 ml to °00 with water
Preparation of Basaf Medwm Prepate the basal med um fhaving the compomtion
elow
». Mix together
0 gm glatose
796 gm soaium acetate
50 gm 1 tryptoghane (2 mg per ml)
<0 ml Leystne (4 mg per ml)
100 mt peptone alkali treated (57 peptone €7 NaAe)
10 ml adenine gunn ne uratil (1 m, each per ml)
50 ml easemn hydrolysate 109
5 ml slt solution A
5 ml palt solytion B
3 ml vitamun solution (th amm and PABA 50 meg per ] nlacin ad pyndozine
100 meg per mi)
2wl brotin (01 meg per ml)
8 ml 1 boflavin (2 meg per ml)
b Adgust pIl to 87 snd & Jute to 500 o
Preparation of Stondard Tubes Some as for pteroylglatam e and aseay using
stasdard eul sum pantothenats solut on (16 mullum crograms per miy for the work
g standard
Preparation of s ay tubes and ttrat on and
culeulations wre by the exme general m crob ologiesl techut s as were used in
peroylglutame neid assay
Precautions

o

«

-

o

1 Lactobac ff1a arabsuosus doea not respond o boind pantoth n c ae d and since the
witamin 38 labile to heat 1 & or alkalme solut on digestion of the sample must be
aceompl shed et neutral pIT by means of d gest ve enzymes

5 Pyndoxwme (Vitamn Bo)

Relerence
Modified Aficrobiologieal Method of Atkin L Schultz 4+ 8 Wolhams W L. and
Frey C N Yeast Methods for D of Vatamins Ind

and kog Chem Asal L2 15 141 144 (Fob ) 1943
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Principle

The growth strmulation of a strain of the yeast Saccharomyces carlsbergensis 19

used for assaying pyndoxime microbiologieally Growth 15 estimated turbidumet

ncally
Apparatus

1 Same a3 for pteroylglutamic acid assay

2 Photoelectric spectrophotometer Coleman Jr

3 Mechamcal shaker
Reagents

Bame as for pteroylglutamac acid assay with some additions

1 Sugar and Salt Solutin 700 gm CP dextrose 2.2 gm monopotassium phosphate
17 gm potassium chloride 05 gm calerum chloride 05 gm magnesiam sulfate 001
gm ferne chloride and 001 gm mangane e sulfate made up to 1 Lter with water
Potassium Ctrate Buffer 100 gm potassium eitrate and 20 gm extric and made up
to one liter with water

to

3 Casewn Hydrolysate Solution 10% Adjust the pH to 4 6
4 Thuammne Solutton 10 muerograms per ml
5 Inositol Solution 1mg per mL
6 Iiotin Solution 01 mcrogram per m!
7 Calewm Pantothenate .00 mucrograms per ml (02 gm per hter wth 10 ml salt
sofution A per liter)
8 Bocto Malt Latract (Drfco Bacto) and fresh mowst baker » yeast
9 044 N and 055 N I 80,
10 Stendard Pyndomsne Hydrochlorsde A solution of pynidoxine hydrochlonde 1 mg
per ml 1s made up by dusolving 15°0 mg of crystaline mitamn 1 water 11
ml of tlus solution plus 1 ml salt solation A are made up to 100 m] m & volumetric
flask to give a concentration of 100 mg of pyridoxine per ml Two working stand
ards are msed 001 meg per ml and 0 005 meg per mi
11 Stock Culture
Baccharomyees carlsbergensis Amesican Type Culture Collection No 4°%5, 15 earned
o Difco malt agar slants Fresh slants are imcubated for £4 hours at 30 C and
stored 1n a refrigerator for no more than two weeks
Procedure

1 Preparation of the Yeast Inoculum Prepare a fresh slant of Saccharomyces carls
bergensis on Difco malt agar and wmcubate 24 hours at 30 G Remove & quantity
of fresh growth with a stenle wire loop and suspend 1m 10 ml of sterle ssotomie
salwe 1 a colormeter tube  With the axd of a photoelectrsc colorimeter adjust the
concentration of the yeast to sn equwalent of 1 mg of moist bakers yeast per @b
by adding stenle salme Dilute 10 ml of the adjusted suspension with 90 ml of
saling 1 5 stende Erlenmeyer flask promamg & yeast suspension with final con
centration of 01 mg per mL
Preparation of Semples
& Food—Extract 1 gm of the specamen with 90 ml 044 N H SO by autoclaviog at
15 pounds pressure for ome hour Cool peutralize to pH 552, dilute to 100 ml
and filter
b Feces—Extract 05 gm of speciraen with 90 ml 0 44 N H SO by autoclaving 815
our Cool neutralze fo pH 552 dilute fo 00 ml and lter
¢ Unne—Extract 5 ml of specimen with 80 ml 005, N H SO by sutoclaving 3¢ 15
Ibs. pressure for 1 hour Cool neutralize at pH 532 dalute to 100 m! azd ﬂz:::
Preparation of Besal Medwm Prepare the basal medum having the compos

©

Ibs pressure for one b

@

below
2. Mix together

Sugar salt solution
Potassium eitrate buffer polation

250 ml
50 ml
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Casern hydrolysate 0 m1
Thismize solution 5l
Inosttol solution "5 ml
Buotln solution 8 ul
Caltm pantotbenate solution 125 ml or 50 ml P A. standard

b Dilute to 500 m}

Preparation of Stondard Tubes Place o ml of basal m dum 1n each of a series of

18 mm Pyrex test tubes  Into dupheste tubes pipette 00 05 10 15 20 25 30

35 and 4 0 ml of diluted standard  Adjust volume to 9 0 ml with water

Preparation of Assey Tubes Pipette 1010 successve tubes 05 10 20 30 and 40

ml of the extract of specmen  Adjust the volume to 40 mi and add o 0 ml of the

basal medmm

Stenluation  The tubes are covered with alummum covers, stenmed for 10 m nutes

and cooled

T Inoculation and ncubation Uader nseptic conditiona {ntroduce into each tube 1 ml

of the yeast ipocolum Place the tubes 1n & mecham al shaker for 16 18 howrs st

30 C (rate of shout, 100 strokes a mnute)

Estmaton Immediately after imcybation eshimate the y ast growth turbidumet

sically in  photo lectr spectrophotometer  Set the wave length at 680 mu snd

1007 T with distilled water The yeast growth noemtom should resd bebween

0 nad 90% T

©sleulation

1 Ou ordinary graph pap r plat the results of the reference series mn per cent trans

mittance agamst con entration of pyndoxne hydrochlonde Estmate the values
for the unknowns from the graph  Caleulate the pyndoxime content of the speci
men for sach tube and aversge all values which agree with 0 10 of their meen
fol owing the same general formula as for pteroyiglotamic a 1d.

Precautions

1 The vitamn B group covsists of pyridoxine pyndoxsl wnd one or more labile

factors  All members of the complex show acunty for

earlabergens s Henca thia procedure 18 not specific for pyndoxine

Careful attention shoull be gaven to the hydrelytic procedures employed to hiber

ste the bound forms of the vitamin it Is extracted from most plant and amms)

tissues with d Feulty

N

o

o

o

?

3 The chiet @ sadva tage of this metbod 18 1t low degree of precimon On the
aversge values may be regurded as teproducible to within J09% but frervently
muck greater vanations are encountered far unexplained r asons

Piboftavin

References

1 Modified Microbiclogieal Method of Suell T E und Strong F M. A Muero
biolegieal Assay for R boflavin Ind and Eng Chem Anal F3 11 246330
(June) 1939

2 Beott M L Rendall ¥ E and Hess 1 F XL, o Mod fication of the Saelt and
Strong M erobiglogical Method for Determiming Riboflavsn J F101 Chem 141
3536 (Oct.) 1941

3 Stroog F M snd Catpenter L ¥ T of Samplea for X
Determination of Ribofavin Ind. sud Fog Chem Anal Ld 24 909913 (hov)
w4

Prineiple
Riboft 1

of the growth stmalation of Lacto
baeilus case B The ma p oduced by the m croosganism is determned by titre
o with sobom hydronde
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Apparatus

1 SBame as pteroylglutamic aerd 8858y
Reagents

Reagents are the sswme as for pteroylglutamic scrd sssay with & few additions

1 dikal Treated Peptone Solutwn  Dissolve 40 gm of peptone (Difeo Becto or
Wilson 3) 1n 250 ml of ot dustilled water Add 40 gm of NaOH m 25¢ m} of dis
tilled water Alix the two solutions  Allow to stand for 184 hours then mew
trahze with glacal acetic acid  Add 14 gm of dry NaGHO (or 32 gm
NaGH,0 3H Q) and sufficient water to make up to 800 ml Preserve nader chloro
form and toluene 1z a refrigerator
Yeast Supplement Solution  Ihssolve 100 gm of yeast extract (Difco Bacto)
1 500 ml of water and 150 gm of basic lead acetate 1n 500 ml of water Mix
the two solatrons Adjust the pH to 10 with concentrated NH OH and filter or
centrifuge  Adjust the filtrate to pH 65 with glacial acetre acid precipitate
the excess lead with H S and add distilled water to make 1000 ml Preserve
under toluene 1 the refrigerator
Cystine Soluton Dissolve 1 gim lcystine wm 20 ml of 10% hydrochlone sad
and dilute to 1000 m] with water Store under toluens sn rafrigerator not be
low 10 C
Reference Standard Solutwon  Dissolve 50 mg of USP nboflavin reference
standard m 1500 ml of distilled water contasming «4 ml of glamal acetic aeid
and warm to aid solution After coohng to room temperature make to 2000 ml
volume with water Preserve 3n the dark nnder toluene 1n a refrigerator Diute
to 01 meg of mboflavin per ml immediately before use for reference working
standard,

Stock Culture
1 Bame as for pteroylglutamee ac1d assav

Procedure
1 Preparation of the Inoculum On the day prior to use iransfer cells from the stock
culture to o sterile tube of yeast dextrose broth supplemented with 05 meg of 7ibo
flavin/m] sud incubate 24 hours at 375 C  For the moculum the cells are cen
trifaged ont and the supernatant lquid decanted Suspend the cells m 10 ml of
sterrle 1s0tonrc salime solutron and use 1 drop of this cell suspension.
Preparation of Samples
s Foods To sample (10 or more micrograms mboflavin) add 50 ml 01 N HCI
and sutoclave for 15 minutes &t 15 Ibs pressure Add 1 ml of freshly prepared
pspmn tskadiastase solution (20 mg/ml) Incubate at 375 C for 4 hours.
Heat with flowing steam for 10 mmutes Adjust to pH 45 make to 100 =l vol
ume and filter
Urine Dilute with water so that the specmen contains between 005 and 05
meg riboflavin per ml

o

e

»

Y

Ed

Prepare a basal medum having the composmtion

3 Preporation of Basal Med um
below
a Mix together
Alkal: treated peptone 50 m!
019 cystime solution 50 ml
Yeast suppleaent 5 m)
Balt selution A ~5 ml
Salt solution B 25 ml
Destrose anbydrous 10 gm

b Adjust to pH 6668 Dilute to .50 m!
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-

Preparaton of Standord Tubes To dupleate tubes 16 by 150 mm 1n mze 2dd €0
05 10 15 20 30 and 50 ml of standard mboflavin solut on (01 meg per ml)
AQd suffic ent water o brng the volume 1m each tube to 50 ml. To each of these
tubes 2dd 5 ml of basal med um

Preparation of dssay Tubes To dupl cate tubes add 05 10 15 und 20 ml of
the extract of the test matersal Add sufficient water to bring the volume m each
tube to 50 ml and add 5 0 wl of basal m dium

e

6 Stenhs ation and aep d a3 1n the p
acQ assay
7 Tutrstion Travsfer the contents of each tube to an Erlenmeyer flask usmng, 10 m!

of qisilled water for rosmg  Titrate with 01 N NaOH using bromthywmel blue
23 an ndueator

Calculation
1 The same typ of calculation 18 sed as for pteroylglutam ¢ acid assay

7 Tryptophane
References
1 Modified Microbiological Method of Smell E B and Wnght L D A Micro
biologiesl Method tor the Determination of Nicotime Acid J Biol Chem 1.9
675 885 (June) 1941
? Greene R D and Black 4  The M crobolog cal Assay of T yptopheme in
Protewn and Foods J Biol Chem 155 18 (Sept ) 1944
3 Wooley J G and Sebrell W H  Two Meroh ologieal Methods for the De
termnation of 1 Tryptophane 1 Proteins and Other Complex Substances J Biol
Chem 157 141151 (Jan ) 1945
Principle
The growth st mulation of Lactobacllus arab nosus 175 in relation ta the trypto
phane content of a basal medm 13 enployed n the mic obiolog cal assay for this
ammoacd The lactic ac d produced 35 titrated.
Apparatus
Same as for pteroylglutam ¢ aead
Reagents
These are the same as for pte oylglutamic acid with some additions
1 Standord Tryptophane Solution Tiswolve 040 mg of 7 tryptophane in the proper
amount of hot wat r to provide a solution contamng 2 mg tryptophane per ml In
corporate 10 ml of the solation with 1 ml salt solution A and make up to 100 m!
volume to gve 00 meg tryptophans per m! D lute to 1 meg per mi for work
g standard
Tstemin Solut on  Sawe as for pantotheme acid as vy
Stock Culture
Same as for mootwe & 1d assny
Procedure
L Prepavation of Inoculum Sama as £0% 7 400m ¢ 204 28 4y
© Preparation of Samples Either of two methods may be employed
a. Use of Enzymes Place ssmple 1 100 mt beaker (5 gm food 05 ml blood
05 ml plasma 1 mlurne) Add 5ml 02N HSO, 05 ml 1 pepsu solut on
and 1eubate 18 £ hours at 375 C with oceas onal mumng  Add 06 gm E HPO
and adjust pH to 84 Add *5 m11¢ trypsin solution 10 ral toluene and & few
drops of chloroform. Incubate at 18 4 hours at 37 ™ 1n 1 5 ml Eslenmeyer fask
with occasional mixeng  Adjust pll to 4 8 transfer toa 0 ml Erlenmeyer fla k
and add 5 ml 1¢ erepmin solution & few drops of ¢hlo oform and 10 m) tolnene

o
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3

-

3

Incubate 72 hours at 37 C with aceasional muxing  Replace toluene ax pecessary
Adjust pH to 60 65, including blank, diluto to 200 ! and filter untd elear vswg
same filter paper for repeated filtrations Make final Qilution as follows  blood
103000 plasma 1 to 000, diet 1 to 400, enzyme blank, 1 to 1000 on bass of
Pepun nrinel to 20
b Use of Banum Hydrovide Place gample contaiming about 250 meg tryptophane
m 8 2,0 ml Erlenmeyer flask (diet 1 to 2 gm blood 01 ml, plasme 0 =,
urme 02ml) Add 65 gm baram hydroxide Ba(OH) SHO) and 0 m) water
nux thoroughly and autoclave 16 hours at 15 Ibs Autoclaved sampleg are trans
ferred qusnbitatively while hot to .0 ml beskers After coohny the pll 18
made acid to 5 with 2 N H SO Samples are neutralized to pIf 6065 with
NaOH ond diluted to volume plus 1 ml to allow for BaSO formed Fumal dilu
tions are as fallows  food 1 to 50 or 1 to 150 depending on tryptophaze content
blood 1 to 1000 plasma 1 to 500 urne 1 to 100 Ileat to 6070 C fiter and
assay Mote Because of racemization when barium hydroxide 13 used multiply
all assay values by 2
Preparation of Basal Medwm The busal medium recommended here differs from
that of Snell and Wright s for macn only in the omission of tryptophane aad
the 1nelusion of macin
& Mx together
20 gm glucose
334 gm sodum acetate (NaGHO 3H0)
50 m) casemn hydrolysate 10
50 ml I cystme (4 mg per ml)
10 ml adenme guanme uracil (1 mg each per ml)
50 ml salt solution A
50 ml salt solution B
30 ml vitamn solution (thiamin and PABA 50 meg per ml mwmem and pyndox
1me 100 meg per ml)
30 ml biotin (01 meg per ml)
80 ml riboflavin (25 meg per ml)
30 m} pantothenic acid solution (50 meg P4 per ml)
b Adjust to pH 6 6 6 8 and dilute to 500 ml
Preparation of Standard Tubes Same as for mboflavin as ay except for usiog
standard tryptophane (1 meg per ml) for the working standard
Preparation of assy tubes 1 and {ncub
calculation are by the same general procedures used 1z riboflavin as ay

trtration and

Precautions .
3 Lactobaciins srabunosus does not tespond to d tryptopheme and complete

racemzation of hydrolysates prepared with base 13 assumed Therefore direct

analytical results are obtamed with a di standard If I tryptophane is u.ed 833
standard the analytreal results should be multiphed by ¢ However recent 1n
vestigations 1ndicate that there 13 & good reason to beheve that there 1 destruc
100 of tryptophane after treatment with alkali Cystine added as bilizing
agent affords good results

8 Agar Plate Assay for Biotin

References
1 Qenghot D 8 Partndge ¢ W H_and Carpenter F I An Agar Plate Assey

o

for Biotin Arch Biochem 17 413420 (June) 1048
Soell B E and Wright L. D A Microbiological Metkod for the Determastion

of Micotime Acd J Biol Chem 139 645 686 (Juze) 1941
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Principle
Photin solutions of intreanng concentrations ave added o filter paper dues on &
biotwn free but otherwise complete medium sseded with Lactobacilus arabmosus
175 (raded zones of growth are produced. A lisear relationship exists between the
dsmeter of the 200 of growih and the loganthm of the dese of buatin
Apparatus
1 Pen llin veader (Fisher)
» Petr d shes (100 mm diameter) with unglazed parcelarn tope {Coors)
3 Tilter paper dises (Schlescher und Schuel Mo 740 E)
4 Incubator set at 30 ¢
u Autoclave
8 Refnigerator
7 Constant temperatura bath set at 45 C
8 Pigettes (01 ml graduxted ta bundzedihy)
? Centrituge
10 Browes automatic pipette to deliver 16 m} amounts  (Manuat dehvery of 16 m)
15 ¢ mo consuming )
13 Graph paper semilog

Beagents
1 Vater glass dishiled
Diot o smpoules ar crystallize
3 Cssesn byrolysate 1027
4 1(~) Opetine
5 Tryptophane
& Baduum scetate
7 Glueose
8 Potasmwm monohydrogen phosphate
? Potassium dihydrogen phasphate
0 Bodiam chlonde
11 Manganese sulfate (tetrahyd ate}
1% Magnesum sulfate (heptahydrate}
13 ¥errous sulfate (hepishydrste)
14 CGuamne hvdrochionds
15 Adenus sulfate AQU (1 sg each per ml)
16 Uracit }
17 Riboftaven
13 Daca
19 Thiemse
0 Pantothense sc 3
1 Pyndomoe
Pare amno benzne and (PABA)
3 Agar
4 Btock Culture
The organism vsed 33 Lactobacillu arabinasas 17 5 (Amencsn Type Culture Colleo
tion Number 65141 1t Ia muiotained ou yeast agar stabs.
Procedure
1 Sterilize Petr1 dishes at 165 C for at lenst 90 mivates 1 grey
Inoculets & culture of L srabinosus 1 5 into 30 ml of stessle basal med um plas
00002 gamms biofn per tube  After mcubation st 20 € for 1S 0 hours the ar
genlsms are centnfoged and washod twice with 10 ml of sterda salme and
resuspended in 5 ml of wahas
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Incubate 72 hours ut 37 C with occasional mung  Peplace toluens as Decessary
Adjust pH t0 60 6 5, aneluding blank dilute to 200 ml, and flter wntsl clear usmg
same filter paper for repeated filtrations Aake final dilution ag follows blood
1to 3000 plasma 1to 2000 diet 1 to 400, enzyme blank 1 to 1000 on bass of
pepur urime 1 to 20
UVse of Barsum Hydsoxile Place sample contsining about 50 meg tryptophane
m & .50 ml Erlenmeyer flask (diet 1 to 2 gm blood 01 ml plasms 0w ol
unne, 02 ml) Add 65 gm barum hydrox:de Ba(OH), 8H 0) and 20 m] water,
mix thoroughly and autoclave 16 hours at 15 lbs  Autoclaved samples are trans
ferred quantitatively while hot to Zo0 ml beakers After coolmg the pdf 1
made acid t0 25 with 2 N H SO, Samples are nentrahzed to pH 60 6.5 mth
NaOH 2ad diluted to volume plus 1 m! to allow for BaSO formed Fmal dilu
tions are as follows  food 1 to 50 or 1 to 150 depending on tryptophane conteat
blood 1 to 1000 plasma 1 to 500 urmne 1 to 100 Heat ta 6070 C flter and
assay  Note Beeause of racemization when barnum hydroxide 1s used multiply
all @ say values by 2
3 Preparation of Pasal Medium The ba al medwm tecommended here differs from
that of Snell and Wripht s for macwn only 12 the omission of tryptophane apd
the 1nclusion of macin
& Mix together
20 gm glucose
334 gm sodium acetste (NaG,H O 3H O)
50 ml easern hydroly ate 109,
50 ml I cystine (4 mg per ml)
10 ml alenmme guanmwne uracil (1 mg each per ml)
50 uml salt solution A
50 ml salt solution B
30 ml witamun solution (thiamin and PABA 50 meg per ml macim and pyndox
1me 100 meg per m)
30 wl bsotin (01 meg per ml)
80 ml nboflanin (25 meg per mi)
30 mi pantotheme aeid solution (50 meg PA per ml)
b Adjust to pH 6 6 6 8 and dilute to w00 )
4 Preparation of Standard Tubes Same ns for riboflamn assay except for vsisg
standard tryptophane (1 m g per ml) for the workmg standard
5 Preparation of &ssay tubes stenlization inoculation and incubation fitral
ealculation: are by the same general procedures used 1 riboflavin assay

o

tion sad

Precautions
1 Lactobacillus &rsbiosus does not respond to 4 tryptophanme and complets
racemization of hydrolysates prepared with base is assumed Therefore direct
gnalytical results are obteined with a dl standard If Itryptophane 18 nsed 89 2
standard the analytical results should be multiphed by 2 However recent it
vestigations indicate that there 13 & good reason t0 behieve that there 13 destra
tion of tryptophane after treatment with alkali Cystize added as » stabilizitg

agent affords good results

& Agar Plate Assay for Biotin
‘References
1 Genghof D § Partndge C W H and Carpenter F H  An Agar Plate Assay
for Biotin Arch Biochem 17 4134 0 (June) 1948
2 Spell E E and Wnght L D A Microbiological Method
of Nicotuue Acad J Biol Chem 139 675 636 (June) 1941

for the Determizatiof
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Principle

Biotir solutions of 1neresmng conesstrmtions sra added to filter paper dises on &
biotin free bot otherwize complete mediom secded with LactobacBus arshintyus
175 Graded zones of growth are produced. A linear relationship exasts between the
dismeter of the zone of growth and the loganthm of the dose of brotiz

Appatates
1 Pemseitlia reader (Fasher)

Petr dishes (300 mm diametes) with unplazed poreshan tops (Coors)

3 Filter paper d scs (Seblecher und Sehuell Mo 740 E)
4 Incubstoreetat 30 C

5 Autotlave

8 Refngerato

7 Cosstant temperatuve bath set 51 45 C

8 Prpatits (01 ) gradusted sn hundredths)
$ Centrifuge

10 Rrewer autematic pipette to dehiver 16 mi smonnty

19 tume conmamag }
11 Graph paper sem log
‘Roagenty

1 Water glass dishilled.

> Dotz xmpoules ot erystsilne

3 Casein bydrolysate 106

4 1 (-) Cystine

& Tryptophaze

6 Bodwm acetate

7 Glucose

§ Potasnum monohydrogen phosphate

9 Potassium dihydrogen phosphate

10 Sedwum chlende

11 Mapganese sulfate {tetrahydrate)

1% Magneswm suffata {heptabydrats)

13 Fersous sulfate (heptatydrate)

14 Guanina hydrochlorida

15 Alemns sulfate }, AGU (1 mg each per mt)
18 Urscl

17 Riboflanin

183 Mizon

18 Th smine

~8 Pautothemc serd

°1 Pyrdoxwe

* Pars amimo benzoie and {PABA)

2 Agar
»3 Stack Culture

{Manual delwery of 18 mi

The organisw used 15 Lactobacillos arabuosas 1 5 {Amertean Type Culturs Collee

ti00 humber §014) It fs mnintaned on yeast agar ataba.
‘Procednre

1 Bertlwe Petrc dishes a¢ 185 € foc st least 90 pautes wn oven,
Inotulate # cuiture of L. arsbinows 1 5 inte 10 ml of stento bass! medwm pluy
0000 gamma biotin par tube After ncubation at 30 € for 18 0 hours the or
gamams are cestriduged and washed twice %ith 30 ml of stens saline and

resuxpended in § m} of aabae
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Ll

Incubate 72 hours at 37 C with occamonal mmng  Peplace toluene aa necessary
Adjust PH t0 60 65 meloding blank dilute to 200 ml and filter until elear, nazg
same filter paper for repestel ltrations. Make final dilution as follows  blood,
1 to 3000 plasma 1 to 2000 diet, 1 to 400, enzyme blank, 1 to 1000 on baus of
pepsin urime 1 to 20

Use of Banum Hydroxide Place sample about 250 meg tryptophane
m & 250 ml Erlenmeyer fask (diet, 1 to 2 gm blood 01 mt plasmz 02 wl
unne 02ml) Add 65 gm banum hydronde Ba(OH), 8H 0) and 0 ml water
mux thoroughly and autoclave 16 hours at 15 Ibs  Autoclaved samples are trans
ferred quantitatively while hot to 20 ml beakers After cooling the pH 15
made acid to 2.5 with 2 N H,80, Bamples are neutralized to pH 6045 wmith
NaOH and diluted to volume plus 1 ml to allow for BaSO formed Funsl dde
tions are as follows  food, 1 to 50 or 1 to 1.0 depending on tryptophane content
blood 1 to 3000 plasma 3 to w00 urme 1 to 100 Xleat to 60,0 C filter and
asay Mote Because of racemuzation when barum hydromde 1 used multiply
all a.say values by 2

3 Preparatson of Bosal Medium The basal medinm recommended here differs from

-

o

that of Saell and Wright s for macin only in the omismon of tryptophane aad
the 1nelusion of matin
2. Mix together

20 gm gluco e

334 gm sodium acetate (NaGH O 3H,0)

o0 ml casewn hydrolysate 10%

50 ml ! cystine (4 mg per ml}

10 ml adenine guamne uracil {1 mg each per ml)

50 ml salt solation A

50 ml salt solution B

30 ml vitamup solution (thiamin and PABA 50 meg per m) maem and pyndox
1me 100 meg per ml)

30 ml bwotin (01 meg per ml)

80 ml mboflavin (25 meg per ml)

30 ml pantothenic aexd olation (50 meg PA per ml)

b Adjust to pH 6 6 6 8 apd diJute to 500 m!

Preparation of Standard Tubes Sawe as for mboflamn as ay except for usig
standard tryptophane (1 meg per wl) for the worlng standard

Preparation of as ay tubes stenl zation inoculation and mcubation, titration and

caleulation are by the same geperal pro edures used 12 mboflavin as ay

‘Precautions
1 Lactobseillus arabinosas does mot respond to d tryptophane and complete

ragemization of hydroly ates prepared with basc 1 sssumed. Therefore direct

analytical results are obtamed With & df standard If 1 tryptophane 1 vsed 84 &

However recest 1z
thers 15 destruc
hazag

stapdard the analytical results should bs multiplied by 2
veatigations indieate that there 1s a good reason to beleve that
tion of tryptophane after treatment with alkali Cystine added a3 a stabi

agent affords good results

8 Agar Plate Assay for Brotn

References
1 Genghof P 8 Partndge C W H and Carpenter F B An Agar Plate Assay

2

for Biotin Arch. Biochem 17 413 420 (June) 1948
Snell E E and Wnght L. D A Muerabiologieal Method for ¢
of Nicotimse Aerxd J Biol Chem. 139 675-686 (June) 1941

he Determnation
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Principle
Piotin wwhations of wereanng conceptrations sre added (o lter puper dises on B
thotan free but otherwise complete medinum seeded wath Lactobaeullua srabruosus
175 Qraded zones of growth are produced. A linear relationship exaxts between the
aameter of the zone of grawth and the logarithm of the doss of Liotin

Apparatus
1 Pemeiha reader (Fasher)
Potn o shea (100 mm diameter) with unglazed porcelazn tops (Coors)
3 Falter paper dises (Schlecher aud Ackuell o 740 B}
4 Incabator set at 30 ©
5 Autoclave
6 Ref sgesator
7 Constant temperstura bath set a1 45 C
8 P pettes (¢ 1wl graduated 12 bundredths)
¢ Centnfoge
10 Brewer eutomatic pipette o dehver 16 ml amounts  {Maoual del very of 16 ml
18 tume consuming )
11 Graph paper semilog
‘Resgents
1 Water glass dutilled.
2 Biotin ampoules ar erystalline
3 Casein hydrolysste 10°
4 1{-) Cyatme
5 Tryptophane
6 Sadwm acetate
7 Glucose
§ Potsssium monohydrogen phosphate
¥ Patass um d hydrogen phosphate
10 Sodwm chlande
11 Manganese sultate {tetrshydrate)
1% Magveswm sulfate (heptakydeate)
18 Yersous sultate (heptahydrata)
14 Guamns hydrochlonde
15 Ademna eulfate } AGU (1 mg each yer ail)
16 Trmser}
17 Riboflavin
18 Niacin
19 Thsmice
¢ Pantotheme acad
1 Pyndoxme
S Para smuze henroie and (PABA)
"3 Agar
4. 8tock Culture
Tho orgenism vsed 1 Loctobacillus arabisosas 17§ (American Type Cultuza Callee
tion Dumber 8014) It §s malatamed on Feast agar stabs.
Procedure
1 Btenhize Petri dishes st 143 C tor st Jeast 90 zunutes In gren.
Inaculate s eniture of L. arsbraosus 1 3 1at0 10 ml of atertts basel mediam plus
0000 gamma Biotsn per tube  After incubation at 30 C for 18 °0 boars the or
gammws are cemtr fyged aod washed twice mith I0 ml of stenle sabos and
resuspended in 5 m! of sahize
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E

'S

@

Incubate 72 hoars at 37 G with accasional mrxng  Replace toluene as necessary
Adjust pH to 6065 cluding blank dilute to 200 xl and filter unta] eleay g
same filter paper for repeated filtrations Make final diution as follows  blood
1 to 3000, plasma, 1 to 2000, diet, 1 to 400, enzyme blank 1 to 2000 on basis of
pepuin urine 1 to 20

b Use of Rzrmmm Hydrowde Place sample contmining about 250 meg tryptophase

m & 250 ml Erlenmeyer flask (diet 1 to  gm, blood 01 ml plasma 02 mf
urae 02 ml) Add 65 gm barium hydrox:de, Ba(OH), 8H,0) and 0 m! water
mux thoroughly and autoctave 1o hours nt 15 Tby  Autoclaved samples are frans
ferred quantitatively while hot to 200 ml beakers After colng the pH »
made acid to 25 with 2 N H SO, Samples ere neutrahized to pH 6465 with
NaOH and difuted to volume plug 1 m] to allow for BaSQ formed Funal ddu
tions are as follows  food 1 to 50 or 1 to 150 depending on tryptophane eontent
blood I to 1000 plasma 1 to 500 urie 1 to 100 Heat to 60 70 ¢ Alter and
assay Note Because of racemization when barwur hydroxide is used multiply
all a tay values by 2
Frepargton of Lasal Medtum The basal medium recommended here differs from
that of Suell and Wright & for macin only 11 the omismion of tryptophase and
the 1nclusion of macin
8. Mix fogether
20 gm glucose
334 gm godium acetate (NaCH O, 3H 0)
50 1 easem hydrolysate 10%
50 ml Ieystine (4 mg per mly
10 m! adenme guamne nraci (1 mg exch per ml)
50 m! salt solution A
50 m] salt soluton B
34 m vitamim solution (thiamn and PABA 50 meg per ol maown and pyrdox
1ma 100 me, per ml)
30 m] brotin (01 mcg per ml)
80 ml nboflavmn (°5 meg per ml)
30 ml pantothenic nerd folntion (50 meg, PA per ml)
b Adjust ta gL 0 6 6 § and ddute to 500 ml
Preperation of Standard Tubes Same as for niboflavia ;:say except for 18i3%
standard tryptophane (1 meg per ml) for the working standar
Pnpxmhonn:)f I:ssa) tubes tion and witratson eel
ealeulation are by the same general procedures used in riboflavin assay

‘Frecautions o
1 Lactobaeillus arabinpsua @ocs not respond to d tryptophame and comple

racemuzation of hydrolysates prepsred with base 1s assumed 'Thezefore &r t
analytieal results are obtewmed with a @ standard If 1tryptophane M vsed u;
standard the analytical results sbould be multiphied by © However, recent ¥
vegtigations mdicate thet there 13 & good resson to believe {hat there 18 de?:::g
t10n of tryptophane after treatment with alkah  Cystine added as a stahl
agent affords good results

8 Agar Plate Assay for Brofin

References .
1 Genghof D § Partngge C W I and Carpenter F I  An Agar Plate A

987

for Biotin Arch Biochem 17 4134 0 {Fone) 1948
Snell, F E and Wnght L D AN l 1 Methed for the
of Nicotinic Acad J Biol Chem 139 675 £86 (June) 1941

t o
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Principle
Biotin solutions of anereasmng concenirations are added to flter peper dixes on a
b ot frea but otherwse complete medium saeded with Lactobecillus arabinosus
175 Qraded zones of growth are produced. A lineay relstionship exists between the
diameter of the zone of growih and the loganthm of the dose of biotin
Apparatuy
1 Pew uilin reader (Fishar)
» Petrr d shes {100 mw dimmeter) with unglazed porcelacn tops {Coors)
3 Filter paper dises (Schlescher snd Bchuel Mo 740 E)
4 Incubator set at 30 C
« Antoclave
5 Retrigerator
T Constant temperature bath set at 45 C
8 Pipettes (01 ml graduated in bundredths)
9 Centrituge
10 B ewer automatic pipetto to dehver 16 ml amovats  (Manusl dehivery of 18 m}
1» time consuming )
11 Oraph paper semilog
Beagents
1 Water glass stilled
Protin ampoutes ar crysteiie
3 Cssein hydrolysate 10°7
4 1 ¢-) Oystine
§ Tryptophane
8 Sodmm acetate
7 Glucose
8 Potsssym monohydrogen phosphate
2 Potassiym & hydragen pho phate
10 Sodum ehlonde
13 Manganeve sulfate (tetrakydrats)
1% Maguesum sulfate (heptabydrata)
13 Ferrous sultate (heptahiydrate)
14 Guaniae hydroehonde
15 Adenwe sulfate } AQU (1 mg each per mi)
16 Uracit
17 Piboftavin
¥ Naew
19 Thwm se
0 Pantothesse and
1 Pyrdomise
Para amno benzore acxd (PADA)Y
3 Agn
4 Stock Culture
The organisnm: used ja Lactobacillus arabinosus 17 § (Amencan Type Culture Collec
tion Dumber 8014) Tt fa mrtutained on yesst agar stabs.
Proceduss
1 Stenl e Petel dishes at 16> € for 34 Jeast 90 minntes wx grey
Iaoculets & culture of L. arabinosus 175 into 10 ml of sterde basal medinm play
0000, gamma Liohin per tobe  After tocabetion at 20 € for 18 °0 hours the or

geolams Bre centnfuged and washad twice with 10 ml of stenla sabms 28d
sesuspeaded in § ml of sahze
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Incubate 72 hours at 37 C with occasional muang  Replace toluene a3 necessary
Adyust PH to 60 6 5, meludng blank dilute to 200 ml and lter nntl elear, uang
eame filter paper for repeated filirations  Make final dilution as follows bload,
110 3000 plasma 1 to 2000 diet 1 to 400, enzyme blank, I to 1008 on bass of
peps:n urme 1 to 20
b Tse of Barum Hydroude Place sample contaming about 50 meg tryptophane
i a 250 ml Erlenmeyer flask (diet 1to 2 gm blood, 01 ml plasma 0° ml
unpe 02 ml) Add 65 gm barium bydroxide Ba(OH) 8H 0) and %0 m] water
mux thoroughly and autoclave 16 hours at 15 1bs  Autoclaved samples are trans
ferred quantitatively while hot to 250 ml beskers After eoolmg the pH u
made acid to 25 with 2 N H,SO  Samples are neutralized to pH 6065 with
NaOH and diluted to volume plus 1 m! to allow for BaSO formed Final dlu
tons are as follows  food 110 w0 or 1 to 150 depending on tryptophane content
blood 1 to 1000 plasma 1 to 500, unme 1 to 100 Heat to 6070 C filter and
assay Note Because of racemization when barium hydroxde 1 used moltiply
all assay values by 2
3 Preparation of bosal Medwum The basal medwm recommended here dufers from
that of Snell and Wright s for macm only 1n the omission of tryptophans and
the melusion of macin
2 Mix together
20 gm glucose
334 gm sodim acetate (NaGH O 3H 0)
50 ml casemn hydrolysate 10%
50 ml I cystme (4 mg per ml)
10 m! ademme guanme uracil (1 mg each per ml}
50 ml salt solution A
50 ml salt solution B
30 ml vitamin solution (thiamin and PABA 50 meg per ml macm and pyrdox
1me 100 meg per ml)
30 ml biotin (01 meg per mly
80 ml riboflavin (25 meg per ml)
20 ml pantotheme acid solution (50 meg PA per ml)
b Adjust to pH 6 6 6 8 and ditute to 500 ml
4 Preparation of btandard Tubes Same 3 for mboflavin s ay except for vsmg
standard tryptophane (1 meg per ml) for the working standard
5 Preparation of assay tubes an
calenlation are by the same general procedures used i riboflavin 2ssay

b tiration and

Precantions

1 Lactobacillus arabunosus does 1ot respond to d tryptophane sud cvmpM:
racemization of hydrolvsates prepared with base 1s nssumed Therefore dureet
snalytieal Tesults are obtsied with & dl standard If Itryptophane 19 wsed 83 &
standard the apalytical results should be multiphed by 2 FHowever recent i
vestigations mdicate that there 1s a good reason to beleve that there 38 dm:unc
tion of tryptophane after treatment wath alkal Cystine ndded as a stabilizing
agent affords good results

8§ Agar Plate Assay for Brotin

‘References .
1 Genghot D S Partndge C W H and Carpenter ¥ H  An Agar Plato As
for Biotun Arch Biochem 17 413 4°0 {June) 1948 -
2 Snell E B and Waght L D A 1 Method for the

of Nucotimie Acad J Brol Chem 139 675 656 (June) 1041
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3 Prepare the following medinm

Casern hydrolysate 10°% 50 m}

1 () Tryptophane 100 mg

1 (<) Crstme 100 mg
Glucoss 10 gm
NagH O 8 gm
AGY 19 mg
Bali A 5 ml
Balt B 5 ml
Misein 500 gamme
PABA 100 gamme
Calewsm pantothenate 100 gamms
Pyndonine bvdroehlonde 150 gamma
Thiamwe 100 gamma
Riboflavin 00 gamma
Bacto agar

gm
Adyust to pXL 66 6 8 and difate up to 1 hiter

4 Autoclave tho medwmm for 15 minutes at 320 € ¢ool to 45 C and imoeulste with
resuvapended telly (20 m! of the Lactobscillus arebinosus suspension per hter of
medigm)

8 To each sterde Potn dish add 16 ml of the above inoculated medwm Flace
plates an refrigerator as ¢0on e the sgar 13 hardeasd These plates can be stored
8t § € for st feast ane week befors nve

6 Standard Curte  Range 1 milbgamma to 1000 mdligamma of biohn  Buotn el
tions of the followwng concentration are made

16 miigatima per mi
25 mihgsmma per ml
50 millbgamme per ml
100 mihgemma per ml
250 milhgswma per ml
509 mihgamma per ml
1000 mligsmms per ml
2500 milligemma per mi
5000 milhigemms per ml
1000 € mihpgamms per mi
7 Filtes paper dises ara placed on the agar and 008 ml of the buotin solations :!:D
lvered upon them Fun all diutions iz duplieate with £ fiter pads per ¥
through 10 milligamwma for other dilations only 1 pad per plate
8 JInvert plates and ineubate for 18 20 hoyrs at 3¢ C gt
9 After sneubatiop the diameters of growth abost the filter pads are messure
the closest 0.5 mm with the pevierilin resder he
10 A standard carve 1s plotted on semslog graph paper The mesn diameter of e
airtle of growth 13 the abaissa the log of the concentratson of hotx 38 b
ordinate A binesr relatsonship exsts between the dismeter of the growth =
1z tam aad the log of the dove
11 After unne umfles are adjusted to pH 6668 with 2 N HOl ov 4 N )\101: P';’:
the volume cthange noted if any the samples ave carned through the sam
cedure as the standasd solutions of et
Caleutation
1 From the standard curve rend directly the concentration of bitin 12 mﬂlsx:“‘::l’
per ml It 2 preferable to beve no diution of uniae samples If thet‘;‘;mmn
wma changs dus to adjustment of pH multiply the direct reading b

factor
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Example
1 Oa the standard curve 25 milligamma of bt per m! gave a reading of °7 mm
on the Pemesilin veader A specmen of uripe, undivted prodoved s growth
zona of o7 mm. Thus the zample had 50 midigsmme biotin per ml If the
sample had been diluted © m) of wrize plus 3 m! of soxd or base when adjasting pif
and the zoue of growth sead 27 ws the sazsple tested woald contan

250 % 3 == .78 mlugamma/ml
Precantions

1 Bincs the filter pads rapidly absorb water from the mowst agar the eolutions
must be ad3ded to the pads 63 KoOR Ay possitle efter they bave been placed npos
1he agar

2 The same volume of fuid must be dehvered to esth pad. Care 33 required at this
step  the procedure

3 After inoculation of agar with erganums do not fawme the fiask ach time betfore of
after adding the 16 m) amounts 1o Petn  shey

4 Agar for morulaton must Dot be over 45 C por ool enough that the agar starts
to barden

8 M logy Miscel Bef.
Microbiology~Creneral
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SECTION VI
PHYSIOLOGICAL MEASUREMENTS

A BLOOD GASES
1 Calewiation of Gas Volumes

For many physologeal purposes 1t becomes necessary to compuie gas
volumes dry at 0°C snd 760 mm Hg barometrie prossure from cbservations
made on gas saturnted with water vapor ¢t any temperature and barometnie
pressure

The general equation for this ealenlation 1w

(735 (B-Y)
ml gas dry ot 0 C and 760 mm Hg = ml ol served x * ST

T+odn [

Where T 15 ambient temperature tn °C B 13 ambient pressure m mm g
and V 1s water vapor tenston at the ambrent temperature a value which must
be obtamned from cmpineal tables in standwrd handbooks and 2732 15 the
sbsolnte temperature for 0°C

The hine chart {(Fig 24) was prepared by Dr Robert € Darling 1t gines
at once the factor by which obsersed gas 1olume s mullipled to reduce it
to volumes dry at 0°C and 760 sm Uy

2 Techuigues for Obtawug Artenal Blood and for Handlng Blood An
ferobically

Usual Method for Obtaining Arterisl Biood

Astenial Llood Js obtalned br a procedurs quite mzulaz to that for venous blood.
A 3 0 gavge seedlo 3% Snches long with & shore cancace bewel is preferable Partieular
attention 13 givea to oil ng the ayr nge  Care should be taken that the ol fa £ ee from
217 bubbles aud ar budbles ehould not be satroduced dunng the aspration of dlood into
the syringe  Under no ercumstances ts & fourn quet fo be spphed  Tho brachiel srtery
Jurt p oxsmal 48 the antetulatal £o as Is usually selected for ponciure 3t mav bs helpfnt
ta hrperextend the wrm slightly dunng an arterial pancture by inserting & small pad pnder
the elbow The pombiov of (Be artery ss palpated wih the left tndex finger Artensl
punctures are perdormed mawly by pelpation rathier than by obecrvation of the vessel
Attention shesld be given 10 avod penetrating & euperf il ve n before entering the
arfery  The sian is clesnsed with aleohol  The syringe 1a held in the nght hend et an
angle of 45 an0d the skan aad eubeutansony tissue entered  “The needle and avnogs are
contizued along a plane parallel to the artery  As soon 33 the srters 18 entered blood
hould faw tuto the syringe 0 that hitle or no decompre  om 0f the planger ts veeded.
Once the needls 1 16 the artery Ita pomtion should not be altered until the & mred quanhity
of blood fa removed. A large spongs is then applied forcefuliv aver the es umed » fe of
entsants {210 the ariery and the svninge is semoved A Sim bandage br womediately ap
Plied over the aponge with the pressuze on aud abore the pusetare never below

a1
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LINE CHART FOR DETERMINING FACTORS TO REDUCE SATURATED GAS VOLUMES T0
DRY VOLUMES AT 0°C AND 760 MM HG

N
SCALE B*

[ 44

- a8

-4t

{—-at

“‘__“ FACTORS FoR REDUCTION oF
TO o*C.oRr £

=30 760 ot
MPERATURE i
(30

e
to STP ana dry  (Tpia chart was ¥
Fig 25 —Line chart for vnv;;wf ;vyel ,f“’ !‘z’gwrr;uc ST
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The blood 13 mext transferred to & blood tube which contains su anticoagulant and
34 1nch layer of m neral a1l  During the amtial stages of the transfer the synnge fs held
1n & honzontal position and the plunger 1s not touched The needle 18 removed and re
placed by & rutber conmecton to a 6inch capillary glass tube The capllary tube 1s
#1ed with blood by gentle compression of the plunger The tip of the tube 13 next placed
at the bottom of the blood tube below the ol and the remamder of the blood s gently
delwvered 1mto the bottom of the tube The blood may be mixed with the anticoagulant
by repeated exchange of blood between syringe and tube meanwhile avording all air bub
Bles An alternate proceduro 1s gently stirrmg the blood 1 the tube with a glass stinng
rod taking cate to avoid emnlsifymng the blood with the ol

Technique of Goldschmidt and Light for Arterializing Venons Elood (J B ol Chem 64
53 19 5)

The hand 1s 1mmersed 1n hot water at 45 C for 20 minutes Blood 19 drawn anaero-
bieally from any convenient vein on the back of the hand

Technique of Lilienthal and Riley for Arterfalizing Venous Blood (J Clin. Investigation

23 904 1044)

The ear 18 heated by radiant heat for 10 minutes at an air temperature of 45 C
rmeasured next to the pinna, Tho lobe 1 pricked and drops of blood are caught 1n cxalate
or hepat n 1n & specally constructed funnel from whch samples may be drawn with a
micropipette

Mook 8 Technique for Handling Blood Anaerobically (B ochem Z 242 3 3 1931)

One uses small glass tubes of length ahout 35 mm intersel diameter about 3 mm aud
total content about 50 emm FEach tube bhas & sl ght flare to the bottom

The warmed finger 18 pricked and a tube 1a firmly applied to the hele The diffusion
of OO, out of the b ood and O 10to st tnder thess conditions fa such that when the tube 1s
filled samples may be d awn with microp pettes from the center of the tubo and the e
sults are essentially the same as if the samples were drawn under o1t

Schotandet # Technigue for Handling Blood Anaerobically (J Biol Chem 148 541 1943

Sce Figs <6 and 7)

The plunger of an all g1 s3 * or 5 m aynings 15 lubr cated with 1 or * drops of heavy
ol A hitle hepann solution is drawn iato the synnge and the walls of the barrel
mo stened with the solution by drawing the plunger all the way down and pushing it up
agamn the dead space at the top and the nozzle being left full of hepann. The solution 1
freed from air bubbles by rapid twisting of the syringe 1n the vertical position the ayringe
being beld by the nozzle or meclle the plunger hewng arrested bv a chp This procedure
centrifuges the bubbles to the center 8o that thev ean be easily expelled The nozzle 1s
attached to a needle and the blood ve e} punctured Tho air bubble from the needle is
cautiously expelled the meedle removed and the pozzle dipped nto a dish contaimng
mercury a1ttle of which 1s drawn 1nto the syrng  The air bubble from the needle can
be avorded by inserting the needle 1oto the blood ve sel with snother syrnge drawing
the needle full of blood and then exchanging the fir t syringe for the syrnge conta ming
hepann A 34 anch length of rubber tube s joined to the mozzle filled with blood end
closed with a glass plug without trapping an awr bubtle The mercury is nsed for mixing
the blood 10 the syrioge which 1s immersed 1n  beaker of 1ce and water For high uc
curacy it may be mece ary to correct for the shght dilution with the hepans solution.

For transter to the pipette the synng is removel from the beaker dried tha blaod
well mixed sud the flud in the rubber tubs pumped a few times into the ma n bulk of the
blood by working the glass plug up and down The plug and rubber tube are then re-
moved snd the p pette with the tip protrud ng about an 1nch over the edge of the bench
is held with its conical tip pressed againat the opening of the syrings nozrls. If difSeulte
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Flg 26—Anacrobic storage of blood by Scholanders technique

Fig 27—Transfer of blood from aforage syringe inte pipette.
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15 experienced in this atep the pipetts tip may be covered will a rubber plig with &
capillary bors The plpetts is then loaded by screwing In the plunger The syrnge is
rentoppered without trappizg sir and returaed to the ice bath

3 The Van Slyke-Neill Manomettic Apparatus

Beference
Van Slyke D D and Nell J M  The Determination of Gases in Blood mnd
Otber Bolutions by Vecoum and J Bl

Chem 61 5 3538 (Sept) 19 4

Principle
In the Van Slyke apparatus advantage 1s taken of & vacuom The gas 1 liberated
chemucally extracted by vacuum tnd its partiel pressure measured in & partial
yacuum on & mercury mancmeter calibrated in centimeters Al reagents employed
must be £ree from phymcally duwsolved gases in Bignificant amounts

Apparatus
{Ses Fig 28)

Preparation of Atr Free Solutiony
D ssolved gases ate removed from the solution by adding a suitsble volume of
reagent to tbe chamber seahng the stopecock to the chamber with m reury and
shaking the evacuated chamber This 11 done by lowenng the leveling bulb and
opemng the level np stopeock The Liqmd 18 allowed to fall to the point where the
meteury is approximately at the 50 m! mark in the chamber Shakiag is allowed to
proceed for three munutes then the machize is stopped and the mereury stopeock s
opened allowing the olut on ta come to atmosphenc pres ure Tbe levelng bulb
s now ruized to the higher bracket on the machine and the stopeock to the chamber
is opened sllowing only the gas to escape Repest the procedure again
About one ml of mercury 11 now added to the cup and & storng device usually some
form of separatory funmel contmsmmng mineral ol or a burette seated in the
chamber cup The mercury mets as s gasket. The stopcock to the storage ap
paratus 1 opened and this 13 followed by opening the cham! er stapeock foraing the
fluid up into the storage tower whera 1t §a stored under 0 1
Most reagents are evacuated aund stored in thia manner Under the heading Peagents
in ench method the reagents that need evacuating and storage fn this manner will
be mentioned,

Machine Correction ( C  Corrections)
In all gasometric determzations & machine correction muat be establ: hed ( C )
Thus is done by using the same procedure aa for blood except that whers blood is
used a substituted volume of air free water s u ¢d orin the caso of the determins
tion of oxygen 1 ml extra oxygen tesgent is substituted for blood. The € cor
rection is really a correct on that compensates for the pressure change due to the
24dtion of the shaorphion resgents  For oxygen the £ correet on is sbovt 30
mm for carbon dionide about 15 0 mm of mercorsy

Moisture in the Manometer
Small amounts of mosture fiad their way 1mto the manometer a3 tha mercury flaws
back and forth from the analvs s chamber Some error from varist on of the vapor
pressure might oceur if 1t wera left in the manometer tube To absorb the water
vapor & few drops of ethylens glycol (E. K. Co.) aro admitted through the stopeock
At the top of the manometer sad permitted to fow down tha tube for 10 em. Allow
the fluid to run up and down th manometer by vals ng and lowening the mereury
leveling bulb  Finally the fluid is forced through the top stopeoek and fluad is left
behind but not enough to interfero with the Teadi gy of the mercury mem acus.
Renew occasionally in th same manner
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Precautions
1 Always remember two thinga
8. Whenever taking iz samples or solutions the leveling bulb must slways be on
the Jower support
b Whenever expelling any m xtore from the chamber always place the leveling bulb
m the upper support
® When the chamber has been evacuated nsver open the mam stopcock as the sacuum
will send the m xture 1n the chamber back 1nto the manometer

¢t Oxygenin Whole Blood (Van Slyke)
Reference
Van Slyke D D ani Nell J M The Determmat on of Gases 1 Blood and Other
Solut ons by Vacuum Estraction and Manometrie Mea urements VIL The De
termination of Oxygen iz Blood J Biol Chem &1 55 554 (Sept) 19 ¢
Principle
Oxygen 1o blood is released from ovyhemoglobm by shakizg 1n a vacuum with

potassum ferne smde The Libersted oxygen is measured manometrically by ab
sorbing the oxvgen with sodum hydrosuifite

Apparatus
1 A Van Slvke manometric apparatus with an electnc motor
Y aa Slyke Neill stopeock pipettes calibrated between marks capacities of 0.5 ml
10misnd Om!
3 Two 50 ml burettes for storing air free sodium hydromde (NeOH) and aodinm
hydrosulfite (Ne,%0 ) solutions XKeep two to thres 1nches of il in the burettes
to prevent the solution from coming tmto contact with the outuds air
4 Rubber tips for delivernng sample into evacuating chamber
Reagents

1 Oxygen reagent 3 gm of pure white saponiz 6 gm of pota sium ferricyamde
and 3 mt eaprylic aleohol s olve and dilute to 1000 ml with water Shake well
before using
Sodyum bydroxide  Approxmmately 1 N Dissolve 40 gm NaOH an water and d lute
to 1000 m). Make about 530 ml air free by a shaking n & vacuum tno to three
times and expel gas betneen shak ngs  Sto e in 50 ml burctte under ol  Make up
air free NaOIl cach day
3 Sodwm hydrosulfite (N&,S5,0, Lycopon) Mix 5 gm quieklytz 0 5mlof 1 N

N2OH and make 8ir free 83 800n as poss ble Store 1n the other 50 ml burstte

under parafin oit Do mot trv to d ssolve say more than will go 1nto solation

by merely rotating fask for a few seconds Muke fresh dailv
4 Fiener s modified reagent (mav be u ed for ab arby g the oxvgen) D s olve in
the follow ng order in 100 ml of distilled water 14 gm of potassium hvdroxide

16 gm of sod um hvdrosulfite 3 gm sodium anthraquinone beta sulfonate and add

3 drops of 10 fernie chlonide solution  Stare n rubber toppered flask in the

cold  Make fresh e ery week

5 Mereury  Although & cleaning tower mav be ured a mumpler device is to uso pn

& piratiag bottle Dy bubbling & r through the mercury in the latter case ths

mereury 18 brought iato contact with the d 1 ted HN\O, Bubble air throu,h the

Hg for several hours Remove IINO an repeat with seversl washes using dis

tilled water Fepest once with glasv-diatilled water Dran of mercurv and

absorb visble water with Slter paper
6 Stopeock gresso (Lubmseal A, I Thomas Co)
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7 Lactio aaad solution approxumately 1 N Use C P lactic aerd solution and dilate
92 ml t0 1000 ml with distylled water
8 Caprylic alcokol (Eastman Kodak Co )
9 01l (heavy paraffin)
Procedure
1 Rinse out apparatus by shaking 2 ml of 1 N lactic aud solution plus 10 m! of
distilled sater 1n a vacuum  Expel into waste jar

The waste bore of the chamber stopeock s sealed with mereury Vacuum

chamber and main bore of main eock are also filled with mercury Mmm cock

;s ciosed Levelmg cock 13 open  Mercury bulb is at atmosphenic Jevel (lower

evel)

Pour & ml oxygen reagent and 2 drops of eapryhe sleohol snto entry cup Open

man cock and take 1 reagent to top of capilary between cup and chamber

Close cock

Beal chamber and cock Pour a few drops of mercury mto cup Open ud

close cock 80 that main bore fills with mercury from end to end, Buck off excess

from cup

Evacuate solution  Drop mercury level ta 50 ml merk m chamber (Open

leveling cock and lower bulb unti] sufficient mereury has left chamber Then

close cock.) Bhake gently for 3 mnutes

Expel axr from chamber Raise bulb to high level. Open levelng cock slowly

(80 that mercury will not strike top of manometer tube suddenly) Open maw

cock slowly and release sir Let out reagent t0 §5 m! mark in cup  Close main

cock and support bulb at atmospherie level.

Admit blood Using man cock take an exactly 1 ml blood from s Van Slyke

pipotte and take oxvgen reagest into cup to the 35 ml mark Close cock and

seal Suck off excess fluid and mercury

Evacuate Drop mercury level to 50 ml mark as above Shake for 3 muzutes

Absorb carbon dioxide  Reduce gas phase to sbout 5 ml by opemng and closzg

leveling cock Add 1 ml NaOH (air free) to eup Take 1n 05 ml drop by drop

by mampulation of mamn cock Seal and suck off mercury and remains of the
reagent Let resgent drain for a muante

Read P Adjust gas phase to 2 ml mark at a constant rate using levelng cock.

P 1s the pressure of gaseous oxypen and mtrogen Read manometer to the peat

est 1/10 mm.

11 Absorb oxygen Add 1 ml hydrosulfite solution to cup and take m 05 ml drop
by drop over a period of 2 minutes When half has been added open levehag
eock part way and allow contents to nise 1n chamber while remainder s added.
Seal and suck off excess fimd cup There should be only a tiny bubble of mtro
gen at top of vacuum chamber when oxygen 1s completely absorbed.

12 Read P Adjust gas phase to 2 ml mark usng levelng cock and read manom

eter to nearest 1/10 mm
13 Record the temperature of the chamber to the nearest 1/10 C
14. Release pressure and expel the mixture 1nto the waste jar
15 Binse out with Inctic aexd and water again and expel
Calculation
1 mm partisl pressare total O at T of water Jacket =P, ~F — [+]
2 ml total 0,/100 ml blood =
(mm partial pressure O ) x (temperature factor from Table 16)
3 ml O, bound by hemoglobun/100 ml blood =
(al total O ~ ml dissolved O at T and pO observed)
& For venous blood dissolved O 13 010 ml/100 ml
b For arteral blood dussolved O 18 8 °5 ml/100 ml

o

© o - @ o 'S @

=
S
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TasLE 16
Oxtoey Facrers (Vav BLYxz)

To obtma ! 0,/100 Tl blood mult ply PO st jacket temperature by factor in table (One
m) aamples analyzed )

TacKET IACKET ascxer JserrT
TEMP 0y TEMP o TEMP o TFMI o
o FACTOR e FACTOR o FACTOR c FACTOP
TG 393 [T 30 106 00 Too
1 1 49 1 0y 1 [
- 1 - 43 o 04 2 6%
3 1 3 47 3 03 3 64
M 0 4 48 K a3 £ 6
5 9 5 45 5 0 5 6
3 3 6 & ¢ o1 & 61
7 7 7 41 o0 60
3 7 8 3 8 400 8 60
9 6 9 4 9 399 9 9
Ton 55 10 ~di [1) =308 310 parLy
1 4+ 1 40 1 97 1 51
1 - 20 2 96 2 56
3 3 3 23 3 9 3 56
1 8 1 a7 1 9 4 50
5 81 5 36 04 5 s
] 81 [ 38 ¢ 03 6 5
1 80 7 3 7 o | 7
8 7 8 34 9 o 8
9 74 o 13 q 91 9 a1
T0 T8 B T a 350 N} 300
1 7 1 31 1 £ 1 19
kig o [ - 88 2 48
1 M 3 9 1 / 3 s
4 4 1 o 4 s | 1 7
a 73 M 5 8 | 5 46
s 7| 8 7 8 B 3 4
1 k41 1 o8 a3 7 In
R 0 8 Y 3 81 8 I
9 3] 9 ot " 1 9 43
™5 3 Th ) B Py 330 Y
1 67 1 1 |1 1 a1
o M 1 2 80 2 40
3 66 | 1 0 3 9 3 39
1 13 1 n 1 5 % 44
" 64 5 18 5 3 5 3
8 63 [ 18 6 7 s 3
b4 3 7 s - 30
q 61 8 16 8 o 8 s
a 80 9 1 a o 9 33
o 150 ™ T w0 33 T
1 3% 1 1 1 2l 10 =
57 » 1 2
3 58 1 1 3 -
1 58 4 n [ 1
5 51 5 10 5 0
" 51 [ ] ] &
5 1 ol 7 63
3 3 % 03 H 62
a4 51 kid 0 9 6 e
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4

< i";r blood equilbrated with air at 760 vun avd 25 € dusolved © 1508 /108

£m hemoglobin/100 ml Wood == (2L bm:;u; otygen}
T

Example
P=153%mm P =75mm Cx=07mm Tm25C

1 m) total 0,/100 i == (1532 - 725 ~ 07) % (02406} = 1925
2 mt dwsolved O /100 m) == 062
3 mi bound © = 18 63/100 mi blood
4 gm Nb/100 ml blood = 186371 31 == 139
Precantiong

Bee section en apparatus

§ Carbon Dioxide 1n Whole Blood and Serum (Van Slyke)
Rafereuce
Ve Shke B D and Nel J Al The Detersunation of Geses m Blood by Vaczon
and Al v

et
I Buot Chem 6% 543553 (Sept) 1994

o Carbos Dnde

Principle
Both bouud carbonate and fres carbon diomde are hberated from tha blood or
serum with lectie mewd and the hberated carbon dioxide fs meawured monometrically
by ebsorption wath sodium hydroxide

Apparatns
‘The same as for Oxygen,
Reagents
2 Caprylic slechol (Eastman Kodak Co )
2 Instilled wster Make air free and stove undor ol as For oxygen reagenis.
3 Sodwm hydroude approzmsately 1N 40 gm dissolved rm 1000 m} distilled water

Make air free

4 Loetic etd approvumtety 1 N 92 mi USP factie sard difuted to 1000 mi with wate?

5 Very clean mercury  (See oxsger method )

6 Parafin ol heawy

Procedurs

I Clean aut apparatus by shakeag ir & vecuum with 2 m} Jactic aad solntion and
spproxunately 10 mt of distdled water Shake spproximately omo muuts 88d
expel 1pto wasts jar

a Seal off the maun stopenck at both ends with mercury by rawsmg the levelrg
‘bulb te the upper position ot

3 Place leseltng bulb at Jower positian and admit one ta  drops of eaprylin alcohol
snto the capillary of the maie stopeask

4 Plucs 23 ml of air free water wto the entry cup at the

5 Papetts exactly 1 mi of seram or blood (when usmng blood make certarn i al .
blood specumen has been stirsed well &3 ton much of either the red gells o pla
wll causs very erroneous sesuits} and infroduce mto the chazmber through & T
ber tip

& Then wash 10 the sampla with the remasnder of the water

7 Add 6 drops {03 ml) of lactie aerd solutton aad admat ate the chamber e

8 Seal the mmin stopeoek with mercury and draw off the excess mereury in

cap by means af 3 varaum
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TasLE 17
CO FACTOFS Y0P VAN SLYRE APPARATLE

(For 1 ml samples of blood or serum To obta n ral total CO per 100 m! sample multiply
§CO by factor for Jacket temperature )

JACKET JACKET JACKET JACRET
TEMP o TEMP 0 TEMP TEMP 0
c FACTOR ) racTOR ¢ FACTOR e racToR
150 135 00 w88 50 94 300 233
1 3 1 61 1 93 1 M
30 6¢ o 01 2 31
3 8 3 59 3 90 3 30
4 8 4 ol 4 89 4 -3
. 4 5 5 H 85 5
6 22 8 54 6 86 ¢ 8
7 2 7 53 7 3 H
8 21 8 52 8 84 8 1
9 «0 9 50 9 83 9 3
60 15 f Y 1] ER 310 5.
1 7 1 47 1 80 1 1
16 46 7 o °
3 13 3 3 3 77 3 19
3 13 4 4 4 0 4 18
5 1 5 43 5 5 5 16
¢ 10 & 41 6 74 6 15
7 3 7 39 7 73 7 1
8 1 8 31 s 7 s bty
B 5 9 36 9 70 9 1.
70 0% [ 31 70 EN 30 il
1 03 1 33 1 68 1 10
o ] - &7 - 09
3 00 3 31 3 65 3 03
1 609 1 30 4 64 + o7
) 5 3 5 63 5 05
[ 26 s 6 6 6 6 03
04 7 o4 61 7 03
8 03 8 - 8 59 8 0.
L) 91 9 1 9 59 9 01
180 830 30 (X9 0 5o 330 2500
1 83 1 19 1 56 1 port: L3
& - 1 2 55 2 o8
3 8¢ 3 16 3 53 3 o7
4 84 4 1 4 5 1 96
82 5 M 5 51 5 n
¢ a1 [ 1 8 50 6 a3
9 7 1 7 49 7 g
M s S 10 8 4 ) a1
9 76 9 03 9 48 9 20
i) [5H 1) @ 39 £ 310 e
1 n 1 ] 1 41 s
73 ° [ 2 )
3 7 3 03 3 41
< 7 t 0 I 0
5 6o 3 o 3 39
e €3 ¢ 09 6 38
7 67 7 23 14
8 €6 9 a7 8 3
L " 9 05 ) 3¢
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9 Tske levelmg bulb from lower support and create s vacuum in the mumg

chamber by lowering the bulb below the lower support When the blood muxture

reaches the 50 ml mark close the vacuum controllng stopeock, Place levelng

bulb on lower support and shake for three mmutes

Rase the contents of the chamber by opemng the vacuum controllng stopeock

at a fairly rapid rate to prevent the re absorption of the carbon diomde Stop

when tho gas pha e reaches the 2 ml mark and read immediately (P) If you

overshoot the 2 ml mark draw back to the 50 m] mark and shake again for three

minutes Read again on the 2 ml mark

11 Drop gas phase to spprommately 5 ml region of the chamber by creating a
vecuum again

12 Add approx 15 ml of air fres NaOH to the cup By opening the mamn stopeock
admit drop by drop one ml of NaOH

13 Seal the main stopeock egam with mereury and draw off the excess NaOH in the
cup by mean of & vacuum

14 Allow to stand one mnute for complete absorption of the earbor diomde and
adyust the gas phase to the 2 ml mark, This 13 done by opemng the vacuum con
trolling stopeock slowly If the mark 13 overshot just lower the gag phase below
the 2 ml mark allow to dramx agan and read (P) Release pressure and place
levelng bulb on upper support Expel the blood mixture into the waste jar
Place the leveling bulb at the lower support and clean the apparatus agam with
lactic ze:d and water

15 Record temperature of water jacket

—
5

Calculation
ml total CO,/100 ml blood =
(P.—P - C) x temperature factor for CO from Table 17

Example
P 2713mm P 00mm C13mm
Water jacket temperatume 25 C
ml total CO,/100 ml blood =
(713 - 700~ 13) x 09504 = 51 9 wl/200 ]

Precautions
See section on apparatus

6 Oxygen and Carbon Dioxide m Smgle Samples of Blood (Van Sliyke)

Reference .
Yan Slyke D D and Nell J M  The Determination of Gases m Blood ax
Other by Vacuum and ts  VIIL

Combined Determmation of Oxygen and Carbon Dioxide 1 Blood J Brol Chem:
61 561562 (Sept ) 1974

Principle )
By combmmg the techmque for oxygen alono and earbon dioxde alone & 8 1€
sample suffices for both In our the most resul

are obtained when the size of samples 15 0 5 ml

Apparatus
The V an Slyke manometric apparatus

Reagents
1 Capryhe aleohol (Eastman Kodak Co)
2 Combined reagent Mix equal volumes of the following

a Lactic aid 129 1n water
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b Fernerzmda solation tontaining ix 1000 mt water 37 gm potassivm fesncyanlde
{K Fa(CH )] 8 ga puvs sapoma and 3 mi eapryhic aleohol, Ebabe betare mix
fng with Jacsic seld solution

3 Sodium bhydrexrde 3 N Dusselve 40 gm 33 1000 ml of water
4 Sodumm hydrowifite Bee the Oxygen methad,

Procedurs
1 Rinsa put apparatua with lactic actd apd wate? before procceding with tha an

slyss  Admit  drops of eapryhe aleohsl ste espillary of mam {entry) tock

Admtt 6 mi comboned yesgent to vacnum chamber Beal with merenry Evaen

ate Bbake for 3 mivates

Expel air and let out veagent to 5 ml mark in tvp

Take 1 exactly 05 ml blood and lower seagent 10 eup 10 30 w! mark

1€ ustng 10 i blood fower reagent to 15 wimark

Beal chamber aod seck of excess fand from enp  Evacuste fo 50 wl mark and

shake for three muantes

Adjast gas phave to 7 ml mark 12 chamber

Tead P value on mereury mavometer If martk 1 overshot evacuste and shake

£or three sutes wore

D Lower contenta to § ml region AdQ 30 ml NeOIE ta cup aud admit 05 mt drop
by drop fato chamber

10 Beal witk mereury Wt & few setonda while €O i sbsarbed.

31 Adjust gas phase to 2 ml mark And read P valoe  Reckeck P by lowenug to
approx § mi and adjuetiog to the 2 mlmark agam  The read ng should be con
stant before continuing with the pext step

” From bete on procked as in oxygen method. The fioal sexd ng P == pressure of

a awn W

o

gaseous
13 Reeord tha tempersture in the water jschet
Catculation {05 wmi samplesy
1 mi CO/100 ml blood ==
(@ =P ~Cgg,} % {temp factor for €O Table 317) x *
« til totsl 0,/100 ml biood =
(P~ P ~0Cp) % (temp factor for Oy Table 16) x 2
Example
Bixe of blood sucapte 05 el
P 180om P 08 am P, 00mm
Veater Jacket S € CforCO,13 Coor0 07
ml CO/100 m} blood =
{1980-108 ~13) xQ B4 x g =459
m! 0y/200 ! blood =
{1082~ 00~D7)x 0240612 =180y
Precauntions
Bew section on arparatus Ve heve obtuined wote reproducitily results waing 05 ml
samples thae when wnag 1wl avmples

Oxygen Capacity (Van Siyke)
Betercace
Roughton ¥ J W Darhng B ¢ and Toot W B Factors Affecting the De

termination of Oxvger Cupac tv Content aud Prex yre fa Hapan Artenal Hlood
Am 7 Thraol 143 08 O (Dec) 3044
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o

9 Take leveling bulb from lower support and create a vacnum In the mxing
chamber by lowering the bulb below the lower support When the blood muxtur
reaches the 50 ml mark eclose the vacuum controlling stopeock  Place levelng
bulb on lower support and shake for threo minutes

10 Raise the contents of the chamber by openrng the vacuum coatrolling stopeock
at a fauly rapid rate to prevent the re absorption of the carbon dioxide Btop
when the gas phase reaches the 2 ml mark and read mmmediately (P) If you
overshoot the 2 ml mark draw back to the 50 ml mark and shake agan for three
minutes Read agan on the ® ml mark

11 Drop gas phase to approximately 5§ ml region of the chamber by creating s
vacuum agam

12 Add approx 15 ml of axr free NaOH to the cup By opemng the mam stopeock
admit drop by drop one ml of NaOH

13 Seal the mam stopeock again with mercury and draw off the excess NsOH i the
cup by mean of a vacuum

14 Allow to stand one minute for complete absorption of the carbon dioxide azd

adjust the gas phase to the > ml mark THis s doge by opening the vacuum con
trolhng stopeack slowly If the mark 1s avershot just lower the gas phase below
the 2 ml mark allow to dram agam and vead (P) Release pressure end place
leveling bulb on upper support Expel the blood muxture into the waste jar
Place the levehing bulb at the lower support and clean the apparatus again with
lactic ac1d and water

5 Record temperature of water jacket

Caleulation

ml totel C0./100 ml blood =
(P, — P —C) x temperature factor for CO from Table 17

=

Example
P 2713mm P 700mm C 13mm
‘Water jacket temperatume 25 C
m} total CO./100 m! blood =
(2713 - 700~ 13) x 02594 = 519 m1/100 m!

Precautions
See section on spparatus

Oxygen and Carbon Dioxide 1n Single Samples of Blood (Van Siyke)
Reference
Ven Slyke D D and Nell J 3  The Determination of Gases 1o Blood ¢33
Other by Vacoum and ts VI
Combined Determmation of Oxygen and Carbon Dioxide 1n Blood J Biol C!
61 551562 (Sept ) 1978

hem

Principle
By combiming the technique for oxygen aloze and carbon dioxide zlone & .nnl];t:
sample suffices for both In our exp the most tent Tesu

are obtained when the size of samples 13 05 ml

Apparatus
The Van Slyke manometr¢ apparatus
Reagents
1 Capryhe aleohol (Eastman Kodak Co )
2 Combined reagent Alix equal volumes of the following
a. Lactic acid 12% 1o water
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b Ferneyauido solution contrumng 1n 3000 108 water 8 g potassium ferncysmde
{E Fe(CTL)} & gm purs saponin sad 3wl capryhe alcobal, Bhake betars raix
15 with Iactic acid golution.
3 Hodwm hydeazide 1N  Dusolve 43 gm an 1000 ml of woter
4 Sodmm bydrosulite Bee the Oxygen method.

Procedurs

1 Tusse out spparatus with lactic scld and water befors procecdisg with the an
alyais. Admit 2 drops of eaprylic aleohol anto eapiiazy of maw (estry) cocke
Admt © ml combined reagent to vacuum chamber Beal wath mercury Lvaew
ste  Bhake for 3 mnutes
Expet air and et out reagent to 5 m} mark 1 enp
Take 31 exsctly # 5 ml blood and lower reagent 1 cup to 30 mt mark
1f unzg 1 0 md blood Jower reagent to 35w} mark,
Beal chamber and sutk off excess fuid from eng  Evacuate to 50 mt mark and
shuke for three minutes
Adjart gaa phase to 1] mark n thamber
Read P wvalue on tWercury menometer 1f mazk 1 overshot evacuste and shuke
for three misntes more
Lower tontents 10 5 wl regor Add 10 m! NeOH 20 cup and sdmt 0§ mt drop
by dsop {ato chamber
10 Seal with mercary  Waid a fow seconds whils CO 15 absorbed
11 Adjust ges phase to 2 ml mark and read P velue Recheck P by lowenng to
apptax 3 mi and edjust ng to the . m mark sgam  Tho reading should be con
#1ant before tontinuing with the next step
From here on proceed s in oxygen method. The finsl reading Py = pressure of
gaseous X

13 Recard the temperature lu the water jacket

Caleulation (0.5 md samples)

1 ml CO/100 =l blood ==

(P ~P - Cpop ) % (temp fastor for CO Table 17) x 2
2 i tota) 0,/300 m! blood =
(P ~F ~Cp) x (temp factor for O Table 1) x 2

Example

Size of blood sample 05 mt.

P, 1980 mm P 108.mm. P, 00m

Wktar Jacker “o © CforCO 13 € rar o0

1} €O,/100 ml blood =

(1980~103 - 13y x0° 94x2 = 459

=l 0,/100 mi blood =

(1882~ 00-07) x 0. 406x 2 =2 1808
TPrecavtions

Beo section on apparatus Ve bave obtained mors reproducible resalts tasg 0.5 ml
eazmples than when using 3 12} sample

He oL mt W

©

7 Osygen Capacity (Van Slyke)
Raference
Tosghtos F I W Dathag I © 4rd Toot, W §  Pactont Affecting the De

termination of Ossgen Cupaesty Costent and Pres ure in Ifaman Arterial Blood
Am J 1avsiol 1 D3 0 {Dee) 1944
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9 Take leveling bulb from lower support and create a vacuum in the mnsy

chamber by lowering the bulb below the lower support When the blood muxture

reaches the 50 ml mark close the vacuum controllng stopeock Place levelng

bulb on lower support and shake for three munutes

Raise the contents of the chamber by opeming the vacuum controlling stopeock

at & fairly rapid rate to prevent the re absorption of the carbon dioxde Btop

when the gas pha e reaches the 2 ml mark and resd rmmediately (P} If jou

overshoot the 2 ml mark draw back to the 50 ml mark and shake sgamm for three

minutes Read again on the 2 ml mark

Drop gas phase to approximately 5 ml region of the chamber by creating s

vacuum agam

12 Add approx 15 ml of air free NaOI to the cup By opemng the mam ptopcock
admat drop by drop one ml of NaOH.

13 Seal the main stoprock again with mercury and draw off the excess NaOH 1o the

cup by mean of a vacoum

Allow to stand one minute for complete absorption of the carbon dioxide sad

adjust the gas phase to the 2 ml mark This 13 done by opening the vacyum con

trollng stopeock elowly If the mark 15 overshot just lower the gas phass below

the 2 ml mark allow to drain agmn and read (P) Release pressure and place

leveling bulb on upper support TLxpel the blood mixture mnto the waste 3

Place the leveling bulb at the lower support and clean the apparatus sgsia with

lactic ac1d and water

15 Record temperature of water jacket

1

5

1

-
=

Calculation

ml total C0,/100 ml blood =

(P ~ P = C) x temperature factor for CO from Table 17
‘Example

P 27113mm P 700mm C 13mm

Water yacket temperaume 95 C

m] total CO,/100 m! bleod =

2/13-700~13) x 02594 = 519 ml/100 m!

Precautions

Bee section on apparatns

=)

Oxygen and Carbon Dioxide 1n Smgle Samples of Blood (Van Slybe)
Reference
Van Slyke D D and Neill, J M  The Determmation of Gases 1 Blood ;ﬁ
Other Bolutions by Vacuum Extraction and Manometric Measurements Y
Combined Determination of Oxygen snd Carbon Dioxade 1n Dlood J Biol Chem
61 561567 (Sept ) 19.¢
Principle
By combiming the techmque for oxygen mlone and carbon dioxide alo
sample suffices for both substances In our experience the most cons:s
are obtained when tho size of samples is 05 m]

ne a maglt
tent results

Apparatus
The ¥ an Slyke marometne apparatus
Reagents
1 Capryhe aleohol (Eastman Kodak Co )
2 Combined reagent Alx equsl volumes of the following
a. Lactic se1d 129 1n water
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b Ferricyamds aslution contaimng n 1000 m) water 3 gm potasnum ferneyanide
{E¥Fa(CIL,)} 8 pm pure sapomin snd 3 ml eaprylic altohal  Hhake befare mux
g with lacsie aerd solution,
3 Bodwm bydraxrde I N Duasclre 40 go sn 1000 mi of water
4 Sodwi dvdrosubite See the Grygen method

Procednre

Finse out spparaivs with Jacti 3ok and water before proceed ay with the an

alrma  AZmu 2 &ropa of eapsylic alonkal mts eapillary af mmm (entry} cock

Admit 6 ) combiged yeagent to vacwum shember Eeal with mercury Evsew

ate Bhake for 3 mmutes

Lapel 7 and let out reagent to § mb mark an evp

Tke 10 exactly § 5 mi blood and lower rengent 1m cop 10 20 ml mask

1f usiog 2 & m blaed lower reageat to 3§ ml mark

Best chamber and suck off excess Ruid from cup Evacuate to 50 m! mark and

thaka for thres mizutes

Adjust gas phasa to 2 m} mark m chamber

Read P valus oo mercuty manvometer IE mark as overshot evacuata and shake

for theen minutes move

Jowes contents to 5 wl vegron. Add 10 wl MaQll 1o tup and 3dmit ¢35 m) drop

by drop anto thamber

19 Besl with mercury  Wait & fow acconds while CO 14 abozbed.

31 Adjust ge phasa 10wl merk and vead P value Recheek T by lowerag to
approx 5wt end sdgusting to the 2 fol wark agamy  The resdiag ahould be con
atent before ontinving with the next atep

32 Frow hers on proceed s in oxygea method. The finel rending ¥ == pressura of

gareons Ny,

3 Record the temparature in the water jacket

Calrulstion {05 mt sauplesy

1 mi COI00 mi blood =
(P ~F - Ogq ) % (temp facter for OO, Table 1) x 2
© mb tota} 8,/100 2 Bload =
(P =P = Co)x (dzmp factor for O Tebln 38) x 2
Ezample
Baze uf blood sample 05 ml.
P,1080mm I ¥S.mm P, 00mm
Water Jacket 5C TforC0 13 Coro 0
2t COY100 mf blood ==
1980 ~3082-3N %D $MExZ= 43D
w1 0/100 ml blood ==
{1082+ 00-07) xD 400 x 7 == 1800

Precantions
Ses section on apparatua. We bave obtawed more reprodueible results umag 65 ml
anzples {han when unng 3 ml samples.

B @maomw W

@

7 Oxygin Caproity {Van Blyke)
Raterence
Toughton ¥ § W Turng fl C and Yoot W 8  Festory Affertlog 120 De-
termnmion of O¥ygen Cepacity Content and Fres ure in Muman Artenad Blood
Am J Yhymo! 142 03 Q (Dot ) I%4s
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Principle
The reference cited discusses significant errors ia the common techmique for de
termmng oxygen capacity, te equlibrating blood with air m a tonometer The
suthors recommend equlibration directly in the Van Slyke extraction chamber

Apparatus
1 Van Slyke manometre apparatus
2 Roughton Scholander syringe pipette

Reagents
1 Sodwm ehlonde solution, 097, equilibrated in & tonometer with 100 per tent
oxygen
A solution of 3 % potassium ferneysmde and 89 of sapomin deaersted 1o &
tonometer and transferred to a burette (no 011} mith no foam
Bodwum hydroxide 01N Deaerate and store under o1l
Pyrogalhic s1d 15% 1n sodim hydroxide solution (20%)
Caprylie aleohol
Clean mercury

I NEV R

@

Procedure
1 Clean chamber as 1n previous analyses
2 Admit two drops of caprylic alcohol and 1 ml of oxygenated salme into the
chamber
Add exactly 1 ml blood nto the eup and wash nto the chamber with 5 ml of
oxygenated salne
Mix contents of chamber 8nd let 1 room 2ir until mercury level 1s at the 50 m!
marh,
Shake for two mimutes and expel all the sir quantitatively Note that this 18 the
time at which the blood 18 saturated with oxygen.
Add 025 ml of ferricyamde sapomin solution end seal the chamber with mercury
Lower the mercury lovel to the 50 ml mark and shake the chamber for thres
minutes
Pelease the pressure of the gas phase to approxunately 5 to 10 ml
Add 15 ml of 01 N NaOH m the cup and admt 1 ml into the chamber slowly
Seal with merenry snd read at the 2 ml mark (P) When reading 1 copstant
roceed with the analyses
10 idd 15 ml of py‘mgyallw acd solution to the eup and admt I ml tery :hmg
keepng hqud level near the 2 ml mark Allow two to three muautes for the ol
n
;;:g:: sealmg mix contents 1n the chamber open lower stopeock allowing £88 t:
contract to & small bubble seal slowly so that last oxygen 15 absorbed by the las

faw drops of pyrogallol
12 Lower just below the two ml mark allow to drain and read (P ) at the ® ml mark

e o oa w

© o

»-4
>4

Calenlation
See Oxygen sn blaod (Van Blyke)

Example
See Oxygen 1 blaod (Van Slyke)

Precantions X
1 The oxygen capacity of ertersal blood as obtamed by 15 mnutes ssturation Wt

air 1o & tonometer followed by analysis i the Van Slyke Neall mnnon:;trll;:ol’d‘
paratus 18 consmdered to be about 2 per cent higher than the value mt :““ "
ut the moment of withdrawsl from the blod vessel Thres factors cootnl

this diserepancy
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Drmnage errors 1n tho saturator Thesa causa the blood sample remaved for
acalysis to be unduly nch 1n red eells (average effect equals sbout 07 per
cent)

Gradus] reversion of some of the inactive pigment to the attive gas tombin
ing form. Ths effect is very varable but on the average equels 10 to 1.5
per cent of the total capacity Owing to the zmallness of the effect the natars
of the inactive reverting pigment has not been established. It may be in
part mathemoglobin

© Presence of traces of COTIb 1 the blood.

Correction for these factors rauses the average percent O Hb of normal man st
sea level from 95 to 07  the arteral pO s calenlated from theso figures and
the blood Qussomation eurves comes out to 100 mm in agreement with alveolar
PO rather then o the sverage figure of 80 mm given iu recent pagers The
Iatter Sigure i beleved to be talss

L4

°

8 Carbon Monoxide m Blood (Total Heme Pigments)
Reference
Horvath 8 M snd Roughton F J W in the
of Carbon Monoxide 1n Blood J Biol Chem 144 747 755 (June) 194
Princtple
Dissolved carbon monmoxide dissolved mitrogen and dissolved carbon d oxide are
hberated into the gas phase of the Van Slyke manometn apparatus Bound ear
bon monoxide and carbon diomde are releas d at pH 6 by shaking with & bydro
sulfite fernieyanide solution  Carbon dioxide is absorbed with sodium hydroxmde
apd the residual gas s xolely carbos monomde
Apparatus
1 Van Slyke Neill manometnic apparatus
® Roughton Seholander aynnge pipetts
Beagonts
Caprylic aleokol (Eastman hodak Co )
Sapomn & 1€ solution of pure white saporin
Bod ym hydrosulfite (Na,8,0) & . solution in satursted eodium borate A
stock of 3¢ sodium borate (Na,BO 2I,0) is prepared, At the begnning of
the day 50 ml mre placed iu & 50 m} Erlenmeyer flask 1 gm of solid Na,30 1
dropped in the flask is quickly corked and sbak n w th only & muute bublle of
air thorein. The solution 18 at once transferred to a 50 m1 burette
Potassium fermcyamde {h Fo(Ch)) Prepare & 30¢% mur fres solution by shak
ing in an evacunted tonometer and transferring to a burette with rubber outlet
nd pluchcock. If it darkens & fresh supply must be made.
Acetate buffer 70 gm of sodwm acetate plus 100 m] water and 15 wl of glacial
ncetic acrd
Mized acetats buffer and KFe(CN) Teagent (airfres) 50 ml of K Fe(C\)
solution plus 17 5 ml of tho acetato buffer
Sodiwm hydroxide (NaOH) & 10™ solution (uir free)
YWater satursted with carban monoxide at one atmosphere, Keep under parafin
ot in 2 o0 m1 burette
¢ Clean mercury  (See oxvgen method )

Procrdure

1 Admit § m] of water into & clean chamber seal with mercury evacuate and shake
for . miautes.

@ o=
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@
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*a

Expel &l the water into the waste ysr and seal off both ends of the mam stop
<ock with mercury

& drops of ¢apryhc aleohol are drawn into the extracting chamber

Placo 15 ml of 1% sapopn solution 1nto the cup

Exactly I or 2 ml of blood (according to whether tha por cent COHb 13 grester
or less than 50) sre pipetted direetly mto the chamber followed bv the remamder
of tha saponto solution that 18 1n the wup

AMix m chamber by raising and lowering the Joveling bulb, aad allow ove mn
ute for complete lakung

Place 2 ml of the hydrosulfite borate solution into the cup ond draw 18 mlanto
the chawmber

Mix sgam and allow to stand for one muute

Draw off and di card the excess hydrosulfite borate from the cup and add 18 ml
ot the carbon monexide water into the chamber

Seal off with mercury and Jower the mereury leve) 1n the chamber to the 50 ml
mark

i1 Cover the chamber with black paper and shake the solution for ¢wo migutes.

2 The evolved ga<es are quantitatively eyected. Seal again wiih mercury and shake
agaip for two mnutes more Expel gases apaimn (Op and N) and remove paper
from ¢hamber

13 Place 30 ml of air freo ferrnicyantde buffer solution into the cun and taks "0 ml
mto the chamber

1) Beal with mercury 20d discard remaimng buffer b Fe(CN) solution

15 Lower the mercury level to approximately 1 em below the 50 ml mark and shake
the mixturs for a total of 5 mmuytes

16 Once during the shaking the moter js temporanly stopped and the wereury
rarsed to the ;0 ml mark, 50 as to mix the solution in the stem of the chamber
with the waim body of the solution  In ¥his way destruchion of the femcyavde
by the mercury 13 mumized

17 At the end of 5 minutes the gas 13 then compressed neasly to atmospherc Pres

sure end £ 5 ml of the 21r free NaOX placed in the cup

Tahe 15 ml of the NaOX 1nto the chamber and allow ebout one minate for

complets carbon diomide sbsorption 'ry mot o let the sotation get sbeve the

e e

“m 9 a

=
S

-
73

2 ml mark
19 Adjust the solution memscus to the £ ml mark avd read the pressure (P)

.0 Using s Poughton Scholander syrwge pipette quaphiahively eject the gas sample
nta it for CO analysms by the techmique deseribed 1n the sectiona on Roughton
Scholander mothods

Lower the solution below the ® ml mark allow to drmin and read agum at ib¢
ml mark (P)

> Record temperature of the water Jacket

3

Calcujation
1 wltatal €O/100 ml blaod ==
(P,— P - C) x temp factor for O, Tablo 16
2 The correction for CO 13 caleulated from
syninge pipetts
Example w
One ml of blood was analyzed from a tomometer 18 which the blaed was satprs!
with CO P was 1342 P was 478 Cwas 05 Water jacket was at 216 C

ml total CO/100 ml blood =
(1242-478-05)y x0 2445 = -0 84 m} CO/100 ] blood

ho snalyns of the sample w the

Precantions !
1 Do sure to cover the chamber with Dlack paper 23 hght wil destroy cachon

wonoxide heme complexes
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Oxygen 1z Blood (Roughton Schelander)

Beference
Roughton ¥ J W and P F  Micro of the
Blood Gases Y Oxygee J Biol Chem. 242 541550 (June) 1043
Principle

By muxing of blood 1 & spec al synnge with ferrieyamde contaimng potassium
bicarbonate and saponin and adding an mcetate buffer a gas phose 13 provided for
the extraction of the blood gases 1o the same way the vacuum sets in the Van Slyke
method The CO thus produced is then absorbed with 10 percent NsOH The
rendual gas bublie 1 driven 1nto the syringe s cap Nlary aud its volume measured
before and after sbsorption of O with alkalne pyrogallol. The dufference i these
two volumes represents the O content of the blood and reagents Then a black
run for the O content of the reagents alone thn figure 13 subtracted from the
farmer and the reme nder when multipl ed by the usual correction factor for tem
perature and pressure gives the O content of the blood

Apparatus

1 A one ml Pyrex tuberculin synnge with arresting el p and with stendard bore
precision 05 mm Pyrex eapillary fused to its nozzle The top of the capillary
13 expanded to & eylindrical eup of about 25 mm bore and 15 mm length The
capillary (7 to 8 em length) 13 gradusted 1nto 30 division each of 2 mm length
(Fig D)

> Blood pipette made of thin walled glass tubing (1 to 15 mm bore) with & tip
to fit 1mto the bottom of the gla s cup The volume dehvered from the mark
ta the tip is equal to 100 d wistons of th capiliary and 1s actually 393 emm

3 A detackablo rubber cup of about I ml capncity 13 fitted to the top ot the glass
cup when requred.

4 Beveral ® ml und 5 ml svnoges with fino t pped robber connected gla s nozzle
10 store the reagents

5 Metal or plass beakers one of them tontain og Water Bt Toom temp rature to
place the syminge for equilibration betneen readings

¢ Buetion hue and fi ¢ tipped glass point

7 When suction system is not aveilsble & regular 8yrnge or dropper can be used.

8 Lena paper or & piecs of cloth to wipe the cap lary between readings

9 A puece of fine wire to remove alr bubbles from the cup

10 Thermometer for water bath

Reagents

1 Distilled water

2 Capryhae aleoho!

3 Ferneysmde solution 1 5 gm of RFe(CN) 3 gm of KIICO and 15 gm of
saponin are dissolved 1n water and made up to 50 m! It 1s not adv sable to
make larger amounts as the solution should ba renawed every 3 days.

4. Acetato buffer 70 gm of sodigm acetate N3G O IO are disolved 1 200

m? of water and 15 mi of giacial acetic acid aro added

Urea 45 percent This is used as a cleamng solution because of its protein
dissolving property

Sodium hydroxide 10 per cent.

Pyrogsliol solution. 15 gm of powdered pyro~allol are sdled to 100 ml of °n
percent NaOTL in o rubber stoppered bottle and covered with & laver of ol » ez
thick The prrogallol is dissolved nnder the ol by stimng with & glass rod.
The du tilled water is placed in & bottlo above the apparatus and iy delivered
throngh rbber tubig with & glass norzle It can also be deliversd by a 0 ml
syminge with a needls or a glass noxzle.

o
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@
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Fig 2) (4 B €) —Technique for absorption of excess of
Fig 30 (D) —Technique for absorption of CO (or nth:r lblorhnma gas) in glass U™
Flg 31 (E) —Temperature equilibration of gas bubble in capillary

Figs 29 31
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9 Reagents2 3 & 510d 7 are conventently stored in .. or 5 ml syringes and Rengent
61m s 10 or 20 ml syringe Theso syringes have fine fipped glass nozzles at
tached.

Procedure

1 The syringe {a held vert cally and any hiquid »n the cup of the synnge 18 with
drawn by suetion The plunger 13 pushed up and the cup filled with ferrieyamde
solution, The solution 13 drawn down to the bottom of the syringe and ex
pelled through the eup snd removed This procedure is repeated twice with
fresh Jots of ferncyamde without trapping air bubbles Do grease or o1l 18 used
1n the syringe
The glass cup 1a filled to the mark with ferncyanide and the lattcr drawn down
to the bottom of the cup
A drop of esprylic alcohol 1s deponited on the bottom of the cup
The pipette is filled with blood to the mark wiped and cautiously introduced into
the glass cup and ata tip pressed snugly but not too vigorously against the bottom
of the cup The pipette should be held nt a ehight angle to the honizontal so that
the blood does not run out when both ends of the pipetie are open to the air (ses
Figs 30 31 3 and 33)
By pulling out the plunger gradually the blood s slowly and evenly drawn down
into the eapillary followed by a bubble of mir of about 1 mm length Mo ap
preciable amount of capryhie aleohol should be drawn i during this step The
bubble of mir prevents any blood being sucked bach when the p pette 13 re-
moved (Ses Frg 32 B)
6 The p pette 13 quickly removed and the bubblo of mir 13 then expelled through

the caprylic alcohol with the aud of the ware
A trace of capryl ¢ aleohol 1o about two divasmons length of the capillary
18 drawn down onto the top of the baod and the rest of the caprylic aleohol is
aucked out trom the eup
The eup 19 filled to the matk w th acetate buffer and the latter drawn down to
tha bettom of the eup
The cup 15 then immediately filled to the top with 45 percent urea solution and
then closed firmly with the finger
The srresting clip 1y then removed nnd the elosed arparstus v gorously shaken
in the honzontal postion The plunger will be gradually drawn out by itself as
the CO and other gases are evolved the gas pressure in the syrings being kept
toughly atmo pherie The total volume evoived is ysually about 0 o ml Sbak
i g3 continued for o total of two minutes (sce Figs 33 2nd 31)
The arre tiog clip is put back in placs
The finger 1a cautiously released the gas meniscus being kept in the eapillary
by man pulating the plunger
A emall smount of urea is allowed to run down Into the eapillary and left there
until tha walls are perfectly clean
Three quarters of the urea folution in the glass cup ls removed by gentle sue
thon
Tt rudder cup i adponed bty cop em? E? wick M per cent NadiT witiout
trapping alr bublle  Use the fine wire if necessary
A DLttte NaOIl is drawn into the synnge. This absorbs some CO causing a
partial ve uum which qulckly sucks in more NaOI uatil only a small bubble
consist og of Oy ™, and CO (if any was priginally present in the blood) is left
at the top of the svrings. The absorption takes a few seconds and yust before
1t is complete the residual bubble is screwed slowlv and earefully up lato the
capillary by manipulation of the plunger
The rubber cup 13 removed  As it st 1l contalns some NaOT it is adviable to
texove the cup under @ stream of running water The glass cup s then emptied
by wuctlon,

©
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Fig

/

3 —Transfer o blood direct inta capiltary

L

Flg 33 (4 B

=

; -

€} —Further detalls of transfer of blood Inta capiilary
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18 The eapiliary in placed for half o minute fn & beker of water at soom tem
perature and the temperatare read (Fig 31)

19 It i then removed drie@ by hight wiping csre being taken that the eapillary

is not handled 82d the volume of the bubble read =V davinons

The glsss eop 53 then Slled with prrogalicl solufion and the O of the bubbla iy

sborbed by puliing the gas bubble down to the bottom of the capillary and back

agaln B few umes  Traally the bubble 13 moved very slowly up snto the top part

of the cepiliary dad after & further tempetature equittbration its volume is read

agsin v dwimon I Yy is only 8 few dwvisions the second tempersture

equilibration can be smtted

A blank ss obtatned by following exactly the same steps except the adding of

the bond sample

of

S

)

‘Caleulations

‘The oxygen content of tha blcod equale

(v =V ~eyxt  where

Farst reachng after absorplaon of the CO wath “NaOH
Sevond reading after absorption of the O wath pyroga ol
Blank goreection for 0 tontent of rexgenty
Correction factor for lempersture squedas ¥Apor pressure mad barometne
pressure es dertved feom the hms chart et the beganming of th section on
Blood gases (Fig 5)

)

Fig 31 —Ehsking of ssringe and extraction of gan.

Eaampte
Fint reading 278 o)
Sezond veaday 35 (A D)
Plank figure

= 60 mm
278 ~55 11 multipled by 0000 =~ 212 % 00 == 101 ml of O per 100 m} blood

Precantiony

1 Wiben Blood s drawn from he ppette fnto the srringe eare should be taken
that ths pipette be pressed snugly Yut oot too vigarously agaiost the bottom of
the eup in order to prevent brealape of the tip

~ The aresting ¢ p taken off at the beglaniag of the shaking should be put back
in place befors releanng fingar

Speedy adjustment of the bubble inta the eapillery at the eod of 1h €O ab

aorption belpy to eluninite veab orption of O 2t the entieal taoment at which

tha partial pressars of the O, becomes bigh (Le searly T atmosphers)

While there te gus ln the avniege or Lubbles in the capillary 1he hands should

mot Souch either ooe 5o 23 o prrsest any #Zeet of tho bxnds warth on the

wolame of the gures

11
Corraction factor 0000 () for T = 2 Cand bar pre v =

w

-

-
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Slhppmg back of the plunger i3 prevented by a proper edjustment of the arresting
ehp

Temperature equilibration of the bubble befora the messurement of % has proved
mecessary for with long bubbles & contraction of mearly & division may be ob
served as a result of 1mmersion of the capillary 1n the water bath

To wash the instrument the plunger 39 pulled out wnder & stream of rumnisg
water and the blood mixture [oured out The syring 1s filled and emptied ses
eral times with water before the plunger 1s restored The planger should never
be forced inwards 1f there 18 & resistance due to precipitates imsde 1t Oces
sionally the whale syringe should be nated with dichromate cleaning solution.

=Y

-

10 Dussolved Natrogen m Blood (Edwards Scholander Roughton)
Eeference
Edwards G A Scholander P F and Roughton ¥ J W  Micro Gasometne
Estination of the Blood Gasea YII Nitragen J Biol Chem 148 565571 (June)
1943

Principle

A CO, phase s avolved by mizing the blood sampla with bicarbonate and acid phos
phate 8nd thus the whole of the dissclved mitrogen of the blood and reagents s extracted
as welt as some oxygen No CO 13 extracted The CO and O sare then absorbed
with alkaline hydrosulfite 2nd the bubble of N which 1s left 15 measured ia the
synnge eapillary The reading less & small blank from the reagents js multiphed
by the usual correction factor for tempersture and pressure and the figure to ob
tained gives the N\, content of the blood 1n volumes percent

Apparatus

1 One ml Pyrex tuberculin syringe with arresting chp and with a atandard bors
precision 05 mm Pyrex capillary fused to its nozzle The top of the capllary
18 expinded to a cylindrical cup of about 25 mm bore snd 15 em Jength  The
capillary (7 to 8 cm length) 15 graduated into 30 divisions each of » mm length
Blood pipetts made of thin walled glass tubing (1 to 15 mm bors) with & tp
to fit to the bhottom of the glass cup The pipette has two marks ope mear
the tip whero 1t 13 calibrated to deliver an amount equal to 100 divisons of the
capillary and which actually 18 393 emm  The other mark 1s calibrated to con
tain thrice as much as the former amount (See Figs 2934 )
A detachable rubber cup of abott 1 ml capacity 1s fitted to the top of the plasy
eup when requrred.
Several 2 ml and 5 ml ayringes wth fine-tipped rubber connected glass notzles
1o atore tho reagents,
Metal or glass beakers one of them conlaining water at room temperalure i
place the syninge for equilibration between readings
Suction hine and fing tipped glass point
A regular syringe or a dropper when suction system 13 not available
Leus paper or a piece of cloth to wipe the capillary before readings
A prece of fine Ware to remove air bubblea from the cup
10 Thermometer for wateT bath

1

- e

o

omao

Reagents
Aerated distalled water
Caprylic aleokol
Bicarbonate solution

Acid phosphate buffer
\v‘tﬂp T:e resultant volyme 15 about 142 mtat 0 C and the streng!

11 gm of KHCO are dissolved 1n 100 gm of water

ot Nall PO H,0 are dissolved 1 100 gm of warm
i " 0 th sbout 5 3

e e

Urea 45 percent i water

o
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6 Hydrosulfite solution 15 gm of a mixture of sodium hydrosulfte 10 parts and
sodinm enthraquinone beta sulfonate 1 part are added to 50 ml of 20 percent
KOH This solution should be made with the least posmble contamination from
wir and stored in a rubber stoppered bottle

7 Rengents © to 4 are stored in well greased  ml syninges provided with glass tips
Reagents v sud € mav be stored 1n 10 m) syringes provided with glass tips  The
distilled water may best be stored in & bottle with rubber tubwg and glass nozzle
bangiag down over the apparatus A syninge may serve for thia purpose s well.

“Procedure

1 The synoge 18 held vertically and sny hqud in the cup of the syninge is with
drawn The plunger iy pushed up snd the syringe cop filled with brearbonate
solution  The solution 1 then drawn down 1nto the syringe barrel the plunger
being pulled practically the whale way out The plunger 18 then pushed up
without apy bubbles hewg trapped and the b carbonate withdrawn from the
syringe cup The step 1s repeated once more The dead space 1n the Byringe nor
mally containa enough b carbonate to give 075 ml of CO on subsequent treat
ment with the acid buffer

® Mhe walls of the synngs cop are dned with & oll of cotton or cleaning paper
and & drop of capryl ¢ eleohol placed in the bottom of the cup without trapping
any afr bubbles

3 The blood 18 measured from the second mark of the p pette ito the capillary
under the caprylie alecohol With the syringe at the same sngle the pipette is
eagtiously introdu ed imto tha glass cup and its tp pressed snuely but mot too
vigorously agamat the bottom of the eup

4 The blool 15 drawn down 1nto the synnge until the upper end of the eolumn of
blood 18 * mm helow the top of the syrings eapillary with a small bubble of air
above 1t Caro must be taken that no capryhc aleohol 1s drawn down with the
biood The pipette 18 then removed ihe air bubble 13 expelled through the aleo
hol by gestly merewing up the planger and 2 divinons of caprylic alcobol are
left on top of the blood tn the eapillary

& The cup 1s filled to the mark with the acid buffer and the Iatter drawn down to
the bottom of the cup

6 The cup is filled to the top with urea solution and is closed firmly with the

7 The atresting elip 18 taken off the synuge barrel

8 The syringo 18 sbaken vigorously for ® minutes in the honzontal postion the
plunger being withdrawn as the CO, i evolved The gas pressure in the syrnge
must be kept at atmosphene pressure. The volume of the gas finelly evolved
st be betweea 06 2nd 0 5 ml.

9 The arresting ehp ia put back in place and then the fnger tip 15 cautionsly re
leased the pluzger beng mampulsted 50 ps to keep the ges memacus in the
capillary

10 The uren solution ia drawn down to the bottom of the eapillary without being
sffowed to enter tAs wynnge barrel. This prevents sub equent contamination of
the ¢aplllary wall with precipitates from the Llood,

11 The avringe is held 12 the vertical position the rubber cup attached and about 1
ml of the hydrosulfite solutlon added without trapping air bubbles in the synnge

aup

1A htle of the hvdromlfite 1s geatly drawn down Into the mrringe ereating o
vacuum which sucks in the rest of the solution needed for absorption of the €O,
and aach traces of O, 43 810 present,

13 The bubble is pushed up into the lower rart of the cap lars  The hydrosuldte
ia sucked out of tho rubber eup and the latter detached under & stream of runn ng
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water The syringe cup 13 then filled with water three fourths of which 1 drawn

down over the bubble layering 1tself on top of the blood mixture

The bubble 13 pushed up 1nto the clean capillary very geutly and the capillary

18 placed 1n & beaker of water at room temperature to bring about temperatute

equhbrizm  The temperature 1s read,

5 The syringo 1a removed from the beaker, dried by Light Wiping care beung taken
that the capillary 13 not handled and the volume of N Tead V divisions

16 A blank 18 run to get the blank correction figure Tt 18 exactly the same pro

cedure but o blood sample 13 used. Some difficulty may be encountered in first

determmng the blank sinee in the hlank analyms the blood has & damping effect

upon the reaction between the bicarbonate and the a 14 5o that the €O, 1s ot

evolved for 10 or more seconds after the acid 13 drawn down into the synnge

In the blank snalysis on the other hand the reaction beging immediately whes

the acxd comes 1n contact wath the bicarbonat and hence some bubbles of gas

belonging 1n the syrnge may be lost to the outuide To avord this dufieulty one

must

u Make sure that the 2 dimisions of caprylic aleohol are not washed out when
the ac3d 18 put in the cup

b Draw the amd down 1nto the syringe barrel quickly

¢ Full tho cup with urea solution ymmediately aft r the ac1d 18 drawn down and
then clamp the finger over the glass cup at onee

The blank figure has been found to be constant and of the order of 13 {0 15

umts on the eapillary depending upon the instrument used

Calculatjons

The mtrogen content of the blood equals
(v -y xf
3

Vv = Uncorrected N, readig

wo

== Blank figure

= G factor for and
at beginmag of section on blood gases )

The Factor 3 15 wnserted because & volume of blood equal to 300 scale divisions 33

dehvered 1n Btep 3

pressure (See STP chart

Example
N reading = 52

That 19 ml Ny/100 m blood =
Precautions

Blank 14
Corr factor 0900 (for T = °. ¢ bar press = /60 mm)

o - 0900
2100 20 an

ould be taken that

1 Tehen blood 13 drawn from the pipette into the syringe care sh
he bottam of the

the pipette be pressed snugly but not too vigorously against U
cup 1n order to prevent the breankage of the tip

The arresting chp taken off at the beginmng of the shaking should be put back
11 place before releasng finger

Shpping back of the plunger 15 prevented by a P
Testing ehp

Temperature equilibration o
necessary 20T with long bubbles & con
served as & result of the mmersion of the capulary in the
Grest cantion must be exercised m handhug blood of o
tamination with atmosphere mtrogen oecurs rapidly due
of nearly 4/5 of an atmosphere

2

roper adjustment of the 8T

w

£ the bubble before the mesmrement has proved
traction of mearly & divisam may bo ob-
wator bath

w N content 8y ¢oB
to the kagh gradiest

~

o
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§ To wash the fnstrument the plunger is pulled out nnder s #tream of runming
water and the blood mixture 15 poured out Ths svnoge 18 filled and emptied
several times with water befors the plunges is restorsd. The plunger should
naver be forced fuward 1f there Is & resstance dus to precipitate lusde st. Oc
castonally the whole syringe should be nin ed with dichromate eleaming solution

11 Carbon MM de in Rlood (Scholand g! )]

Relerence

Scholander P F ond Pougltton F J W Micro Gasometr ¢ Fstimation of the
Blool Gs ¢s 1 Carbon Mononide J Dol Chem 148 5o} 563 (Juse) 3343

(This papor desenbes how for the microdetermnstion of carbon monoxide in the

11004 the syninge ean be used in three differcat wuys ie

A General method for saturation ranging from 0 to 100 per cent CONb

T 3Method for combined determisation of O and CO on one samyle of blood

© Spectal methold preer ¢ enough for blood votume determination 1n which the CO
rontent 11 kept below @ volumes per cent )

A, GENERAYL METHOD YOR ESTIMATION OF CO IN ELOOD

Principle
The O €O a7d N of the blood and rengents are !xlmc!ed by excees oI CO evolved
by the mixing of de e3lation pota apm and

sspoutn with acetate buffer The CO and O wre eubsequ ntly absorbed together by
sikalise pyrogallol The volume of the re \dual gaa is mensured 1n the eapillary of
the imstrument Lefore and after the sbsorption of CO by Winkler & solstion  The
d fereneo 1n volume multiplied by the correction factor for temp rature snd pres
sare Eives the CO costent of the blood in volumes prreent  Bizcs the blood lrsel!
1 the only source of CO mnd the rregents contass none & Blank correction iy mot
veces ary
Apparatua
1 Oue ml 1yrex tubereul n evnings with arresting ¢ip and with a standard bore
precruon 03 mm Pyrex capillary fosed to ita poxale The top of the eapillary iy
expanded to a cyhindnesl ¢up of about 7.5 mm bore snd 15 em length. ‘The
captilery (¢ 10 § em fength) is gradunted foto 30 divisions each of ® mm length
Blood pipette wade of thin walled glay tubing (1 to 1.5 mm bore) with a tp to
fit 1rto the bottom of the glass eup  Tha volume delivered from the mark to the
tip ia equal to 100 divinons of the espillary &od 1a sctually 393 emm  (See Figa.
"y

>

343
A detachable rubber eup of about & ml cspaeity in fitted to the top of the glass
cup when re ured.
Reveral 2 mi anl o ml syriages with fine tipped tobber conmected glas morslen
ta store the reagents
5 Al tal ar glass Leakers one of them contaiming water af yo0in Remprrsture fn
cater the ¥3r ngs for eqlidratians between Tead vy
& Buction lise sud fine tipped glasy pownt.
A reeul ¢ eyrnge or & dropper when suction avstem ia not ava Table
R Clesaing gager or & pleco of eloth to wipe the eapillary befors readiogy.
B A puecs of flna Wit ¢o remove st bubbles from the cup
10 A thermometer for the water bath

Beagents

3 Aerated d stilled water
* Capryhie aleohol,

o

s

-~
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Ferncyamde solution 125 gm of K;Fe(CN) 3 gm of KHCO asd 18 gm of
2apomn &re ground in & wmortar and dissolved an water and mede ap to o @l
The solution should be renswed every three davs

Acetate buffer 70 gm of sodwum pcetate (NaGyH O, 3H,0) are dissolved 1 100
gm of water and 15 m! glacial aretic aerd added

45 per cent urea,

Winkler's solution 20 gm of cuprous chlonde 25 gm of smmomam chlonds
and 75 gm of water are pla ed sn a hottle yust large enough to contain them The
bottle s corhed, shaken with as Little sir a3 possible and the precipitate thet
allowed to settle A corl of copper Wire 13 placed 1n the soluten which 18 then
covered with a layer of heavy ol After some time the resgent becomes almost
colorless,

Fyrogaliol solution 15 gm of powdered pyrogallol are added to 100 ml of 0
per cent N2OH 1z & rabber stoppered bottle and covered with a layer of ol
The pyrogallol 1s dissolved under the o1l by stirning with & glass rod.

Ihe pyrogallol solution 13 stored in & 10 ml syriage with the rear of the plunger
well greased and a fine tipped glass nozzle attached to the syrmge 'The other ro
agents are mimlarly stored 13 smaller syringes Ihe water 39 placed 1n a bottla
above the apparatus and s delivered through rubber tubing with a glass nozzle
attached A 20 ml syringe with a needle or glass nozzle attached can be used for
the delivery of the water

Procedure
1 The synnge 15 held vertically and any hqud 1n the cup of the syrmge 13 With
drawn by suetion The plunger 13 pushed up and the cup filled with ferneyamde
salution  The salution 15 drawn down to the bottom of the syminge and expelled
through the cup and removed. This procedure 1s repeated twice with fresh lots
of ferncyamde the dead space finally being left full of ferncvamde withot
trspping any aur bubbles  No grease or oil 13 used 1o the eyringe
The glass cup 18 filled to the mark with ferricyamde sad the latter drawn down
to the bottom of the eop
3 A drop of capryhe alcohol 15 deposited on the bottom of the cup "
4. The pipette 15 filled with blood to the mark wiped and csutiously mtrndnc;
wto the glass cup and 1ts tip pressed sunglv but aot too vigorausly ngams!t ;
bottom of the cup The pipette should be held at a shight angle to the homztn's
0 that the blood does pot run out when both ends of the pipette sre open ta the

-

LYY

-

0

awr

By pulling out the plunger gradually the blood s slowly and evenly drawn mfo
the capillary followed by & bubble of air of sbout 1 mm Jength. T2 the m’l’:
properly ground and the right amount of pressure applied o sppreciable 'JIPY!;
aleahol 1s drawn wn during this step The bubble of sur prevents any biced fra
‘being sucked back 1nto the tip when the pipette 13 removed

The pipette 19 quickly removed snd the bubble of sir 1 fhen expelled thio 33
the capryhe aleohol with the 21 of the wire
A trace of eaprylic alechol 18 sbont € divisions length of the eapiliary l:d dg;:
down onto the top of the blood and the rest of the eapryhe sleobol 13 remo¥

the cup
Tho eup is filled to the mark with acetate buffer and the latter drawn down to the

‘bottom of the eup
9 The cup 18 then immeduately filled to the top with 45 per cent urea so'ution and
then closed firmly with the finger
10 The arresting chip 19 then removed and the closed apparatuy Vigorousiy n‘s:!;ll:
11 the horzonts! pomtion The plonger will be gradually drawn out by \’n’mx
as the CO and other gases are evolved the gas pressurs m the synrge paut
kept roughly atmosphenc The total volume evolved 19 usuglly about 94

Bhaking 13 eontipued for & totsl of 3 minutes

o

E3

=
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11 The artesting chip 13 put back n place

17 The finger is cautiously relensed the gas meaiscas belng kept ln the capillary
by maupulating the plunger

13 A swall amount of urea solutiou is allowed to run down into the eapillery 2ad
{eft there ustil the walls are perfectly cleas Then the rest of the ures solution
(three quarters) is remaved.

1% The rubber ¢up 18 38 vsted and Slled with pyrogallol rolution  Tse the fine wire
10 3v0:1d trapping of air hubble
15 & hittle of the pyrogaliel sclution 12 drawn iato the avenge This abaotbs some

€O apd © esumng & partisl vaeusm which quickly mucks dn mars pyrogallol
non) only & small bubble eouss ting of N and CO (if an¥ was originally present
in the blood) 1s left at the top of the svringe The sbsorption takes a few sec
onds end yust before it 1s complete the remdunl bubble is serewed slowly and
earetully up into the capillary by manipulstion of the planger
16 ‘The rubber cup 18 removed As it still containa a fale amount of pyrogallol it
i3 advisable to remove cup under & ttream of ranmog water The glam cup is
then emptied and filled sgajn with water
The capillary 1a placed for half & mimute in a beaker of water at voom tem
perstare and the tempeeatars 3 read
It ia then removed dned by 1ght mping ecare bmng taken that the capillary
12 1ot handled and the valums of the bubble read V dinisions
The gloss cup is Sushed clean with water and left flled. About threc-fourths
of this water 13 pulled quickly down into the syringe forming a layer on top of
the heavier blood mixture The bubble with clean water below it is then at once
fun up to the top of the capillary
The glass cup is emptied of water sud flled with Winkler & salution.
The syringe fa then ponted with the ¢up downward the cepillary meking a
slght angls with the horuzontsl
Dy cautiously # rewlag ir the plunger the ges bubble is driven out Into the glass
tup where it rests mear the jusction of the capillary and the enp As 200m as
the bubble is free in the cup Wankler a salution 18 sucked behind it so a3 to
batt 1l the eapallary  Gentla rotation for & few seconds completes ths absorption
of the CO
The syrioge is then tumed to the verticsl position with the cup downward the
£83 bubble is sucked back Into the capiliasy and its volums 3 messored.

-
S
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Caleulations
The carbon monoxide eontent of the blood {n volumen per cent {a
(v =V ixt where
= Turst readlog after absorption of the €O, and O,
acond reading sfter ab orption of the CO

£ = Correction factor for temperature aqueous vapor pressure and burometne
pressure as detlved from Fig °3 at the begianing of the seetion on blnod
gares

Example
First reading ¥ =53
Second realiog V, = 42
Correction factor 0000 8t T == 2 C,bar pre &. == COmm.
7t CO/300 wl blood == (55 ~ 4.2) x 0000 = 14
Trecaotions

1 When the blood is drawn from the pipette into the synege cars shoold be taken
that the pipette s pressad suu~ly dut not tos ngerously sguinat the bottem of
the eup ia order 1o prevent breskage of the tip,
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3 Forncyamde soluton 125 gm of K,Fe(CN) 3 gm of KHCO, sud 15 g of
saponin are gronud 1m & mortar and dissolved 1n water and made up to 50 mb
The solution should be renewed every three dava

Acetate buffer 70 gm of sodwum acetate (NsC,YI O 3H 0) sre diseolved 1 100
gm of water and 15 ml glacial acetic acid added

45 per cent ures.

Winkler s solution 20 gm of cuprous chlondes 25 g of pmmonm chionde
and 75 gu of water are placed 1n 8 bottle Just large enough to contmun them. The
bottle 15 corked shaken With as little mir 68 possible and the precipitats then
sliowed to settle A coul of copper wire 19 placed 1n the solution which 18 then
covered with g layer of heavy il After some time tha reagent becomes almost
colorless

Pyrogallal solution 15 gm of powdered pyrogaliot are added to 100 ml of 0
per cent NaOI i a rubber stoppered bottle and covered with a layer of ol
The pyrogallol »s dissolved under the ol by stirring with a glass rod.

The pyrogallol solution 13 stored 1n & 30 ml synnge with the rear of the plunger
well greased and & fine tipped glass nozzle attached to the ayringe The ather rer
egents are mumilarly stored o smaller syninges The water 1a placed m a Totte
above the apparatus and s delivered through rubber tubing with s glass noz2ls
sttached A 20 ml syringe with u needle or glass nozale attached can be used for
the delivery of the water

-

@ o
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Procedure
1 The synnge 1s held vertieally and any hqud 1o the cup of the syruge 33 with
drawn by suction The plunger 15 pushed up and the cup filled with ferneyamde
solution The solution 15 drawn down to the bottom of the syninge and expelled
through the cup and removed Thiy procedure 18 repeated twige with fresh lots
of ferncyamds, the dead space finally bewg left full of ferncyaude without
trapping any air bubbles  No grease or o1l 13 used 1n the syringe
The glasy cup 1a filled to the wark with ferncyauide and the latter drawn downt
to the bottom of the cup
A drop of capryhe aleohol 18 deposted on the bottom of the cup
The pipette 13 filled with blood to the mark, Wiped and cantiously sntveds o
1nto the glass cup and 1ts tip pressed snugly but not too wigorously sgasgst the
bottom of the cup The pipette should be held at & siight angle to the b ruzoutsl
50 that the blood does not Tun out when both ends of the pipetts are apen 10 he
air
By pulling out the plungor gradusliy the blood 18 slowly and evenly drawn nte
the capillary followed by a bubble of mir of ebout 1 mm length. If the fip 18
properiv ground and the ripht mount of pressure appled no appreciable capfy i@
aleobol 18 drawn 1n duriog this step The bubble of aur prevents any biood £o%
being sucked back mto the tip When the pipette 19 removed.
The pipette 1s quickly removed and the bubble of mwr 15 then expell & throvgh
1hs eaprylic alechol With the mid of the wire
A trace of capryli slecohol 12 about ® dwvisions 1 ngth vl
down onto the top of the blood and the rest of the eaprylic aleohol
the ¢up
The cup s fil)
bottom of the cup it
9 The cup 15 then 1mmediately filled to the top with 45 per cent ures solution
then closed firmly with the finger
10 The arresting clip 13 then removed and the closed app: 1t
1 the honzontal posttion The plunger will be graduslly drawn out by 15
ns the CO snd other gases ars evolved the gas pressure in the nymsﬂ;;':f
kept rougbly stmospherie The totsl volume evolved is usuelly about O
Sbaking is continued for a tatal of 2 minutes

o
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£ the capliary s d.a¥D
18 removed frow

<

ed to the merl With acetato bufter and the futier drawn dowa 1o the

o

sratus wigorously whsken
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11 The arresting elip is put back in place.

1.. The finger is eautiously relessed the gas menlscus being kept in the capillary
by manipulatiag the plunger

13 A small smount of urea solution is allowed ta run down ioto the cspillary and
left thers until the walls ave perfectly elean Then the rest of the urea zolution
(three quarters) is 1 move:

14, The rubber cup 13 adjusted and filled with pyrogallol olution Use the fne wire

to aveld trapping of aix bubbles.

A Little of the pyrogaliol solution is drawn into the sytisge This absorbs some

€O and O caunng » partisl vaconm which qui kly sueka in mora prrogallol

untl only a small bubble conmsting of N and CO (if any was originally present

1 the blood) 1s left at the top of the synug  The absorption takea a fow pec

onds and just before it is complete the residusl bubble la perowed slowly and

esretully up 1nto the capiilary by mampulation of the plunger

The rubber cup 1s remaved. As it still contains & falr amount of pyrogsliol it

is 8 1visable to remove cup under & stresm of running water The glass cup is

then emphied and filled again with water

The capillary ia placed for half & minute in a beaker of water i room tem

peratore and the temperature fa read.

It is then removed deied by Light wipiog ears being taken that the eapillary

10 0ot handled and the volume of the bubble read Vv divisions

The glata cup is flushed clean with water and left flled About three fourths

of this water iy pulled quickly down into the synnge forming a layer on top of

the beavier biood mixtare 'The bubble with clean water below it is then at once

Tua up to the top of the eapillary

The glass cup is emptied of water and Alled with Winkler # 2olution

The syringe is then pointed with the eup downward, the capillary making &

slight angle with the horizantal,

By cautiously screwing In the plusger the gas bubble is driven out into the glass

cup where it rests near the juuction of the capiliary and the cup  As a0on as

the bubble 18 free in the cup Winkler s solution 13 sucked behind it so as to

Balf 11 the capilary Gentls rotation far & few seconds completes the absorption

of the CO

The syringe is then turned to the vertieal position with the cop downward the

g bubble 13 sucked back 1nto the eapillary and its volue 3 measursd,

Calenlations
The earbon monoxide content of the bivod in volumes per cent Is
(v ~V)xt where
F rst reading after absorption of the CO 82d O,
Becond 1 ading after shsorption of the CO

‘orrection factor for temperature aqueous vapor pressurs and barometne
preasure a8 derived from Fig =5 at the beginning of tha section on blood
3

3

e
a2 5

o
3

I

Eo

"o

3
d

v
v

‘Example
First reading V. =55
Second reading V = 4.

Correction factor £ == 0000 at T =  C bar press = 760 mm
m} CO/100 ml bload = (% - 42) x 0000 = 12
Precautiony

1 When the blood is drawn from the pipetts Into the ayrng® cars should bs taken

that the ppette is pressed smugly but not too wigorously sgamst the bottom of
the cup in order ta prevent breskage of the tip
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2 The arresting clip taken of a4 the beginming of the shakung should bo put buck
1n place before the releasing of the finger
& bpeedy adjustment of the bubble 1nto the capillary at the end of the CO azd O

absorption with the pyrog helps to el of CO at the entr
cal moment at which the partial pressure of the CO becomes hagh (1e nearly 1
stmosphere)

ES

While there 13 gas 1n the synnge or bubbles 1n the capllary the hands should
not touch either one 56 &y to prevent the effect of the hands’ wermth on tie
volume of the gases

Slipping back of the plunger 1s prevented by a proper adjustment of the arrest
g chp

Temperature equlibration of the bubble before the measurement of V has proved
necessary for with long bubbles a contraction of mearly & division mey be ob
served as & result of immersion of the eapallary 1n the water bath

To wash the mstrument the plunger 19 pulled out under 4 stream of runmng wa
ter and the blood mrxture poured out 'The syringe 1s filled and emptied several
times with water before the plunger 1s restored. The plunger should never be
forced mward if there 13 m resistance due to precipifstes imside 1t Ocea
sionally the whale symnge should be rinsed with dichromate cleamng solution

o

a

-

B SPECIAL, METHOD FOR COMBINED ESTIMATION OF CO AND 0 IN SINGLE
SAMPLES OF BLOOD

Principle
‘When 1t 13 desired to0 measure both oxygen and carbon monoxide & smgle sample of
blood ean be used

Procedure

Follow Steps 1 through .0 1n the procedure for oxygen and when ¥ and Vi are
obtained

The glass cup and capillary are thoroughly washed with water no traces of the
prrogallol solution n the eapillary 1z the cup beang Jeft

Abont three fourths of the clean water left m the eup 13 quickly pulled down 1t
the syringe forming a layer on top of the heavier blood muxture The bubble Wb
eclean water below 1t 13 then at once Tun up to the top of the capillary

The glass eup 19 emptied of water and filled with Wankler s solution

The syringe 18 then held with the cup downward, the eapulary makmng a shight
angle mth the horizontal

6 By cautiously screwing in the plunger the gas bubble 1s driyen out mto the gltss
enp where 1t rests nesr the Junetion of the capillary and the cup As soon 83
the bubble 15 free 1 the tup Waimkler s solution 19 sucked behnd 1t s0 85 10
Balf fill the capulary Gentla rotation for a few seconds completes the absotP
tron of the CO

The synoge 18 then turned to the vertieal position with the cup downward 833
the gas bubble 15 sucked back into the capillery and 1ts volume V 15 measured

Calculations
(Vi~Vy=¢) xf=0 content
(V - V) x f = CO content
‘Where
V = Farst reading after absorption of the CO with NaOH
Second readg after absorption of the O With pyrogallol
Third resding after absorption of the CO with Winkler s .
= Correction factor for temperature aqueous vapor pressure and barometn
pressure as dentved from Fig 25
¢ = Blank correction Which 1o this case can be takenas 11

S
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Example
Furst reading 88 (V)
Be ond resding 55 [AD]
Third reading 40 (\ )
Dlank figute 11

Corr factor = 0000 (1) for Temp © C bar press 760 mm
ml O, per 100 ml Blood = ( 68 - £5 = 11) (0900) =
ml CO per 100 m! blood = (55 ~ 40) (0900) = 14
Precantions
All precautions gaven for the general method are applied here

©. SPECIAL, METHOD FOE BLOOD CONTAINING SMALL AMOUNTS OF CARBON
MONOXIDE
When the CO conte ¢ of the blood is suspected to be emall ie that it does not ex
ceed 0 volumes percent this epecial method is used which requues three times
(10 emm) the smount of the blood sample vaed in the general m thod Thus an
acenracy of 003 to 005 volumo percent 1a obtained.

Principle
The gases of the blood are extracted by meaos of the CO gas [vhue produced by
adding an mcetate bufler to a solution odu

sud sapomn in the u ual way described in fho Geaeral Mothod. A -pm-x method
i3 pecessary because three times more blood ia used than in the regular method snd
the relatively large amount of O ! berated may cause an apprecishle formation of
CO during the pyrogallal absorption whereas when only 40 com are used y in the
tegutar method uo sush CO formation baa been detested To avoid th s extra forma
tion of CO & weakly alkalie hydrosulfite is employed which will absorb the O of
the blood.
Apparatus
The same apparatus described in the general method is used here However the
pipette should have s mark where it has been calibrated to deliver thrice the usual
Blood velume
Beagents
‘Those reagents deseribed under the general method for estimation of CO in blood
are used together with the following
1 Hydrosulfite borate solutian A stock solstion of 3 per cent bo sx (Na;BQ 1011 0)
18 prepated. 1 gm of s0d um bydrosulfite (Na,8,0) is d ssolved in 50 ml of the
borax golation and stored in a glass tipped synioge The final solut on should
nat be kept more than 2 daye.
Procedure
The glass cup of the syringe ia filled with hydrasulfite barate solut on which ia
drawn down to the bottom of the syringe a d then expelled leaving the dead
apace and the capillary flled with the solution
The blood is drawn down the eapiflary directly on top of the borate solution
from a pipette calibrated to deliver 3 time the usual quantity of blood No
eaprylic alcohol 1s needed at this stage
The Lood 1s drawn down to the bottom of the cap Nary and the synnge rotated
bonzontally round its axis 80 as to m x the hydrosulfite with the blood
The syr nga is then restored to the vertical po ton avd the blood solution
brought to the top of the capillary
The cop is filled to the top with ferncyamde solut on and the whole of thls
drawn down

-
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Two or more divisions of capryha aleohol are plared on top of the ferneyands

solution in the capillasy £0 as to proteet it from contact with the seetts Satter

used an the next step

The plass cup 31 nnsed with water and filked to the mark with neetats buffer

The ucetate buffer in then drawn down & fow divisosa below the bottom of the

tup  The cup 13 then filled with water and closed at the top with the fip of the

finger 53 s002 a3 the few dtvimons of alr have been expelfed from the top of the

capillary

The wrtesting ¢lip 13 taken off and the gases are extracted in the wwal way by

3 mnutes shaking

The arresting ehip 1 put back m place

The ayzinge It then turned to the vertical pomtion wath the cup dowpwazd ssd

the plunger ushed 1z 40 8 to ;ve & shight posttive presaure

With the syninge held over a dish the finger tip s removed gradually from fhe

top f the cup and fluld 13 expelled until the menltecus is balfwey down the

eapiflary The ges contmmag part of the syringe chamber must not be touehed

with the warm kend

The glass cup is filled to the top with water end then slanted downward sud

the gas bubble pushed to the end of the capillery 'Tho blood mixturs passes ntd

the tup and seitles through the water

With ths instruoent still slanting vwater 3s sucked 1nto the capsilary

The spstroment §s then restored to the usun) pomtion (vestiesfy with the cap

vpreard and the latter flted with urea solution

‘The cxpillary 12 flled with yrea solution and s feft until the walls are pordectly

clean

‘Three quarters of the uren in the glass cup is removed and the rubber cup a

Justed and Alled with pyrogaile! solution without trappng air bubbien

A hittle pyrogallol 13 drawn down 1nto the syringe This absorba some CO 22d

O enusng & partie] vacoum whieh quickly auscka in more pyrogaliel untad only

» amall bubble conmating of N and CO i Jeft at the top of the synage The &l

sorption 1akes b fow seconds and Just before 1t sa complete the remdus! Babble

fa ncrewed slowly and carefully up inte the eapllary by mampulatsos of the

plunger »

The rubber cup 11 removed  As 1t still contnins & farr pmoust of pyrogaiicl it

advissble o removs the cup under a stream of runming seater The glaw €7

i then emptied and refliled with water

The capillary §s placed for half a minute 1n a besker contaning water st roon

temperature and the temperature 18 read

It ;E “hen remosed améw fiy hght wiping care bewng taken that the capller? ft

not dandled and the volums of the hubbls read V divimeovy oot

The glass sup 18 Sushed clean with water and left flled. About thres qulrtt; e

this water 18 pulled qusekly down into the syringe forming & lsyer o1 top o ot

heavier blood mixture Tho bubble with clean water below it 15 then at 0n¢d

up to the top of the capiilary

'The glasy cup fa emptied of water end filled with Winkler s avlution

The ayrnge is then held with the cup downward the espillary mal

angle with the horzontal

Byg cantiously screwing in the plunger the bubble fa driven snta the glast j‘;g

where it rests pesr the junet:on of the capilary and the cup As soont a8 e

bubbls iy free mn the cop Winkler & solutzon s sucked bebind 1t 2o 28 to MXCO
tion of the

capiliacy Gentla rotation for & few seconds completes the absotp! .

The eyrings 38 then turned to the vertical pasition with the cup donwud.

the gat bubble 1s sucked back futo the eapillary eod ita volame V wessd

kiog & slight
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Caleulations
- 1
@ =2 xE - 60 content of blood
Where
\ = Furst reading after sbsorption of the CO and O
V= Second reading sfter absorption of the CO
£ = Correction factor for temperature aqueous vapor pressure and barometrie
pressare a3 denved from Fig 25 at the begmamg of the section on blood
gases
{As thrice the usual amount of blood has been the usagl result has to be dimded
by 3)
Example

Fistreadng 65 (V)
Second resdng 50 (V)
Corr factor 0900 (f) WhenTemp ~ C bar press 700 mm
w = 045 ml CO per 100 ml blood
Precauttons

All those gaven for the general CO method ats observed here

12 Carbon Dioxide in Bloed (Scholander Roughton)
Reference
Scholander T F and Roughton F J W  Micro Gasometnic Estlmation of the
Blood Gases IV Carbon Dioxide J Biol Chem, 148 573580 (June) 1943

Principle
While carbon dioude 1 by 1denl 89 81 tant for the
ton of the other gases and there 18 no practicable method umng & gas other thsn
CO for blood & modification of the technique was necessary lu order to use the
convenient syringe mothod for the estimation of CO  Thia has been accomplished
by the mtroduction of the vacuum extraction to the general method
Tho blood sample and an ac d buffer ave vacuum extracted in the syringe by elosng
the capillary with the espectally constructed rubber tipped plug and drawing the
plunger out to the position fixed by & spacer (seo Apparatus) and then shaking
for 2 minutes ‘The vacuum 13 relessed by letting 1 the plonger and the volume
of gas 13 measured bofore and after absorpt on with alksl. The reabsorption of
€O dunpg the compress on 18 one of the special d fMculties but 1¢ 18 possible to
¢hetk it by (8) umng an acid buffer reagent of minimal CO solubilty snd (b}
eleaning the capillary of liqma bofore the shaking begina W hen the plunger maves
up the whole of the gas therefors goes directly into the well drained capillary 50
that during the final stages of the contraction when the pressure of CO 19 2pproach
iug atmospheric the gaa is oaly in closo contact w th the misute emount of hquid
contained 1n the drainage fllms on the walls of the capillary

Apparatus
1 One ml Pyrex tuberculn synnge with atrestng elp and With a standarl bore
precision 0 mm Pyrex capillary fused to its mozzle The top of the capullary
19 expanded to & cyhndneal cup of about 5 mm bors snd 15 cm length The
capillary (7 to 8 em length) 18 graduated 1nto 30 d v1s ons each of .. mm length
An additional mark scratched at 333 has proved conventent when in an slte na
tave procedu e it s de ed to use exactly one third of the normal p petts load



202 Ph}/smlagzoal Measurements

W

Blood pipstte made of thia walled giass tubng (1 to 15 mm bore) wath k gromod
tip to fit mto the bottom of the glass cvp The volume delivered from the mark
to the Lip 13 equal to 100 divisions of the eapilary and 1¢ gotuslly 373 cam
Rubber tipped wooden plug to seal the cepiliary during the vacuum extraction
The end of & round toothpick 18 dipped tz rabbar latex and & small deop left
the ip It s dmed tip at & mod n 8 drymg oven
About 1 anch of the costed plug 21 used ay in Fig 25, 4

A spscer for holding out the ayringe plusger 1 e fixed pomticn dunng the
vaenum extraction A mece of hght sheet metal about 15 e wide and 55
em long s folded wmto a U shaped channel To apply the vatuum one end of the
spacer 18 pressed agminst the expanded Jowor end (button) of the plunger ssd
tha Intter 13 then drawn out until the other end of the spacer presses agaast the
butt end of the eyringe harrel The lengih of the spacer is so adjusted as ko
g1v6 8 gas phave of gbout 075 wlan the basrel  (See Fugs 354 223 B)

Beversl 2 ml azd § wh synnges with fine tipped rubber conmncted glass nozales to
store tha reagents

Metal or plass beakers one of them comtaiting water at soom temperature &
hold the syringe for eqmlibration hetween readmgs

Buction hine with a very fine tipped glass point

Thermometer for water bath

@

S

o

@

L RNY

A B

g 35-LCarbon dexide in Wood
A Rubberlzad wooden ping for vacuure sealing glaes cup "
P Spacer for heeping plunges extended Sn fived position during vacuum exfractiol

Reagents

€O freo distdled water (Ordinsry water ean be freed of CO by bubsg Wb
& drop of sulfunie pead.)

Caprylhte atcobol

A:dybuﬂer 95 gm of atzd sodwsm phosphate MaH PO HO are dmaolv;‘i 1:
100 gm of waem woter to mahe aa almost saturated solosion. The “;e:xm I
about & M and the solubshity of €O theramn 1 pnly shout ove twelft

-

w1

water
10 percent NaOH

Ryeero]
I‘eﬁgeyms % 2 aud 4 may best be stored 10 o or § mi syringes with glass tpd .;t:c:;db
The giyeerol 18 best kapt 1 & 8 ml eyninge having & Mo 20 needle the Pmn‘z ; bber
nas been ground off The dushilled wates may bo stored 1a = bottle W
tubing and glasy tip sttached bangang above the beoch

¥
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Progedure

The clean apringe ia taken apart avd the water shaken out of tha barrel end the
plunger dried. The rear part of the plusger o laboeated wmih o fow streaks of
glyeerct and retumed o the moist barzel

The cup 1 Slied Witk d stilled water 2nd tha latter 18 drawn one fourth down the
barret and exgelled through the cup leamizg the doad space of the synage full
of water without trapping any alr bubbles

The plunger 1s pulled ont very stightly ro that the weter meniscas at the bottom
of tha eup in lowered 1 or 2 mm dovwst 1nto the capillasy

4 The blood pipette is held aganst the opeming of the eapiliary tmpping a amall
air bubble The blood 15 drawn down vere alawly into the ¢epidlary the air
bubbls separatang it fzou the water

12 the M0od supply 18 ample $he quickest procedure 13 to dry the cup with &
ttle cofton on s toothpck and then half i 1t with blood trapping the small
air bubble 1 the eapiliary The blood 1s then drawn down into the capsifary
the top layer being used es % protective agaunt €O foss, If the blood 15 atored
18 & egninge it i3 touvensens fo attach a eapillary giasa tp to the nozzle and thea
afte good mixing and dhacarding af & few drops through the tip the eup s filed
to the mark durectly from the syrage tip

With the blood mensscus At the 30 10 35 mark tha pipette 15 deteched snd the
Blood sn the enp sucked off The upper biood mentscus 1s slowly moved to the
2e70 mark and the amoynt of blood read ¥ dinvions

{Ax & slternative procedure the biood 15 moved down to 2 speais] mark seratehed
&t 333 dimsoms  Wath a fine suction tip the uppor meniscus 13 adgusted exactly
> the zero mark the lower meniseus of the blood beng sumuitanecualy kept at
the 333 mark 1o thus way exsctly one thisd of the porms} pipetts Joed 18 used
48d the volume of CO found bav after the usual co rection for temperature efc
suoply to bs multiphed by 3 to give the OO content 1 volumes percest }

A deop of cagrylic alranal 1e degos ted on ¢he Lottom of the cup and the budble
of mr abave the blood ejected through the capiliary with the a1d 1f necesssry of
& pecs af fine wire. Two diwssions of capryhie aleohal are deawn down onto the fop
of the bl00d 1n the capslla y  Tho semander of tha capeyl ¢ aleohol 1n the cup s
remeved.

Tha ¢up 1s filled to the mark with acid phosphate which 18 then pulled duwa very
slowly wto the sy 1ge unhil the upper mensens 13 som below the bottom of the
g

The rubber end of the wooden plag te moustened with the {hosphate buffer aad
with a few dropy adherszg to st 18 wmserted 1o the bottom of the cup trapping &
amall r bubble

Wath the plug restiog loozely agasst tho bottom of the eup the eir bubble 15
gently strewed up uatl it touches the mbber tip The plug e then pressed
agzinst the battom of the eup leassny the srr bubble wn direct contact with the
rehber  The £ &4 lower end of the plug 1 covered by the drop of P osphate
Tha camliary 1a Lept closed sn this way doring steps (I7) to (18) with the left
hand

%
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Frosh giscesol 1 introduced wto the plusger bersing with the right hend

One end 'of the metal spacer 19 put in plece esousd the planger uader the plunger
kead the might hend being used nod s held there w th the other end sticking
out af an avgle The eup end of the eyringe 18 pomted elunt ng upward Red kept
upward dunag stept (143 ta (17}

With the space sud the plunger button betd the plunger 1 slowly moved ot 1
sach a way that the furd mentscus under the atopper maves down the captiary
very slowly and evenly Just e for & reading  When the capiliary and 1te barrel

o

2
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opeming are cleared and dramed of the fimd, the plunger 1s drawn slowly out the
freo end of the spacer being sumultaneously moved 1n until 1t rests agamst the
butt of the syrnge barrel

15 Glycerol 15 added to the plunger bearmg

16 The syringe 13 shaken with the cup end upward 80 as to prevent any flud from
blocking the entrance to the capillary If nevertheless the espillary should
become bridged over it can be cleared by warming up the capillary with the
hand  Shaking 1s continued for 2 minutes In caso of foamng the plunger 18
released so that the fluid and extracted gas are compressed 1nto the top part of
the syringe barrel where there are normally resdual traces of capryhe aleohl
When the plunger 19 drawn out agam the foam generally disappeats

17 With the entire capillary free from flmd the plunger 1s pulled out slghtly 5

es to allow the spacer to fall out The plunger 13 then allowed fo rise up withn

the barrel at a controlled but rather rapid speed until the Jower end of the

meniscus 19 1nside the capillary and the pressure of the gas 18 st atmosphene

pressure If the entrance to the capillary should get brdged by fmd whie the

plunger 15 being let m the speed of the plunger must be so adjusted that the bndge

moves very slonly up the eapillary thus enabling proper dramage to take place

When the ges bubble 15 at atmospheric pressure the plug 18 removed and the

upper menscus moved slowly and evenly to the zero mark

The capnlary 13 placed for % minute in a beaker of water at room tempersture

and the temperature 13 read It 13 then removed and dried by light wiping cere

being taken that the capillary 1s not handled

20 The volume of the bubble 15 read V divisions without anmy unnecessary ad
Justments as this may lead to appreciable reabsorption (the capillary should have
been properly dramned during step [14])

21 The cup 1s filled to the top with water and three fourths of the latter 1a pulled
down wnto the synnge formng a layer on top of the blood mixture The bubble
19 returned to the capillary with water bemeath 1t Owmng to absorptioa of 00
by this washing the bubble 13 much shorter

22 The cup 1s filled with 10 percent NaOH the cup pomnted downward end the
bubble expelled into the alkah some of which 13 drawn mto the capillery as 5002
as the bubble 15 free

23 The cup 15 pomnted shghtly down and rotated a few times so as to complete the
absorption of CO  The syringe 1s then returned to the vertical pomtion Witk
the cup downward and then a gas bubble 1s sucked back 1nto the capillary

24 The temperature of the capillary 15 agam adjusted and the bubble volumé

b
®

"
=]

read V

Calculations

The ongimal formula to obtan the CO content of the blood by this method Was

as follows

100

CO comtent = (V V) xfx —}
Where

Vv = Farst reading

v Second reading after absorption of the CO

d barometnc
Jon on blood

Correction factor for temperature Aqueous yapor pressure &
pressure a8 derived from Fig 25 at the hegmmng of the sect
gases

b = Volume of blood expressed as the number of capillary divisions ek
No allowsnce was made however for the mcomplete extraction of CO durng shat
1ng 8nd for resbsorption during compression It was necossary therefors {0 M0
series of determumations of CO by the synnge method and compare them W} 1
results obtained by more precse a method like the Van Slvke By dwidiog
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openiag are cleared snd drained of the fuid the plunger 1s drawe slowly out, the
free end of the spacer being mumultaneously moved in until it rests aganst the
butt of the syriage batrel

15 Glvcerol 1s added to the plunger bearing

16 The synugo 13 shaken with the cap end upward so as to present any fmd from
bloching the entrance to the capillary If neverthelese the eapllary should
become bridged over it can be cleared by warming up the capiliary with the
haod  Shaking 1s continued for 2 mmutes In case of foaming the plunger 13
released so that the fluid and extracted a3 are campres od 15to the top part of
the syringe barrel where there are normally remdasl traces of capryhe aleokol
When the plunger 19 drawn out agawn the foam generally disappears

17 Wath the entire capillary fres from fud the plunger 1 pulled out shghtly so
as to allow the spacer to fall out The pluager 1s th n allowed to rse up ithn
the barrel at a controlled but rather rapid speed uptil the lower end of the
memscus 18 1ngide the capillary and the pressure of the gas 19 at atmosphenc
pressure If the entrance to the capillary should get brdged by fmd whils the
plunger 13 bemng let 1 the speed of the plunger must be s0 adjasted that the bnd ¢
moves very slowly up the capilary thus enabling proper dramage to tske place

18 When the gas bubble 15 at atmospheric pressure the plug s removed and the
upper memiscus moved slowly and evealy to the zero mark

19 The capillary 15 plsced for % minute in a beaker of water st room temperature
and the tempersture 18 read. It 15 then removed and dried by hght wiping care
being takeo that the caprflary 13 not handled

20 The volume of the bubble 15 read 1 divisions without any unnecessary 38

justments as this may lead to appreciable seabsorpton (the capillary should bave

been properly dramned during step [14])

The cup 19 filled to the top with sater and three fourths of the Jatter 1s pulled

down 1nto the syringe forming a Mayer on top of the blood muxture The bubble

13 retusned to the capillary with water bepeath it Owing to abaorption o1 o

Dby thus washing the bubble 13 mach shorter

22 The cup 15 filled with 10 percest NaOH, the cup pounted downward, snd the
bubble expelled tato the alkali some of whick 1s drawn into the cap:llary as 8000
29 the bubble 1a free

23 The eup 1s pawnted shghtly down and rotated & few times s0 &9 to complete the
absorption of CO  The syringe 39 then returned to the verhical pomtion with
the cup downward and then s gas bubble 14 sucked back nto the capiliary

2¢ The temperature of the capilary is agam adjusted and the bubble volime

13
e

read 1
Cajculations
The ongwoal formula to obismin the CO content of the blood by il method wss
a4 follows
100
O content = (¥ - V) x fx —p
Where
¥ = First reading
A} Gecond reading after absorption of the CO
f = Correction factor for temperature aqueous yapor pressuze and b!m:'::‘;
pressure as denved from Fig 25 at the beginpng of the section o1
gases
= Yolume of blood expressed as the number of capillary divisions sk
No allowanes was made however for the incomplete extraction of CO dnn:ﬂgmﬂ A
ca

Ecess] 4therefo!
It was o ary b ik, (¢

By dindog the

g and for resb orptron durng compression
geries of determumations of CO by the syrnge method gnd compa:
results obtawmed by more pre 1w a metlod hke the Tar Biyke
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Beagents

1 Glyeerol aquaresin mexture  This mixture 1s made by mixiop equal parts of the
two reagents and storing 1t in & two ml syninge with s 4 0 ncedle the tip of
which has been ground off square (Aquaresin 15 obtmunable from the Glyco
Products Co Inc New York)

® Ferncyamde solution. Dussolve 1 gm of potassium ferricyamde and 0 5 gm
of saponin in 10 ml of dwtilled water Then 323 03 ml of the acetate buler to
the solution.

3 Caprylic alcohol Reagent grade

4. Ac d phosphate buffer Dissolve 95 gm of ac1d sod um phosphate (Mall PO 11 0)
13 100 ml of di tilled water This 13 almost & satursted solution

5 Sodum hydroxde & 10 solution in water

6 D stilled water

T Pyrogallel solution AdQ 15 gm of powdered pyrogallol to 100 ml of 20~ sodirm
hydroxide solution in & rubberstoppered bottle and cover the solution with a
Iager of oil 2 em thick. The pyrogallol 18 dissol ed by stirning it with a glass
rod passing it through the ol

Reagents .. and 7 are kept for current use in o or 5 ml symnges with glass tips
attached through the rubber tubing.

Procedure
1 Bemove the plunger from the synnge rinse 1t well with hot water and dry 1t by
suct on  This 13 eamly done by attachizg & small glass tabe to the vacvum line
and rmserting th s tube to the bottom of the barre] o that air is pulled through
the warm eapillary and barrel
. Add s drop of glveerol aquaresin m xture 10to the barrel opeming  Lubricata
the dry plunger with 8 few streaks of the giyeerol solution and return it to the
barrel sdding enough of the solution 0 that po asr 15 carmed sm with the
plunger Usle » the plunger 18 moved gently 1n the barrel the Iatter may break
becauss of the Tiseo ity of the glycerol solution When the plunger strikes the
bottom the glyeerol eolution should nise ozly & few mm 1a the capillary
Fill the eup with the ferneyanide solution draw 1t down 1oto the barrel and
expel it without trapp ng amy air bubbles Remoave the excess ferr cyamde
leav ug only the dead spaca fitled with the ferncyanide solution
Place & drop of capryhe alcohal on top of the ferneyamde solution draw dows
« scale dviaons of the alcahol and euck out the remander Draw out the
plunger untu) the flnsd menuscns 18 lowered 1 to * mm 1nto the cap llary
Seat the plastic tipped wire plug 1n the eup tropping a amall air bubble on top
of the eapryle slehol The rubber band must be strong enough to keep tho
capillary firmly closed by the plast ¢ ip  Add & Ittle of the ferrcyan de solu
110m 10t0 the np 1o complete the eal
Pull the planger ont slowly until the spring cf p engages the zotch in the plunger
Then 8dd glycero] aquaresin sofution around the plunger beariog  If the caprylic
al ohol ataya 1n the capillary 1t muy be moved down the barrel by warming the
capillary behind t 1a the hand  Allow & few saconds for extract on and relense
the vacuum by lettmg the pl nger sn  Expel the bubble and repeat the ex
traction.
Lower the memiscus of the extracted fluid 110 2 mm into the eapillary Place the
tip of the blood pipette flrmly aga nst the bottom of the cup trapping a small
(05 to 1 divinion) air bubble between the blood and the extracted Amd Draw
the blood slowly 1 until the length (A ) of the sir bubble can ba m asured.
Continue to draw the blood 1 very slowly and evealy util °$ to 29 divis ons
bave entered Remove the blood pipette suck off the excens blood adyust the up
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Osygen 13 released from chemical combination by ferneyanide and earbon diands 1
evolved by the addition of acid phosphate buffer The gases are vatuum extracted
1n the svhinge selectively absorbed and measyred 1n the capillary
Apparatus
1 The same gyringe analyzer as used for the Scholander Roughton Bleod Gis
analysis method with modifications shown 1n Fig 36
The synnge anmalyzer described by Scholander and Roughton has been modied
to make 1t easy to hold the plunger out dunng the vacuum extraction by pro
vidurg & notch an the plunger which engages a spring steet ehp  To cut the
uotch draw the plunger out 08 ml and mark 1t 3 to 4 mm past the synage bar
rel  Cut the notch 1n the pluager with & trisuguler wedwum or five Todis ol
stone straight below the number of the plunger slanting the stone 80 that the
spring ¢hp wall not disen,age the notch during the vscuum extraction

[t

PILLARY SYRINGE AND SLING FOR THE GOMBINED GARBON DIOXIDE AND OXYGEN ME

== :

Flg 28

3 A plastie tipped wire plug to seal the capillary dunng the vacnum uxmccw:;
The tip 1s fashicmed from & piece of 15 to 9 mm plastie cord by “mmgl l:w
geatly heating 1t 1n front of & mero flame and pulling 1t apart when the plas
becomes soft The pomnted tip so formed 12 cut off to & Jength of ” 10 3 m:
perced straght with & fine Wire Which 13 bent A rubber band attaches 1b¢
ware plug to the syringe barrel "
A wire cup to give the plunger a suitable friction and ta bold the plunget nal
durmg vacuum extraction A 6 to 7 mm wide ming 15 cut off from a piect o
thick walled rubber tubing end 18 shpped firmly onto the synnge A strsi@
angle bow of 04 to 05 mm of music wire wide enough to 51 p over m;yﬂ:ﬁ
collar 1s stuck strasght through the rubber tubtag With the clip engoge! "
Plunger notch the end of the plunger should read £0 (08 ml} "
A hand shing for the syrnge for whirhng down liqmd bridges m the eap H”’]auz
for breakng up bubbles 1o the syringe The sling 13 4 em Wide by sode’:t T
made from 15 mm sheet alumimum It can be whirled arousd a hen
other end 13 bent out st 8 straght angle It 1 furmshed with a plA;hc -
whnch earnes a screw hook padded With rubber tubing for festentng the ay7
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Beagents
1 Giyeerot 2quarenia mixture Thia muxture 24 mads by minng equal parts of the
twa reagents and storag it 1w 8 two mb aynege wuwh s 4 O needle the tip of
which has been gronsd of square (Aquare » s obtmmable from the Giyeo
Produets Co Ine. Naw Yark )
Perreysalde solutsan  Inesalve 1 gm of potassum ferncyamde 8nd ¢ 5 gm
of sapomn 1 10 m) of distalled water Then 88 01 m] of the ncetars buffer to
the solution
Caprylic sleabol Beageut grade
Ats phio phate bulfar D aselve 05 gm of aeid sodiuz phosphate (hafl PO HO)
11100 o) of distrlled water Thia 1y almost a saturated solutsan
Bodium hydronde & 100 eqluton 1n water
Thatslled water
Pyrogaltol sciution  Add 15 gm of powdered pyrogallol to 100 mt of 207 sodm
Kydroxide eatation 1o & mbbez etappered bottle mod eover the solution with »
layer of o em thick The piroysliol 1s & solved by atirnng it with a glass
o passing it through the ol
Reageats © and  are kept for current use ta 2 ar § ol syringes with glasy tipa
attached through the rubber tabsag

Proceduze

Remove the plunger from the syninge Dnze 1t well with bot water and dey 1t by
suetzon  This 1 eamly dove by attaching @ smalt glass tube to the vecuum hne
and 1maerting th s tube ta the bottom of the barrel 8o that air 2a pulled through
the warm csp Bary and bs el

Add » drop of glycerol aquavemn m xture sato the bagrel opensng  Lubneste
he dry planger with a fow atreaks of the giycerod solution and return 1t to tha
barrel add ng escugh of the solution s $hat 20 mr 23 earried 1z with the
plunger  Unless (b plunger 13 moved gently 3 the barrel the latter mey break
beenuse of the vistonty of the ghcerol solution  When the plunger strrkens the
bottom the glycerol sotution abould rsse only a few mm 1n the capiflary

Fill the cup w th the ferneysmde solutwn draw it down ato the berrel and
expel 1t without trapping any i bubbles Pemova the excess ferncysmide

Ieaving ooly the dead space filled with the ferrieyanids solutson.

Place z drop of capryl ¢ alcohol on 4op of the ferncyamds wolution deaw dowa
« mcale @ vinons of the aleokol end suck out the rema nder Draw out the
plunger until the flu d mentecus 1s kowered 1 to 2 mm ato the cap Hary

Beat the plattic ipped wire plug in the cup trappdg 2 small esr bubble on top
af the ¢ap yhe slechol  The rubber band must bn strong enough to keop the
capillary frmly closed by the plastic tp A4 8 7 ttla of the ferncyanide sola

108 1240 the cup to complets tho seal.
Pull the plunger out slowly until the apr 2 ehp engages the soseh iz the planger
Thes add glyeerol aquares » solution rousd the planger beanng  If the capryhie
sleohol #4578 in the capillary 1t may ba moved down the ba rel by wanmag the
eapillary bebind 1t 1o the hazd  Allow & few seconds for exiraciion und relense
the vacuum by fetting the plunger sa. Txpel the bubble and repast the ex

tract on

Lower the menisens of the exiracted furd 1 to 2 mm into the capillary  Place the
1p of the blood pipette firmly ega sst the bottom of the cup teapping w small
{05 1o 1 dwimon) arr bubible between the blood and the extracted find, Draw
the blood slowly in antl the leogth (A} of the s bubble can be measured.
Continya to draw the blood 1 very slowly and evenly uotsd °8 £o 20 divmons
fiave ente ed Remove the blaod pipette suck off the exces blood adjust ¢he vp-
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per blood memscus to the zero wark, and vead the volume of the blood sample
b diimons  (With practice the blood vofume can be made very close fo 30
divisions )

Fill the cup to the mark with the aeid phosphate solution, leaving a small (0.5
to 1 division) ecr bubble between the buffer and the blood, Draw it slowly m
uaty the length (A,) of the air bubble ean be measured, Turn the gyTings tup
down and conticue to draw 1n the phosphate buffer slowly and evenly nntil
the bubble reachey the junction of the capillary with the synnge barrel, proveat
ang the acid from entering the syringe barrel

Rotate the syringe on an oblique axis with the cup down unt:l the bloed 15
completely laked to a umform dark brown eolor by the ferriceamde aapotin
solution  If more than & trace of acid buffer enters the blood will not lake prop
erly and the oxygen will not be completely released from the hemoglobio
Hold the synpge cup up Draw 1n the remainder of the acid phosphate solution
and cloge the capillary with the plastic tipped wire plug trapping a smsll air
bubble (0§ division or less) underneath Estimate the length of thia hubble
(4,) Then 2dd n drop of acid buffer 1o the eup to complete the vacuum seal
Pull the plunger out slowly 50 that the capillary drans propecly when the smell
bubble underneath the plug expands Continue until the plunger notch engsges
the elip  4gamn add the glycerol solution around the plunger bearing

Attach the syringe to the slng It 1s Decessary that the plunger head should
rest agminst the bent end of the slmg Whirl the blood solution down fo the
bottom of the synnge ard tilt back and forth severs! tumes to have the hguds
well mixed Wiirl the sling egain for about 30 seconds The camllary should
be clear of bridges and the blood solution free of bubbles

Remove the syringe from the sling without touching the eapillary, and hold the
cup up Release the plunger stop and move the fluid quickly up nto the capillsty
until the atmospheric pressure 18 almost resched

Without delay Temove the plug and adjust the uppor gas memiscug to the 2070
mark and read the volume (V,) of the gas bubble Since the capillary bas Dot
been handled at any time there ts no mecessity for temperature equilibrstion 1o
5 water bath  (Delay snd fumbling 1 Steps 13 and 14 result in some reabsorp
tion of CO,)

Fill the cup with water and with the syninge held cup up, pull most of the water
down 1nto the Eytinge Where 1t will form & leyer on top of the heavy blood acla
tion Immediately return the bubble to the capillary Jeaving water bebud i
on both mdes of the gas in the capillary Owing to the absorption of CO by thu
washing the bubble 19 now much shorter

Remava the excess water and SIt the cup with NaOH solutron. Inverd the
syringe mun the gas bubble out into the alkal, and rotate a few times to fm‘h
tate absorption Draw some alkali 1nto the capillary and then tho gas bubb's
Measure 1ts volume (V)

Remove the NaOI polution from the ¢up and fill 1t with pyrogaltol zolution, Bua
the bubble out into the cup and mbsorb as in the previons step Return the
bubble to the capllary and read the volume record and desgnate it Vi in esl
culations

Remove the plunyer gently from the barrel under the water faucet Sbake oub
the contents of the barrel and wash with runmng tap water se-eral tumes befo;ﬂ
the plunger 1s again wserted. It 1 recommended that dichromate clesntug lohmont h:
used after each analyms fo insure that no protein yemmapr shitkink md -
capillery  While the syrnge s still hot dry it by suction a8 describe

Btep 1
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Calenlations
Carbon diozide

3 olumes percent of CO 1 blood = (V =V —¢) x £x 100/b x &

1 ¢ 13 the blank correction for the CO content of the reagents (It is deter
mined by runming an analyss with sl the reagents Lut no blood It 15 usuelly
about 01 capillary & visions )

£ 13 the factor from Fig 5 for adjusting gas volumes from the observed tem
porature barometric pressure and water vapor to thewr dry volumes at 0 and
760 mm

b 13 the blood volume 1n terms of division of the capillary

1 19 the combined factor for the of CO and
for the CO reabsorbed by the soluions Tt was found to aversge 1015 which
3 tho same figure as that determined 1n the eyringe methad for CO 1n blood

® o

Oxygen
olumes per cent of O 10 blood = (V —V —c ~a) x £x 100/b x .
1 c 3 the blank correct on for the O contents of the reagents used. (Ususlly
about 0 capallary division )

a 18 the O content of the mir bubbles inttoduced dunng snalyms in order to
separate reagents & —lpereent (A +A +4)

f s the factor for the adjustment of moist gas at observed temperaturo and
barometr ¢ pressure to the dry condition 8t 0 and (60 mm (ses Fig 5)

1 18 the combined correction factor for the 1ncomplete extraction of O and
for the reabsorption of O by the soluhions It was found to average 1011
‘The factor way obtained as the averaga of the fa tors by which the re
sults w th the syrings [1n other respects corrected] must be multiphed to equal
the results of the Van Slyke analys s )

>
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Amino Nitrogen

Chward F P and Yan Slvke D D Compa » on of a Modified Folin Photometric Pro
© dure and the N nhydnn Manometric Method fo the Deterrination of Amino Acid
Nitrogen n Plasma J Biol Ch m 169 (3) 5 1581 (Aug) 191

Van Siyke D D Improved Methods im the Gasometr ¢ Determination of Free and Con
Jugated Aming Acid Nitrogen in the Urize J Biol Chem 16 1 » 134

Van'Siyke D D Manometrie Determination of Pt mary Amino Mitrogen and Ita Ap
Flicat on to Bleod Analysis J Buol Chem 83 4 5 447 (Mn Y18 5

Van Bly! D D MaeFadyen D A and Hamilton P B o Gasometre Determination
ot Amin Acs n Dime oy the N nCo boa Dromd Sanen® 3 H oo
150 51 53 (Sept ) 1943

Bicarbonate

Van Biyke D D_and Cullen G }  Stulesof Acds T The R ea o ate (o centra
tion_of the Plood Plasma Its S gn feance and It Detemn to a 'a Measare of
Ac dosis J Piol Chem 30 99 34¢ (May) 101

Carbon Dioxide

aa Bgee DD Seutioy T3 eslle & W Monomen Al of Gus Wt

M nomet ¢ Determ nat on of CO Ten 1on and pH of P‘Dml J Biol Chem 95
4 508 (Mareh) 19

Carbon Monoxide

Van Slyke D D and Rob chetRobbis F &  The Gasometric Dete mmation of
Small Amounts of Carbon Mosexide 1a Blood and Tos Aok od Vot
Studes J Biol Chem 72 .9 0 (Mareh) 10 7 " Application ta Blaod Y olume

Hemoglobtn

Vaa Blyke D D and Hiller A Gasometr ¢ Detorminat on of He L
Carbon Monoxide Capa¢ ty Method J Biol Chem 78 807 8 un(Ao“g)emog obun v the
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Hydrogen
Van Slyke D J'a, and Hanke M E Mu.somemc Analysos of Gas Mixtures It
d and O: by Combustio:
Msaometns Detormug ydrog xygen by Combustion, § Biol Chem 95

Van Blyke D D and Hanke M E  Manometric Analyns of Gas Mixtures V Manometrie
Annlyus of Gas Mixtures 1lydrogen Absorption With Paal s Picrate Palladium Solution
J Bio! Chem 95 587 593 (March) 193°

Todate

Van Slyke D D Thller A and Berthelsen K C A Gasometnic Micromethod for De
termination of Todates and Sulphates and Its Apphieation to the Estimation of Tots]
Baso 1n Blood Serum J Biol Chem 74 659 676 (Sept ) 19°7

Lactic Acid
Avery B F_and ¥lastings A B A Gasometnc Method for the Determimnation of Lache
Aerd 1z Blood J Biol Chem 94 273 280 (Nov ) 193

Methemoglobin
Van Slyke D D and Hiller A Gasometric Determination of Methemoglobin J Biol.
Chem 84 °05216 (Oct ) 19°9

Nonprotein Nitrogen
Stehle, B L Gasometric Determation of Nitrogen and Its Apphcation to the Estima
tion of the Nonprotein Nitrogen in the Blood J Diol Chem 45 ©°3 29§ (Dec) 190

Oxalle Actd

Var Slyke D D _and Sendroy J Jr  Gasometnc Determmation of Ozahe Aad and
Calelum and Its Appheation to Serum Analyses J Biol Chem 84 217 3 (Oct)
19°9

Potassfum

hramer B an

d I The D of Potassum Proc Soc
Exper Biol & Med. 24 241243 (Oct June) 1926 1027

Sugar
Vap Slyke D D and Hawkins T A A Gasometnc Method for the Determination of
Redueing Supars and Its Applieation to the Analysis of Blood and Urine J Buol
Chem 79 739768 (Jan ) 1927

Van Slyke D D and Hawkine J A ot of te Bugar
1n Blood and Urine J Biol Chem 83 5170 (May) 19 9
Total Nitrogen ,
Yan Slyke D D Gasometric Micro Kjeldaht Determunation of Nitrogen J Buol Chem
235 248 (Dec ) 19 6
Vnn7élyke D $ rm)d hugel Ymprovements 1n Manometrie Micro Kjeldsht and

D AT ¢
Blood Urea Methods J Biol Chem 102 489 498 (Oct ) 1933
Urea
Mikin A A Gasometric 3ethod for the Determmation of Urea Nitrogen in the Blood
J Lab & Clin Med. 8 (1) 505° (Oct ) 19°7 tho Carbo

lyke D D D 1on of Urea by of
VnnDSwyx‘;e Formed by the Action of Urease J Biol Chem 73 695774 (June) 19°




SECTION VI
PHYSIOLOGICAL MEASUREMENTS (Contmued)

B PHYSICAL CHEMISTRY OF BLOOD GASES

1 Technique for Equhbrating Arterial and Venous Blood Against Gas Mix
tures of Known Composition
Baference
flenderson, L. J  Blood New Haven Cona 19°S, Yale Univernity Press Appendix
Ppage 388 by Dull D B
Principle
Blood 1s equilibrated at known tensions of carbon diomds and oxygen i a con
stant temperature batk for a known period of time The blood is then analyzed
1n the Van Slyke apparatus and the gas phase is analyzed in the Haldaze gas analy
sis apparatus  This techaique was used extensively by Henderson Tock D1l Ed
wards Talbott and ss ociates 1n their studies of blood as a physicochemical system
Apparatas
1 Tonometer Barcroft typs (sce Fig 37)
# A number of synnges 5 and 10 m)
2 A burette 100 ml (see Fig 37)
4. A pumber of 50 m] round bottom centrifuge tubes
5 A number of # 0 gauge needles (sterilized)
6 A water bath constant tewpe ature act at 37 C  This bath contans 2 device
for rotating blood tonometers
7 A number of blood samphing tubes for the storage of the bleod
8 A Haldane gas anslyses appsratus ssin Fig 41
9 A Van Slyke manometric apparatus as1n Fig 8
10 A rubber bag for the storage of gases
11 A number of glass tubes mith cap llary bore of ® mm
Reagents
1 A tank of oxygen
2 A tank of earbon diomde
3 A tank of mtrogen
4. Clesn mercur,
5 Btapeock greass (Lubriseal A Tl Thomas Co )
6 Iepann solution One drop should 1nhibit coagulstion of 10 ml blood for 4
Eours
Procedare—Preparation of Gfas Mixture
1 The tonometer iz which the blood fs to be equilibrated 1s ordivanly prepared 1n
advance of the blood drawing Those tonometesa aro of the Barcroft type (see
Fig 37) and have o capscity between ®80 t0 3 0 ml The cepseity 1s etched on
each sud serves as an ientifying mark. The dry tonometer wth the stop
cock well lubricated and held ia by rubber bands, iy fitted with & rubber topper
301
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Simee in the ealenlation of atterial pH wo are primerily interested in a partisl
pressure of 40 mm CO we ehall describe speciically the preparation of @ muxture
with pCO 40 mm Hg and pO 180 o 00 mm 1T, Tha same general technique is
used for prepariag tonometers for any other partial pressures.

The general formula for computing the amount of gas to be added is

.

m} gas to be added to tocometer =
(p Gas) x (Volume of tonomete )
{Usromettic pressure) (Lquation 1)
For example pCO wanted Js 40 mm pO wanted is 200 mm espacity of tonometer
is 300 m! and barometric pressure is 760 mm Hg

Theretore ml €0 = ’L\f"o = 15% ml ani
00 x 300
ml 0 = =~ = 00 and

SumofCO O = (158 90) =948

Filling the tonometer 11 done as follows

« The tonometer 13 first finshed vut with nitrogen snd them rosmected to the
100 zmt burette

b With the tonometer stopcock open to the outside air and with atopcack of the
buretts open to the tonometer sfopcock the gas buretfe is filled with mereury
by rasing the mercury leveling bulb

¢ The tonometer stopeock 15 turned and 948 ml of gas 1s removed from the
tonometer

4. The tonometer stopeock 15 agam turned and the gas 18 discharged through the
1de outlet

¢ Ths buretts stopeock 18 turned 1o the rubber bag contaimizg oxygen and the
burette coanections are flushed out with the oxygen twice

Then measure out securately 790 ml of oxygen in the burette and deliver at

{ato the tonometer

g The bag of oxvgen 1o replaced with a bag of carbon dioxide and efter fushing
out the bu ette and conmeet ons through the sde outlet 158 ml of earbon di

oxide are messured mto the buretto #nd then introduced into the tomometer

‘When more than 15 ml of gas 1s removed trom the tonometer aceount shovld be

taken of the lowered pressure This may be done spprommately by suftabls

Towering of the Jeveling bulb or the volume of gas withdrawn may be measured

by closing the buretts atopeoek.

Procedure Drawing Preparatton and Analysts of Arterial Blood

For the collection of arterial blood round bottomed centrifuge tubes of 50 ml
capaity are used In the bottom are placed 4 drops of heparia solution and
parafin o L up to a he ght of 10 em

After establ shment of local anesthesia with one per cent Novocaln bloed is
withdsawn from the radial or brachia) sriery

Pasticular ears 1s taken 10 the caso of artenial blood to avaid coatact with the
air The synnge s turned up the needle replaced with & glass capulary tbe
2 x 100 mm and blood 13 pushed through to the tip of the tube The syrings 1a
inverted and with the tube leading into the ol i the 50 ml centrifige tube the
bloed ss rapidly transferred It s then atirred carefully until the heparma is 1n
solution with the blood (Any epecimen of urtenal blood pormslly representa
the blood Yeaving the lungs 1n respect to its oxygen and carbon dioxide contents
whereas arm veun blood may differ grestly from vena cava blood, Cansequently
1t j2 of great interest to know the exact carbon dioxide and oxygen content of
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artenal blood and of but httle interest to secure such jnformation with regard
to n sample of venous blood ) At this pomt one man proceeds promptly to the
determination of oxygen and earbon dioxide contents of the arterial blood by the
Van Blyke techniques

Frocedure—Equilibration of Arterial Blood

1 With & 5 ml aynnge 5 ml of arterial blood 1s introduced into the tonometer
through 1ts atepcock
With snother synnge mevcury 1s forced through the stopeotk until the eapitary
bores are exactly filled
The time 13 noted and the tomometer is placed 1n a constant temperatore bath set
8t 37 C where 1t 19 held 1n & mechameal rotator
Twenty minutes 1naurey Ily complete equilib under the
above defined conditions
At the end of 20 minutes, the tonometer ia clamped jn an upnght pomtion in the
water bath and 2 blood sampling tube 13 attached with a short prece of smell bore
tubig The samphing tube 13 hke the gas sampling tube except that the capacity
is only 6 ml
The tonometer stopcack 1s turned to the side arm the sampling tube stopeock is
opened end by rasimng the levehing bulb some mereury 1a foered through the con
nection
The tonometer stopcock 18 then turned and by lowenng of the leveling bulb
the blood 1s drasn 1ato the sampling tube
After clominy of both stopcocks the rubber eonnection 1s removed and sampling
tube and tonpmeter ate taken from the bath
The sampling tube 18 placed 11 a rack and sealed off with mereury
‘The sample 18 kept at 5 C untsl 1t 13 analyzed for oxygen and carbon dwoxide
This 13 done after mixang the blood 1n the samphng tube thoroughly by inversion.
The stopcock is carefully opened until all the mercury is expelled from the
capillaty bore A number 0 rubber stopper with & small bore makes s satisfac
tory connection with & Van Siyke Neill pipette  The leveling bulb fa aupported
1 the rack slightly above the level of the sampling tube stopcock xo that there
13 & positive pressure to fll the pipette when the stopcock 13 opened  Adfter the
blood sample has be n introduced nto the Van Siyke epparatus the samphog
tube 18 again sesled off with mercury
Procedute—Analysis of the Gas Phase

1 In pemern) thp partin) pressure of pss in the tonometer at 37 Cas caleulated from
the gas pressure and the temperature of the tonometer at the frme of apalyns, 8¢

cording to the following equation

pOssat 37 C=

_Gas
160

2

e

-

«

ES

[

o

310 Y +H -1
x(n-pn0+p)x(“§“)mx ¢ oy )
Where 5 OGas 18 percentage as analyzed B 1y barometrie preasure mm g
PH,0 13 partial pressure of water at temperature of anslyms ps the differeacs
1n pressure {tonometer minus bsrometer) at time of analysis Y 13 volume of
tonometer I 1s the volume of gas drawn into the Faldana apparatus for enalys:s
and b 13 the volume of blood dunng eqmlibration  One ml pf blood always stsys
on the walls of the tonometer
In anslyzing the gas phase the steps ro as follows
s Dry the tonometer and allow 1t to come to room tempersture

from the exterior ends of the tonometer cock
b Connect to the Haldane apparatus
¢ Expel renidual gas from the Hsldane apparatas

(Equation )

o

Expel blood
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4. Cosnect to tonometer and use Haldans levehng bulb to draw gently the
residual drop of blood from the mtersor bore of the tonometer cock and to ex

pel it into the side bore of the exterior cock

Draw 7 sl of gas wto the Haldane

Pead difference in mercury lovels to the nearest mm this figure p is vsed m

the calevlation

Contizue to flush out the dead rpace and analyze for CO and O  Note that

for fully oxygenated blool the pO is always very hugh and the value can be

assymed without gersons error

Exampls of Cafculation

1 ¢ CO was 500 D was 760 mm T at amalysis was § C p which Is tonameter
mnus barometer wos nus 8 mm  Volume of gas drawn into Flaldane was 7 m!
Tonometer 300 m! blood » m] pITOat » C1s "4 mm Hg

)

L]

Therefors pCO mm Hg =

5 310 (300 + 7 - 1)
oo X (760 - 78 =8 x oyeg X Tme oy = 400

> The values at different temperatures for pII O and the factor 310/(<73 + T) are
consolidated wmto Table IS

TasLx 18
Pi=TIAL PRESSURE OF WATER AND FacTOR FoR Brood ar
DirrERENT 1008 TEMPERATURES
FACTOR
BOOM TEMPERATVRE PHO 310/(°73 + T}

o m Hg 1

0 17 1008

21 19 1054

0 1051

23 el 1047

o1 b 1044

o4 1o¢0

26 3 1037

27 «T 1033

-8 3 1030

2 Dussociation Curves of Blood
References
1 Henderson L. J  Blood New Haven Conn 10 8 Yale Umvernity Press
2 D, D B Graybiel A Hurtado A. and Taquni A.C  Der Gasanstausch 1a den
Lungen im Alter  Sond aus Zests Alters IT (1) 033 1910
Calculations Involving Ozygen and Hemoglobin
1 Totsl Oxygen of Blood. Total oxygen of blood (total 0 ), is calculated from
results of analyns accord ag to the method of Van Slyke and Neill (19 $) as de
scribed prenicosly
Physically Dissolved Oxygen of Blood (0)  Accordiag to the solubihty studies
of Send oy D lon and Van Slyke (1034) one Lter of normal blood will dissolve
000138 millumole (mdI) of O at 37 C and at 1/760 atmosphers Hence
(0 ) 1 mM/1 = (000138) x (pO) or (Equation 1)
(0) fn ml 0,100 ml = (00031 x (p0) (Equat on )
Oxygen Bound by Ilemoglobim  This1s ealevlated a3 follows
(Hb0) = (total 0), ~ (O)

n

o

(Equation 3)
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4 Oxygen Capatity This figure (HbO capauty), is (HbO), of bloo

3 satorated

with oxygen at pO 180 to 200 mm Hg at 27 C : * .
§ Percentage Oxygen Saturation
100 x (HbBO )Y,
% Baturation = W (Equation 4)
Hemoglobin in Blood. The hemoglobin 18 ealoulsted from the oXygen capatity
a3 follows
gm Hb/100 m blood = OTEeR capamtylran\ 0 /100 m! blood
T

3

{Equation 5}

Calculations Involving Carbon Dioxide

Totel CO of Blood This value (total CO Jv 38 caleulated after Van Slyke
and Seadroy (1027)

2 Glyeolyais Dunng Rock and (19°9) esleulated that
(total CO;) 15 reduced about 04 vols ¢ 1 15 mms at o7 C Thi queatity 18
added to (total CO ), of eqmlibrated blaod

Carbon Dioxide Content of Blood Equilibrated at 37 ( and pCO 40 Corrected for
Glyeolysts  This value Ty, may be found from the curve of Henderson (1930)
m Fig 67 at the back of thiy hook The data required are (NbO eapacityjs
and (total CO,), at kaown pCO  From thess data (total ('0,), at any other pCO
may be denved Corrected for glycalyms thia value at pC'O 40 13 called T
Total Carbon Dioxide 1n Plasma If the equilibrated bload 19 hamdled under
snaerobe conditions direct analysis of the plasma by the techmque of Van Slyke
sud Neill gives the total carbon diomide (total CO;)  As an slternative, Hen
deraon (1928) loped Fug 38 for puting & (CO ) bid between
(totsal CO,) and (total CO,) when Ty, and (HLO capacity), are known
(Total CO,) = (total CO ), + A(CO) (Equation 6)

Free Carbonte Aeid of Serum (HCO)  From solubility coeficients of Van
Slyke (19°8) one liter of normal serum will dissolve 00313 md{ of CO st 3i [
and at 1/760 atmosphere Hence

-

©

-
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(H,C0) 1n mM/1 == (00313) x (pCO) (Equation /) or
(HCO) im ml €O /100 ml = (00696) x (pCO ) (Equation 8}

6 Biearbonate 1 Serum (BHCO) Thi vslue 18 computed from the equation
(BH(O) 11 mM/1 = (total GO ) — (£ CO ) (Equation 9)

7 Serum pH  This value, pIl 13 A from the Ibaleh equs
tion
pH = pK +log (BACO) - log (HCO) (Bquetion 10)

Dl Daly and Forbes (1037) determuned that the pK of normal human serum
at 37 C11611

Calculation of Arterial pCO

1 Knowing CO combimng capecity (Tu) and the CO content of artenal bicod a3
drawn and the oxvgen combimng capatity oue calculates pCO, of the blood 8¢
drawn from Fig 67 at the back of the book ay follows
& Place string at Ty on the left and 40 mm on P scale at right
b Fix & pin on A scale corresponding to the oxygen eajaeity i mi/100 ol blood
¢ Now swing the stnng about the pin setting the the left hand figure on the T
scale at the CO content gs anslyzed.
4 Keeping string straight resd pCO on vight band scale
Under ordinary eomdiions the CO combiping eupacity of arteral blood m‘ll
be taken as 01 mM greater than tbat of oxygenated blood, Upder mousu
condstians the correction must be arrived at more precisely After correction

[
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{TOTAL COs)s AT 5CO¢ = 40, VOLS %

Fig 39

Dissociation Curves
1 For both oxygen and carbon i

s / |

. -
50
4 A / A
a5 L i /
r"’:f‘/J‘] 160 ) 2 2, ,/

3&

2 WiV

2 3

13 made for dissolved oxygen the proportion of reduced Wb is calewlated The
TO, combiniug capacity of erterial blood then 13

CO combimag capacity =
A4 {CO )y x (Hb)

T + m (Cquation 11)
Where T, (¥b), and (HbO capacity), are as defined above and 4 (CO ), 15 the
d of CO, capacity for i of oxykemo

globin  To determine the value of A (CO,)y from the T,, of oxygenated blood and
(b0, ¢apacity) use Fag 39

60 rl

i

bt

| 2 4 5 6 7 8
[(TOTAL CO;), rpuers (TOTAL CO 2)oxvcrwrr:o_}

A (CO:)

the effect of on the Tw of whale blood.

& chart for

oxide, dissoviation curves are plotted wuhuxn:
function of gas content as ordwmste agamst some function of gas Press

abscisaa,
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Fig 40-Fffects of temp atu e and pH on xveen al
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efation curves (acco ding to Dl and
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3

2 Pomts on the oxygen dissociation earves ara obtained by prepanng gas mixturey
of suiteble composmtion followed by precise determunation of both $CO, s2d p0, 12
the gas phase The oxygen duwsousafion cnive as nually plotted to show *
HbO, as & furction of p0; the pCO bemng constant, An example of ths kad of
curve 13 shown 1 ¥ag 40
The logantbmne oxygen dissocstion eurve plot: J000b)

plota Jog TG, sut log p0y
where (Hb)y/(EIbO ), 13 the rahio of reduced to oxygenafed hemoglobsn  Ths
curve has two xdvantages over the ususl oxygen eurve It 1 nesrly strarght and
the effect of & given change 1 pH (o 1 temperature) on the log pO 1« the same
for all values of 100 (Hb)/(HLO )

@

1t Calenl; of the Ph b 1 Properties of Blood

Calewfation of the Donnan Rate

Reference

Henderson L. J  Blood New Haven Conn 1928 Yals Unmivermty Press

Caleulation

Composition of Normal Arterial Human Blood

1 As spphed to blood the Donnan rato 18 the ratto af the concentration of 3u 108
n tha cells drvrded by ity 1 the plasmea bewng best
expressed re mEq of electralyte per liter of water 1n the cells or serum.,
The dtrect determination of the Donnan ratio is accomphshed in the followog
steps
a Separats ceily and plasma by centrifuging
b Determine the concentratzon of the son in tha cells and plasma
¢ Determive the water concentration :a the cells and plasma by dryag wesghed
volames at 110 C (seo estunations of water and sohds)
& Calculate the Donnan ratio secording to the equatian
mEq/l cells ml weter/1000 mt plasma
mEg/T plasme * "ml water7i000 ml cells

©

t the Dovnav ratiwo =

3 The wdirect determination of the Donnan ratw i¢ sccomplished with measurs
ments on whole blood and plasma
& Determine the hematoerst 1¢  mi packed red cells/100 il blaod.
b Determins the conceatrsfion of the ion it whole blood and 1a plesma
¢ Determine the water content of whols blosd end plasma by drymg weighed
knowxn voluwen at 110 C (a8 estimation of water and sohids)
&, Estimate the concantration of 1om 1n plasma mEq/)
¢ Estumste the consentration 12 whole blood mEq/L
£ Compute the concentration m cells aecording to tha equation

»EGA cells ==
mEq/l whols blood _ mEq/l plasma » (100 ~ Hematoent)
Hematoenit/ 100 ematocnit

g Compnte the Donnan ratio
mEq/l cellx wl water/1000 m} plasma

¥ the DORRAN Ta0 = SE o plsemd - ml Water/ 1000 ml cels

an sstesal blood

For some purposes & tadle of soms of the proparties of pormal hum erand

1t useful. Table I9 has beea compiled from dats sceumulated at the Hal

Fatigue Laboratory
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Temperature Effects on Base Bound by Plasma Protein
‘Reference
1 Stade W C Austin J H and Robmson H W  The Effect of Temperature on
the Acid Base Protein Equilibrium and Yts Influence on the CO Absorption Curve
of Whole Blood True and Separated Serum J Biol Chem €8 8019 0 (Dec)
195
2 Van 8lyke D D Hastngs A B Hiller A and Sepdroy J Jr  Studies of
Gas and Flectrolyte Equbbna i Blood XIV The Amounts of Alkali Bound
by Semt Albumn and Globulie J Biok Chem 79 469 (80 (Oct) 1028

Caleulation
Ihe buse bound by plasma protews, expressed as BP 1n mBq/l is a function of
a Concentration of plasme protein P expressed 1n gm/l
b pH

¢ pI the pH of minimal base binding
& Duffer value expressed by & constant 0104 1n the case of normal man
The ejuation at 33 C according to Van Slyke Hastings Hiller and Sendroy 15
BP = (0104) x (P ) x (pH - 508)
At this temperature Pl has the value of » 0%
The effect of temperatare on pI aecordmg to Stadie Austm and Robmson 1 about
00 per1C thats
A pl = —00. (Observed T - 38 C)
Hence the genersl equation for evaluating BP tak ng temperature 1nto account 18
BP = (0104) x (P) xpH - (508~ A4pI)
By substitution tlus becomes
BP == [(0104) x (P) ] - [ 08 -00° (t - 38 O)]
whera t = observed temperature

TABLE 19

ConposITION OF NORMAL ARTERIAL ITUMAN BLoor

Averages based on over 100 analyses st the Harvard Fatigue Laboratory with healthy young
Den as subjects )

MEASUREMENT cELLE PLASMA __ WIGLE BLOOD
pH 19 74
Volume mi/l 418 55 1000
Sp Grawity 1100 107 1060
Water_ml/l 720 933 g0
Total Solids gm/1 330 89 29
Proten gm/1 356 70 130
Glucose gm/1 09 11 19
Hod m mba/l 1i9 740 CEX
Potass um mEq/l 937 53 449
Calelm m¥Eq/L (1] 50 26
Magnes um mEq/1 [ 20 °0
Total cat ons mEg/b 1308 15 3 332
Chlo de mbq/l 54 1048 320
B carbonate mEq/l 153 51 ar
Lactate mEq/l o7 14 11
Inorgamo Phosyhomu mEq/1 11 ° 17
Inorgamc Sulfate mEq/l 06 06 06
otemate mEq/l 47 174 32
'rom an ons mFg/l 1133 1513 1335




SECTION VI
PHYSIOLOGICAL MEASUREMENTS (Continued)

C ESTIMATION OF RESFIRATORY GASES

1 The Haldane Apparatus for M Carbon Dioxide and Oxygen
Eeference
Holdaze, J 8 and Prestley, J ¢ Resprrstion, Oxfard 1935, Clarendon Press

Principle
The €O, 1 & kanown volume of s 1z absorbed with KON, and the © ath # strosg
redacing solution  The remainder of gas 13 conndered to be sl N

Apparatus

Haldase gas analyzer (Ses Fig 41)

Gas sampl ng tubes  Oiled syringes may be used of storsge tine 12 only & few
houra

Pipe eleaners for cleaning apparatus

80 m] sysinges for bandhag reagents end cloaniag appatatus

Dropprug bottls for dilte W80

Broall leagths of pres ure tabing for eleaming apparatux

-

©

o vt e

Peagents

1 Diute HSO spprommately I mi cone H 80, diluted to 300 m) wish water

2 ROH apprommately 14 gm dissolved i 100 ml water

3 Lstmuy papes for detecting eexd or alkah w tke wrong places

4 Oxygen absorbent Iu 8 § rew toppel bottle plare about 8 gm of sodiwm hydes
eulite (Lycopou Na,SO) 15 gm sodwm bathragmnons bets sulfonate end &
emall crystal of fernc chlonde Just before the apparatus 1s io be made ready
for u e add approxizately 50 ml of 34% HOM whieh has been wermed to abo ¢
50 ¢ Sofufion 15 complete 1 & few munutes Throughout all mampuistios of
ths absorbent anecessary exposure ta axr must ba avorded It 28 wise $0 weigh
oat about 6 bottles af dry reapents st & time mnce 50 ml of absosbent will be
enough for about 50 aualyses

5 Btopeark grease mercury and copper sulfate erystals

Procedure~Calibrating Burette

1 This 33 ne e ary befars & mew burette 13 wsed muce the bors 15 ot necessatuy
nmform It need uot be repeated wpless structussl alterations are mado 1 the
barette
Fuse a one way stopeock with a fine 19 on the lower end of the burette (Most
compames ship burettes with stopeack attached.)
Clean the burette with sulfure acd dichromate mixture

312
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4 Rinse thoroughly with water and finally with dilnte sulfume zerd and allow to
drain for 10 muutes
5 Wath the short himb of Stapeock 1 to the left and the Tong limb open to ar Al
the burette with mercury exactly to the top of the stopcock bore Hang u ther
mometer right next to the burette
6 Into a weighed 25 ml Erlenmeyer flask dehver mercury through the fused bot
tom stopeock untrd the mark 700 1s exactly reached by the upper part of the
merenry memiseus  Measure the temperature
7 Reweigh the flask
8 Now deliver mercury from the hottom stopeock nto the flagk until exaetly 7100
18 reached measure the temperature and weigh agamn
9 Repeat thug for 7200 7300 7400 and so on to 10 000
10 The ealibratzon 15 now caleulated by the following steps
2. Last the burette readings (Column 1)
b Last the corresponding temperatures and weights of Hg (Columus 2 snd 3)
¢ ¥rom 70 on calculate the wmcrement 1n weight for each 01 mb division on the
burette (Colamn 4)
4 List the demsity of mercury 1e, gm of Mg per ml at mven temperatures
(Column 5) from table 20
e Calenlate the mncrement 1n volume for every 01 increase in burette reading
by dwviding every number an Column 4 by the corresponding number m €ol
umn 5
£ Calculate the actual volume of the burette st every 01 divismon by determun
1ng the actual volume a% 70 (e weight of Hg at 70 divided by density of
Hg at the temperature of the burette whea 70 was weighed) and edding to
1f successively each number 1n Column 6
£ The final answer 1n & Haldane analysis is expressed as ml of gas per 100 ml
of imitial sample Hence 1t 18 now mnecessary to calculate all burette readungt
on the basis that burette reading 10 0 represents exactly 1000 ml, This 13 done
by multsplyang all readings 1a Column 7 by the factor
10 000
Coluran 7 reading for 10 008
h. The ecorrection factor for each burette reading 1s now calculated (Columa 9)
This correction represents the number which has to be added to soy gived
burette reading 1 order to give its value correctly on the basis of 10000 =
exactly 10 ml
1 The table of correction factors 15 placed on a card which 13 mounted for usé
on the Haldane apparatus which has been calibrated
3 Steps 10a through 10h are illustrated sn Table 21 which presents the sctual
ealibration of a pew burette
TaRLE 20
Dexstry oF MERCURY at VARIOUS TEMPERATURES
60 ] [ T 04 T 36 05
¢ gm Hg PER ml AT DIFFERENT TEMPZRATURES
20 135462 135407 13 5452 135448 135433
a1 5435 5133 5198 5423 5418
2 5413 5108 5403 5399 5394
23 5389 84 5379 5374 5369
2 5364 5359 5354 5350 5345
25 | 1353 5 TEN BEs EE
%? gag 5.86 5981 5°78 g’z;
28 5 66 5.81 556 5952
S0 5942 537 5232 577 5
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TaBLE 21
SAMPLE CALIBRATION OF A HIALDANE BURETTE

1 E 3 T 5 G 7 8 5
INCRE INCRE YOLUME | CORREC
BCURETTE | TEMP OF WEICHT | MENTIN DENSITY | MENTIN | ACTUAL ON BASIS TION
KEAING | BUEETTE| OFHg | WEIOHT | OPNG | VOLUME | YOLUME | 100 = |racTon
oIS g gm | go/ml | ml ml 10m | oems
70 45 930339 13 535 7 43 7004 +4
71 35 | 904474 | 14135 | 135376 | 03044 | 7347 | 7105 45
50 56| TI195%9 | 13815 | 135350 | 0100 | 8 7= | 800U T
81 | 216 | 11336 4| 11035 | 135350 | 01037 | 8375 | 8099 -1
89 w7 124 6315 13930 135347 | 010 O 9 00 8 89T -3
90 | 18 | 159389 | 14074 | 135345 | 01040 | 9304 | 8998 -2
9% 251 1385453 13808 135337 1 010 0 | 10236 9900 0
100 51 | 139960 | 14112 | 135337 | 01043 | 10340 | 10000 0
Th r ectlon factor § the numbe to be sdded jn the third declmal place to the
actual pu ett ading in order t make it ep asent the actual volum on the basl that
bu ette reading 100 i exactly 10 mt Exampl rette  ading 8 957 Corre tion Facto
trom Column § 2 Corrected reading 8 956

Procedure—Setting Up sl Preparing Apparatus for Use

1 Install the burette and dummy burette 1 the water jacket put a few crystals
of CuSO 1n the bottom and £l with water to 35 anch of the top The tube of an
a1r bubble either hand dr ven or from a pressure pump should be mstalled at the
bottom of the jacket The dummy burette should contmn 1% H,80 up to
sbout § ml
Remove all stopeacks and clean out their tubes and cores
With stopcocks stall out fill the me cury reserveir with mereury 60 that the hand
bulb 15 abeut 1/3 full when the levels of mercury in the bulb and buretts are the
same and the mereury 1n the burette 15 almost up to the Stopeock 1 Suck 3 drops
of 1 SO 1n on top of the mercury ecolumn Now heng the hand bulb on the
night hand rack and punon low down go that the mercury 13 at sbout 10 sl m the
buretie
Grease and 1nsert Btopcock 1 leaving 1t in the full off position (mot comnected
with any part of the machine or outside a 1)
With Stopeacks 2 3 and 4 taken out and the KOH bulb 1n the postion shown
add 14 KO to the bulb until tle KOH level 12 at A and B and the bulb 18
about 1/4 full.
Grease and wmsert Stopeocks 2 and 3 leaving them m the full off post on
With Stopeock 4 taken out add 149 KOH to the far night hand gless tube un
11 1ts left hand bulb 15 full and the KOH 15 almost to the bottom of its r ght
hand bulb Ths 13 necessary to protect oxygem absorbent from atmosphenc
oxygen
Fill s 40 ml synnge with oxygen absorbent up to about the 40 ml merk Un
screw the p nch clamp on the rubber nipple at the bottom of the mddle U tube
and nsert the nozzle of the syringe Foree oxygen sbsorbent slowly up into the
U tube untal 1t 15 shout 2 em above C Aur will now be trapped n the right
hand bulb of tia U tubs and oxygen w 1l be sbsorbed. During this period lasting
Wovut 1 mnnuves Keep the level of Wusurbent BY Wbumt & em wobve U by slowly
pushing 1t an as necessary from the synnge When the rapid bsorption of oxy
gen has ceased clamp off the rubber n pple st the bottom and remove the syr nge
The sbao bent should now be approximately 2 em abave level C  Oxygen absorp
t 0118 not complete for % hour
9 Grease and 1nsert Stopeock 4 leaving 1t  the full off pos tron
Before an analys ¢ can be performed the whole apparatus from Stopeock 1 to
levels A snd C must be full of mt ogen Ths 13 accompl shed by ea rying out
06 analys s as deseribed below but without any measurements
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Procedtire~Taking 4 Sample of Gas

The gas sampling tube 1 fixed near the upper left band tornar of the machimy
and 13 connected as shown to the burette by means of rubber tubing throvgh &
3 way stopeock of small bore For field uxe, SFTInges sre hest sud the following
deseniption apphes oznly £6 them,

Stapcocks T and § are apened eo 83 10 connect the bureie with entside we but
B0t with the resC of the apparatus or the gas amphn g syninge

With the mgbt band mercery levehng bulb i3 detached from the rack sad i
carefully ra: ed pnbil the mercury 1n the burette slmost reackes Stopeock I It
must never enter Stopeock §

Stopeach. 5 15 turned with the left hand 56 29 1o connect the samphng tubs Witk
the butette but not outtds air and the mercury bulb 1e Jowered 5 or 10 em &
28 to exert & negative Pressure o the sampling tube and prevent contamnation
of the sample in Step 5

The pineh clamp on the pozzle of the synnge 15 loosened With the left hand and
ith the nght the mereury bulb 15 lowered untif the burette eads about 10
Stopeock 5 19 turned 80 ax fo connect the burette with ontmde mir but gat the
sampling tube  (Keep the left hand on Stoprock 5 for smooth and mecurste
samplisg Do pressure 13 required om the barrel of the syringe unless ¢
ssmpling tube has been poorly oiled)

& Bmoothly ra1 o the mercury bulb Whea the colomn 13 approavhung Stopeotk I
turn Stopeock 5 to connect the buretts with the samphng tube but pot with out
#de mr and simultasecusly awer the mereury bulb until the cotumn stands ot
about 10

Repeat Step 6 ones more and keag the mercury bulb on the yack and pumon 20
that the mereury level 13 100 or slightly less.

Turn Stopeoch 1 to the full off posstron 4nd elose the pineh elamp on the samphng
tube

Procedure~—Analysis of Bample

1 For apalyms the maching must have mitrogen w it from Stopeock 110 A md €
and the fmd levels hould be st A B and G Both of these requrements will
have been ful6itled by & previous analysa

2 Turn Stopeoch 3 to be open to dummy burette RO and autside awe

3 Turn Stopeock 2 ta be open &¢ burette snd KOH but not sutside axr

4. Turn Stopeock 1 to be open to burette aod KO but not outside arr

5 Rapsdls sdpust the KOH bulb up and down until the fimd fevel 13 at B and tom
Stopeoek 3 to eonnect With dummy burette and KOH but vot ontsde ar

6 Adjust flmd level to be exactly at A by moving the reek and prmon. Babbly ar
through the water jacket (The purpose of the dummy buretta 1s to compensate
for poswble changes in temperature or barometna presszre durang the course of
an snalyms. THus esn b6 seen from Fag 41 If the flmad levels sre at & a3d B
&ud the samples of gas m the burette snd the dummy buretts sre st externmat
barometne pressure af thep will bo if sl tha steps above ars followed carefully
any change of temperature an the apparatus or suy change of pressure walt adect
burette snd dummy burette equally The gas in the buretts is thua put iz s OB
Gition which mskes avy chavge 1 sts volume dus solely to the remoeal of OO
o O

7 Pead z)hs total volume, ¥ st the {op vf the mercary memseny Check reading after
readposting levels A 32d B Correct ¥ from the correction chart

§ In order to abserh €O rause the mercury bulb patad she mercury 1432 the ::a
larged portons of the burette Rause and lower the buld 6 8 tunes keeping
mercury osllating between about 2 aad 6 ml
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Carefully hold the mercury bulb next to the rack and pumon with the level at
about 6 m] and slowly lower 1t until the KOH 1s about 1 em below level A
Hang the bulb on the rack and pin on

Adjust levels A and B bubble air through the water jacket and read the burette
V at the tap of the mereury memseus

11 Repest Steps 8 and § with 4 flushes into KOH

12 Repeat Step 10

13 If the second reading of ¥ 13 not with n 0001 of the firet repeat Steps 8 ¢ and
10 untt checks are obtaimed (I1f % becomes progressively smaller there ia prob
ably & lexk in Stopcock 1 or ) Correct v from the correction chart

To sbsorb O turn Stopeock 2 to connect the burette with abso ber but mot
with KOH

Using the same technique as 1n Step 8 rnse the gas into the absorbent sbaut 8
times

With the r ght hand holding the mereury bulb bring the absorber carefully up
to sppromimately C end hold 1t thero while with the left hand Stopcock 2 13
turned to onnect the burette w th RO but not absorkent

In order to remove O from the gas between Stopcock 2 and A rnse gas 1nto
EOH ° 3 times

Brng fluid level to approximately A and turn Stopeock  to comnect burette with
absorbent but not KOH

19 Repesat Bteps 15 16 and 17 once

20 Rinse into mbsorbent finally mbout 3 tmes ha g the bulb on the rack snd
piu on and bring the level exactly to C

‘Turn Stopcock 2 to connect burette with XOH but not ahsorbent and adjust KOH
levels exactly to A and B and bubble a r through the water jacket Read the
Burette V at the top of the merenry men scus

s
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2 Repeat Steps 14 15 16 17 0and 21 V must check to at least 0001 ml (I
1t drops progresuvely there ara probably leaks 1n the stopcocks or else the ab
sorbent 12 1nefficient ) Correet V from the correction cha t

23

Prepare for the next analys 8 by opening Stopcack 3 to dummy burette and KOH
but not outside uir rendjusting KOH levels to exactly A and B closmo Stopeock
3 to connect with dummy burette and KOH but not outside air rendjusting levels
Aand B and oremng Stopeock 1 to connect With outside air but not to the machine
4. When leaving the apparatus after a series of analyses turn Stopeocks 1 2 and 4

to full off pos t on and turn Stopeock 3 20 that it connecta dummy burette out
sde mir and KO The above precautions are netessary to prey nf changes 1n
temperature or barometnc pressure sucking over the solut ons into the wrong
Pparts of the epparatus

Procedure--Cleaning the Apparatus

1 When KOH or oxygen ubsorbent has been sucked mto Stopeocks 4 . 1 or some
times even further cleaning with water and finally dilute sulfunc aeid 13 neces
sary It there 13 & Susp cion of such a miefortune remove the stopeack and
usert o piece of red | tmus paper If 1t turns bl e clesning 13 necessary be
cause alkah 13 present
Open taps 1  and 4 to outs de 8 T but mot o burette KOH or absorb nt and
disconnect Stopeock 5

3 Attach a piece of rubbe tubing to the glass tubing to the wight of Stopeock 4

4 Using a large syringe force 100 ml of water through the whole Line of glass tubing
nto % beaker held under the outs de ear connect on of Stopeock 1

5 Fellow this wtl 50 ml of dilute sulfur ¢ s d and r move excess fuid by pumping
& r through w th the empty syringe
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6 If 1t 13 suspected that mlkali has reached the burette remove Stopeock 1, run
the mercury nght up to the stop.ock seat and test with litmus paper If there
19 alkah, replace Stopeock 1 turn 1t to conmect burette with outside air but not
machine aad nnse twice by gucking dilute sulfuric sad sll the wav bevond 10
and disearding 1t through the stopeock Leave 2 3 drops of dilyte sulfune ged 1
the burette

Remove all stopcocks wWash them in hot water clean them with a pipe cleatgr
dry them, greasp them and put them back 12 the apparatus

Run en analyms without measurements in order to £ the zpparatus with
mtrogen.

<

®

Calculations
V_corrected - ¥, corrected
m! CO per 100 ml sample = ———ﬁ;ﬂ—’ﬁ‘l‘fﬁ—_ < 100

_ Va corrected ~ ¥ _eorrected

wl O per 100 ml sample s T SRR ygq
V__corrected
ml N, per 100 ml sample == g orionos x 100
Example
BURETTE CORRECTED
READING ‘CORRECTION READING
v 9837 [ 9597
9857
v 9643 2 9648
9640
v 7901 +5 7905
7900
9897 - 0614 53
ml 00, per 100 ml sample = —gro— X 100 = Fgo= = °50
9644 - 7905 1739
ml O per 100 ml sample == ——gsr— % 100 = 55z = v

7903
ml N per 100 m] sample == gGpg7 X 100 = 7987

CO; + Oy + N, should = 100

Precautions—Reagents
1. One fillng of oxygen sbsorbeat suffices for about 50 estimations Yhen 1t 13 be
coming wesk scum forms at level O and V cheeks are hard to obtmn It 13 then
tume to change the reagent
2 One filling of KOH will last for about 1000 estimations

Precautions—Ca)ibrating Burette
1 There are no short cuts in aceurate calibration
1brated twice of until good agreement 18 pbtaimed

Each burette should be sl

Precautions—Setting up Apparatus -
1 A chiof soyrce of systematie errors 18 rmproper lubrication of stopcocks Wz:
properly sented they skow mo a1r bubbles ta the grease layer between the
and the shell of the stopcock and the eapillanies are free of greass

Precautions—Taking Gas Samples . v prosre bs
Tt 19 essential to have the gas in the burette at external barometric
: fore connecting burette With KOH through Stopcocks 1 and 2 Otherwien 500'1:
will mevitubly bo sucked aver or else Wil be pushed far euovgh down to 8l
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CO before V can be read A properly oiled aynnge will avold thus but if thers
13 any b nding dunng the taking of samples set the mercury at gbout 10 for the
final scep leave Stopeock 1 au 1t 15 &nd open Btopeock 5 to burette nd outs do
air bi fore elosing Stapeock 1

Precantions—Analysts of Sample
1 The commonest error 13 suck ng KOB oxygen sbsorhent or both through Stop
cocks2and 4 This can be avaided by
Avoiding jerky abrupt movements
Slowing down whenever mercury KOH or absorbent approach er leave con
strictions 1n the spparatus
Never moving the mereury bulb unless one 19 surs €} at the stopeocks are turned
1 the correct manner
4 Durng absorption of €O or O making sure that the merenry m the burette
does not fall below 70
Al read ngs must ch ok to within 0001 ml When successive readings fall pro
gressively
In the case of V,, there 15 either & leak in one or more stopcocks or else CO
18 berng absorbed from the sample by KOIT somewhere in the system
In the case of V there is exther & legk 1 ano ot more stopcocks oF else oxygen
absarbent has reached to or beyond Stapeock 2
Tu the case of V there 1z either & lesk 1 one or more stopeocks or else the
oxygen sbaorbent has become 1nefficient
Erratic read ngs ususlly come (a) from errors i tevhnique (b) if the burette
does not contain acidulated water (c) if grease or mercury act 24 a ball valve
somewhere 1 the spparatus
4. Bo sure to follow Steps 23 and £4 carefully 1n order to avord trouble 1n aubso
quent analyses

L&)

a

o o w
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Precautions—Cleaning the Apparatus
1 Avoid using aleohol ether or other orgamie solvents They are hard to remove
completely from the system are 1n part d ssolved m the resgents have hgh
vapor pressure and give very errat ¢ results

‘Precautions—Calculations

1 It the volume of dilute sulfumc acid 1n the burette amounts to more than 0003
ml 1t must be taken mto account 1a the caleulations s nce it takes up volume
that would otherwise be occup ed by gas It 33 wise to mdopt tte follow ng
Toutine
a After the apparatus has atood undisturbed for at Jeast an hour read the top

of the mercury men cus and the bottom of the duute sulfuric a¢c d memseus
b Vv V andV are read as usual

In all calculations the d fferences between VY, V and V are calculated ag

usual However imstead of dividing by V ome divades by (V ~ smount of

dilute sulfur ¢ aerd) If 4 lute sulfuric aed 1 less than 0005 it 1w veglanted

Before p oceeding to a series of analyses 1t 1s wise to analyze a sample of pure

outdoor mir 'The percentags of CO should be 003 & 001 and the percentage of

O should be 2093 £ 00  If one cannot achieve th s accuracy there 18 no use pro

caeding to analysis of unkoown samples More practics o else clesnmg of the ap

patntus w 1L bo necessary

In satisfactory dnplieate samples of exp red air snalyma for CO must agres to

within 003 percent and analyses for O must agree to withim 004 percent Unt!

the operator can achieve thess Limuts hoe 18 unreliable

-

®

w
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2 The Scholander Micrometer Gas Analyzer
Reference

Scholander, P ¥  Anslyzer for Aceurate Estimation of Respiratory Gasex 12 One
Half Cubic Centameter Samples J Biol Chem, 167 235 050 (Jan ) 147

Principle

The presest azalpzer permits the determination of carbon dioxide oxyges sad
mtrogen m 05 ml amples with an sccuragy of +0015 volume percent. It will
bandle directly samples contmumng from zero to over 99 percent gbsorbable gases.
The uoalys s requires 6 to 8 manntes A gas sample 13 miroduced into s reachion
chamber, copnected to a micrometer buretts and s balanced by means of an
dicator drop m & capillary agaunst a compeasating chamber Absorbig fuds
for cathon diomide and oxygen ean be tilted nto the reaction chember without
¢ausng any change 1n the total hquid content of the eystem Dunag absarption of
&as mercury 19 delvered 1uto the reaction chamber from the muerometer burette 50 as to
maptam the balence of the gas against the compensating chamber Volumes are
tead i terms of micrometer divisions The rinstng fluid and sbsorbents &ve ac
curately adjusted to have the same vapor tension

Apparatas (Ses Fig 42)

1 Reaction Chamber Umt Ths part of the consists of & 1p
chamber (3) & reaction chamber (B) and two side chamb gz (C and D) for
storing absorbents for earbon dioxide and oxypen respectively
The chamber or th b (A) can be closed with a stop
eock (S 1), tho dawer end of whick 1s ground ta fit roto the npeck of A Detwern
analyses S1 1s kept In a ground glass receptable (G) A 1 mm bore eapilary,
with the upper end ground to a wide angled funnel, sntrudes into the bottom of
the compensating chawber The capillary 15 ring marked 12 the muddle Ths
lower end of tha capillary burg 18 coarsely surface ground for 2 mm and 13 tov
ered with a Clante coating The upper part of the compensating chamber 19 also
wade hydrophobic with a Clanite coating The somewhat ynconveationsl rchems
of running the mdicator drop vertically 19 correct as long as the weight of the
drop remsng copstant durtag the analysis The ntruded capillary iasures thal
24 seid can trickle down 2nd add to the weight of the drop The lower end of
the reaction ehamber umt 13 ground to fit the micrometer burotte ynit The mide
arms C and D of the reaction chamber are furnished with capillares for fillrg
The ends are stoppered wwith tight fithing sohd vaccine bottle rubber atoppers
(R and F)

Micrometer Burette Umt A micromster burette H 1s attached to & 3 wav stop
cock (32) the upper hmdb of which 13 ground to £t the Jower ead of the 12 "k
chamber um¢ The smde lmb 15 conmected with a mercury Jeveling bulbl()
through rubber or plastic tubing A 5 mm thick round wooden dowel 10 et ';ﬂg
13 fitted to the kpurled ratchet on the handls of the micromster by means ot @

length of rubber tubtn,

i‘;’c:n Bg:tb The rexc!mncchsmber unit 15 1wmersed 1 a water bath whieb m:
be made of & gla s bottle with the bottom cut off A ope hole rubber 3 oPP‘:’
15 1nserted 1 the neck of the bottle and the upper lunb of the micrometer bure! v
19 1pserted through the hole The rubber atopper should be short enough t::!:"
mit rocking fthe apparatus by tapping the mucrometer burette umid The o
bath rests on 8 ring which can be tilted on a friction bushing The paxl!"’\:"x
the ring 15 controlled by means of an attached bandle {3; The vm:;) A
reackes to th neck of (A) 8o that the gas in the thermobarometer 13 wtbc{!om
mersed. The water bath 19 contiouously shirred by bubbling sar from !ba‘ Y
A 50 m) ceptnfoge tube (K} 18 sispended from the edge into the water

©

w
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SBCHOLANDER GAS ANALYZER

)

SIS
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4 ~Analyze 1 raccurate atimation f espiratory § ses{ 05 ml am;
) B reacti

¥, ple A Cm

D8 satink hambe’ 14h to-ba om © fom, ehamber ©C side & m 107 cA bon dtoxide

ab 'rher” D aida o m far oXygen sbss ber & and F, aohd vaccln bottle atoppers @ ve

eeptacte €3 _top~cock 8 1 H mictom tr bu ette I levellng dulb J handle fr titing of

Pharatus K tub fa eto Ing & id insing sofution L pipeite for rinsing mcld tranafe

pipett The heavily d awn lawe end ¢f the capiisry at B Indicates where tb  caplllary §
Burf ce gr und and  oated with Clarite,
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and holds the seid nnsing solution described below A 5 m} ppette {1} furmsded
with & rubber bulb is suspended on the ocuteide of the water hath A sustios
lme with a 15 em foog fine tipped capillary glass tube 3s used for sucking of
waste fimds It 13 demrable to furnish the appasstut With s dewice 1o ghaka or
wibrate it during the ubsorphion of oxygen A smell motor with a crankshaft
imparts motion to the micrometer burette through & rubber band aftsched by
means of & metal 1ing to the erank shaft The rute should ba about 10 rps sad
the amplitade about 1 ez at the erank shaft

Reagents

1 Aod Rinang Solution  In 400 gm distilled water dissolve 7° gm anhydrous
sodium sulfate (ha SO} 1 micoue H SO (dehvered from a calibrated tubercshy
synnge) and 21 mi glyeena (dehversd from # calibrated synsge) DBefore os
dissolve 50 mp pots swm dickromste (K CrO) in 200 ml of the mixturs 328
store 1n water bath of spparatus

2 Carbon Dioxide Absorbent In 100 oot of water dusolve 11 g potsssum by
drox:de (KOH) gnd 40 mg potasstum dichromate (K,CrO) Store m & syriage
fitted with a ho 24 aeedle

3 Oxvgen Absorbent Prepare (a) a solution af 100 gm water azd 6 gm petassum
hydroxide and {b) a powder muxture of 10 gm sodiwm hydrosuifite (NaSO
Lycopon) 8rd 01 gm sodium antbraqunone beta sulfonate Far uwse place 6
Fm of powder (b) 1 an $ m! val 244 § m} of solutson (a) close with fnger
dissolve smaezobucally and transfer immediately to a § ml symnge Stted with 2
No 24 peedle

¢ Clants Costing Falutons Clante \ 13 u thermopiastic rema commonly csed
for moanting histologe sretions  Two strengths of solution ste xegmred  (8)
dissgive 3 gm Clants X an 2 1l of tolyol (b} dissolve § gm Clarste X in 4 ul of
totee!

5 White 3} 18 uged

Procedurs—Assembiing Apparatus

First msert the rubber atoppers and sndwator band (115 mm binding tape} on the
saalyns capillary

Then with the lower jomnt dned and the female past very lightly greased with
petsolatum fix the upper part of apparatus back 1a placa rad jam it on

Put water {r0om femperature} wls the jar up (e the aeck of the compessahing
vessel Conuect to the levehng bulb and let the mercuzy up imto the enslyns
eapiliary

Leaving the spparatus commected with the leveling bulk imvert s empty CO
absorbing synngs via the meedle through the mddle of the rubber cork end
remove the mir  Hg will follow up 1ate the syringe

Remove the needle from thy atopper at the seme time presnng down ths whofe
apparatus 50 that 1t does not Giscoxnert at the ground point

Repest on the other sxde

Then chasge the tespective mdes with the vorresponding sbsorbenta (&
must be exeluded)

1£ the lower jount traps asy sir bublle remove the same by worlawg $he Naveg
aud throughat

Procedure—Disassembling sad Coating of Capillary
1 Suck out all the woter from the water bath and yemove uy rmnng sad 1’;’:
the apparstue  Lower the mercury below the ground peint by lowensg thae e
Lt off Lhe mpper patt of the spparatus from the grousd poat

Y
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t

Holding 1t gver a beaker remove the plugs so that the Hg and absorbent empty
into a beaker Wash thoroughly under a water tap and remove most of the
water by suction

Pour tolucl 1nto the compensating chamber holding the finger 1n the lower end
nnse through the mddle with toluol Repeat wash thoroughly with acetone and
dry by suction  Coating solution 1 10 to 0~ Clarite 1n toluol

Draw out a glass tube 1nto & fine capillary whick will zeach the ground ends
1ns de of the capillary of the analys s apparatus both from above and below
Attach a Tubber tube to the glass tube and fold the rubber tube then squeeze
1t together

Place the end of the glass capillary in Clante and relax the squeezing mo that
the Clar te fills the capillary Then let go the fold of the rubber tube to prevent
aur from being sucked an when capillary 18 taken out of Clarite

Wipe outs de of the capillary Fold rubber tube over and amsert glass capillary
nto upper ground end of amalyss capillary Sjueeze out drop (about @ mm)
of Clanite and withdraw eapillary

Move the drop of Clante down the analysis capillary untul 1t Teaches the end of
the ground part ( e about 1 em) by placing finger on the opemng of the com
pensating chamber and pressing  Sunilarly move the drop back and withdraw
1t by suction through its own capillary pipette rinsed with toluol to remove
Clante still there D y with vacuum,

8 The other end of the capillary 1s coated 1n the same way from the other end
The middle third of the cepillary must be untouched by the coating solutien

4 sl ght suct on s apphed to the apparatus overmght

The upper balf of the compensating chamber 1s slso eoated with Clar te so0 as to
protect the jount ahove from bewg wetted by water Clarite must be removed
from ths joint by toluol awabbing 1f 1t ace dentally gets on 1t The Clante 18
swabbed on to the upper half by a plug of cotton on the end of & match

o

~
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Procedurs—Washing Out Apparatus

1 F 1l the thermobarometer up to the neck w th ac d rins ag sclution
2

2 With Stopeock m position 1II draw the nnsng solution up and down past the
a1de arma by moving the levehng bully (not the micrometer)

Suck out the rins ag solut on and epeat the 1 se untl the solution remams

yellow Thas takes two to four tumes

Connect the micrometer with B (pos tion IT) and adjust meren y to the top of the
capllary

™

-

o

Leave the mometer half full of acd nneing solution
Procedure—Analysis of Samples

1 Gas 13 contuned 1n the usual sampl g tube (Ba ¢ oft type) w th tap and Hg
resorvor From a syminge squirt a small drop of Hg nto the bottam of the tube
Just above the tap Hold a dy transfer p pette (M) vertically and press the
rubber t p firmly againat the top of the tube Open the tap caut ously so that
e Hg & vp 18 genthy Viown wp 1140 the pipetto buld and allow the gas to bubible
past 1t for & few seconds W thdraw the pipette The Hg d op starts to fall
slowly down the tube Before 1t has had time to get far At the rubber tip on
to the top of the cap liary m the compensat ng vessel (4) there being & layer
of 1ine ng solut on & fow mm thick to protect 1t from the outs de air
Serew the micrometer (H) out until the gas men scus rosches the lower mark
turn the stopeock (pos tion II) ta connect the micrometer and bulb and adjust
the mic ometer tozero Ths s e o readmg A
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3 Turn the stopeock to connest the mrcrometer Witk the analysig chamber (pautior

1) and sezew the nucrometer vut o about 15 o 20 on the scale Berew mierom

eter back & fow mm a0 that the Hy drop moves up thereby mdicatiog shght pon

five presgure 33 chawmber In this way no aexd will leak n when the transfer

pipetie 13 removed.

Serew 10 abont 2 mm of the nnmng fuid soto the capillary asd suck sway al

the vest of the noung fmd from the compensating chamber (A) Serew the

aad drop down until the Tower memsous of the drop commdes with the lome

mark on the capellery

Yosert the tap of the compenaating ehamber sud close the tap (8 1)

Readjust the drop memacus sccuratsly and repeat until the micrometer Tesding

1y eonstant (A}

Talt the apperatzns downward to the carbon dioxide absorbent ade () sdamthing

& emall amount of the lstter i the anslysts chamber at the same trms screwing

m the 0 P for the of the eed drop

1 the capillary occamoned by the carbon diomde absorption (tap with finger

3o absorb carbun diexsde} Whea the amd drop »x stationasry readjust io mark

and read mierometer agan (3)

Again tilt dowawards en the oxygen sbsorbent mde (D) drawng i suladly

zatber more of the latter mgam serewing in the mucrometer to take care of the

orygen absorption.

Then switch on the motor shaker unti) the absorptson 15 fimshed the etid drop

being kept Ja & safe part of the capillary by the contuuons sezawing 1o of {38

merometer

Allow sbout 2 cucutes more for the temperature rise {due to the oxygen + NaSQ

veaction) $o dieappear

Thes readjust £ he drop to the wark and read mcrometer (M}

12 Open the compensating chambar 10 the sir by tormng the key of the tap (81)

and after domng that tranafer the tap to xte sockets (@)

Berow mctometer 1o uatil the top of the absorbing solution an the chamber c@

ineides with the hottom mark i the capiiary YTead mcrometer pgmn (3}

Tt should be zexo

14, Tarn the 3way tep to conneet the levsling bulh wath the absorption <hamber
(posiiton 1T wth § 2) and epect the abworbiay solution o a vacuum Jupeton
#sp not allowing the absorbing solution to spiil into the compensating chamber

15 Yanse twite wath the aexd solation 35 described at the begrommy of the procedure

16 To recharge the mds srms (E and F) wish respectiva sbsorbents puncturs 5%
rubber atoppers through thewr ceptrnl bole takang grest care %ot to wtrodace ubl
ges bubbles The mdde arms should not bo filled more than %y foll witk the &
sorbents

-
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Calentation
3 Garbon doxsde wl per 100 mi onginal sewple dry =

M;‘M x 200

2 Oxygea w per 100 rl onganal ssmple dry ==
M - M
3,
3 Mitrogen wi per 100 m} enginst sample dry ==

x 100

e
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Example
M was 9888 Af wae95 5 AT was 8000
3, nd AL, were 000 which showed a satisfactory enalysis
Carbon diox de w7100 ml dry =
888 — 957
B—%,Tﬁ”—s x 100 = 3671
Ozygen w!/100 ml dry =
955 -
——;—5%9—03 x 100 = 15423
Fitrogen ml/100 m} dry =

8000
TEgs X 100 = 80906

Precautions

1 Apperatus The micrometer must be all steel the plunger vniform from ome end
to the other as weasured by another standard micrometer the ecrew without any
Play and the lap fit as the plunger beanng perfect a3 determuned by visual in
epection with the plunger screwed level The glass portion of the glass metal
Junction mn the mi rometer burette umt has to be ground perfectly fiat in order
to make & mercury tight junction
Transfer Pipette  The tip of this 13 eritical and must conform to the directiona
given. If the tip becomes plugged clear it with & fine wre or hold the rubber
tip of the pipette sgainst the nozzle of a 5 ml! syrnge and press aw through the
tip  Between samples the mercury drop nd the drop of the 2¢ @ nnmng solution
arte sucked out of the pipette by appl cation of the suction tip to the Tubber tip
on the pipetts
Analyss  The most eritical part of the snalysis 1s correct delivery of the gas
sample avaxding suction on the micrometer burette A proper hne up between the
bore of the transfer pipette and the bore of the reaction chamber capillary 12
eas Iy accomplished by means of the funnel ground capillary nd comscal rubber
tp to match & most valusble improvement of the origimal model eontributed by
3Mr Warner Love of the Department of Zoology Swarthmore The trensfer
Pipette must be kept clean  The easiest way to avord cloggug 13 to make use of a
long and relatively wide bore for the air remstance in the tip instead of a short
20d very flna one
a The reason for not setting the micrometer at zero exactly at the begumnmg
of the analysia 1s 83 follows The mubber stoppers E and F are efastic and
& trace of elasticsty 13 1 kewise denved from vnavordably trapped minute air
bubbles Ience gross changes in mercury levels between the reaction chamber
and the mde arms will ol ghtly affect the total volume of the apparatus When
the mercury level 13 lowered from the mark on the capillary to half way down the
Tosetion chamber durmg introduction of the ges sample there 38 consequently
& minute decreaso n the total higu d capacity of the apparatus The mag
mtade of th s shrinkage is easly determmed by readiog the ges memscus at
the mark with the mercury almost to the merk then letting 1n all absorbing
fuids from both side arms drawing down the mercury from the capillary and
Teadyust ng the gss memseus to the mark The readmg will then be closa to
05 divasion hgher than before Setting the mucrometer at minus 05 instead
of zero ¢orrects emp 1cally for th s minute elastiesty error
1f the concentrat on of absorbable gas mn the sample 38 hagh larger than usual
amounts of absorbent must be used. The CO absorbent will absorb 10 times
1ts volume of €O W thout mgnificantly alter ng vapor tension and the O ab
20 bent will absorh 5 to 6 times 1ts own volume of O before turn ng brown
and giviog poor resulty

M
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¢ Carefully avoid sucking the mnsing solution down through 8. The nosiog
solution will gradually remove the grease coating allowing the trapped traces
of aead to move 1n the stopeock This 1s usually first detected by the fact that
the micrometer misses the zero after the end of the analyms To check the
tightness of 82, fill B with the acid solution and adjust the gas meniscus to
the mark With 82 in Position I hang the leveling bulb low on the nng or
handle I If 82 leaks the memscus will move glowly down If the bulb s
hung high the memscus will nse  Unless the memiscus stays at the mark, diy
and regrease S2 and tie the leveling bulb to the ming with a piece of stnng
50 that 1t cannot be lowered below the glass jorat



SECTION VI
PHYSIOLOGICAL MEASUREMENTS (Continued)

D RESPIRATORY METABOLISM

1 Collection of Expired Aw—The Tissot Gasometer
Beference
Bock A.V Dill D B and Talbott J H  Studies in Muscular Actimty I Do
term nation of the Rate of Circulation of Blood 1n Man at Work J Phymol 61
12113 (Oct) 19 8
Principle
The subject s mose 18 clamped and through a mouthp ece he passes all hs expired
air nto a calibrated counterporsed metal eylmder which 18 seated by means of a
water seal 1 & second cylinder and wh ¢h 1s free to move with respiration From
the cahibration constant and the time the pulmonary may be

Apparatus

1 Tissot gasometer of 100 or 250 hter capaaity (seo Fig 43) of use durng walking
The nner bell must be counterpoised accurately so & not to :mpede respirat on
The gasometer should be calibrated against o standard zed wet gasometer
One mouthp ece nose clp assembly Depending on whether the subject 1 to exer
@180 v olently or not the valves shonld be flutter valves or butterfly valves For
all exercse flutter valves are required From the expiratory valve corrugated
1to nch ges mask tubing leads to the intake of the Tissot gasometer One
comto table serew type nose chip 1s neeled
One barometer erther mercury or aneroid sensitive to 05 mm Hg
One watch with & second hand p eferably a stopwateh
Gas sampling tubes Barcroft des gn m racks of four filled with mercury
A three way large bore sluminum stopcock mserted between the ex t valve of
the mouthpieco assembly and the gasometer Two pomt ons are required  (a)
subject to gasometer (b) subject to outside

®

@ o

Reagents

1 Alcohol 809 fo ste It ng the mouthp ece after use
Procedure

1 Check the gasometer for counterpoise and for water level which should be 1
inch below the rm of the outer ¢vlnder If more water 1s needed be sure that
1ts tempe atare 1s closo to room temperatu ¢  Check that the banging scale 1s
not scraping age nst the s des of the guides
Befo e g ving the mouthpieco to the subject wash ¢ 1 809 aleohol and dry at
Check leakage of valves by blowing through them and check the r tightness
of it by blawsng backward through them There should be no leshage
Flace the nose cl p fi mly on the subject a nose and have b m test for leaks past
the el p by trying to blow eir through h s no e
Bo sure that the three way tep connects subjoct to outmde air
Start the subject performing the task whose emergy requirement s ta be
measured
7 Turn three way tap to connect the subject with the Tissot gasometer

827
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oo
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oduced by
speciniens of expired air  (Repr
Fig 43—Use of Ti sot gasometer for collecting specintens
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w

Allgw belt to 82 sbout ons therd full with iz aud torn the tsp to convect the

aubject Witk awr

Remove rubbes stopper from thermomieter hole aund by manual pressura expel

all air from the gasometer

Repent ateps 7 8 znd 8 twice more This insuzes that there will be yo mixsng

errar frvm dend space air already 1 the gasometer

11 Now read tha gasometer scale {Reading 1) to the nearest mm

Btert stopwatch and tern tap 1o 2onna 1 subject with gasometar

13 At exactly 1 minute end every sunute desired thereafter read the seate This e

 eheck on the conmistency of the subject ead apparsius

At & desired tume usuelly 5 mtnutes for low rates of pulmonary ventilation the

tap {y turned to fomnect subjeet with outside 217 and the final scals reading 18

made (Reading 2)

15 Turn on munng fan and read the temperature 1n tha bell to the nearest 0% C

16 Read the baromet. T to the nearest 05 mm

17 Take specimens Of the contents of the boll from the thermemeter hols into

Bsreroft gas samphing tubes makizg sure that

& The contents of the bet} huve been muxed and

b The Bareroft gas samphog tube 1a Sushed thres timey 3a the followng order
contents of sampling tube to outhide sir contents of bell inte sampling tube
contents of samplhing tubs to outside asr

Caleulation
Pulmonary Ventilation =
{Beadiog 2 ~ Readwg 3)
{(arnutes

Yehere

Pulmonary ventiletisn 18 expressed m hters of ga¢ erpured pér minute redueed
00 Cand 60 mm Ry Readings ® and 1 are the last and firss readings expressed
30 cm to the nearest mm Tissot factor 1 the hiters of gas squivslent to a mss of
1¢m m the Tassot bell snd BYP factor 15 the £sctor fo redumag sny volume of
wet gas ut Aby temperaturs and pressu ¢ to O C and 760 wmm Hp dey {ste Pig 45 12
rection on metabolie ealeutatrons)

Example
A subject was lying Guietly
Resding 3 was 31 em Resding wes 805 em T was 4 C Dbaromster was 750 mm
snd the time was 5 musutes The Tissot fector £or (hus partieniar gasometer was
1 3 Mem. (Note that every Tissot has ws own ¢alibration Sgurs to be deter
raned st purchase }
Pulmorary vent Jation J/mun dry BYP =

®

-
3

"

-
N

x T ssot fariv x SYP faefor

L‘;‘is‘:i‘.) %172 x 083 = 121 Vmm

Precantions
1 Tha chiaf sourtes of error 121 th 8 method are

4 Leakage around nose chp or m valves

b Jnaccurzte read ng of Tissoy scale

¢ Diotion of tontenta of bell with ovtmde a1 which wilt not vitiate caleuln
Iation of pulmopary veatiatin bul whik Wil destroy the veldity of &l
wetabohe ealzulations

&, Inacearate use of Barcroft gas sampliag tubes

If room ar 18 sigmificantly drfferent w Compasit on. from outdeor mir 3¢ may be

nacessary to pipe ontdoor sir mbo the intake valve of the sublect s valve as

sembly Al metshalie caledlations assums outdoor sar composition of the ansp red

wr

»
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2 Collection of Expired Air—The Douglas Bag Techmque
Reference
Haldane J § and Priestley J G Respiration Oxford 1035 Clarendon Press
Principle
The subj ct s nose 13 clamped and through a mouthpiece he passes all of his exprred
air mto an air tight bac  Two one way valves allow hum to breathe in only outside
air and to expire only mto the bag The total pulmonary ventilation 1n & given
time 15 measured by pas img the contents of the bag th ough a gas meter and
samples ate taken for analvs s
Apparatus
1 One barometer either mercury or azeraid sensitive to 05 mm Hy
© One watch with & second hand preferably a stopwatch
3 One mouthpiece assembly (Fig 44) This should be usable even when the sub
ect 18 exerc sng violently A rubber mouthp ece s mounted in the expiratory
hole of & gas mask of which the goggles are Temoved and the noss 18 cut out
The 1nsp ratory cann ster 1s removed and the head straps left intact The rub
ber mouthpiece 15 attached to & par of alummum 1imch tubes contmmng rub
ber flutter valves one 1n piatory the othe exp ratory which hie smugly along
the outside of the face of the mask From the exp ratory valve a piece of cotru
gated 1 mch gas mask tubing leads 0 e the head of the subject to the bag as
sembly described below
One comfortable nose ¢l p serew type
One Douglas bag assembly Thia consists of one 1°5 1 Douglas bag (Davol
Rubber Companv Prov dence Rhode Island) and = light pack board for the sub
Ject to wear on h s back The bag consists of two layera of canvas w th rubber
shoeting cemented between and must be mbsolutely leak proof when the emt
tube 13 clamped off The upper co me s of the bag ean be hooked to the upper
corners of the pack board. The ex t tube of the bag should then reach the level
of the subject s meck A strong flat brass elamp should be placed on the ext
tube of the bag wh ch 15 then attached to & 1inch way alumimum tap One
1mb of the tap 19 attached to the bag and one to the gas mask tubing from the
subject a expiratory valve The third 1mb 13 to outmde air The th ee way
tap should allow erther of two curemts for the subject 8 exp red air 1e mouth—
valve—gas mask tub ng— way tap—and thence either () outmde mir or (b)
nto Douglas bag
One dry gas meter of at least 5 cu £t per mmute capacity (Tufts Meter Com
pany Albany N Y) A the mometer should be mounted 1n the intake sde of
the gasmeter
Back of gas samphng tubes Orthodox mereury filled tubes must be avoided 1n
the fleld when temperatures are extreme A satisfactory sampl og tube consists
of a 50 ml ayringe oiled w th heavy ol and ftted with 2 anch length of pres
sure tubing over the nozzle The tubing 13 clamped off with a screw clamp The
3 way alum num tap must have & 8 de arm fo taking gas samples This 18 closed
with & rubber mipple all the t me except when samples are taken

CE'S

Y

-

Reagents
1 Heavy ol for the sampl ng syrnges
8075 aleohol to sten]l e the mouthp ece after use
Procedurs

1 Check the Douglas bag for leaks the mght before usng st Ths 13 done by
hooking the bag to the outlet of the gas meter runnng n a measured volume of
air clamping off the neck of the b g placmg 0 Ibs or more on the bag for an
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hour and runming the contents back through the gasmeter The readings should

bo nearly the same If there are leaks they can be patched temporarily with

ordinary tire patching

Beforo ashing the subject to take the mouthpiece wash 1t with 80 aleohol

and dry at

Place the nose elip firmly on the subject s nose Have him test for leaks past the

chp by trying to blow air through hus nose This step should mever be omitted.

Place the mouthpiece assembly on the subject s head fit the mouthpiece 3o that

1t 15 comfortable and tie the headstraps snugly

Empty the Douglas bag completely of air by laying 1t flat on the ground with

t}m exit open rollng 1t up snugly and elamping off the exit tube With the brass

clamp

Hang the Douglas bag on the pack board eonmect the ewit tube to the 3 way tap

and finally connect the corrugated tube from the mouthpiece to the 3 way tap

7 Be sure that the 3 way tap 15 adjusted so that the subjeet s expired arr 13 going
to the outside

o

©s

~

L}

@

8 Start the subject performng the task whose energy requirement 13 to be
measured  Let hum continue this long enough to ¢ warm up  before Step 9
9 Take off the brass clamp Simultaneously start the watch at O and turn the

3 way tap so that all of the expired air goes into the bag
10 Allow the subject to breathe 1nto the bag whils continuing hus task until the bag
seems sbout 3/4 full Dunng rest this takes 10 minutes during hght actmty
sbout 5 and dunng moderate activity about 3 minutes Vigorous activity 18
ifficult to control or measure The bag may fill up 1n about a mumute
Sunultaneonsly note the time to the nearest second and turn the 3 way tap so0 that
the subject 14 breathing to the outside He may now stop work
Clamp off the meck of the bag disconnect 1t along with the 3 way tap and 1o
move 1t from the pack board to the nexghborhood of the gas meter
13 Mix the bag s contents by laying 1t on the floor and kneading 1t & few times
14 Connect the 3 way tap with bag attached to ome lumb to the imlet of the gas
meter .
Unserew the clamp from a sampling syringe and connect the pressure tub ng to
the sampling mipple on the 3 way tap
16 Take a readiog on the dial of the gas meter ¥
17 Open the 3 way tap so that the coutents of the bag flow mto the gas meter mof
to the outside air
Put steadv pressure on the bag and when 1t 13 about % empty take a sample bY
drawing the synnge full znd empty 3 times while the gas 15 flowmg steady
throvgh the 3 wey tap Fimally fill the syringe clamp off the rubber tube and
after taking a duplicate sample close the sampling nipple of the 3 way tep
19 Express all of the bag s contents through the gas meter Toward the end lay the
bag fiat on the ground aud roll 1t up tightlv from the bottom
20 Clamp off the neck of the bag and take the fnal reading on the gas meter ¥
21 Read the temperature in the wmtake of the gas meter to the nearest % C and read
the barometer to the nearest % mm Hg

~
=

"
&

-
&

—
®

Calculations

v -v)
Pulmonary ventilation = (—(m— x STP factor

Where Pulmonary ventilation 18 expressed in liters of gas expired per mm

duced to 0 C and 760 mm Hg dry

V 15 the first reading of the gas meter in liters

¥ 13 the second reading of the gas meter in Liters

STP factor 13 the factor for redncing gas at any temperature an
wm Hg dry as shown 1z Fig 45

gfcﬂ:: dg‘a.ssometer gméf cubte feet the comversion factor by which undmg:‘ ;:

multiphed to give liters 13 28 3 Time 15 expressed m munutes and decamal Aracf

ute T&

 pressure wet 0
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Exsmple
T 9IS V1853 Temp € Rarometer 760 mm
Tune of colfection 4 munutes °6 seconda = 4 snd “6/68 == 4 43 mms

= 05“& ;W“ 5) (090) = 1903 per mun BTP

Precautions

Test the bag for leaks every few dayy

Be zure to have the subject test for leaks throngh the note or araund the mouth
prece

3 Tumiug must comerds 3 sth tursang the tapa,
4 Every time & tap w furned be swre that the gas Sow will be i the durechion de
nired
5 Do not forget to e1d the temperature snd barometrse pressvre evary iime sampley
ers measured
& In vigotous actiity whes @ mgmfieant ovyges debt 1f accumulated 3t i3 necessary
to have the syljeet exere se for o miuute o so then #lop and eollect exprred mr
whils b2 3 resting after nork for about 5 m autes YT 1hia 23 pot dose the estumate
o eador ¢ expenditure durmy work will be erruneously 1w
3 Reg v M Te €
Reterence
Baldagse ¥ 8 and Prnestiey J G Resprratwn Oxford 1983 Clarendou Presy
Prineiple

From the pulmonary vestiatian and the carbon diomde oxygen and matrogen con
tent of the expired atr campated with the mspwed &  tha consumption of grygen
and production of carboz dixide sre caltulated From these data snergy expendt
ture may be computed

Pulmonary Ventitation,
This s expressed a3 lite s of air expised per minute the volume of gas bewg te
duced to the standard tempevature ¢od preswre ¢ G and 760 mm Hg dry  The
formula 18

B0 (¥ 00T )

Whese B 13 ambient batometric pressura T 1y ibe vapor teamon of water mm Hg
at the temperature of the gasometer and t i3 the tempevature of ths gasomater in
O To save computation one usea the hne chark which was dewsed by Dr R ©
Dathag (F g 45)

TRespiratery Quotient (R Q)
This 18 the ratw of CO expired diy ded by O convamed 20

€0 p oduetion

O roraitivtor A0d 18 used im the ealenlitions which follow

True Oxygem,  Twme Carbon Dioxide ARG

True Osyges vepresents the mumber of ml of oxygen tonsumed for eve y 300
1Y of a1 expsred Yt 15 based on several conmderations ay follows  One desices
to know kow much nxygen 35 removed from the 23 breathed in but the only measnvs
ments made sze the volume of mr exps ed and its oxygen tarbon dioxds snd
mirogen eontents The volame of imapired mir ya uauslly not the same 84 that of
expired s Thia s beeawse the R has to be exactiy I00 for wsp red to equal ex
meda If the RQ 18 less than one 33 is usually the cese in rest or modaraty
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LINE CHART FOR DETERMINING FACTORS TO REDUCE SATURATED GAS VOLUMES 10
DRY YOLUMES AT 0°C AND 750 MM HG

SCALE B

*AcTORS
ST GO oF
TOOC BT R 783 KA e

Lsa
MPERATURE
o by Or R
y
Fig ¢5-Line chart for eonverting wet gax myg}l}%u to BTF ang ary as drawn
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exercise then the oxygen Temoved from inspired air 1 only partly replaced by car
bon dionide and 1f one 1 has been inspired less than one 1 will be expired The
mtrogen eoncentration 1 this case will be higher 1n expwed than 1n 1nsp red mir
One knows the mtrogen concentration in outdoor mir to be 79 04 end the concentra
tion in expired air 19 determ ned by Haldane analyss The volume of inspired air
may be caleulated from the expired a r by the formula

Vol mspired = Vol expired x

N
g :n7e:z;;xred arr (Equat on 1)

The total volume of oxygen breathed 1n (not all consumed) 18 then

90 of mspred ar
00

Vol O wmspired = Vol ar mspired x (Equaton )

The percentage of oxygen 1n pract cally sl outdoor air1s 093 Hence
093
Vol O mspired = Vol i mspred 5o~ (Fquat on 3)
The volume of oxygen expized (amount not consumed) 18
0 mexp edar
Val O expired = ~———5;——— vl mr expwred (Equation 4)

The amount of oxygen consuimed 13

O consumed = Vol O wmspired = Vol O exp red (Equation 5)
Substituting values from equat ons (3) and (4)
093 i) a
O consumed = Vol awr msp red x —go— ~ Vol air expired x %
Subst tutmg values from equation (1)
N mexpredar 093
O consumed = Vol & 7 exprred x ———E =~ x o
70 nexpred mir
- Vol a1z expired x “———qar 0
8 mphiyng
Vol O eonsumed W (%N 1n expired air x 0 65
- % O m expired aur) (Equation 6)

The factor (7N 1n expred mir x 0265 - ¥ 0 1n expired air) 19 the True Oxy
gen  the number by wh ch the volume of exp red & r (divided by 100) 1s mult pl ed
to g1ve the oxygen consumption
By steps sumilar to the derivation of oxygen consumption the carbon dioxide exp red
becomes

Vol _sir expired
Vol €O expired = ———jgo——— (°%CO 11 exp red air

N _m expired air
- 7904

x ©CO 1n 1nspired arr)

In the ease of ordina y outdoor air this becomes
Yt a r expred

Vol CO expired == —j55——— (% €O im exp red mr — 003) (Equation 7)
The factor (% CO m expired air — 003) 13 the True Carbon D oxide  the number
by which the volume of expired ar (4 vaded by 100) 15 mult phed to give the car
boa d ox de production
The tespiratory quotent B Q 15 obts ned by dividing equat on (7) by equation
(6) and 18

(7O 1 expr ed & r — 003)
RQ = (g w5 expied air x 085 — &0 75 s3p Fed w1 {Equation 8)
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To facilitate the computation of True O and T'Q = Lne chart has been con
structed A string stretched between the 770, and %CO, 1n expired mir passes
across lmes giving RQ and  True O 7 directly (See Fig 66 at end of this book)

Oxygen Consumption and CO Production
The oxygen consumption in Liters per minute 15

Pulmonary ventilation 1/min
100

0, Y/mn = x True O (Equation 9)

The carbon dioxide production 1n liters per minute 18

Pulmonary ventilation 1/m
CO V/min = ————wo——/—- %« True CO (Equation 10)

Epergy Expenditure

It 15 conveational to expre s the metabolic cost of & given task 1n terms of Calones
per hour Tte Calorie 15 the amount of heat necessary to raise the temperature
of 1 lulogram of water 1 C and 13 the basic umt of all nutritional energy caleula
tions  To compute the cost of & given task the formula 1s used
Cals /Hr = (O consumption l/mm } x 60 x >0 =0 l/mmn x 300
The factor 50 15 an average figure representing the Calorc equivalent of 1 iter of
oxygen consumed during moderate activity
Since most of the common forms of work require an emeryy expenditure Which s
directly proportional to the body weight most tables of metabolic costs of actinity
are expressed on the bams of a standard man weighing 150 1bs or 70 kg To com
pemsate for vanations m weight emergy expenditure in work may be expressed
1 terms of Cals /hour and kg body weight or coaverted to » standard body weight
as follows

1.0
Cals /Hr (stendard wam) = O min x 300 X oy otereos

For some special purposes emergy expenditure 15 computed on the bams of body
area not body weight This will be dixcussed 1 the section on ‘basal metabohsm

Example of Metabolic Calculations for a Walking Man
Company marched 35 miles 1n 50 mins on the level
Weight of subject stripped 145 Ibs
Weight of ¢lothes helmet pack nfie canteen 29 lbs
Weight of metabalic apparatus 13 Ibs

A. Douglas Bag Calenlstions
Gollection started 7 hr 300 ended 7hr 310 =, 00 mns
Gas meter readings—Start 4480 L End 66°91=.1491
Temperature 219 C Barometer 457 mm
STP factor (from Fig 45) = 0880

(2149
Pulmopary ventilation I/min STP dry = q 00)) x0880 = T0

B Haldape Analyms
¢ €O, = 381 0 = 1680

€ Caleulation of O consumption
From line chart for True O  (See Fig 66 1 back)
RQ=108 True0® =423

Pulmonary Vest _ oo _
© consumption I/min = ——gi——— x True O = 5z x 473 =11

Pulmonary Vent _ 210 —10
Qo production Ymm =54 % True CO = g x (381-003) 1
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D Caleulation of eaergy evpenditure
Cala fran 1o x &
114 x5 =87
Cals /50 sus == 57 x 50 == 283
Cals for 10 min rest sssumed to be °0
Energy expended in ooe hour that conusts of 3 wules marching 1o 50 wminutes
and 10 miputes reat == .85+ 0 = 303 Cals

Protein Metabolism During Work

The abovs calenlations and examples n gleet two fadtors whieh are not mportant
w fleld measurements bat are theo eticslly umpartent Some of the Calomes ere
denved f1om protern and one Niter of oxygen consumed yepresents dafferent amounts
of keat depending on tbo ratio of fat carbohydrate and proten bewp consumed
by the body at the tums of P stean i fzom
the urwpary mtrogen evcretion and the nonpvotein RQ 1y determaped from
the overall RQ (obtaaed s dewenibed rbova) and the protein matsboham  Fo
details of this type of caleulation sea Peters end Yan Slyke  Quantitative Chncal
Chemistry  pp 05«15 Vol II Balumore 103 Ththame and Willons

4 Bawl Metabolic Rate

Reference

Dy Boww B F  Basel Metebolsm ra Health and D sease ¢d 3 Philedelphua 1937
Lea ond Fetuger

Frinciple
The basal wetabolze rate (BMR) 1e the energy expenditure 0f & subject resting
quietly after at least 8 has s steep and st Jeast I hours after the iask meal When
expressed on the basms of Calome production per square tueter of body area it ie
vemarkably conetent for heslthy people of the eame tge and sex

Apparatus and Eeagents

Bame &8 undet measurement of sxpired mr  Jn 284 fion an otal chmss! thar
womater w chnical weighing scales and a measn g stick are nseded

Protedure
1 For sn accursie test the subject muyt have had % least 8 hours sleep and xo
faod for ay lesst 1 hours  T)is also 1zcludes mleoholis heverages coffce tes mnd
tobacen  He tes down cawfartably for at taast %3 hour 13 @ quiet place hefore
tha test
Metabolism 15 determined while be 18 sl resting as Gesemibed 1u the saetion on
expired mr  Count the respwaticus for 1 minute dummg the process If he as
too excited the fest wmill be invahd
B fora be geta up and unmediately after 1he mask and mouthpece 2re remaved
measute wnd reco d the pulse and o al tempersture Thax 15 necessary ta rnaure
that one 1 not des} ng with annfectson  Fever mnvalidates tha test
Measare the subject « harght m stockiog feet and we ght with & summom of
clathing
5 Record b 5 age 1o the nearest yeor
Calcatation
1 Caleulato oxygen consumplion and ©'Q a» desenbed previously 1If the P Q e
ontside the 7angs 080 - 030 the test s uvahd
From s he ght and werght defermane the subject § gurfaca area from the hime

chart (Fig 48) Thiy zomogram wey compnted from the DuRois Meeh formula
for surface arex

x

w

»
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HEAT PRODUCTION (Gal /M¥hr ) FROM SURFACE AREA
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BASAL METABOLIG RATE FROM HEAT PRODUCTION,

AGE AND SEX
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3 From oxygem consumption and surface krea computa best production {Cals per
aquacs meler per hour) The bne chart m ¥ig 47 swas drawn to facihicte tha
compatatuon.

Complete the aubject s Dasal metabohis rate (re © above or below marmal) by
the formula

-

BMR = Iy x SQ0eeresd Cals /me/br - Average normal}
Aversge vormal

(Where average normal tofers to the Boothby Sanduford values )
The BIR hine chart 1w Fig 48 faciitatea the shova calcalation It was computed
from the Boothby Bandiford mormal values
Bxample
Subjet R D Sex IMale

o

Bt 5t 73 anches

W 19 1bs

Pulse sate 69

Tomp 934 F

Palmosary Ventilation Ym s STP 823

Expuedar  ¢CO 350 0 1708

RQ 082 Trus O 395

Oxygen Covaumption Vo 93 5

Surface Aren .11 sqm. (Fag 46)

Heat production 445 Cala/m /hr (Fag 47)

BMR  « 12 (g 48)
Precautions

1 The commionest soures of exrar are
2 The subject 18 not traly basal
b The subject 1s nok comfartabla and at ense
The sbove caleulations and examples neglect the two factors proters metabohsm
and the varying beot equivalent of one Jitar of oxyges depending upsy the ratie
of protesn fat and earbohydrate bewng consumed by the hody ‘Thess factors are
not umportant for field nse but are theoretically ampostant The matter is s
sussed st the end of Matabolic Calculaticar
If the pulso rate 13 above 80 or the resp rations above 23 the subject 18 either
ot basal or else hes pome patholog cal condstion  1f the temperatuce 1 elevated
ba 18 erther not basal or elee try pome disease (Exercisa of moderate saversty
elevates the bady temperature )

»

Y

§ Metabolsm During Work—The Treadanll
Beference
Robinson §  Expenimestsl Studies of Phymozl Fitnesm 15 Relation tu Age Arherty
physwlogie 10 513 3 (Mo 3) 1028
Principle
The wmotor drven treadmill 1v the best apparstus yet devised for general atudies
of the yespense of men to exerctsa A typical protacol 1 desenibed for studying
respiratory and cardiovaseular responses dunmg woderite exermse {walling) and
exheusting exercss (runmag)
Apparatus
1 Tha treadunll (seo photograph Fig 40) The treadsn)l has a motor dnven end
less lasther belf that can be operated at any speed up o 20 mmles per hour The
front end can be raised up to make = grade of 200 It 1a posatble to make the
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work so essy thst an ordinary wdividuel cen walk for hours and so severs that
the best yunners eam be exhensted m w very short time (seconds)  (Purchasd
at A B Young Co, Indianapohe Indisna )

The stationary s:des of the treedeml] carry a supesstructure on whick are sus
pended the rubber hoss connection (I wmeh made dsameter}, and a tws way fint
ter valve systew, The hose comnection brisge fresh aw fram the autside to the
valve and empties the exmred air 1010 the gasometer

The gssometer 33 & 500 Iiter copper bell type that 18 immersed in water Each
side of the bell 12 weighed down 20 that st balsnces perfectly when all the oot
lets are apen  The measuring scsle 13 1n centimetors Tnstalled st the top of the
bell 13 an electne stirrer for muxing the gas before sampling At the et of
the gasometer 13 u baffe mizer of 10 hter capacity from which samples of gas
may be drawn while the subject 13 worlang, without nterfering with the total
eollection 1n the gnzometer

s

o

Indfans.
utactured by A. M. Young Indianapotly
Pl e o oY ooty bt A R Youns © rpeny Tndienapalis 170 3

4 Az accurate sweep second clock and & stopwateh

& Spare Douglas bags that kave & capacity of 790 hiters

6 Rack of gas sawphang fubes (Bareroft type} with sz sppra
0 rul ench

7 i :;rdxotsc!mmei@r for recording pulse rates with etectrodes aud execxt:;d:ty::‘c;
The electrodey #r8 sble ta pick up electrical currents that are gesera e"hy v
contraction of the heart The current 18 then amphfied to cxpemeW ;{k e g
a pen on & moving tape thus yielding & record of the heatt rate a: ane st
on The three electrodes mre fastened on two lengtha of e!ultxc[ ;)f:ucond Y

electroda ia placed Just to the loft of the sternum ¢ the level o

xumate capacsty of
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The second electrode 15 placed over the apex of the heart and the third ot ground
which 15 on the same elast ¢ tape as the second 1s on the right ede
8 Mucro pipettes for lactic acid and blood sugar of 05 ml 8nd 01 ml capacity
9 Watch glasses for collecting the blood during exercise
10 & lan et for pricking finger to get blood.
11 Centrsfuge tubes 15 m] and 50 ml round bottom with rubber stoppers
1 Barometer
13 A Haldane gas analysis apparatus
Reagents
1 Clean mercury for gas sampling tubes
Hepann solution (1 drop dried on & watch glass)
3 Dilute acid tungstate for blood sugar 20 ml of 10 sodum tungstate solution
0 m of 3, N sulturic ac @ (£SO ) Diluts to 1000 ml w th water
4 Distilled water for Iact ¢ acid tubes
Procedure—Moderate Exercise
1 The subject dressed 1n gymuasum clothes 13 connected to the eardiotachomstor
ith the threa eloctrodes fastened around h s chest
. The subject s ts qmetly at the side of the t endmill while h s re fing pulss 1
recorded and Ins blood p e sure 1s determ ned
Subject straddles the treadm 1! while the treadmill 1s statted (35 mph on 86%

grade;
4. Subject sta ts walking on s gnal from expe menter Notation on heart rate tape
13 made
5 After app ox matelv five m nutes walking the subject applies mouthpiece and
nose ¢l p and the valve 13 turned so that exp red air enters the gasometer
6 In the course of the zext fou m nutes the gasometer 13 washed out with three
portions of exp red air and finally o gesometer reading 13 taken after expulsion
of the last wash portion
7 At the minth nunutoe of the walk collection of exp red ir 1a started and eontin
ued for five minutes the gasometer read ngs being noted every m nate
8 At epproximately ten m autes of the walk finger blood s taken for augar and
lactate
8 After a total of 15 minutes walk the subject steps off the treadmill s ts down
and rests for ten minutes dunng which t me the following procedures are ear
ried out
a Dupheate gas samples taken from gasometer and temperature noted Change
g8s cxremt to mix ng chamber
b Subject s pulse rate and blood p essure recorded &t frequent imtervals
Procedure—Exhausting Exereise

1 The usual grade for exhausting work 13 the same as for the walk (8 6) but with
the apeed of the treadmill 1nereased t0 70 mph  Ord nanily the subject 1s not
requ red to run longer than five minutes To obtewn exhaustion with u five mmn
utes 1n well trained aubjects the grade may need to be increased If the grade 1a
to be changed 1t 13 changed during the half minute before the run starts but not
until the exp red sr and Llood have been sampled as above

« Tn't sl gasometer read g 3 taken aga n

3 Subject prepares for run_straddles treadmull holding the 4 des and is instructed
to signal w th h s hand 1f ho des res to stop before five punutes

4 The treadmll 1s started at 70 mph. and on s gnal the following procedures oe
eur emultancously
& The subject starts ranning
b Valve 1s turned 1nto gasometer
¢ Cardiotachometer 15 marked



Physiwlogical Measurements

5 Gasometer rendings are taken every half minute during run

6 Expired air samples aro taken over an entire minute for tha second, third fourth
and fifth sunutes (the first munute 15 not of suffierent value), or for as long s
the subject runs  Samples of less than 20 seconds are of doubtful value

P; ry After ZEixercise

When subject stops runming by jumping to a straddling postion (keeping the

mouthpiece 1n and the nose chp on) the following must be done precisely at the

time he stops running

a Valve at treadmill superstructure 1s turned to collect expired air i Douglas
bags for three minutes

-

b Cardiotachometer tape 18 marked
¢ Time 18 noted
d Treadmll 1s stopped Subject sits on tall stool 1n place on treadmil shill

breathing through mouthprece

2 Ag soon a8 possible the following additional steps should be taken
Final gasometer Teading 13 taken
Temperature of expired air 1 gasometer 13 noted
Gasometer 15 emptied Connpection removed from mixing chamber and placed
on direct comnection to gasometer Valve turned for collection and reading
noted
3 Blood presaure 13 taken as soon as possible preferably durng the first munute
after subject stops running
At the end of three minutes valve at treadmill superstructure 1s turned to gas
ometer
Gasometer readings are taken every minute during the remainder of the 15 mn
utes
Finger blood samples for blood sugar and lactate are taken at 5 10 and 15 mm
utes during recovery

Cardiotachometer 15 left runming at Jeast for the first five munntes of recovery
and may b turned off then and used only to take heart rate during 10th and 15th
minutes of recovery
At 15 minutes gasometer valve 13 closed temperature 15 recorded and final zead
tng 13 noted
Two expired sir samples are taken from gasometer (3 15 mmutes of recovery)
After gasometer 13 emptied valves are turned connecting Douglas bag to g8%
ometer and 1mtial reading 18 noted Two samples of contents of bag are drawn
from small sde tube on bag &s gas 15 forced to large gasometer for meagureent
of volume Bag 15 fimally Tolled to expel all m, conmection clamped 22d
gasometer volume and temperature are noted (Three minutes of recovery )
11 Barometric pressure 1s recorded .

(The work experiment s carmed out above required at Teast thres and prefens¥

four men to guarantee smooth operation )

Calenlations and Data Obtafned from Work Experiments
1 Blood pressure at rest (sitting) and mmmediately following exbausting run
2 Continuous heart Tate record counted to obtain following

Rest (sitting)

Maximum during walk (sixth minute)

Masimum during run (usually last m mute) o
Turst five munutes of recovery May be counted by sixsecond intervals

first minute of recovery and longer 1ntervals up to five minutes
At 10 minutes during recovery
At 15 mnutes during recovery

aoe
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Work Wetabohsm—Treodmill 345

3 Blood ugur nd Blood tuctats 1o mg per 100 mkb.
3 Dunog wall
b ALS 10 and 15 musutes daring recovery

4 Mstabohsm duning walk ron and recovery sre ealenlated se desorsbed i pre
s sections

5 Oxygen debt This measarement 13 the difference in oxygen eonsumption for
fifteen munutes following the rum and the basal requirement for that persod
To ba complete the penod should be 60 munutes

Example of & Protocol of a Typieal Experiment

BAR PRESSUERE (01 mm ug TISSOT FACTOR
SUBJECT B DATE GASOMETER 1EMF 34 * em §TE FACTOR 0596
G ade B8 | 8/3/19 COMBINED PACTOR 468
WALK, STROMEIER | GIF | FLIMGWARY TR Oy
35 mph REaDnGS | em e w0 o ! re | o | tsin
cm T omR i hd o ARy
T Q)
5 131 83 3 459 164 097 40 18
8§ 18 9 e 41 1535 691 51 181
Ruz 70 mph
° mzs 45
1 168
1% 28
319 11 800 40 1648 108 440 35
¥ 450
3 534 14 w08 49 168 114 415 378
3 631
4 31 ) ® 489 166, 117 417 384
43 830
85 we 908 48T 1861 119 41 378
Kecovery
Bag
Sma +
3 45 PR 8 T 401 1805 156 % 1§
Casometer
iy 48
165
7 oyr
L 35
b1 83
1 458
u 316 488 183 45 1 9 108 33 08D
Pant O opampton = TI0

Net D Qeht w15 munutes

B3x(158-030) +1 x (D60 ©30) = 748 hters
Precantiony

1 The whole method dep nds an gond sxmp) ay 20 be ve ¥ ca ¢ful Rinse ont 8t Jeast 3
times beforo dramne the final sumple
Arcurets tumng 19 @lmr ¢ aw dmporien &y acoursie sompl ay
1t w0l be noted that (he two values for the walk should gnd da check quite closely
and mmlarly for the last thres m sutes of the run  Geperslly a tian most run at
least to rounutes at th s grade of work before the maxnzut 1w obta ned
Wo have found that the oxygen debt for 15 musates is only ronghly proportional to
the tata} oxygen debt For precue meassrement the penod shontd be 60 zunutes or
untd the O consumphion approaches the baeal level

w
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344 Physwlogical Measurements

5 Gasometer readings are taken every half minats dunng run

6 Expired mr samples are taken over an estire munute for the gecond third fonrth
and fifth nunotes (the first minute 18 not of sufficient value), or for as leng as
the subject runs Samples of less than 20 seconds are of doubtful value

y After Exercise

When subject stops rumping by jumping to & straddlmg position (keepmg the

mouthpiecs 1n and the nose chp on) the following must be done precusely at the

tune e stops runmng

8 Vabe at treadmill superstrueture 1s turned to collect expired sair 1n Dougles
‘bags for three minutes

b Cardiotackometer tape 13 marked.

¢ Tume is noted.

4. Treadmull 1s stopped. Subject sis on tall stool m place on treadmull stil
breathing through mouthpiece

As go0on as possible the following additional steps should be taken

&, Froal gasometer Teading 13 taken.

b Temperature of expired mir 1n gasometer 13 noted

¢ Gasometer 13 emptied. Conneetton removed from mrung chamber snd placed
on direct coanection to gasometer Valve turned for collectron, snd resding
noted

Blood pressure i3 taken ey soon as posstble prefersbly dunng the first munute

after subject stops running

At the end of three mnutes, valve st treadmill superstructure 13 turned to gss

ometer

Gasometer readings are taken every minute during the remarmnder of the 15 mu

~

1

o

S

i

utes,

‘Fnger blood samples For Wlood sugar snd lactate are taken st 5 10 apd 15 w2
utes during recovery

Cardiotachometer 13 left runmng at Jeast for the first five minutes of recovery
and may be turned off then and used only to take heart rate durtng 10th aud 15th
minutes of recovery

At 15 mmutes gasometer valve 15 clo ed temperature is recorded and finsl read
1mg 19 moted,
9 Two expured air samples are taken from gasometer (3 15 mmutes of recovers)
After gasometer 13 emptied valves are turned conaectng Douglas bag 10 £8°
ometer snd imtial reading 1s noted. Two samples of contents of bag ar® drawd
from small side tube on bag as gag 13 forced to large gasometer for measurement
of volume Bag 13 finally rolled to expel sll air comnection clamped au
gasometer volume and temperature are noted. (Threo minutes of recovery )
11 Baryometne pressure is yeeorded.

(The work experiment as carried out sbove tequired at least threo and prefersbly
four men to guarantee smooth operation.}

Caleulatfons and Data Obtained from Work Experiments

1 Blaod pressure at rest (stting) apd 1mmediately follommng exbsusting FUi

2 Continuous heart rate record counted to obtain following
. Rest (mitting)
b Maxtimum dunng walk (sixth minute)
¢ Maxinum duning run (u uslly last minute)
& Furst five munutes of recovery May be counted by mix se ond aterrals 107

first mnute of recovery and lopger iotervals up to five minutes

e At 10 minutes during recovery
£ At 15 minutes dunag recavery

@

-

@
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Work Metabolsm—Treadmill 345

3 Blood sugar end laod 1 tate 1t my per 100 m)
s Dunug wslk
b AtS5 10 and 15 v nutes dur 1g recovery

4. Metabol sm Qu 1ag walk tun and recavery are calewlated as deser bed i pre
vi0as sectons

5 Oxygen dobt

Th¢ m ssirement 19 the d i reace 1 0X gen consunapt oz for

Httoon 1 nutes fo lowng the run end the beset requ ¥ w at for that p rod
Ta be complete the per od should be 60 20 autes

Zxample of & Protocol of » Typioal Experizent

AP PFE S RE 761 mm Hg A1 ST FACTOR 5
SUBJECT B DATE GASIMETER TEMP %34 ¢ X ko STP FACTOR © 895
Crede 860 | 8399 W B F) FACTOR 463
WALE BP POMETFR B FF PL T ONARY TRUE o
35 mph READ A0S em v o0 ° xg { o | usp
em PN o @ s
L) 3%
5 131 3. 1 458 186 047 40 187
8 10 9 34 41 1887 0@ 917 191
lun 70 mph
¢mas 4.
1 169
1 58
340 7 sv 40 3643 106 440 35
Y 440
3 5 4 194 28 49 1860 11 415 3%
3y §31
4 31 19 9 489 166 117 417 38t
4% 810
3 85 LT 4n 8l 11 417 30
Brro oty
Bap
8ma 47
3 43 93 8 0 404 189 16 5o 158
asometer
mn 4&
: 185
H g7
8 5
1 M8
& 45¢
1 516 468 Wy 1.4 1 9 108 10 960
Panl O conumpton ~ 030
Net O d bt 15 mnut s
3x(1 8 030)+12 (060 030) ~— d481tew

Precautions

3 “The whole method deg pds on good aumpl ng 8o be very careful P rse ot atlesst3
t mes hefora dra g th tnal sample
Astants tim ng 9 almost 53 smportant 43 accurate sarpt ng
It wall be noted thay the two values for the walk should and do check qu te closely
a0d e m larly for e last thres m notes of the nm  Cenerally a man must run at
least two munutes at th s grade of wark b for th maxumum s obtamn 3,
e have found that the oxygen debt for 15 mmates 13 only Toughly proport voal to
the total axygen debt. For precise m asorement the period should be 60 muputes or
unt 3 the O tonsumpt on approaches the basal lesel

w
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344 Physwlogical Measurements

5 Gasometer readings are taken every half minute during run

6 Expired awr samples are taken over an entiro sunute for the second third, fourth
and fifth mwutes (the first minute 15 not of sufficient value} or for as long as
the subject runs  Samples of less than 20 secords are of doubtful value

F 3:2 ry After Exercise

1 When sabject stops runming by jumping to 8 straddling poution (keeping the
mouthplece 1n and the nose clip on) the following must be done precavely at the
time he stops running
# Valve at treadmull superstructure s turned to collect expired awr m Douglas
bags for three mnutes

b Cardiotachometer tape 1s marked

¢ Time 13 noted

4. Treadmill 13 stopped Subject sits on tall stool su place on treadmll st}
breathing through mouthpiece

2 As soon as possible the following additional steps should be taken
4. Final gasometer rending 19 taken
b Temperature of expired air 11 gasometes 15 noted
¢ Gasometer 19 emptied. Connection removed from miting chamber snd placed

on direct connection to gasometer Valve turned for collection and resding
noted

3 Blood pressure 15 taken 23 soon as possible preferably during the first munuts
after subje t atops runmeg

4 At the end of three minutes valve at treadmill superstructure 18 turned to gas
ometer

5 Gasometer readings are taken every migpute during the remainder of the 15 min
utes

& Funger blood samples for blood sugsr and lactate are taken at 5 10 snd 15 mz
utes duting Tecovery

7 Cardiotachometer 1s left runmng at least for the first five mnutes of recovery
#nd may be turned off then and used only to take heart rate during 10th and 13tk
nusutes of recovery

8 At 15 minutes gasometer valve 13 closed temperature 1s recorded and fizal read

1ng 18 noted

9 Two expired air samples are taken from gasometer (315 mnutes of recovery)
After gasometer 1y emptied valves are turned comnecting Dovglas bag to gas
ameter and ymtisl reading 18 noted Two semples of contents of bag ate dssve
from small side tube on bag as gas 1g forced to Jarge gasometer for measuremes
of volume Dag 1s finally rolled to expel all ar conmection clamped aad
gasometer volume and temperature are noted. (Three minutes of recovery)
11 Barometric pressure 1s recorded

(The work expeniment as carried out above required at least three snd prefersbly
faur men to guarantes smooth operation )

-
13

Caleulations and Data Obtained from Wortk Experiments

1. Blood pressure at rest (mtting) and 1mmediately following exbausting 3

2 Continuous heart rate record counted to obtain following

a. Rest (stting)

Maximum during walk (stxth mimute)
Maximum during run (usually last minute)
Furst five munutes of recovery May be counted by sux second 1ntervals 107
first mnute of r.covery and longer intervals up to five mnutes
¢ At 10 minutes dnng recovery
{ At I3 minutes Quring recovery

an o



Worlk Wetabolum—Treadmill 345

3 Blaod sugar avd blool lactate 1a mg pec 100 ml.

2. Dunag wal

b At5 10 and 15 mnutes during recovery

Metabohsm wimng walk Tun and recovery are caleuls ¢d as de cribed 12 pre
vious gectrony

Oxygen debt This measv ment 1s the differ nce 1 oxyg o consumptioa for
fiftesn munates follomag the run and the basal reguement for that penod
To ba complete the period should be 60 m nutes

IS

™

XExample of & Protoce] of a Typfcal Experiment

BAR, PRESSUR. b1 mm Mg TISSOT FACTLR 57
SUSJECT B DATE GUSOMETER TEMI' 34 € X em STP FACTOE O 328
Mrate 86 | 8/3/44 COMPINE FaCTCR 463
WaLK SPIROMETER | T FF |11Ls ARV " E] O
35 mph READINGS om wENTIL w o | Re | % | vem

3 /N 3 T MR K200

T mms <6

5 131 83 9/ 49 168 09 40 187
8 10 9 369 41 1587 091 51 18t
Fun 70 mph

2 muny. 45

1 169

i 56

s 340 11 800 40 1648 1u6 440 Jum
2 40

3 36 198 208 448 1665 134 416 378
3% 631

4 731 9 ? 480 166 117 43¢ 384
4% £30

5 85 19¢ 08 497 1661 119 41 3 ¢
Hecovery

Rag

o mn .7

3 448 98 (L) 405 1803 1¢ °5 138
Ghsorme ¢

3 mung 48

H 165

7 o1y

? o5
u 338

1 48

i3

516 468 183 353 158 166 30 060
Ma t O on impton =

Net O debt an 15 muaut 3
3x (158 ¢ 0) +1%x (060~ 030) = 748 hters

Precantions

1 The whole methed depends m grod sampheg 20 ba yeey earefs) Bap & oot 21 Jeass 3
times befora drawing the final suwpl..

Accura ¢ timing 39 almost a8 smportant 253 arate samph g

It will bo noted that the two values for the welk should sud do check quite elosely
s2d aumiarly for the laxt three unnutes of the run  Gen rally a man must run at
Jeast two muates at this grade of work befose the waxumwn 15 obtsined

V78 have found that the oxygen debt for lu mwutes is anlp roughly proportieast to
the total oxyg u debt. For preas measurement the periad shoull be 80 minates or
vatid the O, consump on approaches the basal fevel

»

o
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344 Physiwological Measurements

5 Gasometer readings are taken every half munute during run
6 Expired air samples are taken over an entire mnute for the second, thud fourth
and fifth minutes (the first minute 13 not of sufficient value) or for as long as
£ the subject runs  Samples of less than 20 seconds are of doubtful valve
Y After Exercise
Wher eubject stops runming by jumping to a straddiing postion (keeping the
mouthpicee m and the nose elip on), the following must be dome precisely at the
time he stops runmng
a Valve at treadmill superstructurs 1s turned to collect expired sxr in Dougles
bags for three minutes
b Cardiotachometer tape 15 marked
¢ Tims 19 noted
d. Treadmill 19 stopped. Bubject mts on tall stool mn place on treadmll still
breathung through mouthpieco
As soon as possible the following additional steps should be taken
2 Fioal gasometer reading 18 taken
b Temperatuze of expired air 1n gasometer 18 noted
¢ Gasometer 13 emptied Connectron removed from mixing chamber and placed
on direct connection to gasometer Valve turmed for collection, and reading
noted
Blood pressure 1s taken 23 soon as possible preferably dumng the first miute
after subject stops running
At the end of three minutes valve at treadmill superstructure 13 turned to gas
ometer
Gasometer readings are taken every minute dunng the remainder of the 15 o
utes
Finger blood samples for blood svgar and lactate are taken at 5, 10 and I5 mi2
utes during recovery
Cardiotachometer 13 left runmng at lenst for the first five minutes of recovery
a0d may be turned off then and used only to take heart rate during 10th apd 15t
minutes of recovery
At 15 minutes gasometer valve 13 closed temperature 1s recorded and final read
ng 18 noted
Two expired mir samples are taken from gasometer (3 15 minutes of recovery)
After gasometer 13 emptied valves are turned commecting Douglas bag to 83
ometer and 1mitial reading 13 noted Two samples of contents of bag sre drav2
from small side tube on bag as gas 1s forced to large gasometer for measuremett
of volume Dag 1is finally rolled to expel all par connection clamped &%
gasometer volume and temperature are noted. (Three munutes of recovery )
11 Barometne pressure 13 recorded
(The work expenment &s carried out nbove required at least thres and preforably
four men to guarantee smooth operation )

Calculations and Data Obtained from Work Experiments
1 Blood pressure at rest (sitting) and immediately following exhausting Fud
2 Continuous heart rate record counted to obtan following
Rest (sitting)
Maxmum unng walk (sixth mnute)
Maximum during run (usually last manute)
Furst five minutes of recovery May be counted by muxsecond smtervals £
first minute of recovery and longer intervals up to five minutes
At 10 munutes during recovery
At 15 minutes during recovery

-
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Work Metobolism—Treadmill 345

o

Blood sugar snd blood Jactate 1 mg per 100 m!

& Donng walk

b At S 10 8ad 13 munu es dar ag vecove ¥

Metabohsm dunng walk Tun mnd re.overy are caleulated as deseribed m pre-
vigus sections

Qxygen debt  Th s measurement s the duerencs 1w oxyg n con zmptron for
feteen muutes following the run and the basal Tequirement for that period
To be complete the period showld de 60t autes

ES

)

‘Example of 8 Protecol of & Typical Experiment

BAR PRESSLEE 401 mm 1ig TI350T FACIOP 5 ¢
BUBJECT B DATE CASOMETER TFMP 34 C X em TP FACTO (886
Grale BGo% | B/3/49 COMBINED PACTOR 4 68
WAL FPIRG (ETFR | DIFF | FU LW NAPY TRCE |G
35 mph REATINGS em P <0y 0 FQ 2 Leen
Lo Y i
4 iy it
5 131 8 197 459 168 997 40 197
[ “10 PR L ¢1 1557 691 517 181
HR 705 ph
[ .
1 w9
1y 08
310 11 %00 40 1048 108 440 35
L 440
3 534 ¥4 98 43 166 118 416 8
3y 633
4 31 18 3 487 166 117 41 384
8% 0
5 85 195 908 407 1661 119 41 370
Fesovery
Baer
o wm 47
3 445 98 68 404 1R0% 136 °3s 158
T somete
3 mns 48
5 165
: 3
3
i i
3 458
15 16 483 193 353 1 % 106 o 600

B 110 cnumpton = T30

Det O debt 1n 15 m uutes

Bx(158-0 B) +1” (0E0-030 == 7481ters
Precantions

I The whole methot dep nds an good sampl ng so be very careful Rinse out ut Jeast 3
times before draving the Fual sample
Accarate tumng 19 almost a3 vapartant &3 soourate samphng
Xt w2l be noted that the tno values for tho nslk should azd do che k quite elas Iy
snd sum Jar 7 for the last thres minutes o7 (he run  Gemernlly & wan must rus at
3 at two minutes at ths grade of nork before the maumum 13 ohtamed
Wa hava found that the axy~ u & bt for 1u m zates 15 onlv ronghly propartional to
the total oxyyen devt  For precise measur ment the period showld be 60 msmutes ar
until the O consumption approaches the basal Jevel

w
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Physiclogical Measurements

5§ Gasometer readings &re taken every holf minuto durmg run

6 Expired mr saraples are taken over sn entire mumnute for the second, third foarth
and fifth zirytes (the first nunute 15 mot of suficient value) or for as loag as
tho subject runs  Samples of less than 20 seconds are of doubtful valne

Pr Y After Exercise

When gubject stops yunmng by jumping to a straddlmg pasthion (keepug the

mauthprece 1n and the nose chp on), the following must be doas precsely at the

tie he staps ruamng

8 Valve at treadmoll superstructnre 13 turned to collect expired awr tn Dovglas
hags for three minutes

b Cardiotachometer tape 18 marked,

¢ Time 13 noted

@ Treadmill 1s stopped  Subject mts on tall stool m place on treadmil shil
breathung through mouthprece

As 00n a8 possible the following additionsl steps shonld be taken

a Final gasometer reading 18 taken

b Temperature of expired aur 1n gasometer 18 noted,

¢ Qasometer 15 emptied  Connection removed from mimpg chawber and plaeed
on direct counection to gazometer Valve turned for colfectron end yeadwg
noted

Blood pressure 13 taken as soon as possible, preferably dunng tbe fissh muete

sfter subject stops runming

At the end of threa mroutes valve at treadmill superstructors is tarned to gas

ometer

Qasometer readings are taken everv mumute dunng the yemaunder of the 15 ma

ates

Finger blood samples fur blood sugar and lactate are taken at § 10 snd 15 mt

utes during recovery

Cardiotachometer 13 left ruaming at least for the fir ¢ five munutes of yecovery

#8d ey be turned off then and used anly to take heart rate during 10th and 15tk

runutes of recovery

At 15 minutes gosometer valve 18 clo od temperature 13 recorded and Sual resd

1mg 18 noted

Twa expired air samples are taken from gasometer (3 15 mnutes of recovery}

After gusometer 38 emptied valves ure turned comnecting Douglas big 10 5o+

ometer and mtial reading 19 noted Two samples of contents of bag sre Gravs

from small sde tube on bag us gas 1s forced to farge gasometet for medsorement

of volume Bsg is finally rolled to expel all axr copnection ¢amped 2

gasometer volume and temperature ave noted  (Three minates of recovery)

11 Baromeinc pre sure 19 recorded

(The wars expenment a3 carried out above tequired at I ust three and
four men to guarantee smodth operation.)

Caleulations and Data Ohtained from Work Experiments

1 Blood pressure at rest (mtting) and immediately following erhaustin
2 Continuous heart rate record counted to obtan following

-

1

@ o e oW
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o
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preferab¥

g T

2 Rest (sitting)
b Manmum dunng walk (nxth mirute)
¢ Maxmum duning run (usually last minute) s tor
3 Fust five mmutes of recovery May be counted by swsecond inter?s!
$r t winute of zecovery and lon, rintervals up to five munutes
& At 10 mmutes dunng recovery
£ At 15 minates dunng recovery



Work Metabolism—Treadmill 345

3 Blood sugar and blood lactate tn mg per 100 mt

& Dunng walk

b AtS 10 and 35 minutes duning recovery

Metahoh m durssg walk run and recovery ave calenlsted s described 1 pre
vions sections

Oxygen debt  This measurement 15 the & Fevence w oxygen comsumphion for
fiftean mmutes followng the yun £nd the hasal zequirement for that penod
To be complete the persod should be 60 mzutes

IS

@

Example of a Protocal of 2 Typical Experiment

TaR PBESSURE Ibl mum llg TISE ST FACTOR o
SUBIECT B DATE GUSOMETER TEMP 34 X em §YF FACTOR © 598
Grade 8 627 8/3/49 COMBINED FACTOK 4 6%
WALE. SEIROMETER mEy ¥ILMONARY TRUF N
25 mph READINGS em vEarn co o | &g | o | owme
om 13N d 5/MIN
4 Hins 4%
5 131 85 9 450 26 6 007 470 18
§ it 2 e 4 1587 0401 517 isL
Hon 0 mph
Omny 45
1 169
1% 26
2 340 11 ane 40 848 10 440 35
2 4o
3 534 184 908 48 366> 114 416 3T
2 631
4 71 15 ® 489 186 117 417 38%
4% 220
5 g5 e 998 44 1861 119 417 3 9
Heoovery
Bag
0 mg 47
2 445 wy A 404 IBOR 18 25 158
i asometer
3 mns 43
H 185
7 e
? 228
1 388
12 458
" 516 168 13 23 1.9 108 3130 060
Baal O onumph n = TI0
Net O debt 1 15 nunutes
X (158 ~030) +1 x (060~D30) = 43kt rs
Precautions

1 Tha nhole method depends on good samphog s0 b ve y careful T e out 8t least &
times hefors drasiog the final sample.

Accurats t m ng 19 almost ag 1mportant 22 recurate eamip! ng

It wilf be noted that the two values for the walk should e8d ds cheek quite elosely

208 mmdarly for the last thiee munutes of the nm. Generally a man must run at

Jeast two mututes at th 2 grade of work before the manmanm 19 abtawed

Wa have found that the oxygen debt for 15 munutes 13 only Tovghlp proportional o

the tofal oxygen debt For premse meamarement the period should be 60 2 autes or

antil the O consumption approarhes the basal level

e
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SECTION VI
PHYSIOLOGICAL MEASUREMENTS (Contmued)

E PULMONARY MEASUREMENTS

1 Aiveolar Air m Rest and Work
A. IN REST
Reference
DU D B Hurxthal L. M., Ven Caulaert, ¢ Follng A, snd Bock, A. V. The
Carbon Dioxide Equilibrium in Alveolar Air and Artenal Blood. J Buol Chem 78
203313 (Aug) 1027

Principle
Alveolar air s that portion of the air in the lungs that is 1n contact with the alveolar
walls  According to the concept of Haldane, the last portion of expired mir at the
end of a forced expiration mey be taken as representative of the alvealar ai of the
whole lung

Apparatus

1 Alveolar air sampler (see hins drawing Fag 50) Thus 18 s modifieation of the
Haldane Priestley tube with a three way stopeock between the rubber tube and
the mouthpiece The smaller the dead space in the valve the better The rubber
tubo must be at least 3 feet long

2 A number of gas sampling tubes (Barcroft type) The tube completely filled
with mercury mcluding the bore above the stopcock 15 attached to a ssmphag
outlet on the part of the cock carrying the tube

3 A nose chp

4 A clean mouthpiece

5 A TzMane ges suslyms apparatos

Reagents
1 Cl en mercury
2 Reagents for the Haldane gas anslyzer

Procedure

The moutbpiece und the nose chp are adjusted on the subject after he has rested

for at least oue half hour

The cock has been turned 50 that the subject 13 breathing directly iato the room.

Towards the end of a normal expiration the valve 1y turned isto the rubber tobr

end the signal ‘Blow ’is given

The subject expires foreibly and completely without wmspinng after tha 8 goal
Blow 18 given The tap 18 immedistely turned back so that the subj ct mav

breatho normally Ths mansuver Jeaves s sample of alveolar air in the tube

A sample 18 withdrawn from the tube 1ato a gas sampling tube

The sample 13 then anslyzed m the Haldane apparatos for carbon dioxide ulone

348
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MOUTH PIECE

J
THREE WAY
ALUMINUM VALVE

GAS SAMPLING TUBE

ALVEOLAR AR AT REST  ccwnor

—Arrangement of val es and sampli € tubea fo collecting alveola air by the Haldan
P tley technlqu

Fie 50



PARTIAL PRESSURE OF A GAS FRO
BAROMETRIG PRESSURE AND PERCENTAGE gF GAS FouND

PARTIAL
BAR%)TQL PRESSURE PERCENT
METRIC mm Hyg 1
PRESSURE Y
mm Hg 8001 0
800 700 =
7504 600 75
7007 500 7
6507
E 659
6003 400+ 804
5503 3004 553
5004 2504 503
4507 2001 459
1 1 4
4007 3
1 150 40
350+ 1253 357
1 loo e
3004 90 304
2807 807
2607 704
240 60 8
220 501 51
7 ] 211
fgg— 404 20
1 E 19
180 354 Irs
1704 30: 17
160 254 167
1509 1 151
1404 203 144
1304 13
1207 159 124
}10 1
:ooi 1ol m1

G EGORDON
Flg §1-~~Nomogram for estimating partial pressure of a &, from Parometric pressure
50 DorGentage Of fas found, Lay TUIE 10 sonnect the two Sutside scaiee af the proper poldts
for total barometrls pressure (Torrecied for tension of Squeous yapor) and percéniage of £xa
found. The Parilsl pressure (mm HE) of the gas will then de indica e at the point where e
ruler crosse the ce ter scale

Y
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350 Physwological Measurements

2 The hine chart Fig 51 gwves directly the partial pressure of & gas from the per
centage and barometric pressure corrected for vapor tension Iu the case of €0,
it 13 necessary to ume some factor such as 10 to ensblo the right hand acale to be
used The reading 1n the middle seale must be corrected aceordingly

Precautions

1 Draw the sample as scon as possible after the expiration

2 Be gure to gtve the signal Blow only after a normal expiration,

3 Bubjects have to be trained 1n this procedure to give relble results

B I¥ WORR
Reference

Henderson Y and Haggard, H W The Creculaton std Itx Messurement Am

J Physiol 73 193 253 (June) 19°5
Principle

Durmng work resprration is mot under the same easy voluntary control as it s 10

rest. Hence the procedure for collectiny, alveclar air i rest canpot be used in

work. A device of ¥ Henderson and sssociates collects samples automatically

It utilizes the shight negative pressure which 1s produced during 1nspiration o suck

samples of the last of the wto 8 bottte

Apparatus
1Y ] for slveolar ar, duting exercise {se0 Fag ¥7)
2 Gsg samphg tubes (o0 m! volume} filled with mercury
3 Other apparatus ag for work metabohsm

Reagents
1 Clean mercury
2 Reagents for Haldane gas apalysis
3 Water acidulated shghtly with sulfuric 2ad for filling the apparatus

Procedure
1 The mouthplece end nose chp ave adjusted on the subject when the metaholic

collecton period begins

Al clamps on the alveolar air sampler are closed

TWhen 1t is desired to collect a sample of 8lveolar arr the steps are

& Attach s gas sampling tabe to the rubber outlet

b Open clamps 1 2and 4.

¢ The depth of the tube 1n the 2udulated water 15 determined by the depth of
the subject & respiration 1t 1# ususlly about 25 mm

d. The air is allowed to fush out the chamber for at Jeast 2 miukes

e Clamps 1 and 4 are cloged.

£ (lamp 3 14 opened

& A sample is obtamed by opeming the cock of the sampling tube

% Analysty of earbon dioxide 1s performed in the Haldane gas suaiyss apparetus

s

Czlentation

Same as for alveolar air 1 rest
Example

Bame as for alveolar air in rest
Precautfons

Bame as for alveolar air in rest and in addition
1 Aerdulstion of the water mn the collecting epparatus iy necessary to

sorption of CO

preveat &b



Functional Residuol 4 351

' Functional Residual Awr
Reference
Cournsnd A BeWwiz & DeF Dathogp R € sxd Richards D W Jr  Studies
on Yotrapulmonary Mixtures of Gaves IV The B grificances of the Pulmonacy
Emptyiog Rate and & Sumplified Open Cirewit Measusement of Resmdual A J
Chn Investigation 20 631689 (Qet) 1941

Frinciple
Practieally all the mtrogen 1 the Jungs 15 washed out by Beven minutes of breathing
oxygen The total exp red wir ts callected measured and Amalyzed for Ny The vol
utme of the gas space 1» the lungs 53 ealeulated from these data  An appropmate cor
rection 13 made for mitrogen freed from éalution tn the blacd
Apparatns
1 A 300 fiter Tissot gasometer 1s used with comnections ga shawn lo Fig 33 ia
which the symbols mean the follow ng
M--mouthprece
Aly—~Evacuated gas samphng tubes
Y4V ¥V ~Thres nay respuratory valves
¥ F P F —Ons way rabber fiutter valves
D-Rubler anesthesia bag
T—One hundred hter (Tassot) gasometer
B~Valve ard attachment for obtaiming gasometer samples
a The mmin & cutt 23 essentrally that used fo open errémit measurement of basal
metabolism except thet the inlet arm comes from 8 reservoir bag B whichk 18
eonpected t0 an exvgen tawk The vahio V 13 &n emsentist festure but may
be tmprovised 1n var ous wave It must be near to the mouthpiers 3 20 that
there 13 meghmble dead space be 11 the sabjects breathing can be shifted
from raom air te ox¥gen tn the €00W & E or ads etemt thers shoald be suy
sustable alveolar sampling device (Picturbd 1n the diagram es evaculated
sampl ng tubes inserted through holes in the rudbber Eublng conneetion) The
recarding pen ead drum D are wseful but unessential parts of the apparatus
The dead space under the bell of the gasometer T should be measured before
wang the Apperatus A eatisfactory eccurdey withsn 00 mi may be attemned
by geometr ca} caleninhion of the spuce equally easy and more aceurate meastre:
ment ean be made by adding a kuown valume of oxygen io the dead space
volume of oom iz through the thermometer socket (2ot shown on d:agremy
»ud analvzing the miztura m the bell
€ 18V == vol O ndded DS == dead space under bell & = © N yq oxygea mp
Ply b=¥ N mm xture under bell

-

_ Yo-a
P8 = ~3yTy

A Van Blyke manowetric apparatus should be available for anslyms of the Ingh
oxygen mixtures A Scholander gas snalvzer is equally aa good.
Hoagents
I A tank of oxygen
2 Resgents for Van Slyke or Scholandor spparatus
Procequre
1 Wuk YV turned to the mids ciremit Rush the mawn errcult wed gasoweter sx con
secutive tunes with oxygen Then turs V to connest mam aremt to outsde alr
and mamtain an oxygen flow approx mately equal to the subject s ventilation,
2. Rave the subject under bassl conditions rechiming with & one or two pillow kead
rest  JYosert the mouthp ece and put on $he nose chp
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Take the 1mtial gasometer reading

Turn v to connect to gasometer

Observing the subject s respiratory rbythm and bemg sure that he 13 breathing
easily turn V to the mam ciremt exactly at the end of a norma) expiration
Have the subject contimne breathing oxygen for 7 mumutes adjust the exygen
flow as neces ary to keep the bag B nearly full

During this time prepare the side cireuit for alveolar samphng

At the beginning of the expiration closest to the seven mimute point turn the
valve ¥ to the side cirewit and instruct the subject to exhale formbly Take the
alveolar sample The subject may then be disconnected

S o

o -

OPEN GIRCUIT APPARATUS FOR MEASUREMENT OF RESIDUAL AR

Alv

Mamn circut

M fa Gas inlet
V2 F3
l o
-
= Sde aircurt

Fig 53 —The appa atus used by Cournand Baldwin

F4

Darlng and Richards for estimat! £
functional reslduat ar

9 Flush the mam creust with spproximately 10 liters of oxygen and close valve A\l
10 Take second gasometer reading and temperature
11, Take two samples from the gasometer after first flushing the gasomete

wath the first portion of the contents .
12 Repeat steps 1 to 11 for a check determination after 14 hour interval sisko
13 Estimate the mitrogen ia the alveolar and spirometer gases usiog the Van Sly

epparatus or the Scholander gas analyzer

r tubtng



Cardiec Output {Grollman}

Caleulation
Symbols

FP4 {dry) = funetional res duel a1x 1n ol (ealeulated a8 dry gas)
V == volome of spirvmeter gas corrected ta ¥ U (2ry)
D3 == valume of dead xpace undes gasometer befl corrected to 37 C
& = ¢ N {+ other tnert gases) 1 oxvges supply (usaaliy £ 05¢)
b= < N from pavometer pnnlysis
Al N = ¢ N 1 slveolar sample

© = correction for mitragen from bload  (Ses farmela befow )

DS = body surface of subject in square meters

BP == baromatria pressuce mw Hg

Equations
VDY (b-a) -0
1EPs (i = 2 PAL o0 2T
= Substitets value of C from following

_(BIx965) +3
Ol =g

3 For colelation of FRA saturated with water vapor &s exists lapproxiwmately)

within the lungs

B
FRA = FRA (dn) « Fp—g

Exawmple

Vonas 021f DS 0 31 2 03 b 8307 Alv N 200~ BS 1758 m and

BP 760 mm g
IFPANtesdy=
("0 1 +0 2) (830~ 032) - (365 x 375 + 35)/800
3T -3

= 06
FRA laters wet =

206 x

== 219

60
60 - 47

Precautions
This method depands upon
1 Acturute samphing
Accurate timing
3 Ext emely accurate analvsw of eamples of gas hieh 18 oxygen

3 Cardinc Qutput (Groflman s Method)

Refezence

Marshall E K Ir ard Grollmen A A Method fo the Determnat on of tha

Curealatory 3inote Volume m Maz Am J Physot 86 127137 (Aug) 38 §

Grollmaz A aod Marthall E K Jr  The Tune Necessary for Rebresthing iz a
Luag Bag System to Atimn Yomogeneons Mxture Am J Phymol 28 210116

{Avg) 19 8
Principle

The =ubject breathes acetylene which dssolves 1n plasma but does nat combine
with hemoglobin Lipoide or other constituents of the Blaod. The quantity absorbed
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ts measured and £rom this messurement and the coefficrent of ralubility of acetylene
m plasma the guantity of blood which hay passed through the lungs 11 calenlated.
The blood fowr through the lungs 1s sffected by the rebreathing of acetylene Heace
wm order to calculste the true cardine outyut 1o that wmmediately preceding the
b P ¢ from the exygen absorbed
durmg rebreathing and the blood flow dutng the rebreathing as determined by
neetplene sbsorption  The tots) oxygen coasumptean tmmediately preceding re
breathzng davided bv the arteno venous oxygen dillerence @wes the cardiee output
prior ta sebreathing  In the analyms of the pos samples thees pases ars absorded
avd a fourth 13 obtamed by Qifference 'The anslyss 18 perforwed 12 & machwzs
smilar 1w proeiple to that of the Haldane previously deseribed These ate two
machines in vommon uzse  the Grollman Haldane acd the Krogh ¥aldane

Apparstus
1 & Grolh Haldapa app This app: has an extra absorption tube
far the sualysis of scetylene
2 A robber bag tonnectad to g 2 way valve
3 A sack of gas sampling tubes 30 ml volume
4 A for & ate

Reagenty
1 A tenk of oxygen gas
2 A tenk of mir
3 A tank of acetylane gas
4 Same reagents ag for the Haldava plus an acetvlene absorber 20 gm of mer
curse eyamde aed § gm of sodwm hydromids are thasolved snd msde up t0 100

mt of water
Procedure—Estimation of Totsl Oxygen Consumption

3 h & the of 73 estimate the oxygen ¢on

sumption of the subject a3 d bed under bol
of
1 Depending an the subject & activaty 811 the bag as fallows
Oxygen ‘Acetylene

Rest 53 000 m] 500 700 =i
Actseity 500 700 m} 100 500 m 500 700 mt

2 Ip 13 essential that the bsg mixturs mamtain near saturation of the arfensl blaod
throughous the parod of rebresthing

Prepare & series of evacuated gas samphng tubes dvitha
The muxture of O N end acetylene is rebreathed from & bag equippes ealve
2 wey valve £ud aleo equipped with two swmall outlets between bag an

for takiny gas samples
The subject with mouthprets and nose clip 1n place ay fnstructed to :xbs::‘::::
pletely, at which momest the velve §a turned 3o connect hum £0 the hlg)t' S
e v then mmstructed to rebreathe the bay contents sepidly and contplel :‘ ym!
without tndue effort The speed should be set s that 56 ‘breaths ars comp!

fore ssmple I 1s taken (Ses helow)
;’: s esﬂnful to complato the rebreathing within one erezulation of t!h::m
At rest totel rebresthing time must be not more than .0 seconds an

tivsty D0t more thean 15 zeconds

%;::; .: :::gng aubject collect Semple ¥ after 20 seconds of ubmn:;nsg. m-ps;f
Sample I after 18 20 seconds In work take Ssmple Tafter 7 reconds ea

11 efter 12 seconds

> e

e
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Procedure~~Analysss of Samples
1 The procedure for analya & 1s essentiatly that of the Haldane machme wath 8 fow
3 Ferences
» After the inshis} dotal volume reading the gases ere passed 1nto the ROX ex
actly B tames 2o more and & single unchecked reading ig obisined ‘The zvarem
for tlns aa that acetylena 1s stightly soluble sn KOOI
The acetylene 13 then absarbed. Dus o the formation of the whits preuipitate
it v difficult to resd the menssens mark  Thy dufficulty 16 aveided by heving
& series of masks on the tube and bv uming thess succewsavely beginmng wih
the bottom snd ascending a3 the mark heromey rndistinet
+. The oxygen 1 absorbed 85 1n ardinary gas enalyss.
Caleulstions
1 Volume of Jung bag syttem 18 reduced during rebreatbing mrnee the yum of the
© snd GIT absorbed te greater than the CO ehminated N takes no partin the
resictions the increase in its peseentage 13 proportions) fo the decresse in lung
Dbag votume The relativo gas volumes at the fued of Sample I and Bample T
ure then

Vo= ok TR (Equation 1)

2 The smount of (LT shaorbed 1 proportional to the mean CyH, tenson dunog re

breathung and to the eolubility coefiesent of GH, 1w blood
o

com A ZOR L TOR (Bquation )
and m! CH sbsorbed/hter blood during iotervel between Sample I and Bample

L, T x “CH  x(B-4)
o ey (Equation 3}
whete 740 18 ol O, which wall be dissolved by blood at 750 mm Hg ¥, pres
#u18 5t 87 C B3 obssrved barometne preasure snd 47 19 vapor teasion of water
at 37 €

3 The blood flow threugh the lungy is determined by the ratio between total GiH,
sbaorbed dunng perrod of obaervation and the queatity of G, sbsorbed per
Rter of bleod. Laters blood fow through luuge during ebreathing (1s lters
cardise output dunng rebresthing) ==
(U "CGR -V x GH 3} x ( 60 x 100)

(0% 5%GIG ) x (B - 47)

4 To obtan terdae ouiput prior 1o zebreathing 1t 18 Bow pecessary ta caleulate
the arierio venons oxygen difference dunng rebresihing ths quantity o2 O ab
morbed by each hiter of blood 1 1ta passage through the lungs
A -V oxygen Sifference 1 mi =

(Fex 0~V 2250, ) x {40 x ' GH ) x{B~47)

i x G =V % 7 GH, ) % 760 % 100 (Equation 5)
Combeniag the factors 740 760 wnd 200
A -\ Differente =
(VX0 =Yy x 70 ) x (B - 47) x 000824 x ¥ GH
TGR GH, =V % LIy
Subetituting values from Equatson 1

{Equation 4)

A~V difference ==
Vex o0 =Yy x ¥y x

) % (B = 47) x 00874 x & O

)
¥, % 7 Ol = Yo x P OB w x —x5 )
And Vi caneals out lesving
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A -V difference =

7N,
(%01 ~ %0u x ™) X %CHu x (B = 47) x 00097
“oRy
(GGH = %CHy x —Nu ) (Equation 6)
5 Cardiac output, Ymun prior to Tebreathing —
Total oxygen consumption ml/mm
A =V oxygen difference ml/l bloasd

(Equation 7)

€ Stroke volume ml per heart beat ==
Cardiac output J/min
Pulse tate beaty/mm % 1000 (Bquetion 8)

Precautions

1 This 13 a dufficult method. Much practice 3s required on the part of both te
observer and the subject to obtan consstent and reproducible results

2 The calculations above derive step by step the final equations which are used
1 routime caleulation Equations 8, 7 and 8

4 Pulmonary and Circulatory M M

Acetylene
Coulson Smith € and Seyfang A P A Colonmetne Method for the Estimation of
Small Quantities of Acetylens 1n Aur, Analyst 67 39 41 (Feb ) 1942

Ballistocardiograph

Nickerson J L  Symposim on Cardiac Output The Low Frequency Critically Damped
Balhstocardiograph Federation Proc 4 (2) 201 °06 (June) 1945

Nickerson J L Bome Observations on the Ballistocardiographic Patters With Spectal
Reference to the H and K Waves J Chn. Investigation 28 369 377 (Afarch) 1949

Cardiae Output

MeMichael J and Bharpey Schafer E P Cardiac Output 1n Man by the Direct Fick
Method Effects of Posture Venous Pressuro Change Atropme and Adremalme Bnt
Heart J 6 (1) 3340 (July) 1944

Ring G C Gresheimer £ M Buer H N Oppenheimer M J Sokalehuk A Elhs D
and Friday 8 J  Electrokymograph for Estimation of Hesrt Output Companson
With Direct Fick 1a Dogs Am J Physiol 161 231 35 (May) 1950

Ring G C, Sokalchuk A, Buer H N, Pude! H Oppevhemer M. J, Friday 8 J, snd
"Navis ‘G Electrokymograph for Estimation of Heart Output * Companson With
Btewart 1n Dogs Am. T Physiol 161 236 238 (May) 1950

Seely B D and Gregg D ETechic for Measuring Cardiac Qutput Directly by Can
nulation of the Paimonary Artery Proc Soc Exper Bio} & Med. 73 960 2.0 (Feb)
1050

A Study of

Warren J V Btead E A Jr and Braneon E 8  Cardiac Output 1 Man
Some of the Errors in the Method of Right Heart Catheterization Am. J Physiol.
135 459 464 (Feb ) 1946

Werko L Bersens 8, and Lagerlof I A Companson of the Direct Fick and the Groll
man Methods for Determination of Cardiac Output 1o Man J Cln Iavestigation 28

518 520 (May) 1949

Catheterization

Bing R J Vandem L D, Gregowe F, Handelsman J C Goodale W T and Eckeshoff
JE Catheterization of the Coronary Siunus and Addle Cardiac Vein 1a Man Proc
Boe Exper Biol & Med 66 (1) 230 24D (Oct.) 1947

Cournand A  Measurement of the Cardiac Output m Man Usng the Right Heart
C: D D of Validity and of Place in the

of

Study of Cirealation Fed Proc 4 207 212 (June) 1935

Cournand A. and Banges H A Cnthe!enznt(lon of the Right Auncle in Man Proe Soc
Exper Buol. & Med. 46 462-466 (Afarch) 1941 "

Conrnand A. Rauges H. A. and Riley R L. Companson of Remits of the hormal
Ballistocardiogram and a Direct Fick Method 1n Measuring the Cardiac Oatput
Man J Chn. Investigation 21 (3) <87 .03 (May) 194,




Miscellanrous References 3aT

tasrnand A. Ralev R L Breed, E 3 Ballwiz, E de F and Richards D W Jr
Measuremont of Carcize Output 1 Maz Using the Tectmgque of Catheten ation of
the Pight Aunch or Ventnele J Chn Investigabion 24 (1) 106-116 (Jen) lﬂio

Dester L Haynes ¥ W Burwell C 3 and Eppumger £ C Sagerson B P
Evans J M ‘tudlex of Congenital Herrt Disezs 1L The Pressure aznd O Cont ent
in the Raght Auncle R ght Ventncle azd Pulmonary Artery an Control Patients
Tisth Observations oa the O Satura o and sourco of Pulmonary  Copillary  Blood
I CIn_Invest ation 26 wod 560 (May) 1

Dext r L. Haynez B W Burwell © D Eppmger E G, Rewel B E and Evsns J 31
Btudies of Congemital Heart Disease Y Techmaue of Verous Catletenzatwn as &
Diaguostic Procedurs J Chrn. Investigat on 26 547 53 (May) 1947

Cerebral Cixcnlstion

bey 8 8 acd 8chmud C ¥ The Hitrous Oxads Method for the Quantitative Deter
munston of Ler bral Bleol Flow 1o Man Th ory Procedure and Normal Valves
J Cha Imvestigatron 27 406 483 (Julv; 1943

Eety 8 8 The Quants ative Determination of Cerebral B!oud Flow 1a Men Mgthods
18 Mediea] Research Clueago Vol I 1948 Yearbook Publisher

Myerson A, Hslloran R D and Hws h H L. Techmiqie far Obtawning Blood from
the Interns} Jugular Ven and Interns} Carot:d Artery Arch Neurol and Fyyelat
17 {8) & 7808 (June) 19.7

Clrculation Time

Wesler J and Vhattenberger J L Objective Method for Dmmmmg Cirenlation Tome
fsom Pulmonary to Bystemic upumnes by Use of the Ommeter J Chm Investigs
tion 25 (3) 44 450 (May) 1946

Coropary Blood Flow

Eckenho{f J E Hafsepschel J X Narmel M H Goofale W T Lubn M Bin,

d Kety B 8  Measwew at of Crouary Dload Flow by the Mitrous Gude

Mcthvd Am J Physiol 153 11) 306384 (Feb 1048

Elactrecardiograph

Gropiae! A and Whte P D E)eclmcardmgmplzy wm Prachioe ed ® Poiadelphia
London 1346 W B Slundun Compaz;

Katz L. N Exercises in oguphu: ed 1846
L v Pebiger

Uas Tension in Blood

Boos A, and Black B Dutect Determmatian of Partial and Total T as ony of Respera
tory Gas s 12 Bloo, Am.J Phisal 160 103 1 b (Jan ) 1950

Lnng Volume

Herrald ¥ J € snd Mcd:t hael T Determunation of Lung Yolume A Sunple Constant
Volums Mvdxﬁcnlan of Chnstie s Method Proc Roy Soc Lordon 126 (BS45)

nmx(.cm)x M e und Method of Determmng Lung Capacity Chn S 4 (o) 16713

Dee

Mezeely @ r and Faltre der N L Lse of Helum for Determunation of Pu'monary
anmcy Iroc Sov Exper Biot k.‘.red 46 (1) 66 60 {Jav ) 1851

fentely G'R end haltreder N The Vol me of the Lung eteraiaed by Helum
B lutson Ducnpllan of the Met}wd srd Companson Vith Gther Procedures J Chn
Tuvesty,at on 28 1 9139 (Jau ) 1

Bsteman J B Boot oy 3 end uexmhol WP Jr Stad es of Luog Volimes and
Toirupumonary Munng  Notés an Open Lircit ethods Tacloding we of & “vew
P yoted Type Gasometer for Lurg Clearance Studies T Ciz In estiganion 28 6 9
£98 {Julyf 2918

Pressars an:xthlng

Barck A L Fen O Ferns E L and Sebmdt C F The Dhys olegy of Pressure
?renbl;nng 1 llnef R vew of Its Present Status J Avabon Med 18 (1)} (I8¢
144
Venous Pressure

Lyoasx R H Kemnedy J A and Borwell ¢ 8 Measu ement of Venous Pre sure by the
Direct Method Am Heart T 16 (") G 56/ (D ) 193¢



SECTION VI
PHYSIOLOGICAL MEASUREMENTS (Continued)

F PLASMA VOLUME, BLOOD VOLUME, EXTRACELLULAR VOLUME
1 Plasma and Blood Volumesg {Dye Method)

Reference
Nitshe @ A Jr and Cohen P I Simphfied Determnation of Blood Volume Am
J Chim Path 17 £39 243 (March) 1947

Principle
The procedure consists of the mjection of & known smount of the dye T 18%4
(Evans Blue) end the caleulstion of the plasma voluma from the concentration of
the dye 1 the plasma after complete muning

Apparatus
1 Coleman Jr Spectrophotometer Model 6
2 Cuvettes 10 x 75 mm
3 Specially cahbrated syringes sterthzed for dye imyection
4 10 ml syringes
5 Two 20 gauge needles for vempuncture (aterile)
6 Heparin solution 110 umts/mg Dilute 100 mg dry hepann to 147 ml iotonic
saltne and use one drop for the presersation of 10 mi of whale blood
7 02 ml syringe pipette accusately calibrated.
8 ¢ m] bematoent tubes with cork stoppers to fit
9 Electric centrifuge

Reagents
1 Stenle solution of T 18°4 Dye The solutson of tha dye T 1824 15 prepared by
dissolving 7 gm in 500 ml distilled water It 19 passed through a 3G 3 Jens
mintersd glass filter and divided between a Suitable number of brown bottles and
autoclaved Following this rubber daphragm stoppers ave ipserted and the
hottley storsd 10 the dark  Speb anlufi0ps remasn atsble and stenile andefinitely
when ysed with reasonable care Each new batch must be calibrated.

‘Procedure
1 After necessary equipment bas beeu sterihized and thoroughly dned two hewato

ent tubes are placed 1m & rack Oue drop (005 m1) of heparin 15 placed 1n each
tybe Care must be taken that the tubes are chemcally elean und that the

hepanp 18 not deposited along the nm of the mouth If the tubes ave net ab

solutely clean some hemolysta may result It heparin 1s Qeposited st the mouth

1t may be cavered by the cork stopper that is to be used

The amount of dye to be mnjyected should be spproximately 03 mg/kg of bodf

weight The cahibrated ayrnge 4 filled with the correct quantity of dye

Wath the patient 1 a vechning powtion 5 ml of blood 1s Temoved from  ubi'al

ven with & dry synoge It 18 important that there be 10 stasus of venous blood.

Comsequently the tourmquet must be Temoved at least one minute befors the

blood 18 drawn ntp the gyringe

w

©
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Plasma Volume Dye Method 359

4 The measured amount of dye ts then inge ted slawly throngh the same needle
the syringe besmng filled and emptied at least five times with the patient s blood
1 order to wash out ali traces of dye
A notation of the time must be made at the begimning of the 1mje tion of the
dye  While the dye 1¢ belng 1y eted an asustant should take the freshly drawn
blood and £ill the first hematoent tube to the 10 em mark This ahould be done
quekly but with caution, sn order that there be no frothing which may cause
hemolyms The cork stopper should be inserted and the tube gently inverted
several tmex until good smuxing with the hepann 18 effected
Approzimately mize mmutes sfter beginnmig the mjection of the dye a clean
needle on & clean dry syninge 18 mserted into & cubstal vem The tonrmquet 13
removed snd tume allowed for vemous stass to correct 1tself, ard when esactly
tes munutes have elapsed from the tume of mjection of dye 5 ml of blood 18
again withdrawn
The needle and syrings @ e removed and the blood cautiously placed 1a the sec
ond hemato mt tobe which 13 inve ted and stoppered an the same manner as be
fors It wall be noted that some blood will collect at the Junction of the stoppers
and the tubes This should b carefully removed with & eotton hpped apphicator,
the corks likewise wiped off and then replaced
Both tubes should then be centrfuged for thirty mmates t 3000 rpm
The hematocrit 13 then read 1o the conventional manner
The supernatant plasma 1 removed by means of capillary pipettes placed m 10
% 75 mm cuvettes and centnfuged to remove any suspended colls
The first cuvette which contains the sample without dye 1s placed in the spectro
photometer with the wave length set st ¢ 0 milmicrons The machine 1s ad
Justed to 0 dennity with tiug semple Thae second sample which contans dve is
then 1nserted and the dens ty read and recorded.
Calibratton Curves
Each batch of dye must be used to make new ¢al bration curves The K value 18
deterznned 1n the presence of plasma at a wave length of 6 0z The procedure i
1 It 13 unwase to try to ¢alculato exactly the dye strength 1n mg/ml because each
bateh of dys seems to have 1ta own aolubulity and color chatactenstics The stoek
solution containa approxumately 4 mg/ml

o

£

-
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2 Iato 50 ml volumetric flaska ppetts exactly 1 and 05 ml of stock solution sad
dilate with distlled water The strengths are approximately 008 and 004
mg/ml

3 Prepare a batch of 10 15 ml plasma for use 1 the standardization

4. In separate cuvettes mix 18 ml of plasma with exactly Ow ml of diluted dye
This gaves plasma samples of approvunately 0 008 and 0 004 mg/mt

5 Set & control cuvette contalmng 18 ml plasma and 0.2 ml Isotome saline at
0 dennty at wave length 8 0 mw,

6 Compute K from the formula K == D/C where D is the optical denaity aud C 15
the Aye equivalent in mg/m! C 18 understood to be an arbitrary figura varying in
reality wath each batch of dye

Caleatation

1 Crelatory plasma volume mt = G‘%‘%
Whers mg dye Injected is ealeulated from the equstion (mg dya/ml solution)
x {m} 1njected) and mg dye/ml plasma Is calculated from the egoation D/h.

2 The total eirclating blood volume is ealeulsted from the plasma volume and
the hemato rit. Oze corraction has to be made since the hematoent of peripheral
blood does not necessanily equal that of the total blood, Bevers! authors have
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BLOOD VOLUME AND CIRCULATING RED CELL MASS

FROM OBSERVED PLASMA VOLUME AND HEMATOCRIT
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Bed Cell ¥olume (Corbon Monozide) 361
urged that for purposes of ealeulating blood volume ke periphersl hematoent
must be corrented by s tossisnt factor 092
{m} plssme volume) x {100)

(1403 ~ (Hemsatoent x 094)
3 Frow plasms volume and total curenlsting blood volume total ewrculsting red
celf volume mb == m} total blood volume ~ ml plasma volume
Example
Intoa O kg man were mjected 1 mg of dye  The plasma concentration waa ¢ 0075
mg/ml. Hematarnit wos 43 ml &

Total arelatmg blood volume m) =

1 Girevlating plasma volume 2
= 2800 m!

o1
Couis
2 Cozrected curealating total blood volume ==
( 300} x uuo)
TIE XD
) (:mecud cucuhung red call masy =
4632 - 2800 = 1832 mt
4 Thess ealeulations are sumplified by use of the hne chart Fug 54
Precautions
The eshibration of esch new batch of dye 1a essentinl for conmutent resylis
Hewolyms wmitistes the resulta  Although some authors have proposed meess of
cogrectingy for hematyers 1t 18 our practice to diveard acy samples fn which
‘hemolyms has occurzed
While extrapalation to zers time by employing a senea of meccessive sawples
would m all probabs ty grve more accurate velnes it wea found that m order
to obtatn s vehable stre ght hue too msny samples were vegmred to make the
method practical. Cousequently a mngle tennunute semple wae nsed, The
validity of usmg & swgle sample bas been reported by Gregorsen Noble and
Mifler ¥opper Tabor snd Wankler snd Eltinten Gider Mulier ead Phllipe
bave shown that there 13 complets Tixing of the dys with the tzeolating plasma
in ths peraod of tizme

== 463. m}

2.

o

2 Total Cirenlatang Red Cell, Blood and Plagma Volumes (Carbon Monoxide)
Reference
Root W 8 Roughton F J W and
fions af Blood Volume by €O and Dye (T 38 ) Undax- Varous Cooditions Am
J Phymal. 146 730755 (4ng) 1945
Principle
A wmeesured yolume of CO s& introdused 1mto the blood by mhalation Tha m
trease 1 €O covtent of the blood diwided smto the total amoust of $O edmic
isteved gives the blood volume Tha wndierdual estimstions reguired are
1 Carbon monoxrde content of the blogd befors and sfter nbalation of ¢arhon
wmononide
Lots o CO 1f auy during sud after mhatatson
3 Carbon moaoxide content and volure of wsgared xar
4 Rendual veabsorbed CO in the expiced oy

Apparatny

1 Brholander Roughton appaatus for estimstig carbon manoxide i blood.
Apparatus for generatiofy carkon mosoxds
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3 Douglas bag spparatus for colletting expired air The method desershed nnder
metabohic procedures 1s used with one exception  inspiration of outside wir {a
from @ six foot length of hose attached to the monthpiece et valve

Reagents
1 Those for the Beholander Roughton method of estymating carbon monoxide
2 Carbon monoxide (C0) Place formic acid (HCOOH) 1n » flask From a drop
pmg fuanel add cone sulfuric neid (H8O) Pass the escaping carbon monomde
through o trap filled with pellets of dry KOH and collect 1a & large bottls by
dwsplacing water The stored gas should be 96 to 98¢5 (O

Procedurs

1 Allow the subject to lie dawn for at leest 30 minutes

2 Draw 2 sample of venous blood without stams from an antecubital vewn using
heparin for the aaticoagulant The blood 18 collected 1n 2 syrmgs protected
from hight and stored in the refmgerator
Place the nose chip 10 place and allow the subject to breathe qutdoor air through
= mouthpiece connected With a & foot length of rubber hose one inch 1 diameter
Che outlet valve 18 conmected to & 100 hter Douglas bag, which has previously
been rinsed well wath outside air
A 210 ml tonometer contaimng CO over mercury is connected by mesns of a shart
tightly fitted rubber tubs with a 320 hypedermic needls, which 13 thrust iwte
the Jumen of the intake rubber hose
Tmmediately after atarting to collect the subject & expired mr & measured voluma
of about 240 m) of CO of analyzed purity 15 introduced mnto the ntake hose over
& penaod of from 3 to 4 minutes
Collect expired mr for 10 mmutes Durng the last 7 mumutes the snbject must
be mspiring CO free ar and the remdual CO 1n hus lungs at the end of that tme
must be ne,ligible compared to that collected in the Douglas bag
Allow the subject to rest for 60 yunutes more ang collect 4 blood samples 8t
timed 1ntervals of 15 minutes from the tame the CO was admimstered.
Andlyze the expired air and the blood samples for CO usmg the Seholander
Roughton micro techmque
Mix the gas thotoughly wm the Douglas bag and push the volume through a eal
Jbrated gasometer The total yolume of the expired sr 18 obtained by the difference

m gasometer readings
10 Estimate the hematocrit value of the four blood samples and take the average

©

-
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Caleulation

1 Increase m blood (O ml/100 ml =
(m1 CO/100 m) at zero time — ml €0/100 ml before mhalation)
whero OO at zero time 1s obtamed by extrapolation when the loganthms of the
four timed blood specimens are Plotted againsy time
Volume of CO mspwred dry STP ml =
(ml wmgect d into tube) x STP fa tor x punty factor
where ml mjected 13 measured STP factor 13 obtamned from the hne chart in the
section on respiratory metsbolism and the purity factor 12 determined by analyns
of the gas admmstered
Total volume of expred asr dry STP 18 calculated accordmg to the procedur®
given under the Douglas bag techmigue from volume wet at room temperature T
and ambient barometnc pressure
CO expired ml, dry STP =

o 00 1w expeed B8 volume of exp red air 1a ml

o

@

-

where % CO 13 determined by analysis snd volume of expired air 18 ealenlated
ag1n 3 shove



True Blood Volume 363

5 OO sbsorbed wi dry BTP == (i 00 wbapired ~ md OO exp red)
where these values are a2 found m « and 4 above
8 Totst erroutating red cell volume mb =
m} CO shsorbed x 100
TdFea.s m blood GO w100 ml
7 Total eweulsting blood volome ml =
ed )] volume % 300
Wwetags Go DARLOCHE
& Total errenlating plasma volume mi =
{tatal Liood vedume « total red cell volame)

Eramyla
W34 wt of GG was whaled st 245 C and 753 mm Hg BTP factor 0881 The €O waa
967 pure tots} volame of wet expired ax wss G816 1 with u €0 content of 0317
The extrapolated zera CO content was 810 ml CO/100 ml the content befare iohale
tion was 3 00 m} CO/L00 m}  The average hemutoenit was 47 6 ml/100 ml
1 Yacreass v Blood CO ml/100 i =

810300 =510

€0 absorbed ml ==

@y

(34 % 0881 x 098) ~ (86 16 x 0881 % 1000 » ~gor

108 « 88 == 130 mt

Total errenlatmg red celf volume ml =

130 x 10D

3 Ui

2

y =

P

50 m!

4 Total carenlating bload ealym mt =
N5 0 x 100
g = 6000 m

o

"otal plasma volame mt =
8000 ~ J50 == 3450 m)
& Thesa ealeulations may be facilitated by u e of the e chsrt (Fig 543
Precantions
1 Woith small subjects 3t way be desuable to avoid tome effeets by deereasing the
wapired GO to between 150 and 200 ml

True Blood Volume
Reterence
Esme ts for dye method snd carbon movoxrds method for sstimating bfood yolome
Principle
The dye method gives 8 relable estzmate of mrenlalmg plawma volume the carbon
mopexida extimates rebably the wirculating red ¢elt mass Csleulations of bload
vilume by either method tnvoives empirieal correttions of the hematoeris of
yeripherat ool to make 1 Yepresent Yoixt Wiood hwmutoerst Ty addition ot the
Flagme volume s determmed by the dye method and the red cell volume as determimned
by the carbon monoxade method the  true blood volame 1 ealeulated
Apparatas
1. Appsratus for plasma volyme by the dse method
2 Apparstos for red eell volume by the carbon monaxade method.
Reagents
1 Reagents for the dye method
2. Reagents for the carbon monoxde method
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Procedure

1 Estimate plasma volume by the dye method.

2 Estimate red cell volume by the carbon monoxide method
Calenlation

¢ Truo blood volume * = m! plasma volume + ml total red cell volume
Example

By the dye method, the plasma volume was 3780 ml By the carbon monomde

method tke circnlating red cell volume was 2550 ml,

# True blood volume’ += 3780 + 2550 = 6330
Precautions

Bame as for mmdividual methods

'S

Extracellular Flmd (Thiocyanate Space)

References
1 Crandall L. A and Anderson A X Estimation of the State of Hydration of
the Body by the Amount of Water Available for the Solution of Sodmum Thio
cyanate Am J Digest Dis & Nutnition1 126131 1934
2 Barker M H  The Blood Cyanates in the Treatment of Hypertenmon J A.
M A 106 762 767 (March) 1936

Principle
It 18 alleged that when thiocyanate 19 3njected 1nto the blood stream 1t becomes dis
tributed umiformly 1n the interstitial spaces, but not 1n the cellulsr mass and that
1ts concentration 1n plasma after equilibrium 18 reached 13 the same a3 that in the
extracellular flmd.

Apparatus

Sterile needles and syringss for ntravenous 1jeetion

Colemar Jr Spectrophotometer

Cuvettes 19 x 150 mm.

A quantity of 15 wl round bottom centrifuge tubes witk No 1 solid rubber
stoppers

Syringe pipettes 1 ml and 5 ml.

An electrie centrifuge

s 1

@ o

Reagents

1 Trichloracetic acad s 10 solution

2 Fern¢ mitrate solution. Dissolve 50 gm of ferric mitrate crystals an 600 ml of
water Add 25 mil of concentruted ftric serd and make up to 1060 ml witk dis
tilled water
Thioeyanate standard zolution (Use pota sum or sodiym) Diasolve 1 gm KCNS
1z 800 ml of distilled water Titrste & 0 m! portion of & mlver nitrate solution
(29105 gm/1000 ml water) acidified with 5 ml of cone HNQ with the KCNS
solution nsing ferrc smmonium sulfate as the indicator Calenlate the amount
of water necessary to 2dd to the KCNS solution to make 20 ml equialent to °0
ml of silver mtrate solution Add the amount of distlled water and mix
thoroughly (1 mg/ml}
Thioeyanate for wmjection. IDissolve 30 gm KCNS 1z 1000 ml redistilled water
Shake vigorously to dissolve sad Slter carefully through s mmutered glass filter
Store about 11 m! 1o a 15 ml ampoule and seal. 30 ml = 03 gm ECNg Each
batch must be analyzed for EChS
5 Redispilled water

@

-
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Procedure—~Collection ef Samples

Draw 15 w! of blood for 5 control sample

Naw slowly toject mtravenously 10 ml of ECNS equivalent to 03 gm KON
and tecord the tume

Draw specamens of blood ot I hour 3 hours and at 2¢ hours for analyus

Just betors wnyection of KCNE have the sublect empty ks bladder Dieard this
epeoxmen  For the mext °4 hours collect unas quantatatrvely 1z threo separats
bottles the firat for the period O to X hour tha second for the period 1 o I hours
2nd the third for the persad 3 to P4 hours

Allow esch specimen of blood to elot collect aerum and anslyze the serum end
the corresponding urize sumpls for KCNS

Procedure—Aualysts of Serum

Tipette 5 ml of tnebloracehic sead 1mto & 15 wl round bottom centrifuge tubs
Add exactlp 5wl of sarum shake vigorously aud centnfuge

Pipette exactly § mi of fitrate 1nto u cuvette

Add 1 mi fernie nitrate solution

For & blank pipette § m} of tnchlorseetie 20d mto & cuvette sad sdd 1 mb
ferne mtrate solution

6 Bet blask at 100¢ T at 550 mp and read the unknawas.,

Frocedure—Analysis of Urine
T Use 5wl of urime and add § w! of trchlorscetsc acad
» Mix and pipette 5 ml mto 2 cuvetts
3 Add I mi fernc mtrate snd read at 550 mp
4 31 reading s too hugh use smaller volume of unze sad add more tnethloracetic
aad.
Calibration Curve
1. Maks vp s zeriez of standards eo that § mi contana from 010 to 850 mg of
KONS
Fipetta exactly 25 ml wmnto a cuvette
Add 25 m) of truchloraeotse aexd and 1 ml of forne miwate 1ix snd read at 550
mu with the blank set at 100°° T
Flot mg/euvetto vs © T snd use this curve 1n the subseqaent calealstions.

[y

-

o

o

3

o

-

mg BCNS/100 mt serum o unge =

{mg 18 cuvette) x (total dilution) x 300
(g aliquot) x (al seruim of Grink 6364}

Caenlation—~Extracelielar Frald
kilograms water in extracellular fmd =
ml KONS injscted ~ tatal mg KCNS excretad at tune of blood

Tag BGNS/100 mt derum

Fxampte
Ten mi of KCNS (03 gm) wera mgacted maad leveL! =t 1 3 end 24 houss wers
T 4 and  mg/100 mi. Unoe of
vrine were 5 15 and § mg/100 md with volumes ul eo 00 &nd 200 1 respectively
kg water ta extracehular find =
Sampls T

Lid
0 - { 2% y5)

AES]

= 468 kg
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Sample II
300—(23xﬂ)~ 15 20
PGS S TV 20 Sl [ P
ix1 = €

Samplo IIT

() < (o ) - (o 3

Precantions
1 This method has never been proved to measure extracellular fuid.
2 Thiocyanate 15 a toxie drag Do mot anject mors than 03 gm/day Toxemia may
show 1tself at blood levels over 15 mg/100 ml

105 kg

§ Plasma Volume Blood Volume and E: lular Flnd, Miscell Ref
erences

Blood Volume

Relly ¥ J Smonsen D H and Elmar R Blood Y olume Determmntxan n the Human
ath ‘Red. Cells C Radivactive P (P5 ) and With Pure Human
Albumin J Chin Investigation 27 795 804 (Nov ) 1948

Nachman H. M James IIT G W Aoore J W and Evaps E I A Comparative Study
of Red Cell olumes m Human Subjects With Raduoactive Phosphom: Tagged Bed
Red Cells and T 1824 Dye J Chn. Invemgut\ou 29 °58 761 (Feb ) 1

G Blood Volume D 1th R Bnt Heart J

77 s18: (Apri) 1945

Reid Allen and Orr M A Rapd Method for Determinmng Blood Volumes by the Use

of P3z Labelled Red Cells J Chn. Investigation 20 313 316 (March) 1950

Cell Volnme

Grav 8§  The Use of Fibrmmogen m a Rapid Method of Determimng Cell Volume Am
J Med. Se 207 2939 (Jan) 1944

Extracellular Fluid

Schwartz I L Measurement of Extracellular Flmd by Means of Constant Infunion
Techmque Without Collection of Urme Am J Physiol 160 5 6531 (March) 1850

Sodium Ten

Gree) d Farah A Influence of Sodium Load on Sodum Excretion Am T
Physm] 158 " 444 456 (Sept ) 1949

T 1824

Aller A Jr  Excretion of the Blue Dye T 18.{ 1in the Bile Am J Physio! 151

229 233 (‘\Iov) 194




SECTION VII
STUDIES IN THE FIELD

A GENERAL CONSIDEPATIONS

The conduet of setentific surveys 1s far easier now than 1t was durmg
most of World War 11  When one of the present .uthors wrote a paper in
1945 summarizing, the expenience of his colleagues during the war (Johnson
R E A Freld Nutntional Laboratory War Medieme T 222 926 Apnil 1945)
the seientist had to struggle agamst diffiralties of transportstion lach of
Permanent eonstruction m many areas to house a field laboratory the necessity
to be self supporting in almost all respects and the earrying out of chemyeal
analyses under primitive conditions

In addition there was a Justifiable suspicion m the minds of many mulitary
menan the field that research sclentists were a hindrance not a help and therr
cooperstion was often miven only grndgmply By the
now 13 almost easy FEverywhere 1n the world are permanent installations
whieh can be reached 1n a few days by airr  Samples for analysis ean be frozen
2ud delivered to a well eq d base lab 'y Supphies can be ob d
by air from the United States very quickly Finally most military men realize
that the screntists are a help not a hindrance and welcome their presence—
provided they do not get in the way too much The construction of well
equipped base laboratores in important sreas has been an mmportant step for
the biologeal seientist Evamples are the Canadian laboratory at Fort
Churchill the U S Air Force Laboratory at Ladd Air Force Base and the
laboratory supported at Pornt Barrow by the U S Navy

In spite of the great improvement m conditions certan basie difculties
remamn of which separation from one s family and frtends s one of the most
unpartant The eollection storage handling and analysis of specimens 13 still
not a3 easy in the field as 1t 18 1t university laboratories Recrurtment of able
workers presents another dufficulty because 1n many urnsversitres fild studies
are not regarded as Jepiimate scademie purswits It 1s stull the opinion of the
Present guthors that some phenomena can be studied realistically only i the
Beld whatever the difficultzes that must be o3 erconte

B LABORATORY AND CLINICAL METHODS
There 13 no handbool 1n existence covering feld methads for the medieal
saences  Each worker must develop hus own methods The present writers
feel that field methods should be smtable for use m extremes of temperature
367
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and barometric pressure, should be as sunple as 1s consistent with relability
should require the use only of rugged apparatus, ind should be rapid enough
to handle the large number of specimens which field sury eys almost always
accumulate Listed below are selected references for chemical and elmeal
procedures which are adaptable for medical surveys m the field
1 Chemcal and Clinical Laboratory Methods

a Many of the methods described i the present manual have been
labelled specifically as field methods Most of the other methods m
the present manual have been used n the field with suceess
Bessey and Lowry have devised a system of blood and urine analysis
requiring only very small samples Their excellent methods require
highly tramed techmieians and rather expensne apparatus but are
otherwise extremely useful for survey work because of their re
hability and rapidity

Use of the Beckman Spectrophotometer for Ultramicro Methods
Lowry O H and Bessey O A The Adaptation of the Beckman Spectrophotometer
to on Minute Quantities of l Materials J Biol Chem. 183
633 639 (June) 1946
Serum Protein
Lowry O H and Hunter T H  Determination of Serum Protein Concentration
ath a Gradient Tube J Paol Chem 159 465 475 (July) 1945
Phosphatase
Bessey O A Lowry O H and Brock M J  Method for the Determination of
Alkahine Phosphatase With Five Cubic Milimeters of Serum J Dl Chem 164
3 13.9 (July) 1046
Inorganic Phosphate
Lowry O H aad Lopez J  Thke D I Phosphate 1o the
Presence of Labile Phosphate Esters; J Biol Chem 182 421428 (March) 1946
Vitamin A
Beasey, 0 A Lowzy O M Brock M J and Lopez J A The Determinstion of
Vatarun A and Carotens 1o Small Quantities of Blood Serum J Biol Chem 186
177 188 (Nov ) 1946
Vitamin O
Lowry O I Lopez J A., and Bessey O A. The Determmation of Ascorbic dexd
1n Small Amounts of Blood Serum, J Biol Chem 160 609 615 (Oct ) 1945
Bessey O A A Method for the Determination of Small Quantities of Ascothic
Acid and Debydroascorbic Aerd 1n Turbid snd Colored Solutions {n the Pres
ence of Other Reducing Substances J Biol Chem, 126 771764 (Dec) 1938

-

Riboftavin !
Lowry O E Bessey O A and Hull T Z  Method for the Determnatiod o
Five tenths to Two Millmicrograms of Riboflaviz J Biol Chem 155 717
(Sept ) 1944,

2 Clinscal Dhagnosis
titled  Naf
The Food and Nutrition Bosrd has produced & monegraph en
Surveys—Therr Techniques and Value Bulletin of tho National Research IC?:
ol No 17 May 1949 The chapter on clueal diagnosis presents & enticel d
eussion of the climeal study of populations

tntion



Treadmill Test of Physwal Fitness 369
¢ TREADMILL TEST OF PHYSICAL FITNESS FOR HARD MUSCULAR
WORK

Referencs
Jobnsos B B Drouwka L and Darhng R € A Test of Physmeal Fitness for
Btrenuous Exertion Bev Canad de Buwl 1 491 03 (June) 13¢
Prinviple
Thia tost 18 3 mmple vapsd meane of assessing the physest fitness of uormal hesithy
men for hard musenlar work Apy such fest wust be yudged 1y the following con
siderations
Atbletes m trammg should on the average get muech better scores than mem not
n t sming
¥or aJarge group of untraised men t) € scores should runge widely fzom bad to good.
3 Normal men ros i ra mng should be able to wmprove their ¢ aves by following
& progrem of hard phystest wark
Ta the case of any given man the svore should 1n geveral agres with the fudg
ment of traimed cbservers with the results of other rehisble te t5 and most 1m
portant of all with the man s demonstrated prymeal czpzéities w actual per
formance of hard work
As yodged by these eriterw certain tests now m common use Bre of hitle value i
asscynng fitness for ha @ museuler work In our expeneace whea hard musenlar
work 13 1n quest on one Twst expose the subject to bard work 12 order to test hum
aceurately  This s chrefiy because the easier the work the smaller and less regular
are the dillerences between the £t and the unfit Bal sfactory assessment of 4 mas 8
Biness far hard end p clonged work such a3 mavehvg lone distances can be made
by eubjecting hum to e standard exhaustng exere se and taking inis sttount only
o0 factors she I ngth of time he can sugtain 1t and hus pulee rate 1n recovery after
the work s over
Apparatug
3 A motor dnven treadmsll
 An aceurats stopwatch

-

Procedore

Tho subject werms up by wallung wphll for § mumutes st 35 mules per hour a2
& grade oF 86/

He mts on & thawe for & m nutes

3 At a sugnal be begaws to ran uphill at » speed of 7 miles per hour and & grade
of 867 1t not exhausted he 1 stopped st v minbtes The uration of the runm
19 50ted to the nearest second

4

Commeneg mes unng the time of recovery £ om the tume when he stops
Count the radial pulses from 1 to 15 from 3 to 25 and f1om 4 to 45 muutes
of recovery
Cafraiation
Atbatrary seor of phywical Atnesy =
{peconds the subnect ran) x {100)
{ ) x (sum of three bBalf ninute pulse rates)
Example
Tha nibject ran 3 miztes 43 seconds, Iha thres BAW minute pulse rates were 65
0 80d 60 respectively
1 Asbitrary seore of physmcat fitness =
5 x 100
TEas =8
« The hud eheet Fig 5 fardhitates thess computatious.

<




LINE CHART FOR CALGULATING INDEX OF PHYSICAL FITNES!
(HARVARD FATIGUE LABORATORY) a
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hard muscular work fn the treadmill
Fig 65 —Calculation of Index of ’*’,’.’éﬁ“ .:én:?:p'%:.u
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LINE GHART FOR CALGULATING INDEX OF PHYSICAL FITNES:
(HARVARD FATIGUE LABORATORY)
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Fig 65—Calculation of Index of pny-lcal fitness for hard muscular work in the treadmill
ck and step teats,
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£ The times mentaoned should be follawed ay strietly as possible
5 Ohservers unnecustomed to counting the pulse rate n exereise musb practice
counting reptd pulses befors they ¢an be expected to obtamn mecurate results.

2 The Step Test
Refersuee
1 Brenbz L Geaybiel A apd Heath ¢ W Rev Canad de ol 2 8601 1043
® Johpson B E CUrowlev L V Doy £ A Jr Swan B L. Price J I Saffell
W B and Janes E O  Test of Qperational Retion Type X pagey 6770
{March} 1947 Aedical Nutsitson Laboratory Report 12
Priveipta
The present test §s recammended for use only when i 13 umpoanble ta use ooz of the
mors velieble tests  The  step test was devised for speed and sumplicity of use with
large numbers of subjects but & great deal of accurncy hae heen saenficed The ™)
1nch step 18 0 hugh that it tends to penalize short men end sleo to 1nvolve to somo
extent hs factor of agility st well s generel fitness Consequently gross errors
way xometuzey be made 1 ydging very short or chmey men  However if a lower
atep 1 used the work 1s too easy wiuch 8o incresses tha mumber of etrors and
impars the valus of the teat
Appavatus
1 Ono wateh preferahly o stop weteh fo ebch obagrver
« A stepping platform 0 anches hagh (plus or muus nat wore than 3, fnch) Thiy
stould be sturdily comstructed so as pot to give  when ptepped on It ahould
ba &t least I¢ inches from front to batk. When many men are to nse the same
step mmulianeously 1t should be long enough to sllow at least 30 azehen for sach
man,  Thess 30 weh spaces ehould be marked off  Btandard gpmwamnm ateols
1f gdjusted to 0 inches sn hesght & e good
A device for keeping rhythm  Tha subjects must go up snd down every two
seconds I melronvms 1y waed ¥t must be 2 good ooe that will work withoot
error for 5 minutes We have used sstisfactonly & simple pendulum consusting
of 3 werght on & 39 inch string It must be calibreted dady

Frocedurs

1 As many subjects ey there ara abserve 4 line up 1o frant of the steppivg plat
form, Thep rhould bo stripped to the uaderwear and should wesr rubber soled
shoes or no shoes at all
Onn observer cafts the shythm At the mgnal Start! each aulhject places
one 200t on the platform sleps up plating both feet ba the platlorm streightens
the Jegs and back and ammedintely steps down Agmn brzging dawe first the
wame foot he plated up first At exactly two second 1ntervals the sigus! Up!
is mven and rhythm 13 mmatawed by givieg the count UPl ~ w3 ~ 4 -
UPl~u-3-~4 etn The subject should lead af  with the same foot exch time
snd mot try to alternate feet Iowever doe or two changesof fead off danmg
1he st sre rmmetens) He mast £ot touck anythisg with his bands but may
move hus erms freely
Begin counting the tume when the subject starts sxercining and exercise him for
Ave minutes contmuously unless bo stops befors then frow exhaustion. If be
fais behind stop bim after be bay beew vaable to keep up the pace for .0 see
onds Mots the daratwn of ky effort to the nearest secand. All men ave stopped
at 5 minutes 1f they cen go thet long
4 Vibeo the subject stops start counting the time and Davs him wmt quitly on s
ehair.

o

@



372 Studies wn the Freld

4. Exercise the subject #s follows Have hun grasp with both hands a honzontal
bar at the height of s shoulders or hghtly lower and stand wath both feet on
the floor The distance between hands should be about the width of hus shoulders
At the mgnal TP’ ho places one foot on the stool, steps up placing both feet
on the stool strasghtens ks legs and back and immediately steps down again
bringing down first the same foot he put up first, and retaiming his hold on the
horizontal bar Every two seconds the signal UP!’ 13 given and the subject
steps up and ther down He should Jead off?’ with the same foot each time
and not trv to alternate the feet However one or two changes of ‘/lead off 11
the courss of the test ate mnmatenial

Begin counting the time when the subject starts and exercise him for five mmn
utes continuously unless he stops from exhaustton before them If he falls be
hind, stop him after he kas been unable to keep the pace for twenty seconds
Note the duration of the exercise to the nearest second.

o

6 When he stops start counting the time then take off the pack and have hm
mt on a stool or chair
7 Count and record the pulse during each of the following intervals 1ito15 ”to

25 and 4 to 45 minutes after he stops working The counts must be hmted
precisely to thess intervals The whole test 15 completed i ten minutes No
other observations are necessary

Procedure for Testing a Large Group
1 Procure a8 many stop watches as there are observers
2 Procure 14 packs and load them as follows

1 pack weighng 40 pounds for subjects weighing below 1°0 pounds
2 packs weighing 45 pounds for subjects weighmg 1.0 13> pounds
3 packs weighung 50 pounds for subjects weighmg 135 150 pounds
3 packs weighing 53 pounds for subjects weighing 150 165 pounds
2 packs weighing 60 pounds for subjects weighmng 165 180 pounds
1 pack weighing 65 pounds for subjects weighing 180 195 pounds
1 pack weighing 70 pounds for subjects weighing 19s .10 pounds
1 pack weighing 75 pounds for subjects neighing above .10 pounds

3 Assign two men the task of Weighing the subjects gaving them packs and scting
a8 secretaries Start ag many subjects exercising 2l at the same tune as thers
are observers to count the pulse One ohserver stands behind each subject mak
g sure that he has the proper pack seewng that he keeps the rhythm timizg
the duration of hus effort telung off his pack baving hum st down eountmg
Iis pulse and telling them to the seeretanies One of the observers gives the 5
nal  Start! and then calls UP! every two seconds With sir observers
1t 18 passible to test about thurty six subjecta every hour

Example
Same as for treadmll test

Precantions

1 The height of the platforms should bo 16 with au cutside tolerance of 05

2 The handhold should be & horzontal bar at shoulder height If at 1s too high
the subject will find the work 00 easy £ 1t 1s too low he will find 1t awkward.
Vertical bars esn be nsed but the subject must keep his hands at the lovel of hus
shoulders throughout the exercise

3 The rhythm should be maintained as closely as posmble It 13 easy to distizguish
between those who are unable o keep the pace because of poor semse of iyt
and those who fall behind because of exhaustion. Only the latter should be
stopped. Those With & poor sense of rhythm can be kept to tho pace by 8 tap 02
the elhow every two seconds
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B SURVEYB OF FOORD CONSUMPIION
Reference
¥ Hurrymaw G . and Chatfiefd € Short Method of Caleslating Nutritive Value
of Dsets J Natritwon 25 0327 (Jan) 1042
2 Berryman & H and Howe P E  Bhort Msthod of Caleulsting Datritive
Value of Diets J Natntion 27 31740 (Aar) 1044
Prineipls
In the feld it s often mecessary to estamate the average food and butrient con
sumption of o group For this purpose & short  survay ie doua over a perod of
ten daya  The total food comsumption (by groups) 3 caleulsted from investory
dais corrected for plate nod kitches waste The tatal nutrient consumption ia £ad
sulated by addmg togather the putnests contributed by each food group
Apparstas and Supplies
Beales folding 300 1b cspreity
Hand taily counter
Chp board
Ruler
At least ten 5 gallon eans or equrvalent contuiners for segregatios and weighing
of waste both kitchen and plate
Ehde ruls
Adiing or calealstiog machme
Easential books
a Handbook of Chemastry aud Phymes
b Mationsl Resexezh Counerl Tables of Food Compasition
¢ Table for converting wesghts to pounda per wan per day
4. Bowes and Chureh ot other standard book an food compoant on
® Master Menu
£ TAL10 412 {Army Bempesy
¥ Pads of paper 8 x 10%
10 Buwelt notebovks one for each observev
11 Pesesls sssorted
Paper graph ove pad
13 Cisps paper
34 3 x £ bibhography cards
15 Proger forms
16 Rubber bands
17 Ons dozen memls folders & 10%

g

w o

"

Reagents
Nane tnless 1t 1s propased to collect specimens of f00d  If ko ses sections on cat
lection of xp and the metho

Frocedurs

3 ¥t recommended that the survey be plauned ta cover & eomplete 10 day pariod
Shorter penods may give mistead ng and erronecus resulte.

2 Inventory and Issue A complets inventory 3 made of food sfores fn {he meny
on the might befare each auriey and on the might efter the last weal of ench
survey Al items masued during the survey s1s weighed and recorded,

3 Iead Count At ench meal pup observer 12 atationed sear the place where traye
ars returaed. Eseh man Is tallied on a band counter as he hands in huy Lray
Meals at 0dd bours espersally at mght ers recorded by night cook azd huker

4 Bitchen and Plote Wasts Food groups ave segrersted and weighed in the 2ol
lowing eategomies mests fish and poultry eggy milk products butter other



374 Studies an the Field

5 Beginning exactly one mnute after he stops count the number of heart beats for
exactly 30 seconds The base of the meck 1s the easiest place to find the palse
after exercise

6 Record the duration of effort and the number of heart beats 1n the 30 second
per1od beginming one maute after he stops No other observations are neces
sary

Calculation

A umphfed table 15 used for sconng (Tablo 2.) From the duration of effort
(left hand vertical column) and the heart beats (top homzontal column) read &
rectly the arbitrary score

Example
A subject lasted 3 munutes and 35 seconds hs pulse from 1 to 134 minutes wm
recovery was 79 beats in the 30 seconds From the table his score was 53

Interpretation
This test 1s easter to perform than either the ‘treadmill or pack’? tests.
For normal healthy young men
Poor 15 below 50,
Averape 13 50 through 80,
Good 15 above 80

Precaations

1 The platform must be £0 inches high

2 The rhythm should be maimtained as closely &8 posmble It 13 easy to distmgush
between those upable to keep pace from exbavstion and those who merely have
a poor sense of rhythm Oaly exhausted men should be stopped before five min
utes Those with & poor sense of rhytbm can be kept to the pace by a tap on
the elbow every 2 seconds

3 Times must be followed strictly

4 The subjects must straighten legs and back at each step

& Observers unaccustomed to counting raprd pulses must practice before thev can
be expected to obtain accurate results

TaBLE 2°
Scorwg THE ‘STEP TEST  OF PHYSICAL FITNESS

Instructions for using the table (1) Find the appropriate lme for duration of effort (%)
then find the appropriate column of the pulse count (3) rend off the score where the
1me and the column intersect

TOTAL MEART BEATS 1 MIN 70 11» MIMN IV RECOVERY
DURATION 30 45 50 5o &0 6 70 < B0 & 98¢ 95
or T TO TO TO TO T TO T TO TO TO 10
PPFORT 44 49 51 59 61 69 73 719 B4 80 04 99
MINS BCORE (ARBITRARY UNITS)
T to % © 6 5 5 4 4 4 4 3 3 3 3
% o1 19 14 2 10 9 8
1 to 1% 32 29 26 24 22 20 19 18 17 18 15 14
% to2 45 41 38 34 31 .9 a7 .5 23 o2 21 MW
2 to 2% 58 57 47 43 40 36 34 3> 30 °8 21 3
2% to 3 71 64 58 53 43 45 42 39 37 34 3
3t 3 86 75 68 6. 57 53 49 46 43 41 39 37
34 to4 97 87 79 72 66 6L 57 53 50 47 45 4
4 to 110 8 89 8. 75 40 65 61 57 51 51 48
44 to 5 123 110 100 91 84 77 7> 68 63 60 57 53
H 129 116 105 96 83 8° 76 71 67 63 60 58
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£ BURVEYS OF FOOD CONSUMPTION

Reference
1 Berrymaz @ K. and Chatfield C  Bhort Metbed of Calculating Nutnitive Valse
of Diets & Mutntion 25 2.7 (Jan) 1952
2 Berrymsa G B and Howe P E  Short Method of Caleulatisg Butntive
Value of Diets J Nutntion 27 31 .40 (Mar) 1944
Prineiple
In the field W »» olien pecessary to estuna @ the BYerags food and nutnent fon
mmption of s group For this purpese o short  survey s done aver  pertod of
tes dsvs ‘Ths total food comsumption (by groups) s calculsted from imvemtory
dafa corrected tor plate sud kutchen Waste  The tota) nutrient cossumption s ral
culated by adding together the nutnents contnbuted by each food group
Ayparatus apd Bupplies
Bcales folding 300 Ib capaaity
Hazd fally counter
Clp bosrd.
Ruler
AL Yenst ten 3 pallon exns or eymvalest containers for segregalion and we ghing
of waste both kitchen and plate
Blide rule
Adding or ealenishing muchuns
Eraential books
3 Handbook of Chenustry gad Physt s
b Nahopsl Beseac b Counest Tables of Food Lomposition
©. ‘Table for converting weights o pounds per wan per day
4. Bowes 2ud Chureh or uther standard book on fa0d esmpowt o
@ Alseter Nenn
£ T 10412 (Army Recipes?
9 Pads of paper 8 x 20%
16 Bmall notebaoks one for ench chaerver
13 Peneds sssarted
Paper graph ore pad
13 Clips paper
143 x 4% bibl ography eards
15 Proger forme
16 Rubber bands
1 One dozen menila folders & « 10%
Beagents
None unless it is proposed to collect specimens of foad. If s0 ses bections on col
Yection of ap and the metnody t
Procedure
1 Ttoa eowm vhed ot 108 weivey be Panzed 4o tovet ¥ eomplete 18 day prrd
Shotter pertods ray give muslending and erroneons results.
Inventory and Jasee A complels inventory is made o food stores in the mesy
o0 the might befare euch survey and oun the n ght After the lstt mea} of each
aurvey ALl tteme s sued dunng the survey are weighed und vecorded,
ead Count At tach meal one obsirver 13 slationed near the plae Whnete trays
are returned. Each man is tall ed on & kand counter ms be hands ig bis £y
Meala at 0dd hours especially ut wight are recorded by eight cook and baker
Ratchen and Plate Wwaste Food gronps are segragated and weighed an the ful
lowing categonies ments Ash and poultry egps wilk products bubter gther

Am e
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Studses sn the Field

5 Beginning exactly one minute after he stops count the number of heart beats for
exactly 30 seconds ‘The base of the neck 1s the eamest place to find the pulse
after exercise

6 Record the duration of effort and the number of heart beats mn the 30second
period beginming one minute after he stops No other observations are netes
sary

Caleulation

A mmplhfied table 1s used for scortng (Table 22) TFrom the duratwn of effort
(left hand vertical column) aud the heart beats (top horizontal column) read &
rectly the arbitrary score

Example

A subject lasted 3 munates and 35 seconds s pulse from 1 to 1% mmutes 1
recovery was 70 beats 11 the 30 seconds From the table his score was 53

Interpretation

This test 13 eamer to perform thau either the ‘‘treadmill ’ or ‘‘pack ’ tests
For normal, healthy yousg men

Poor 18 below 50

Average 18 50 through 80

Good is above 80

Precautions

—

The platform must be 20 inches high

The rhythm should be maintained as closely as posmble It 18 easy to distmguish
between those unable to keep Pace from exhaustion and those who merely have
a poor senso of thythm. Only exhausted men should be stopped befors five min
utes Those with a poor sense of rhythm can be kept to the pace by a tap on
the elbow every © seconds

Times must be followed strctly

The subjects must straighten legs and back at each atep

Observers unaccustomed to counting rapid pulses must practice before they car
be expected to obtain accurate results

o

o oo

TasLe 22
ScoriNg TBE  STEP TEST OF PrYsICAL FITNESS

Tnstructions for using the table (1) Find the appropriate lme for duration of effort (7)

then find the appropriate column of the pulse count (3) read off the acore where the
lime and the column intersect

TOTAL HEART BEATS 1 MIN TO 134 MIN IN RECOVERY
DURATION 40 4y 50 35 60 65 70 70 80 8 90 9
or 0 T0 T0 TO T T0 TO TO TO TO TO T
EFRORT 44 49 54 59 64 60 74 79 84 89 9¢ 99
MINE BCORE_(ARBITRARY UNITS)
0 to % & 6 5 3 4 i« 3 3 3 3
% to 1 19 17 4 13 7 10 9 9 B
1 to 1% 33 29 26 24 2, 2 19 18 17 18 16
0 45 41 38 34 31 "9 97 25 23 2 "1 %
« to 2% 58 52 47 43 40 3¢ 34 32 30 8 I 2
2% 03 71 6+ 58 53 43 45 42 39 37 34 33
3 to 3% 84 75 68 6. 57 53 49 46 43 41 39 37
3% tod 97 87 79 72 66 61 57 33 50 47 45 4
1 to 4% 10 98 89 8 75 70 65 61 57 54 51 48
4% to 5 1°3 110 100 91 84 77 70 €8 63 60 57 5%
19 116 100 96 8 8 76 71 67 63 60 5
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E SURVEYS OF FOOD CONSUMPTION
Reterence
1 Berrymap G H. and Chetfleld € Short Mathod of Culeslating Notntive § alue
of Dsets J Mutriton 25 23 27 (Jan ) 1943
% Berryman G H and Howe P B Bhory Method of Caleulating Nutntivs
Velue of Thets J Nutrtwon 7 31°40 (Mar) 1944
Triciple
In the field 1t 12 often necessary to #stimste the average food and nutnent ton
sumption 02 & group For thus purpose & short  purvey i @one over a period ol
ter days The totsl fond sensumpton (by groups) v caleulsted from inventory
data corrected for plate med katenen waste The tolal nutrient consumplion is 8l
tulated by add ng together the zutrients eontributed by each food graup
Apparatuy and Sapples
Beales foldmg 200 1 cxpaaity
flend tolly conzter
Cbip board.
Ruler
At loaat ten 5§ gallon esna or equivalent contmwers for segregation and weighing
of waste both latchen snd plate
Bide yule
4ddung or ealenlating machine
Fasential books
o Heodbook of Chemstry and Phyeics
b Matizugl Research Covacat Tables of Fadd Compontion
& Table for converting weights 10 pounds per man per day
. Bowes aud Chureh or other standard hook oa fued compantian
® Master Menu
A 10432 (Army Beaiges)
9 Fada of paper 8 x 20%
18 Bmali noiebooka one for each obaesver
11 Peneids assorted.
Taper graph ons psd
13 Cupy pay
143 4% Wbl ography cerds
18 Proper forms
16 Pubber bands
3T Oue dozen manils folders 8 x 104

Nt o

waae

Reageata
None unless {1 a propored to collect specimens of food Xf 50 ses sections on eo}
lectaan of and the methods

Procedure

1 It 1s recommendad that the survey be placned (o cover a complets 10 day peniod
Bharter periods may pive msleading nad erronesce results

Yzventory acd Issue A complele inventory ts mude of £003 stores fn the eees
02 the might before erch wursey and on the n ght &fter the Inet weal of each
aurvey  All ftema tasued daring the atrsey are weighed and recorded,

Mead Count At each meal ona abserver ls atationed sesr tha place wheee trays
are returned. Esch man is talhed on & hand counter s ke hands fa his tray
Mealx at 0dA haucs especsally s¢ night sre recorded by night cook and baker
Bitehen and Plate Waste Food groups are seg egated and werghed in the fof
lawing eategories meats fisk and pauitry eggs milk products butter other

Y
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Studies 1n the Field
§ Beginning exactly one minute after he stops count the number of heart beats for
exactly 30 seconds The base of the neck 1s tho easest place to find the pulte
after exercise
6 Record the duration of effort and the number of heart beats in the 30 second
per1od beginming one minute after he gtops No other observations sre neces
sary
Calenlation
A simphfied table is used for scomng (Table 22) From the duration of effort
(left hand vertiesl column) and the heart beats (top homzontal column) read &
rectly the arbitrary score
Example
A subject lasted 3 minutes and 35 seconds His pulse from 1 to 134 minutes 1m
recovery was 79 beats in the 30 seconds From the table hus score was 53
Interpretation
This test 1s essior to perform than exther the treadmll’’ or ‘‘pack’’ tests
For normal, healthy young men
Poor 13 below 50
Average 19 50 through 80
Good 18 above 80
Precantions

1 The platform must be 20 inches high

The rhythm should be maintained as closely a3 possible It 13 easy to distingmsh
between those unable to keep pace from exhaustion and those who merely have
& poor sense of rhythm Only exhausted men should be stopped before five m2
utes Those with & poor senso of rhythm can be kept to the pace by a tap oo
the elbow every 2 seconds

Tames must be followed strietly

The subjects must straighten lega and back at each step

Observers unaccustomed to counting rapid pulses must practice before they csd
be expected to obtan accurate results

w

e W

TasLE 2°
BScoriNG TEZ  STeP TEST OF PRYSICAL Frrness

Tnstructions for using the table (1) Find the appropriate line for Quration of effort ()

then find the appropriate column of the pulse count (3) read off the acore where the
line and the ¢column intersect

TOTAL HEART BEATS 1 MIN TO 114 MIN IN RECOVERY
DURATION 40 45 560 55 60 6 70 /5 80 8 00 9
or T T TO TO TO TO TO TO TO TO TO T
EFPORT 44 49 54 50 64 60 T4 79 B4 89 94 99

MINS SCORE_(ARBITRARY UNITS)

0 to % 6 6 5 5 4 4 4 1 3 3 38 3
to 1 9 14 13 12 1 10 9 9 §

1 to 11 39 29 26 24 2> .0 19 18 17 16 15
1% to 2 45 41 33 34 31 20 27 25 23 o A 0
2 to 2% 58 52 47 43 40 36 34 3° a3 T 25
2% to'3 71 64 53 53 43 45 42 39 37 3¢ 33 31
3 to 3% BL 75 68 6> 57 53 49 46 43 41 39 ¥

3% to4 97 87 79 7. 66 61 57 53 50 47 45
4 to 4% 110 98 8 8 75 70 65 61 57 5 51 4%
4% to'5 13 110 100 91 84 77 7. 63 63 60 57 54
1.9 118 105 96 8 82 7 71 6 63 6056
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F SURVEYS OF FOOD CONBUMPTION
Rezersucs
3 Benymsn G JI. sad Chetfleld € Short Method of Caleviating Notntave Value
of Dueks J Natntwon 25 3.7 (Jan ) 1043
2 Berryman 0 H and Howe P E  Bhort Mathod of Caleulating Mutntive
Value of Diets J Nutnitwon 37 23% 240 (Mar) 1944
Prinetpls
In the 5e1d it 15 often mecessory to estimste the avarage food and vutrient con
mumption of & group For thiy purpose 2 short survey 1s dous over a pertad of
fon 3sys  The total fond comsumption {by graups) 1t calculated from investory
date cortected for plate snd kitehen weste The total ominent consumption fs eal
sulated by adding together the nutnents contributed by each food group
Apparatus and Supplies
Scales foldirg 300 Wy capearty
Mand tally eounter
Chyp board.
Ruler
AL feast ten 5 pallim omny ot vquivalent tostsiners for segsegation aad welghng
of wasts both kitchen aud plate
Blde rule
Adding or calenlating machize
Exsential hoaka
8 Handbook of Chemastry and Phymea
b National Research Council "Tebles of Foad Compos tion
¢ Table for converting weights to pounds pes man per day
4. Bowes and Chuseh or other stendard book on food compontion
® Master Menu
1 TM 30 412 (Army Bewpes)
9 Fads of paper 3 x 10%”
30 Bwall notebooks ene for each obmerver
11 Pentils amorted.
1 Paper graph oue ped
13 Clipe paper
4.3 x4l bibliogrephy cards
15 Proper forms
18 Rubber basds
17 Ous dozen mamia folders & x 10%

o e

w o

Beagents
None unless iv iy proposed to colect specsaens of £00d. If o see yectiona on col
Jestion of and the 1ad

Procedure

1 1t s recommended that the surves be planned to cover a complets 10 day period.
Shorter persods way grve miskead ng and erronrous Texults.

Toventory aud lssue A complets nventory is made of f00d stores in the mess
on the might before each survev sud ou the wmght after the inst mesl of cach
wirvey Al items 1 sued dutg the aurvey sre weighed vad recorded.

Tead Count At sach meal gne obeerver ia stationed near the place whers trava
are tetarned. Exch maz 13 talhed on & band eouater ay be buads 2 his trav
Meals ot odd hours espesislly at night ara recorded by nfght eook axd baker
Batchen sad Flate Yaste  Food groups are s grefated aad we ghed in the fo
lowing estegonies meats fish and poultsy egeer wmalk products butter other

0

w
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Studies an the Field

5 Beginning exactly one minute after ho stops count the number of heart beats for
exactly 30 seconds The base of the meck 1a the essiest place to find the pulse
after exercise

Record the duration of effort and the number of heart beats 1 the 30 second
period beginming one minute after he stops Mo other observations are netes
sary

£

Calculatton

A mmphfied table 1s used for scomng (Table 22) From the duration of effort
(left hand vertical column) and the heart beats (top honzontal column) read &
rectly the arlatrary score

Example

A subject lasted 3 minutes and 35 seconds IHis pulse from 1 to 1% minutes n
recovery was 79 beats in the 30 seconds From the table his score was 53

Interpretation

Thus test 18 easier to perform than either the ¢ treadmll or pack ' tests.
For normal healthy young men

Poor 13 below 50

Average 15 50 through 80

Good 13 above 80

Precautions

-

The platform must be 20 wnches high
The rhythm should be mamtained as closely as possible It 13 easy to dutingush
between tho o unable to keep pace from exhaustion and those who merely have
a poor sense of thythm Ouly exhausted men ehould be stopped before five mn
utes Those with & poor sense of rhythm cam be kept to the pace by a tap on
the elbow every 2 seconds

Times must be followed strictly

The subjects must straighten legs and back at each step

Observers nnaccustomed to counting rapid pulses must practice befors they can
be expected to obtan aceurate results

°

RN

TABLE 2.
ScoriNe THE ‘StrP TEST or PRYSICAL FITNESS

Instructions for usimg the tsble (1) Find the appropriate hne for duration of effort { )

then find the zpproprate calumn of the pulse count (3) rewd off the score where the
Line and the column infersect

TOTAL HEART BEATS 1 MIN T0 1%, MIN IN RECOVERY
40 4 50 55 60 65 70 4o &0 B 90 w0

DURATION

or TO TO TO T TO TO TO TO T TO 0 T0
EFFORT 44 49 54 59 64 69 74 79 81 89 94 99

MINS SCORE (ARBITRARY UNITS)
0 to ¥ 6 6 H 5 4 3 3 3 3
% to1 19 17 16 14 13 1 10 9 9 %
1 to 1% 3 23 26 2¢ . 20 19 18 17 16 15 M
1% to 2 45 41 33 34 31 29 27 .5 23 22 21 %0
2 to 216 58 53 47 43 40 36 3¢ 3. 30 28 T
2% to 3 71 64 53 53 48 45 4. 39 37 3¢ 33 31
3 to 3% 84 75 68 62 57 53 49 46 43 41 39 37
3% to 4 97 87 79 7> 66 61 57 53 50 47 45 4
4 to 4% 10 98 89 83 75 70 65 61 5¢ 51 45
414 to 5 13 110 100 8¢ 17 63 60 57 5
129 116 100 96 83 8. 76 71 67 63 60 56
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E BURVEYE OF FOOD CONBUMPTION

Raference
1 Bertymas G X and Chatfield ©  Bhort Method of Caleolating Mutritive Valus
of Diets I Nutntion 25 327 (Jan) 1943
« Beryman G H aud Howe P E  Bbart Method of Calealating Nutritve
Yalue of Diety J Nutritwn 27 .31 40 (3far) 1944
Principle

Tn the field 3t 33 often necessory to estimato the aversge food end mutnent con
suwption of & group For thne purpose & short  survey 1s doos over & period of
ten daye The total food consumption {by groups) ¢ ealculated from inveatory
dats torrected for plate mnd kitehen waste The total susrient consumption fe ent
culated by add ng together the nuiments contrbuted by each food group
Apparstos and Supylies
Bcales foling 300 Ib capacity
Hazd tally connter
Chip board
Baler
At least ten § gatlon sany ot equivalens contsiners £or gegrepation and weighing
of weate both kitchen and plate
Blide rule
Adding ot calculsting machine
Essential boaks
@ Handbook of Chosmsetry and Physica
b Nationsl Resesrch Couneal Tebles of Food Compontion
€ Table for converting we ghte to pounds per wan per day
& Bawaes and Church or otber standard book ea food componttion
& Master Menu
# TAE 10412 (Army Betspes)
9 Pads of paper 8 x 10%
30 Bzl notebooks one for esch ohsener
11 Pestils essorted.
Paper graph one psd
13 Clips paper
4.3 x4l bibhiography eards
15 Proper forms
18 Badber bands
17 Quo dozen maniia folders B x 10%
Beageats
None unless It is proposed to collect specimeas of food. If s0 eea sectrons on eo}
Yettion of spazimens and the mdinidual method contewplated.
Procedure
1 14 3s zerommended that the survey be planned to covar s complete 10 day period,
Bhorter periods mey give misleading xnd errdnegus ravnlte.
Inventory and Issue A complets inventory is made of £00d stores fu the mess
on the might before exch survey e6d oa the wght &fter the last mesl of esch
auryay Al items 1 sued dumng the survey tre weighed end recorded,
Mead Sount At each mes} one obserser is atatiozed near the place where trays
Ate yetusned  Fach man is all ed on s hand counter as ba hauds In hus trav
Aeals st 0dd hours especially st night are recorded by night eook and beker
4 Kitchen and Plate Vaate Food groups ste segregaked and weighed fo the fol
Jomang tategories mests Ssh wad poultry eggy mulk products butter other

Ty A o by

[

o«
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fats sugars end syrups gram products dry legumes and puts leafy green and

yellow vegetables tomatoes eitrus fruzts whste potatoes, ather vegetsbles

ather fruits dred frurts conduments, and mracellanaous
For the measurement of plate waste a five gallon can 15 conventent o use for each
f00d group represented in a particular meal At the end of each meal, each man
supervised by an observer gegregates hus own leftovers according to food groups
seraping the food from lus tray into the appropriate five gallon can  Kitchen wasts
13 also segregated sccordung to food groups and both plate and kitchen waste are
weghed, Trap grease 18 weighed every day and 1s counted as fat other

Caleulatton

Caleulation although tedious 1s sumple 1n priaciple

1 Food intake by food groups =
(Farst 1aventory + Food 1ssued) minus
(Last mmventory + hatchen waste + Plate waste)
Tha breakdown of kitehen and plate waste inte groups 13 made 1n secordance
with the recipes of the various dishes The food groups of esnmed and other
items are determined from rectpes or standard tables
Nutnent wtake by indivadasl nutnents =
(Total food mteke, by food groups} x (Group factor for nuirtent)
The food group factors may be calenlated from tables of food composition such
s Bowes A doP snd Church, © F  ¥ood % alues of Portions Commonly Laed
A deP Bowes Philadelphia (1916), and US Department of Agnculture Muscel
laneous Publication No 572 Tables of Food Composttion in Terma of Eleven
Nutnests prepared by the Bureau of Humaa Nutntion and Home Economies
Us of A i with Nationa] Research Covnell,
1945 Table 23 which follows 1s a table of nutrient conversion factors used by
ibe Afedical Nutrition Laboratory o One of ite surveys Coakung losses may be

I

corrected for when the food group factors are computed

e

Food or nutrient intake/man/day =

Total food intake or nutrient wmtake

‘Average number of men messing x total days of survey

NutrieNTS PER PoUND oF FOOD (BOUPS A8 PURCHASED

TABLE 23

(Based on food prescribed for the Army, May October 1944 and NRG Tables of Food,
Composition Thed Bensed Edition.)

MEATS 1 LK 2 CEREALS
rIsH saas MILK rats | guaars | cruy
10T R rouLteY | ree.m | PRoDUCTS | murres | ormER | sveues {eropucrs
Calories/Tb 1158 €36 i6 337 3850 1730 [ 146
Protemn, grt/lb ! 2 21 3 43
‘at, gat/lb 102 46 24 363 4.6 01 14
Casbohydraty gm/lb 3 3 22 2 431 5
Calewe wg/lh 41 218 695 73 ot g 217
Phosphorus mg/Ib 666 848 558 73 75 13 491
Iron mg/lb 90 109 5 10 12 22 pig
Vit. A IU/Ibs 473 4590 169 | 17500 263 4 31
Thiamua mg/lb 091 043 018 001 004 001 160
Riboflavin, mg/1b3 08¢ 135 100 005 004 001 1°0
Nusewr, mglh 180 03 o6 o5 01 1358
Ascorbie acid mg/lb 89 2 89 o 0 29 Q
1. Mest valyss + o carcass lean pork ents Caleulate them by the long method.
2 Excl\ldu:? htch 18 to d by the Jong method The values for milk and
mlk pro tra basis Do mot use mulk equivalents for eales
latuons. -
3 Whea v 84000 and 12 73 mg nibofiavin/lb hiver
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Tamrx 23 (Cont )

VEOETABLES FRUITS.
BEAN:
oTIER DAY LEATY
LEQUMES [POTATOES{ T0  |GRERN AND oTER
NOTRIEAT | NUTS | WHITE | MATOES | YRITOW { OTHER | Cy5RLS ! RESHM | DRIED
Cal 1€ 3 35 42 18 180 15 38 1308
Prot 104 8 5 & 8 3 z 11
'8! o8 9 1 1 1 08 2
(] 38 ks 8 "1 38 35 58 308
Ca 4 43 1 90 2 41 b2l
19487 13 s 178 18 81 57 518
300 27 - s - 11 15 i 0l
Vin A 2 70 5160 11010 30% 36 1610 63135
%30 040 028 825 815 210 ot
& 150 015 ¢17 06 018 006 830 069
Jusem 239 44 39 17 18 o7 14 840
kY L1 579 70 610 400 X80 30 59
Paxample

In Table ot aze histed the significant dsta for o recent sarvey is Alaska The step by
step calculations are mot shows but only the ual data for food consumption and
autnien atake
Interpretation of Data
I2 1t 1s desised to compare the resuits with recommended dietary sliowances Table
5 shows the NI'C recommended allowances takes from Mational Research Covnml
Food s5d hutntwa Board Recommended Dietary Allowences Revized 1043 Re
print xnd Cieculsr Serses No 1 9 (Dot} 1943 and the Department of Army stendards
from U § Depariment of the Army Army Reguletion No 40.u0  Medscal Depart
ment Nutritsos  Weshiogton o D £ (78 Oct) 1847
Pecantions
1 Admimsstrative considerations are wmportsnt 1 surveys of food consamption The
kitthen and mess personnel must be cooperative and hozest enough to gmive ac
eurata dats of mventory and sens

Tastr £

B2arrix or PESOLTS OF & TEricAL SURYEY OF FOOD CONSUMPTION AnD NUYRIEAT InTARE 14
A Supagenicy Catr

FOOD CROUP _LBS /MAR/DAY NUTRIZNT ] AMDLNT
nims mn poultry 13 Calor es w3
g Troten gm 18
M lx & nmk Products 113 Fat gm 28
i Carhobydrate gm 51
R other 10 Cal wm gm 1°
Bugars ayrups ete 44 Phosphorus gm 3
Cereals 49 Yron mg a
Tumey o061 “itamn A T8 i
Vegetables lenlty 58 Thuamwe? og 18
on and yeliow
Temgtaee Tl 3 R bofiavans ing 1
Fruts atrus - Tascin t o
Totatoes white 86 Axcur!z s a8d oy m
\ml‘:bx + other o
other A1
Fruste dred o3
! pounds [
Waste (Iby Jatehen L
te

Bigures vesrevent average/man/iay Tot_faclading mwu Tvaide the mes
Cooking lorses faleulsted accordlog ta AR 40-350 pagw §
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fats sugars and syrups gram produets, dry legumes and nuts leafy green and

yellow vegetables tomatoes citrus fruits, white potatoes  other vegetables

other fruits, drred frts condments, and miscellaneous
For the measurement of plate waste, a five gallon can 18 convenient fo use for esch
food group represented in & particular mesl At the end of each meal each man
supervised by an observer segregates ls own leftovers accordisg to food groups
scrapung the food from hus tray 1nto the appropnate five gallon can  Eitchen waste
18 &lsa segregated according to food groups and both plate and kitchen waste sre
weighed, Trap grease 1s weighed every day, and 1s counted as £at other

Calculation

Caleulation although tedious 13 stmple 1n priaciple

1 Fqod iniake, by fo0d groups ==
{(Furst 1aventory + Food issued) minus
(Last inventory + Katehen waste + Plate waste)
The breakdown of Latchen and plate waste lnto groups 18 made in sccordance
with the recipes of the various dishes The food groups of canped snd other
1tems are determined from recipes or standard tables
Nuytrient intake by individual nutrsents
{Total food mtake by food groups) x (Group factor for nuirient)
The food group factors may be calemlated from tables of food composition such
a5 Bowes A deP and Church, C F  Food Values of Porttons Commonly Used
A, deP Bowed Pluladelplua (1946), and US Department of Agriculture Mascel
lapeous Publication No 572 Tables of Food Compomtion 1n Ternes of Fleven
Nutnents prepared by the Burean of Human Mutritiop and Home Ecozomies,
T8 of A m with National Hesearch Counctly
1945 Table 23 which follows 1a a table of nutrient conversion factors used by
the Medieal Nutrition Laboratory in one of its surveys Cookung losses may be
corrected for when tho food group factora are computed
3 ¥ood or nutrient 1ntake/man/day =

Total food intake or nutrent intake
Average number of men messing x total days of survey

to

TaBLE 23
NUTRIENTS PER POUND oF FOOD GROUPS AS PURCIASED
(Based on food prescribed for the Army May Qctober, 194¢ snd NRC Tables of Food,
Composition Third Pevised Edition.)

AEATS 1 MILK 2 CEREALS
FISH OGS MILK FArS | SUgARS | OBANY
NUTRIENT FOULTRY | FPESH PRODUCTS | BUTTER OTHER SYRUPS |PRODUCTS
Talories/Ib 1158 636 46 3327 3800 1730 348
59 X 21 w 2 2 49
an;:m /[‘.:;n/lb 102 £l §4 363 486 01 14
Carbokydrate gm/1b 3 3 1
Calcmn{ mg/1h 1 218 695
Fhosphorus mg/lb 666 843 5.3
Iron mg/) ag 109
Vit A IU/b ¢ 473 4590 1169
Thiamn, mg/Th 091 043 018
Riboflaviz mp/1b 9 084 13 100
Nigern mg/lb 180 03 06
Ascorbie anid mg/Th 60 0 60

ng method:

carcass bee? gnd all Jean pork cuts  Calenlate them by the la' g methos

1 Yoot palues “dndabm 13 to be calenlated by the long method The values fo

i ﬁﬂgﬁ.ﬁéﬂ”ﬁe ‘:m a strught poundage bams Do not use milk equivalents for calea
4 -
3 %ﬁ:ﬁver 15 used add 87000 TU Vatamun A and 1. 73 mg niboflavin/Tb liver



Surteys of Food Consumption 377

Tasiz 23 (Coxr'n)

VEQETABLES TRLITS
oTnER DRY LEAFY
LEUOMES |POTATOES ™ GPEEN AYD) oTaER
NUTRIENT NoTs WHITEZ MATOES YELLOW OTHER CITEUS FRESU brien
[ 3 EE) 143 T3 % 5 J/OTRN
Prot 104 5 6 I3 3
Fat 56 1 1 1 08
cHo 38 73 8 24 38 35 56 308
530 4. 49 1% 0 7% 41 9
P 1967 213 115 128 167 6l 57 516
Feo 30 z7 .8 36 11 15 182
it A 1 70 { 5180 { 11910 308 356 | 1410 | €S
B 230 040 [ 3] 025 015 019 o1l 013
B, 150 015 017 0.8 018 ¢ o8 030 060
Nuseln 29 44 39 17 18 07 14 840
G 60| 570 770 610 400 | 180 80 280
Example

Ta Tabfe 74 are hsted the signifieany data 2or & recent survey 11 Alaskn. The step by
step calealations are not ghown but only the fimal data for food comsumption end
zutrient fntak
Interpretation of Data
I it iy destred to compore the results with recommended d etary allowant s, Table
-5 shows the NRC recommended allowances taken from Natiomal B s areh Covnerl
Tood and Nutntion Board Recommended Dnetary Allowances Novised 1948 Re
prnt and Circalar Serses No 1 9 (Oct.) 1048 and the Department 02 Army atazdards
from U 8 Department of the Army Army Regalstion No 40° ¢ Medseal Depart
mont Mutnition  Washiogton ®5 D € ( 8 Oct) 1947
Precautions
1 Admmistrative considerations are unportant 1a surveys af food cousumption The
Wtchen and mess per onnel must be cooperative und honest enough to five ac
tvrate data of wventory aud lssue

TABLE &

EXANPLZ OF PESULTS OF A TYricAL SURVEY 0F Foop CoNSUMPTION AND NUTRIENT INTAXE 1v
A Brparcrict Cayr

FOOD TRV | LBS /MAN/DAY NLTPIENT [ AMOUNT
ﬂem nsh™ ponltry 18 {alories 2150
es fresh 8 Droten g 49
n n: &. Milk Products 113 g =76
10 Carbol\ynlmle m 51
oy “other 10 Caleium gm 12
Sugars syrupa ete, 4 Phosphorus gm 23
Cereals o Tron mg 4
Legumes o001 Vitamn A IU 14,00
Vegetables Jeafy 58 Thiamine ¥ mg 18
Sreen aad yellow
Tomat a7 Riboflavia T mg a1
Tt etrus a_ Nisewn * g 2
Potatoes white 88 Ascorbancdt mg uz
‘m't:hxﬁ other o,
its other 51
Fruts dned 03
Total pe 660
“‘;Jlxo (lbx Kitchen 89

Hnm Npruenl average/man/day not including lnuh auum the mesa,

Cooking Jasses calculsted According to AR 40-150 pare 6!
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2 The trap greass s umportant hewng pure fat
3 The results at hest must be regarded g3 songh estimates This 1y particladly
tres of nutrieat wntake

Taprx 25

REcOMMEVDED DAILY DISTARY ALLOWANCES OF THE NATIONAL Besearry Covver, Food anp
NutmTio § BoaRD axn ALLOWANOES PRESCRIEED BY AR 40 250

FOOD AND NUTRITION BOARD
i MEN AR 40 250
BOYS HEDE 7 HEAVY
NOTRIE T 1820 | raRY | acmive | work SEDENTARY ACTIVE,

Laloriegt 4800 300 3000 4500 B 3600
Protemn gm 100 70 70 70 100
Caloam gm 112 10 10 10 07

Irop gm 15 12 2 12 -

Vit A IU 6000 i) 5000 5000 5000
Thisauze wg 17 1z 15 18 16
Piboflavm mg 25 18 18 18 22
Nmon mg 17 12 15 18 18

As orbie aud mg 100 % 75 k3 50

Vit DIy 400 - - - -

Celorle nllowances must be adjusted up or down fo meet specidc nesas The praper
colorte allowance fs that Which over sn extended period of time will maintaln hady Relght
or rBte of growih at iht level most conducive te well betng AR 40 250 prescribes 4500
Calories When prevalling temperatures are sub zero for more than 1 weeh.

F HEAT BALANCE—CLOTHING
Reference

Belding, ¥ 8, Dathng, R C, Robwson, 8 Tarrall £ 2od Gnffin, D B Noles
on Methads Used at the Fahigue Laboratory to Evaluate the Thermal Insulation
Provided by Cold Weather Clothuag, Report No 19 under OSRD Contract Mo
OEM CAMR 54 Sept 10 1943

Belting H B Chapter m Clothing Test Methods Edtted by Newburgh L. H, and
Harms, M 1945

Lee D H K. svd Lemons, H  (Clothing for Global Max, Geographucal Review 29
38 .13 (No 2) 1843

Impartancs of lothing m Freld Researcht

In any study of man m relation to kus environment, heat balance 15 1m
portant, and clothing usually kas to be taken mio accopnt m mulitary stodes
Clothing affects heat halance through its effects on heat exchange by radiation
conduction comvection and evaporation convection In addition elothing
may affect heat production by its werght or restrictive effects

In relation to radiation effects the clothing may be consdered as a bar
rier hetween the body and the environment  Clothmg shuts off about 83 of
the radiation from the body which emuts in the far mnfrared Clothing seflects
& varable proportion of hght merdent upon 1t

The thermal resistance of cloth to conduction i for the most part pro
portional to the amount of still mir held sn the substance of the cloth and b;
tween 1is Jayers For most purposes the nature of the fabric may be neglecte: \
and the thermal insulation may be considered as proportionsl to the gotat
thichness of the clathing assembly Direct couduction to an external objec
way be mereased by compresuion and wetting of the clothung
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? The trap grears 18 ymportant batng pure 2at
3 The resuits at best must be regarded es rough estimates Thir particulecly
true of nutrient intake

Tasre 25
RECOMMENDED DAILY DIETARY ALLABANCES oF iz NATIOVAL Prezsacst Coovan Pood axp
D AND BY AR 40250
YOOD AND NUTGITION BOARD
MEY AR 40750
BOYS | SEDFN } HEAYY
NUTRIENT 16 °¢ TARY { ACTIVE | WORK SEDFNTARY ACTIVE,

Calortest Y00 LU0 300G 4500 3000 3630
Protein g 160 ] 70 100
Calewm ‘gm 14 10 10 10 07
Iron, g 12
Vit A TU 8000 5600 5000 5000 5000
Thismne, mg 17 s 18 18
Tiboflavin wg ”5 18 i 18 22
Nuaein mg 17 12 b3 g 4
Ascorbss and mgy 100 75 75 % 50
it D10 400 = - ~ -

Calforls atlowances must be adfusted up or down fo mect apeci needs The proper
<alorle allowance is that which over an extended period of tims wii maintain bodv weight
gr rate of growth &t the level most conducive fo well being AR 40 250 prescribes 4460
Calorfes when prevailing temperatures Are sub zero for more than 1 week

F HEAT BALANCE—CLOTHING

Referenca
Belting H 8, Darhing, R O, Robuson 8, Turrell E, and Gnfia, D B Notes
on Methods Used at the Faligue Laboratory to Evaluate the Thermsl Insulation
Provided by Cold Weather Clothing, Repart No 19 under OSRD Contract No

OEBf CME 54, Bept 10, 1943
Belding, IT 8 Chapter 1z Clothing Test Methods, Bdited by Nowbyrgh L H, and

Harni. M 1943
Lee, D I I aad Lemons IL  Clothing for Global Man Geographical Beview 2¢

181 213 (Mo 2) 1948

Tmportance of Clothing 1 Field Research

In any study of man n relation to lus environment heat balance 13 1
portant and clothing usually has to be taken nto account m mubtary stades
Clothing affects heat balance through its effects on heat exchange by radtion
conduction convection and evaporation convection In addition, clothwng
may affect heat production by its weight or restrictive effects

In relation to sadiation effects the clothiag may be consdered as a ba~
rier bety een the body and the environment. Clothing shuts off about §5% of
the radiation from the body which emits 1n the far infrared  Clothing reflects
& varizble proportion of hght sneident uponat

The thermal remstance of cloth to conduetion 1 for the most part pro
portional to the amaunt of still ar held in the substance of the cloth and 1:;
tween sts deyers  Tor most purposes the nature of the fabme may be w’glefit !,
and the thermal msulation may be considered as proportional fo the *otal
thickness of the clothing sssembly Direct conduction to an external object
may be inerensed by compression and wettng of the clothing
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When the ambent 18 above skin ¢ 18
the only avenue of heat Joss At all ambient temperatures evaporation must
be taken nto account When the skin 1s naked heat of vaporization 1s drawn
from the skin 1tself and the effecti eness of such evaporation 1s nearly 100%
When clothing 1s added to the situation there are complications Under hot
conditions other avenues of heat are altered the efficiency of convection over
the skin 1s reduced the sweat 1s evaporated away from the skin part of the
heat of vaporization bemng taken from the ambient air the rate of effective
evaporation (1e the evaporation that caols the skin) 1s reduced and when the
whole body has been covered with a film of moisture evaporative coohing has
reached 1ts maximum In eold conditions water vapor may recondense 1
some layer of the clothing assembly returning some of its heat to the clothing
system and inereasing the thermal conductimity of the fabric by wetting 1t
Under all conditions clothing impedes the diffusion of water vapor outward
from the skin textiles differing 1n this respect one from the other and the
movements of the body increase the transfer of heat 1 the layers of the
clothing assembly by a bellows action

The Thermal Tasulation of Clothes—The Clo Unit

For husto 1cal reasons the Clo Un t1s 1mportant smee much of the data on clothing
were expressed in terms of Clo vumts The unit ia defined ss the thermal wsmlation
necessary to maintain in comfort a mtting resting subject 1 a normally vent lated room
(a1r movement 0 feet per minute) at & temperature of 70 F and & hupudity of less than
50% {(Qagge A.I and associates A Practical System of Umts for the Description of
the Heat Exchango of 3an with H » Environment Seience 94 4 8-430 June 1941) One

Clo  umt equals 0 18 C/kuloca)/square meter/hour

Experimentally the thermal insulation of a elothing assembly on & man is caleulated f70m

the equation

Clo valoe = %‘_’1‘_)

- (Equation 1)
Whera T is average skin umperllllre F
T 18 ambient temperature
T\ 18 heat lost through the dothing and
T 13 the wnsulation of ths a1t Clo  units st the wand velocity of the test.
T The mean skin by ! of the
followsng areas  front of chest luml nspect of upper arm medisl ¥ pect of first
phelank of great toe med al aspact of thigh med al nspect of Jower arm, over shoulder
blade over gastrocnemius edge of hand at base of first finger snd forehead.
T the snsulation of air at the wind velocity of the test 15 obtmined from tables com
piled by A. C Durton
H,=M-8-(F+4) {Equatien 2)
where M is metabohis heat production B in heat atored at laat fa tha body mass Qutng
the experiment E is heat lost by vaporizstion £rom lungs and sian and A is heat lost
in warming wmspired air
M is estimated by standard procedures as described i the secton on respiratary
methods, 8 is estimated by & rect obsenation of the change in skin and internal tempers
tures and ealeolated according to Burten a equat ous
(1) Mean temperature of body m:
033 x mean skin temp + 067 X rectal {Equation 3)
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{2) Btored heat = A mean temperature x 083 (Equation 4)
083 bewng the specifi
oa be 4 'pecific Reat of the body in Cals/kg/ C snd 4 mean temperature

E 15 estimated from the chan

ge 1n the subject & weight (to the t

reeted for the excess weight of Cf d 3 e b

s I3 0 expired with O ding to the
Cals/square meter/hr vaporized from skip and lungs =

{gm changs in werght/hr ) - (030 x O2/br)
surface ares, square meters

x 0586 (Equation 5)

here 030 x O,1br represents the excess weight o2 CO, expired over O consumed

at R Q 088 and 0586 Is the heat of vaponzation of water
A 15 cal from pulmonary Y 23 measured by techmques described in

Previous sections
A (cals/square meter/hour from warming inspired airf =

pulmonary ventulation 1/hr % 000031 x (33 C - ambient T )
surface area square meters

where 0 00031 13 the spectfic heat of air, kg Cal/cubic meter/ C

Thermal Significance of Clothing

A generahization was made by Burton to express the effect of elothing on heat loss
from the surface of the body to & given environment (Burton A C  An Analyss of the
Physiological Effects of Clothwg 1w Hot Envirosments Report to Awiation Medical
Research Coureil of Canada C 2754 SPO 180, Nov 24 1944)

Hia equatron 18

H heat lots 1 kilocals/square meter/hour =

E5x Wx (P ~P < -t - RI

x RN (el 9 (Pquation 8)

0% (r; +7) RS

whero

W s & wetted skin

P 13 vapor pressure of sir 1 mm Mg at skip temperature obtained from tables,
P 15 vapor pressure of ambient air 0 mm Hp from stapdard tables

*, amd ¥ are respectively the resstance of elothing and ar expre ed as cm of atull
lenlated from the measure thickness of the claghing

amr rooas p or
r from o etaudard curve which gives the value corrected for the estimated radins of curva

turs and veloaaty of ambrent awr wovement

C 13 & constant 555 for ene C

t andt are yespectively the mean skin temperature 2nd smbient air temperature  Meas
urement of mean skin temperature 19 described sbove nnder ¢ Clo’ unit measurement

T,and I are respectively the msulation vatve of clothug and air, expressed fn ¢ Clo !
was T, 18 determn d expertmentally as described mn the section on ¢ Clo  mits or s cal
calated at the same tume as £, ¥ 15 determmed from a standard eurve B iy sbrorbed

radiant energy 12 kilocals/square meter/hous
Burton s equation has three | FLETY bie only to d
for subcloth and some of the values are diffienlt to

1t makes no
meadure or ealculate especially the radisnt esergy fector It 3y yery mseful for predyeting
the value of various clothing assemblies or predicting the thermal state 0f & man weanng &

given assembly 10 a given eavironment
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G METEOROLOGICAL MEASUREMENTS

In all field studies certamn meterological data should be collected sys
tematieally and regularly These melude the altitude of the station 1ts lat
tude and longmxde barometric pressure maximum mmmum and ambient

pr hours of 1 eloud d absolute and
relative hmmdmes and wind velocity The oharts in the present section are
designed to assist 1n the calculation of such data
Temperature

The first chart (Fig 6) gives direet of 2 mnto
Fahrenheit temperatures and vice versa according to the equation

xF (9/5 % £ C) + 3°

xC (5/9x F) -3
Wind Velocity

The second chart (Fig 57) gives for b pressure

and wind velomity Wind veloeity 13 converted from meters/second to miles/hour by the
equations

* miles/hour ® 369 x (metors per second)
x meters/second 04470 x (miles per hour)
Barometric Pressure Altitude and Related Variables
The third chart (Fig 53) gives from mli of mercury
to imehes of mereury according to the equations
2540 x (inches Hg)
003937 x (millmeters Hg)

x millimeters Hg
x 1aches Hg

The thard ¢hart gives various altitude equivalents From Table 30 Altitude Pressure
Tables Based on the United States Stendard Atmosphere National Advisory Committes
for Aeronautics Report No 533 1035 are g ven the followisg altttude correlated equiva
lents  altitudo (fect and meters) barometnic pressure (inches and millimeters of mer
cury) temperatare (sctual and mean) and oxygen (mullmeters partial pressure and equiva
lent gea level 0 )

Humidity and Absolute Vapor Tension

The fourth chart (Fig 59) gives the relative humdity from the dry bulb tempera
ture nnd tho wot bulb temperatures Tha fifth chart (Fig 60) for u o in cold areas given
relative humdity from the dry buld temperature and the dufference Letween the dry
buld and the wet bulb temperatures

It 15 sometimes Decessary to compute absolute vapor temsion instead of relative hu
midity A Line chart (Fig 61) has been constructed for thus purpose from the equation

E (absoluts vapor tens on fn mm Hg) =
Fu - 00066 B (Tp = Tw) [1+ 000115 (T - Tv)]
where Ly is vapor tens on mm Hg at wet bulb temperature
B s barometric pressure mm Hg

T, ia drv bulb temperature € and
Ty is wet bulb temperature C.

The 1ne ehart fives vapor temson for vanous barometr e Pre sure together wath
the vapor fension from the wet bulb temperature and the dufference between the wet bulb and
dry bulb temperatures, It mav also be used to compute reletiva humidity as follows
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°c
100
+95
+90:
+85
+80
+75
+70
+65
+60
+55

+50

Studies sn the Fueld

TEMPERATURE GONVERSION
(CENTIGRADE ~ FAHRENHEIT)

OF oc QF Oc OF
+210 +50% 4120 °]f+3o
+205 +astt!Is - sit®
+200 E+i10 F+20
+195 +a0F+105 —i0F+15
+1%0 F+100 F+10
+185 +351E+9s -15}+5
+i80 F+90 1Y

+175 +30% 485 e
+170 E—+eo F—10
+165 g FEN e S
+160 S S ~30f 2
+155 F+65 -25
+150 +155+60 ~35f—30
+145 F+55 -35
+140 +104 450 —~40f—40
+135 +as —45
130 + 5t 4a0 —451 50
+125 +35 —595

o —~50

and scales

Fig 56 —Line chart for
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CONVERSIONS, METEOROLOGY
TEMPERATURE BAROMETER WIND VELOGITY
°C | oF mm{ n mAecmph
L+ 150 8004405 454 100
+60
F+25 790 0
50 400 i
440 1
+100 780 25160
+30 305
}+75 70 0
+20 30
+10}+50 1604 2° 60
251
[+
F+25 75041005 50
-10 201
_o0i® 7404 40
20 290
5
"301-25 730 30
~40 28.5
10
-50 720 20
~50
-601 -78 7104280 5tio
~70
L-100 700 1o
g $1 nocharts f v Fresvere and wind veloaity

r
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ALTITUDE EQUIVALENTS
ALTITUDE BAROMETER TEMPERATURE OXYGEN
FEET|METERS INCHES { mmHg  ACTUAL°G{MEAN °C  EQUIV %|mmHg
44100
25000 % 4000 110 -39 34
120 25
12000 54130
40000 140 ~55 F30
R s L150 P25 4
160 L3s
35000141000 2118 4 5
: 130 ~20 40
10000 gt200 ~504
s 645
3000019000 8 =15 Lso
~80 74
L8000 104250 15 &5
25000 1" “Ria0 8460
17000 124300 -30 of8
13 - L70
20000 £6000—————""14 350 2515 1073
15 -204 i
15000 161400 -85
e #4530 ey, £ 90
15000 174550 Lo5
L4000 {gw -104 13 ng
500 csds o tel®
10000 }:3000 —~——— 57 575 151118
22 $550 0] 16120
234 125
} 2000 24} 600 51 17 ~{§g
3 + 54410 -
§000+————"""""531¢55 4 —ggg
;1000 363700 »1e 20¢!
olo b oo #4531 9§§ e

Flg $8—Chart constructed fo

r correlatad data at different altitudes.
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DRY BULB TEMPERATURE

Studies m the Freld

RELATIVE HUMIDITY BY SLING PSYCHROMETER

Oc OF
6044140
L4130
+90L 4120
T+ui0
+40]
+100
L+ 90
+30]
L+ 80

+20]

+103+ 50

++ 20
-0
-4+ 10

-20

30~ %

-804~ 40

Fig €0--Line chart for relative mumidity



ABSOLUTE VAPOR TENSION FROM PSYCHROMETRY

°C|°F °C|°F
200 oto
Le 150 > 1
465 L 175 &
LT 8 2
5
Le 145 IEL—p 150 4 3
ral < 4 35
L1 | pies % =
+60++ 140 V 4 g 54 0 g
/V/ k100 6 b
, LA 3 é =z
e 135 o 4
] %3 [
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Lo | A =
lso 3
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"WINDCHILL"

Ky = (VAVRT00-wv+i0 5) (33-7,)

HOOH Y34 S
ALDOTIA ONIM

Fig. §~—Line chart showing “wind hIR” and state of comfort,
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(a) determise mbsclote vapor teusion, (b) determine Yapor feasion corresponding to satura
tion st the dry bulb temperature using the wet bulb seale aad & wet bulb-dry bulb difference

o sbsalute vapar tension
o0 (e} eslewlate selative humid ty RIC & €5 = ipor tenondry bl <qualer < 100
Windehilt

The concert of windehill han been very useful in expressmg the relative discomfort
of ¢0ld elumates in relation to Absolute temperatore and wind velo ity The quantitative
arjects al 1l con ept have been dizen sed by Siple and Passel (s|p!e P A, and Passel
¢ F ents of Dry A Cooluny Troc
Am X‘lul 80(: 89 14719 194.) and Court [Court Arnold Wmdch!\ Bul\, Am, Meteorol.
Boc 20 487493 (Dec) 1748) The mstbematical validity of the equation of Siple
aud Pussel 15 guestiosable but neverth leas the toncept emphamzes the mest wmportant
singls avenus of body heat loss under windy candstrous—coaveetion 2o the mr

The accompanying hne chart (Fig © ) ensbles one to denve windelull from wind
velomity and ambient tempersture and to estimate at the same time the degree of discom
fort of the environment The equation used was that of § lo and Passel

Windchill  kidograra Czl/aquare meter/hour ==

(VRUXTN - Wi+ 21040) x (R~ T )
vhere WV 3 wind veloeity meters/second

1045 §s 50 arbitrary eonstant
33 C 18 the average skin temperature and
T is the smbient dry bulb tempernture €

H PRESERVATION OF ANIMAL TISSUES FOR HISTOLOQICAL STUD
1E8

(This seetion was prepared by k. Sutherland and € L Pirem )
Referen es
Liie R D Tstopatbologie Technfe ed © Philadelphis 1048 The Blskiston

GlLck D Techaiques of Isto and Cytochemistry ed. I New York 1047 Inter
science Publishers Ine

TV 8 War Dept  ethods for Laboratary Te T 8™ War
Techmical Manual 1946

Cowdrr F \  Loboratory Techmque 1 fhology and Medicine od. ® Daitimore
MM 1943 Will amy and Witk ns Company

Qersh 1 Appliestion 1 Pathology of the Method of Fixaton by Preer ng snd
Drying of Tiesues Bull. Interaat As ve Med Musewsan 8 1 9185 195

Duning ficld studies 3t may be necessary or desirable to study tissues
from either amumnl or human sources  The tr sues may have been obtamed at
autopsy or by bioptie or surgical methods If proper precautions in the
preservation wnd fixation of tissue specimens are ob<ersed histologieal histo-
chemieal and :h!m\cal smdwa may be carnied cut and conln\mtc substantially
1o the of p and Ap
pheation of such techniques undoubtedly could be very usefm m metabolie
and nutntional studies that might be conducted in the fleld

It is heyond the purpose of this manua} however to give detarled teck
nmques nhich can be apphed to wvestigations of this type It 13 obivsous that
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10 mast eases equipment necessary to earyy ot these methods will not be avail
able in field studies The reader 1s referred to a number of excellent manuals
end texthooks which are hsted among the references for detared histologreal
and hustockiemueal techniques  This seetron will therefore be lmited to a brief
restew of the best available methods to preserve tissues which can be applied
to field conditions nd which will then permut esther storage or shipment of
tisstie gpecimens

1 Preservation of Tis ue Specimens for Hustologscal Studses Probably
the best fixative for all around purposes 15 10 per cent formalin This fixative
1s prepared by diluting 1 volume of 40 Dormaldehyde (USP) with § vol
umes of distrlled water If distilled water 33 not available tap water ean be
uved satisfactorsly

Blocks of tissue should not be more than 04 to 05 em w thichness and 2
to 3 cm an sadih to msure proper fixation and {o pre ent distortion The
proportion of the formahn solution to volume of tissue fo be fixed should be
no less than 10 1 In additren 1t 15 adwisable to change the formalin solution
after 24 hours If these simple precautions sre used iisstes cn be kept
defimtely mn this fixative

Formalin fixation can be used satisfactortly for most routine histologieal
methods It 13 not adequate however for many hstochemial techmques
except those for non water soluble substances such as hpids  According to
Lallie proper treatment of formahn fixed tissue makes possible the use of ad
ditronal specia] stamning techniques

In general the use of other fixain es 1s not advisable under field laboratory
conditrons woless tissues ean be shipped to reach a proeessmng laboratory
withun 24 hours  An mmportant exception 15 809 aleohol 1 which tissues ean
be kept mdcfinitely  In addition this fixative offers the advaniage of freemng
at a temperature lower than that of 10¢5 formalin

2 Preservation of Tisstie Specumens for Histochemical end Chemcal Stud
ses Deep freezimg of tissue specimens 1s best sutted for this purpose This can
be accomphshed exther by storing the specimens i a deep freczng apparatus
or by placing them i a thin walled container wiich 13 then surrounded bv
crushed drv iee Tissues can be kept sndefimitely 1m & deep freeze state wath
out any sigmficont chemeal change talmg place 1 shipment of frozen

specimens 1s demred the fallowmg precautions are necessary (a) Place
p m an Jated such as a vacuum bottle and pack dry
1ee all around them  (b) The volume of dey we should be at Jeast 2o times
greater than that of the speesmen  Thiz w i} msure its preservation for &
pertod of no more than 24 howrs (e} Ashe sure that the contamer i not
gos tight and will allow the expanding carbor dioxade to eseape

Defrosting of frozen tissue sp at room ture 1s tory
for most chemical anatvsis eveept when labile substanees {for example
aseorbie aeid end some enzymes) are miyohved In such cuse alequate pre
d be used as mdrated by the different analytical methods

eautions shou}
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T or histochemical studies neither slow nor quick defrosting ean prevent
some degree of Qistortion and loss of histologieat detait  Paraffin embedding
of frozen specamens under vacuam in the Altman Gersh apparatus 15 wathout
doubt the method of choice should such apparatus be available With this
technique tissues undergo practicaily no chemieal or hustalogmeal changes and
the blochs obtained ean be permanently stored for futare shides

3 Fabeling ond Pachwng of Tissue Specymens  Wide mouthed bottles
sealed with paraffin should be generally used for tissuesin fixing solution (wet
tissue}  The bottle should be adequately lalcled on the outside A second
small label of heavy drawing paper written 1n soft penent (avoud ink) should
be put 1n the bottle with the speeimen  Adequate preking into a mahing case
marked Fragile Tirst Class Mail Rush Specimen for Dingnosis 18 sat
ssfactory for shipment Reference 19 made to the Techmeal Marual § 227 of
the War Department for additional information on this smpertant phase of the
handling of specimens



SECTION VIII
TECHNIQUES FOR METABOLIC WARDS

A GENERAYL CONSIDERATIONS

Keferences
Rerfenstern E C, Jr, Albright ¥ and Wells 8 L The Accumulation, Interpreta
tion end P of Data P g to Metabolic Balances Notably Thase

of Caleiwm Phosphorus and Nitrogen J Clhin Endocrimol 5 367 395 (Nov ) 1945

The Physical Arrangement of 2 Metabohe Ward

Numerous authors have d d the ideal arr of a
ward The paper of Reifensten Albright and Wells gives a good bl
ography on this subject Our own experience has been that the work 18
greatly facihitated by a well orgamzed physical plant Ideally the patients
should have private rooms and mn addition a bathroom and common recreation
room  On the same floor and edjacent to the ward should be
A dimng room
A diet katchen
An office for the staff
A record office with a ealculating machine
A room for preparmng and storing specimens
A lahoratory for routine climeal pathology
A separate laboratory for the many special procedures required
1 metabolic work

Al space should be air conditioned because 1t 15 becoming ereasimgly
clear that enyironmental eontrol 15 extremely desirable for the most consistent
results In addition, the comfort of the staff wlich 1s usually on a 12 month
schedule, 18 very important for efficrent work

tabol

R O 8D

Fmances of a Metabolic Ward

Few persons not actively engaged in metabolic work realize the large
expenses mvolved For patient care alone mn 1949 the eost m Chicago was
of the order of $14 per patient per day Add to this the numerous and some
times expensive laboratory procedures and the cost s such that metabohe
work should not be started without an assured adequate budget

Collection Preparation and Storage of Specimens
Theso topies have been diseussed m previous parts of this manual If at
all feagible 1t 18 better to use analytical data for food consumption rather than
calculated data  Our experience with stool mtrogen is that for a given patient
9.
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within wade hmits the daily stool mirogen 18 quite constant but that dufferent
patients have greatly dufferent charactersstic exeretions Therefore 1t 1s un
sound to use calenlated alues for stool mtrogen

B DERIVED DATA-- THEORETICAL BALANCES
1 Calorum, Phosphorus and Nitrogen

Ihe concept of theoretical balances has been extensively nsed by Albright
and cvlleagues (see reference previously cited) By o theoretical balanee 35
meant the balinee of an element such a3 phosphorug which would be expected
from the observed balances of other clements sueh as mitrogen and ealeium
The two chief virtues of such demved data are their nsswstsnee m detecting
gross errors m the data and thewr emphasis on situntions where the measured
balances duiffer from the theoretical

For computation of theoretical ealerum phosphorus and nitrogen balances
one from the other the following factory are used

Ca'tium/phosphoras 2 boge 23

Nitrogen/phosphorts 1n muscle == 147155

In computmg the balances the following cquations ave used assurang

that musdle 1s ch: teristiy of total p mass

& Theoret cal phosghor s from ealeium and mitrogen =

E® cal wum retsined | gm mitrogen Tetmimed
B 15

b Theoretical ealetum from phosphorss =
(gm phosphorus retained x ? 23)
© Theoretieal mitrogen from hosphorys and ealewm =

£m eslewm retaied
¢ w1

(gm phosp retained x 347) ~ 2 147)

2 Potassium and Sulfur

From potasstum suifur and nitrogen 1t 1s posmible to calenlate theoretieal
balances The factors used are

mEq potassum  ~ 74 x gm pitrogen

fog potassiim = 10 x gm mirogen

i ERENES

To vaievlate toe theorehieal balances the followmng equations are used
(note that 1 these cases the results are not additive as they are for Ca P
and N)

s Theoretscal wmitrogen from potassium = E’E’!’_;_‘,‘i‘.‘ﬁ ot '_“3_1_‘.;.5.‘_‘12‘.

4

bt Theoretieal mtrogen from sulfur == gm B retained % 1.0

< Theoret cal mEq potassium teoms mtroges = gm N retamed x 27

4. Theoret cal mg potasmum from mtrogen == gm N retained x 105

¢ Theoretical mEq potassium trom suwlfor == fm B retamed x M5 x . 7



SECTION Vil
TECHNIQUES FOR METABOLIC WARDS

A GENERAYL CONSIDERATIONS
References
Reifenstern B ©,Jr Alnght F and Wellt 8 L The Accumulation, Interpreta
tion and Presentation of Data Pertaunng to Metabohe Balanets Notably Those
of Calewm Phosphorus and Natrogen J Chin Endocrmol & 367 305 (Noy ) 1945

The Physical Arrangement of & Metabohe Ward

Numerous authors have diseussed the ideal arrangement of a metabalte
ward  The paper of Refenstem Albmght and Wells gives a pood Bibh
ography on this subject Our own experience has been that the work 1s
greatly facihitated by a well orgamzed physical plant Ideally the patients
should have private rooms and m addition a bathroom atd common recreation
roort  On the same floor and adjacent to the ward should be
A dimng room
A diet Intchen
An office for the staff
A record office with a ealenlating machme
A rotm for preparing and storing specimens
A laboratory for routine chinieal pathology
A separate laboratory for the many speetal procedures required
10 metabolie work

A} space shonld be ar conditioned because it 13 becomung inerpasmgly
clear that environmental control 1s extremely di ble for the most t
resmlts In addiron the comfort of the staff which 13 usually on a 12 month
schedule, 18 very 1mportant for efficient work

B R NPT S

Fanances of 2 Metabohe Ward

Few persons not actively engaged in metabolic work realize the large
expenses nvolved Tlor pattent care slone m 1845 the cost 1t Chreage was
of the order of $14 per patient per day Add to this the numerous and some
times expenmve laboratory procedures and the cost 15 such that metabolie
work should not be started without an assured adequate budget

Collection, Preparation and Storage of Specimens
Theso topies have been diseusscd i previous parts of this manual If &t
all feasiblo 1t 35 better to use analytical data for food consumption rather ther
caleulated data  Ounr experience with stool mtrogen 15 that for 8 given patrest
292
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withm wide limats the daily stool mtrogen 1s quite constant but that different
patients have yreatly different characteristie exeretions Therefore 1t 1s un
sound 1o use ealeuiated values for stool mitrogen

B DERIVED DATA-~ THEORETICAL BALANCES
1 Calawum, Phosphorus and Nitrogen

’Ihe concept of theoretreal balinces has been exiensively used by Albright
and iste usly ated) By a theorehical balance ss
meant the balanes of an elcment sueh a3 phosphorns whieh would be expected
trom the observed halances of other elements, such as mirogen and caleiam
The two chief virtues of sueh denved data are thewr assistance 1 deteeting
gross errors m the data and thewr emphasis on sstustions where the measored
balanees dyffer from the theoretical

For of th calelom phosphorus and mtrogen balsnees
ane from the other the following factors are used

Calewum/gho phorus wu bone  ~ 3
N trogen/phosphorus w muscle == 14 155

In computing the balanees the following equations pre nsed assnming
that musete 1s ch of total p ! mass

4 Theoretical phospborus from ealewum end mitrogen —

gom caleum vetamed | g wmirogen retained
3 15

b Thearetical ealerum from phosphorus =
(gm phosphorus retained x 223)
h sretical mirogen from phasphorus #2d ealom =

s d
g o emmsnh)n! » 14T

(g yhosphorus rets ned x 147) ~ (

2 Potassinm and Sulfur

From potassiam sulfur and mirogen 1t 1s possible to ealenlate theoreties)
balances The factors used are

Py potesmum  ~ 7 X gm mitrogen
my patassum = 0o X gm w tropen
LR2

£ sultur = ER AR

To caleulate the theoretical balances the following equations are used
{wote that w these ca ey the Tevulfs are not additive 83 they are for Ca P
and

# Theoretical mitrogen from potusnum == DRy b Tetmned ZE T tuned
b Theoretiesd & trogen from sulfny = gm § retawed x 145
© Theoretical mEq potassiom from mtrogen = gm N retaned x 27
4 Theoret el myg potsssium Irom miro en == gm N zetained x 205
¢ Theoretical mEq patassiam from sulfur == gm S retamed x 145 %27
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1 Theoretical mg potassium from sulfur = gm 8 retarged x 14 5 % 105

£ Theoretical sulfur from mtrogen = E"-'—if::—mﬂ

mEq X zetamed mg h retaned
2T %145 7 "I x 15

h Theoretieal sulfur trom p =

C DERIVED DATA—~ THEORETICAL WEIGHT

Albright and colleagues have used the concept of theoretical weight'’ as
2 means of discussing the causes of shifts of body weight The conditions
under which their ealeulations are valid zre
1 The calorie output must be constant
2 The state of hydration and saturation with glycogen must be the same
at the beginming and end of the study
In other words the patient must be 1n the same state of equlibrium
at the beginming and end of the study The calculations become more
accurate the longer the study
In prmeiple one computes the following changes m wesght from meta
bohe data
1 Change i protoplasmtc mass associated with mtrogen, from nitrogen
balance
2 Change in weight of ext Mtular flud not d for suth proto
plasm from sodwm or chloride balance
3 Change 1n weight of mtracellular flmd gly cogen or both not scconnted
for with protoplasm from potassium balance
The difference between the ohserved change i weight and the sum of
the above three separate changes mn weight 15 related to the calorte dis
crepancy ' or the neight of fat which would be necessary to account for the
change m weight on the basis of energy alone
To carry out the actual ealeulations Table 26 grves the necessary eon
version factors

o

The steps m the calculation are

1 Net change mn body weight gm =
Body wt 1n gm at beginning ~ Body wt 1n gm at ead

2 Change 1 weight of protoplasm fat free but not extracellular f#uid free related
to mtrogen gm =
Nitrogen balance gm x 32

3 Change in weyht 1 grams of fimd not d for with =

(Sodwm balance mFg)
Ty - - (Ntrogen balanco, gm x 5)

(‘“‘1‘"(‘1‘1___[;’21’:_1%‘;%)1@ ~ {(Nitrogen balance gm x 5)

Change 1 weight 1n grams of intracellular flu d and/or glycogen pot accounted for
with protoplasm ==

(Potassiury balance wEq) (Nttrogen balance gm x 19)
(143 x 1000)
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5 Theorefical weight ehavge assuming calone halanee grams ==
Sum of changes m weight due to protopla m extracellvlar fnd and iatracellular
Amd

8 Calomc Quscrepancy Le grams fat requued to account for duference between
observed and theorehieal syeight ehange =
{Observed net weight change) ~ {theoretical werght ehange)

Taste ©

Facrors Useo i Drrrerva Crrrary Couponewts or Musce¥ PROTOPLASI FRort MITROGEN
PALANCE
{Taken from Teifeostan Albright and Wells J Chn Endocrinet § 367 9y Nov 1848)

CINTONENT TO BE DERNED TINAL UMY FACTOR
T Prote & W& protoplasm gm b5
2 fmmpxum f38 free but not extracelluler fud & »
ree

3 Protoplasm fat free and extracellular flu d free £m o7
{ trug musele }

4 Intracellal r flmd 1 protoplasm o} 1

5 Extracellalar flu 4 1 protopla m ol 5
% Powmsswa m ptracedular hud m provwopusm mey 27
7 Bolum n etracellular fmd m protoplasm mig 077
8 Pho phoros n protopla m £m 0065
9 Sulfar i protoplasm gm 0053
10 Fat enlo ically e valent to protopla m &n 3

11 Protoplasm (fat free) mwnos fa3 esloneally g 9

equivalent 1o protoplasm

To derf ¢ the compon nt MuILIPY Aitr & b In gram 5y the factor

The paper of Rexfenstemn Albright and Wells gives the justification re
finements and appheations of thi sort of theoretical calevlation Thew
methed of computation 15 different from that presented above To start thew
computation they caleniate what the observed weight Joss would have been
had the subject been in mitrogen balance then express this i terms of fat
and correct this fat figure for protoplasm (from Mitrogen balance) extra
celhatar flwd (from Sediwm balance) and mntraceflular fluid (from P
balance} Thetr method of caleulation therefore tnvalves one more assump
ton than the one presented in detail above e the sssumption that it is per
missible to take the observed change in body weight 28 a function of fat Therr
method of caleglation hos the ndvantage that it emphasizes discrepancies
between observed and theoreticni weight change whereas the method pre
sented sbove dernves fat by dafference and therefore the theoretieal always
equals the observed change m weight




SECTION IX
CLINICAL LABORATORY PROCEDURES

A MISCELLANEOUS REFERENCES TO TEXTBOOKS

1t 13 not the mtention of this wanual to redupheate detarled nstrisctsons
for chmeal laboratory procedures which have been well described m many
texthooks of ehmucal methods The selected list of references below will give
the reader a satisfactory workmg hbvary in which may be found detals of
most of the methods coramonly 1n use  In the sectsons v hich follow, the term
standard methods'’ refers to methods desertbed m one or the other of the
selected references References to wndividual papers will be found m the fext
that follows this libliography

Bray Wb ECc Synopms of Climeal Laboratory Methods, ed. 4 5t Long 1850 The C V
mpany
Grsd\vahl R B H Chmeal Laboratory Methods and Diagnon: ed 4 St Loms 3848,
e &V Masby Company

Ham H und others  vliabus for Becond Year Course i Lahoratory Dhagnoms Pre
thimery Edtion, 1948 Dept of Medieipe Barvard Medical School, Longwosd Pub
hsnmg Compsny

Hawk B Qser B L, and Sumresson W H Prl"!mxl Phyaiologieal Chemstry ed
12 Phy.lad Ipbia Tomnto 1847 The Blakis*on Compan

Jolser, J A Chmeal byl st Edition revased New
Yark Landmz 1934 D Appleton Cestury Co I

Levwron 8. A, and MeFate, 8 P Cluuesl Lxharstnrv Dusgoons ed. 3 Philadelph s
1948 Lew and Febiger

Ogoed B E A Textbook of Laboratory Disgnows ed 3 Philadelphis Toronts, 1948 The
Blakisten Company

Simmons J 8 and Gentzhow € J  Laboratory Methods of the United States Army
e 5, Pluledelphis 1044 Lea aud Febiger

Sttt E B Clough P W and Clongh AL € Practical Bacterology Hematology and

Ammal Parn!xtolof'y ed 9, Phﬂaﬂelphm 1945 The Blaksston Lompany
0dd J C and Sansar, Chimeal Diagnosis With Iabovatory Methody ed X0

Philsdelphia sad Londau 19-13 W B Sausders Company

U § War Department  Methols for Laboratory Teehmmu Out 1948, U § Government
Proting Office

Wadaworth gA B Stsndard Methods of the Division of Labaratonies snd Besearch of
tha Ne\v York 8taia Departmen} of Heaith ed 3 Baltumers 1947, Wilhams avd Wokws

thtb L El M. and Bntton € J ¢ Dusorders of the Blood ed 5, Phdadelphie 1946
’K‘be Blakiton Company

Wintrobe M. 3 Chmea! Hi 2 ed, 2 ( revised) Ph 1 1947,
Les and Febiger

3868



SECTION IX
CLINICAL LABORATORY PROCEDURES (Cont’d)

B HEMATOLOGY

1 Calewlation of Mean Corpuscniwr Volume Mean Corpuscular Hemoglobin
Content and Mean Corpuscular Hemoglobin Concentration

The ¢aleulation of mean corpuscular volume hemoglobin content and
hemoglobin concentration has been popularized by VWintrobe These derved
values are vseful a the classification of anemias  The data required for the
computation sre

1 Frythroeyte count milhions/en mm

2 Hematocnt ml packed red celia/100 mi biood

3 Hemogiobin concentration gm f5/100 ml blood

The equations used are

1 Mean corpuscular volume eubic microns =

Hematoent x 10
Lryth ocyte count

Mesn g content =

Hewmo,labin concentration of blood x 1¢
Trytbroeyte count

2 Mesn coll bemoglobin concentrat on o Flb =

Hemoglob n_concentration x 100
Tematoent

‘The hne chart (Fig 63) facihitates the e computations

1 To obtmin mean rorpuscular volume sireteh a straight edge between
hematoerit (right hand) and red count {left hand) Read MCV on
mddie line

To obtamn mean corpusenlar hemoglobin eontent stretch a strught
edge bhetween hemoglomn concentration {nght hand) and red coant
(left hend) Read MCH on middle hine

To obtain menn corpuseular hemoglobin concentration stretch a
straight edge between hemoglobin concentration (right hand) and
hematoenit (left hand)

I

<
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2 Caleulation of Sedimentation Rate
References
1 Rourke M D and Emstene A, C A Method for Correct oy the Erythrocyte
Sedi mtation Rate for \sratwons wn the Ceil Volume Pereentage of Bload
J Chu Tnves igation 8 545559 (June) 1930
® Wintrobe SC M and Jandsberg § T A Standardized Techmigue for the Bleod
Sedimentation Test Am J M 8 168 10> 115 (Jan ) 1935

Caleulation of Sedimentation Rate

Most authors who have published data on the Llood sedimentation agree
that 1t 1s necessary to convert the readings obtamed to a standard hematoent
of 4, to 47 ml/100 mi Llood Opinions vary on the exact form of the corree
tion but 1t 15 agreed that the sedimentation rate becomes Iugher the lower the
hematoerit  The chart of Rourke and Ernstene will suffice for most of the
methods
Qbtain the uncorrected reading 1o mm per hour or mm per minute
Determune the hematoent
On the chart (Fig 64) nse the left hand line 1 mm per mmute as it
stands or muitiply by 60 to convert to mm per hour
On the hine for hematocnt as observed find the point for mm per mm
ute ns obsersed
Follow the empirical hme down to hematoerst 4555 and read the cor
rerted sedumentation rate o1 the left hand hine
Compare with the normal for hematoerit 45 (solid bloek)

[

@

$ Direct Eanmoptul Count
Reference
Reoddlph T @  Blood Btudies m Al rgy L The Direct Coxnting Chamber
Determinations of Fosnophils by Propvlens Olveol Aqueous Stains J Alergy
15 8995 (Marel ) 1944
Bandolph T @  Differentation and Enumeration of Fos nophils sn the Counting
Chamber With & Giycal Stmn = Valuable Techmque in Apptaising ACTH
Dosage J Lab & Cln Med Bi 1696 16.8 (Dee ) 1949
Principle
Counting eosmophils from s diferential smear 38 not Beeurate enovgh for many re
ecarch purposes A direct count can be made 1n s counting chamber after dilutien
of the blood with the appropnate solxtion
Appasaine
1 A quantity of white blood cell pipettes
® Coustsng chamber (Lavy)
3 A m eroscops
4 Detrs dishes
5 BMechomeal shaker for biood pipettes

Reagents

1 Heptrin solut on  Prepare hepatin tubes by placiog ose drop of heparin solution
12 & glase mal of 10 o} capesty  ARow drop to evaporate to drymems before
usng tabe
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2 Dlsting And
Holotion A Prepsre & D05 per cent sclution of phloms x propylens glycol tnd
water {3 1 misture) Stor 1n & brawn bottle
Bolutson B3 Prepare an 0 0. per cent solupon of methyleve blue 1n propylese
21yenl and water (1 1mixture) $tore 1n & brown battle
The ditating find 19 pregared fresh derly by wmixing three parts of slution &
with one pa ¢ of solshon B

Procedure

1 Draw ® ml of blood by vempuncture 2ad tressfer the blood carefully to the
hepanmzed tube M x gently

» &f or thoroughly muxng drew b206d to the 10 mark 1u a white Dlood eount
Ppette

3 Bring the hquig level up to the 31 mark with the freshly prepared dilutng fwid

4 Place the p pette 1n & mechan cal mix ng dav c¢ and mix the cell suspension for
9 sinutes

§ After d searding the first 4 to 5 drops fil§ twe Levy counling cbambers with
8a Q from the pipstte

6 The filled counting chambers are placed under an anverted Petn dish contsamng
8 Plece of mo st fllter paper to prevent avaporas on Twenty to 30 minutes are
aliowed for the settl ng of cells

T After sed mentation enumertte the eosnophils m the O 3qusrs mul metera on
both sides of the two counting chambers The eos nophls are identified by therr
deaply ved stained granules Other gramul & teke s faint blue ston

Caiculation
Total eonnophal #oust = average eosnophily saumerated pes side (9 sy mwm) x 11 =
cells per eubie mullmeter

Precautions
1 Timmg 1 ymportent Try to atrange the wark s that 20 counts yre made at ap
peoz mately the svme tume stter & Wation of the blood
2 The exast proportions of the dulutiag Ausd ars umportant

4 B 1 el

Anticoagulants

Winirobe A M J Lab & Clun Med 17 89391 (Juns} I

Moore B 3 Blood Cosgulation and Il! Chmtal Ma\i\ﬂc&tmu With Anticoage anis
Texas Rep on Biol and Med 5 ( ) 1

Asnby ount

Ebert R ¥V end Pmeron € 2 Jr A Chp eal Study of Transtusnion Reactions  The
Hemolytie Effect of Group O Blood and Pooled Plasma Contmising Incompatible Tzo-
aggiut mns J Clin Investigation 25 6 7 638 (July) 1946

TBose Matrow

Berman L s»d Asel od A B Aspirat on of Sternsl Bote Marrow Techn ¢ for OF

tamang Vodomsss wys Smears Twpwints end EHistopstbolome Seetsons Am J
o Path. 317 6156 (Jan 3 047
Cloting Time

Poble F J and Teylor ¥ IL I Cosgulat on Defecs n Hemoph ha I Chin lavestiga
tion 16 741 747 {Sept | 1837

Erythrocytes

Jonxs § H P Determisation of Red Bioad Corpuse? s 11 ¢h the Ard of & Photoelectne
nlonmmr Nederl tyydachr v gepeesk 92 20 4 0% Is4

Puper A s Diffrachion Method of Mensuning Red Llood Cells § Lub & Chin Bfed,

a2 (7) ssr 397 (Jaly) 1957
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Fibrinolysts

Tagren, H J Levenson 8 M Dawidson, C 8 and Taylor F H. L Occurrenco of
Fibrinolysis 11 Shock, With Observations on Prothrombin Time snd Plasma Fibnnogen
Duning Hemorrhagic Shock Am J M Sc 211 806 (Jan ) 1946

Icteric Index

Hosley R J Nomograph for Rapid Calculation of Jeterns Index Yihen Determined by
Colonmeter Am J Chn Path 19 884885 (Sept ) 1949

Leukocytes

Minor A H, and Burpett L A Method for Obtmiming Laving Leukocytes From Humaa
Periphersl Blood by A of Ery d Blood 3,99 80°

a4,

ghes W L Jr and Gibson, J G II The Segamhun of Leucocytes
From Whole Blood by Flotation on Serum Albumn, Blood Special Issue 1 § 87
(July) 1847
Platelets

Pohle, F J The Blood ¥latelet Count in Relation to the Menatrual Cycle 1z Normal
Women Am J AL S¢ 197 4047 (Jan ) 1939

Protarombin Time

Munro F L and Mupro M P The P of by Adsorption on and
Elution From Aluminum Hydromde Arch Biochem 15 (2) 295304 (Nov) Ing7

Honorato RBené A Simple Means to Determine Exact Moment of Clottiny m Prothrombin
or Thrombm Time Determinations, Proc So¢ Exper Biol & Med 65 (1) 41 (Msy)

1947
Ware Arnold G Guest AL Masor and Seegers Walter H A Factor 1 Plasma Which
 accolorates the Activation of i 7 Dol Chem 169 (1) %3173 (June)

1947
Sternberger L A The Stsbihsation of Thrombin 1z Plasma Development of & Bimple
o gtage Method for the Deterunation of Prothrombiz Bnt J Exper Path 28
(3) 168 177 (June) 1947



SECTION IX
CLINICAL LABORATORY PROCEDURES (Cont’d)

0 TOLERANCE TESTS

1 Gluco e Tolerance Tests

A OBAL GLUCOSE TOLERANCE
Referente
Jamney N W and Tssaeson ¥ 1 A Blood Bugsr Tolerance Test Proe Boe
Exper B ol & Med 15 1036 1917
Principle

After an oral dose of 50 to 75 gm of glucose the blood sugar coscentration nor
mally comes back to the control level in two hour and httls if any glucose ap
pears (m the une In diabetes mellit s the level stays bigh and glicose sppesrs
e unme Tn rensl giycasuna the blood level behaves normellv but glueose ap
yesrs n the urine
Apparatug
2 Miero pipettes 01 ml & surately cahibrated
» A quantity of watch glasses
3 A guantity of 15 m) vound battom centr fugo tutes
4 Apparatus as for blodd sucar snalysms
5 A laz et for getting blaad
Reagents
1 Dilute tungstic sod solution for deproteinizing biood (see glucose method)
® Reagents for quantitative estimation of gluca e
3 Benedict 8 quabitative glucose teagent YWeigh out separately 8, gm eopper
eultate (CuSO SHO) 850 gm todum ctrate anl 500 gm sodwm carbonate
(Na,CO sphydrous) D ssolve the citvate and carbosate in 400 ml of water and
filter 1uto & large besker Dissolve copper sulfate n ,O ml of wster and pour
through & funu 1 1to the bottom of the ritrate earbonate solutisn  As much as
posaable avo d sgtabion snd loss of CO 1o the mir  Dilute to oye 1ter The
solutisn keeps well at room temperature
4 Glucose solution The do o 13 10 gm glucose/kg body we ght Divsolve glacose
0 4 pamts of water ei 1) ond favor With1 mon
‘Procedure.
The subje ¢ comes to the 1 bo story without any brealkfast Measore the body
weight
A blood sample 18 drawn from the esr or fluger and 61 ml1s diiuted to 10 &l
with ac d tungstate solut ou
Coliect & urine spec men.
The subject then drinks the glucoss mixtures aa goon a3 poss ble snd time is noted
(11 the mixtare is ¢old 3t 39 more pulatable )

403
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404 Clhnscal Laboratory Procedures

5 Blood samples are then collected at 30 minutes 60 munutes 120 minutes and 180
winutes and snalyzed for glucose by une of the quantitative methods
6 Urme samples are collected at one, two and thres hours 4 quahtative test js
Tun uvsing Benedict 8 reagent Heat 10 ml of Benedict s reagent 1 & water
bath, Add 8 drops of urime Heat for 5 minutes Cool Read m terms of color
;t sediment and supernatant fimd The gradations sre blue green, yellow and
Town

Calenlation
As for glucose esttmation 1

Precautions

1 As for glucose estimation

2 Tor interpretation see standard textbooks Actordng to Conn (Comn J W
Am J M Se 199 555564 1940) a short period of carbohydrate restriction causes
a marked delay 1n the utilization of carbohydrate as 1ndicated by the glacoss tol
eranco test Undernourished persons lose even more carbohydrate tolerance then
do normals Erroneous diagnoss of diabetes mellitns may be made when the
factor of previous b ) Hence the use of
prepatatory diet (300 gm of carbohydrate 80 gm protemn at best maintenance
calome 1ntake) for at least 3 days before the test 13 recommended.

B INTRAVENOUS GLUCOSE TOLERANCE

Reference
Loxger T L Winkler A W Taylor F I L and Peters J P Intrayenous
Glucose Tolerance Test J Chn Investigation 20 507 515 (Sept ) 1941

Principle
A mingle sugar determination on a specimen of blood drawn two hours after mtra
venous 1mjectson of 5 gm of glucose i3 a rehable guide 10 distingumshing between
bemgn glycosuria and diabetes mellitus

Apparatus
1 Sterile needles and syrnges for injection of glucose and drawing of blood

2 Apparatus as for glucose analyss

Reagents
1 Glucosa solution a 50% sterile solution in water
? Reagents as for blood sugar

Procedure
Prepare the patient as for oral glucose tolerance

Collect a sample of blood before imjection

Tnject 50 m] of glucose solution over & period of 10 mnutes

For screempg purposes a sample of blood at 2 hours 18 used For more precise
studies samples are taken at 15 minutes o0 minutes 60 minutes 20d 120 mn
utes together with specimens of urine for qualitative test

-

- os 10

Calculation, Precautions
Same as for oral test

Interpretation
See reference of Lozner and associates
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2 Vitammn Tolerance Tests

A, ORAL VITAMIN TOLEBANCE
References
1 Johuson P E Contreras L A Conzolazly C ¥ and Pobunson P F A Com
panson of Intravenous asd Oral Vitamin Tolerance Tests Am J Phymol 144
5%-68 (June) 1945
2 Goldsmith @ A Chemical Messurements in Relation to PYys cal ¥wd nee of
Melnatrstion Federstion Proc 8 553 567 (June) 1840
‘Principle
A dose of vilamins 38 admimstered snd the uvrine 15 collected thereatter for fonr
bours If the body 15 well saturated with witammms s conmderable percentage of
the test dose 19 excreted f the body 13 unsstursted the vitaminy are absorbed
by the t ssues and the unnary exc etion s smaff

Appacatus  (assum ng 50 subje ts)

1 A two gallon coffee pot or other contamer from which pouriog 18 easy

® A lsrge spoon for stirrag

3 50 paper cups

4. Apparetus for collect ng and stoting unne 83 deseribed 1n previous sections

Reagents

1 Water soluble tablets of thisgune hydrochionde g esch

2 TWater soluble tablety of riboflavia 5 mg esch

3 Water soluble tablets of zicot nemde 50 mg each

4 Water soluble tablety of ascoshic acd 100 mg esch

5 Chemeals requived for eolfect:ng and atonng unze

Procedure

1 Aliow at I ast 2 hours for mung the sofutions before admimstration of the dose

2 For eack ¢ubj ct expected add 150 ml of water to the pot and 1 tadblet each of
thiemine rboflavin and mcotisamde Stz uatil & ssolved,

3 Before adm m t nhion add for ench eubject § tablets of witamina ¢ St r wntal
dssolved  Add the pils just 1n fiume o nsore completa solution %, hour e
ususlly enough except im cold weather

4 Op n convenmient tahle place one cup for each subjert and pour 158 m) ot svlu
tion It 18 well to calibraty the eups with & keavy penail fine at the 150 mi
mark

5 Immediately after the vording of the fasting specimen omranad the subjects to
S)e past the table fske & cup Omnk th contents 10 the presents of an obserser,
and depo it the empty cups in & gavbage can or atker disposal umt pronided.

@ The Qases of vitam ns sre so Jarge that the subject may mow be ailowed to eat
breekfest without nterferzng with the test

7 A pubjects should be briefed with nstroctions that the unne for the next 4
Bours 1a to ba collected If they huve (0 unnate sn observer should provide s
paper eup for the purpase

8 Exaclly 4 hours sfter the admmistration of the vatamins the specamens of wrine
£howld e collected measnred and stored as des xibed 1n section an storage of
tpecumeny

Calenlations

It 15 dearred to deterni ne how muck of the dose of @ tamras 19 excrated 1r 4 hours

over aad sbove the amovnt which would bave been ex reted af the subject had not

taken any witamins Tho sseumphion 1 made that the hourly excretion memsured
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10 the fasting apacamen would have changed very little if the sabjects bad not
taken vatsmine  The folloming general formuls ts used

Txcess excretion 14 4 houry = (

urime volume 1n load perso
A e R on entration of wita

mun in loaded specimen) ~ (excretion pet hour wn fasting apecimen X 4)
Caleulat ons ars facilitated by the hine chatt 1o Fig 6y

‘Example
1 Tasting usioe

Vitamn G mg/hr 1 Tog/a T 5
Yitamin B, meg thr 12 meg/4 hr 48
N Afethylneotinamids mg/hr 0%, mg/4 br 34
Viamn B w g/hr 80 meg/4 hr 9

Tolerance test
Volume of urive o 4 brs 3060 ml

19 mgs | 175 [ mgre it 35 Tg over fastng 40
B meg” 80 moelthr 900 meg aver fastiog 4>
NMN | we” 0 | wgé by 7% | e over tasting 38
B mege’ 500 m g4 br 1800 wmeg over fastng 1480

Precautions

1 The solution of witamuns must be prote ted from direct sunbght st all times

beca 130 of the sens tivity of riboflavin

Vitamin C 15 50 unstable that it must be sdded only just before administration
Very strict supervision 19 required to tusuré that the subjects dnvk all the wita
fains and aleo that they collect all of their uning
The load test de cribed abovs 18 & Decessary comfromise between practical con
ditions 1 th £ie}d snd stuentific demrabihty  In particular » longer collection
penod would be des rable owiag to the relatively slow extretion of certain of the
vitamns  Many workera fecl that intravenous ihje tiom 1s preferable to oral
23m nstration.
1t 1s sdvisable to buy vitamias 1a large butches and essentsal to assay ench batch
before use
For every 50 Eubjects 19 4 good dem to make up emough solution for § extra
doses n case of 6p Slage or 1nsecurate measuring

o

-

o

o

B INTRAVENOUS VITAMIN TOLERANCE
Reference
fame as for ory} vitamin talerance
Principls
Bawms us for oral vitatn folerance
Apparatus
1 Btenle needles and syninges for 1n) cting v tatuns
2 Apparatus for collect on snd storage of uriSe 8pe itens
Reagenty
1 Rexgents for caliecting and 8 oring urne
° Amgaules of wtamn solutiony £0r ipteavenous injertion Because of incom
Pat bility of some of the itamins it is Detestary Yo have two sets of ampoules
s Ascorbicand  Omgm4ml
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b In5ml 5 mg thamme 3 mg nboflavin, 75 mg i
1 mg calewm h 1 mg of salt of folic sexd 10
mg of biotin &2d 10 mg of pynidoxme hydrochloride

Procedure
1 Obtain a fasting hour specimen 23 described under oral vitarmun toleranee
2 Tn a 20 m] stenle syninge mix ¢ ml of the eseorbic aeid with 5 m! of B com
plex solution and inject the 9 ml quantitatively

Caleulation
Same a3 for oral vitamn tolerance

Precautions
Vatamn tolerance tests are not well standardized Their interpretation 18 well dis
cussed 1n Bulletin No 117 National Research Counel Nutntion Burveys Ther
Techmques and Value May 1949 A mathematieal aralyss of the time course of
vitamun excretion 1s given by Joknson and eolleagues
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SECTION IX
CLINICAL LABORATORY PROCEDURES (Cont’d)

D KIDNEY FUNCTION
1 Titratable Aadity

Reference

Henderson L. J, and Palmer W W Ou Beversl Fa tors of Acid Excretun J
Biol, Chem 17 305 315 (Apr ) 1914

Principle

Tatratable sedity 18 measured by the amount of slkeh necessary to elter the £3T
of & buclog o2} fnd 107 4

Apparatus
1 A gquantitv of 500 m! Erlenmever flasks and a burette calibrated in 00, m)
dmnistons
2 Calibrated pipettes or symnge pipettes 2 and 10 ml
3 A 250 ml volumetne flask.
Reagents

1 Phosphate solution of Il T4 M/15 buffer solution prepered according to Sgren
263 5 table on phosphate buflers Use 808 ml of M/15 Na,HPO a3d 192 ml of
/15 KRPO,

® Bolwm bydrox de (NeOH) & 01000 N salution sccurately titzated

3 Phenol red 01% squeons sclution of sodim salt Tssalve 0.5 gm pbenol red
12 400 ml of water and 2dd 8 ml of 005 N NsOH

4. Standard companson solution In & * 0 ml volumetne flask dilute % ml phenal
ved and 10 mt stendard phosphate buffer to 8l with water

Procedure

1 Tos b mlhrlenmeyer Bask add exnctly 10 m} of urine
Add mpprox mately 150 wl of water and exactly 2 mi of phenot red solution

3 Didute to the marx and shake well

4. Totrate the unknown with 01000 N NaOW until the color matehes the standard.
The end pont mey be checked with the spectzophotom er at & wave lesgth af
S11mp or the piE itaslf can bo checked w th o glass electrods

Caleutation
Titratable sadity mi of 1 N titratable scad/hter of urine =
{x1 slkali) x normahity of slkah x 1000
Wl urine

‘Exampls

Ten m3 of ur e required 5 » m) of 01000 N NaOH to change the pTl to 74
Titratsble scidity ml I N titretable acsd/lter unne ==

[4] )70100Dx!000=555

409
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Precautions

Mbatehing the end pownt colors mav be dafficult 1n the pre ence of & kaghly pigmented
specimen of unne In such cases 1t may be necessarv to use a 5 m) ssmple

2 Phenolsuifonphthalemn Test
Reference
Rowntree L G and Geraghty J T The Phthalein Test An Expenmentsl and

Cliniest Study of Phenolsulphonphthaleim 1o Relation to Renal Function 1n Health
and Disease Ar h Int Med 9 234388 (March) 1212

Principle
The normal kidsey clears injected phenclsulfonphtbalesn rapidly from the blood
stream  The amount of dye excreted 1n & piven time s messured spectropho
tometnically

Apparatus
1 Graduated cylinders 1000 m}
2 Coleman Jr Spectrophotometer
3 Cuvettes 19 x 150 mm.
4 Stenle 1 ml tubercuhn svringes and 43 needles

Reagents
1 Bodium hydroxide approximately I N 40 gm/1000 ml water
2 Phenolsulfonphtbalein (PSP) 1 ml equivilent to 6 mg af dye stenlzed in
ampoules
3 Staudard solution of dve Dilute I ml of dye (= ¢ mg dye) to exactly 2000 m)
with water contaxmng a few ml of NaOH

of
1 Tho subject omats breakgast the mormng of the test
2 Allow the subject to drink 300 400 ml of water
3 Oue ha)f hour latet instruct fum ta uninate and discard the specimen
4 Tajeet 1 ml of PSP (6 mg) 1ntravenously and note the time
§ Collect urine aamples quantitatively at 15 o0 and 60 munutes

Procedure—Analysis of Specimens
I Pour the whole specamen of urine into & graduated Iiter gy inder
2 Add enough NaOH to make unine alkaling (10 15 ml)
3 Dilute to 1000 ml  Mix well
4 Read shiquot in cuvette setting water blask at 1007 T at 520 mu

Calibration Curve
1 Unng the standard PSP solution as described in resgents prepars a calibration
carva of the following dilutions

STANDARD WATER DYF/1 CF DYE

m] ml mg INJECTED
30 30
‘38 20 24 46
0 i 18 30
40 68 1. 0
0 80 08 10
10 99 93 k)

® TRead these against & water blank set at 100% T at wave length 570 mu.
3 Plot the calibration curve of % T agawst 7% dye exoreted
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Calculation
1 Cxlostate * dye 1n each gp cumen by veferenes to the ralibration arve
w % dpe ex ret 3 1m 60 minutes =
{Sum of 7 dven specrrens ! eed 3}
Example
1 The ¢ dye excreted n epe smen I was 4o m fpecun n 25 and 1p specsmen
10

5 dve excreted o €0 minntes =
45 + 25 + 10 ~~ £0'
3 The time course of excretion w33 normal
Precantions
1 New cal bration curves abould be run with svery new batch of dye

* Iz heawily pigw nted unne, » unpe blank nstesd of & water blank mey be
requred.

3 Renal O Tests M Ref

General

Smth B W  The Physology of the Kadney New York 1937, Oxford Universty Press

Smutk H W _ “otes oz the katerpretat on ot Clemrante Methods § Chn lavestigation
20 631535 (Nov) 1941

Diograst

Whte H L snd Rolf D A Rapd Micro Method for Determmng Diodrast sud To
;;)ﬁ,mu Todids Todine 1 Hlood snd Unne Proc Scc Exper Dol & Med 48 14 (Jan)

Glommn fnmmn Bate

Earle D P JSr 4 Berlger B W A Sumplified Cinteal Procedure Sor Measuren.ent
of G!am'mln Fxl(mtmn Rete and Renal Flason Fjow Proc Boc Fxmer Dl & Med
B2 (%) €2 62 {June) 1848

Ialin Clearsnce

Shagion T A and Bmith T W The Excretion of Inul X120 and Ures by Normal
Man § Chn Investigstion 14 303 401 (July} 193y

Phetolsulphonphthalein Test
Scmlme P L, and Seott % W '!‘I‘e of Witk
the d is tian of the Phthalem Ef mation
Curve  J Lrology 58 (7} 143 150 (Aug) wu
Renad Blood Flow

Foy P P god Foo ™ L A fimple Method for Determining Effect vo Repgl Blaod
Flaw and 'mbuxu Exeretory Mass 1n Man Proc Sor Ezper Bl & Med b1 (3)
3038 (Dec) 3

Ures &1 aranee

Peters I P avd Ven Niyke D D Quantatat ve €1 mical Chemistrs Yol 1T e kods
Balumors 18 Wall sms asd Wilkias Company pag s 564 T2



SECTION IX
CLINICAL LABORATORY PROCEDURES (Con¢'d)

E LIVER FUNCTION

1 Bromsulfalemn Test
References

1

Fosenthal 8 M and White E C  Chmeal Appheation of the Bromsulphalein
Test for Hepatic Function J A AL A 84 11121114 {Apnl) 1925

2 Mateer G Baltz J I Maron D F, and MacMillan, J M  Liver Function

3

Tests J A Al A 121 723 728 (March) 1943
Gaebler O H  Determination of Bromsulfalein 1n Normal Turbid Hemolyzed
or Teterse Serums Am J Chin Path 15 452 455 (Oct ) 1945

Principle
The dye bromsulfalein 1s removed from the blood stream by the liver After Intre
venous injection bromsulfalemn in the serum 13 measured colormetrically

Reagents

1 Bromsulphalemn dye 150 mg/3 ml ampoule

2 Hydrochlonic aexd & 5% solution

3 Sodwm hydromide, 01 N solution, 4 gm/1000 m] of water

Apparatus

1 Coleman Jr Spectrophotometer Model 6

2 Cuvettes 19 x 150 mm

3 A quantity of 15 ml eentnfuge tnbes (round bottom)

4 Electric eentrifuge

5 Syringes 5ml and #£°0 gruge needles (both stenle)

6 Byringe pipette 10 m!

of

1 The patrent 13 weighed and the dosage 10 be inyected 13 caleulated on s bass of
5 mg per kilogram of body weight

2 The caleulated amount of dye to be injected 1s measured into & 5 ml syriags

3 A control specimen 13 drawn from a vein. The syringe 13 separated from the
needle and the symage eontmmng the dye 19 conmested 1n its place The dye s
slowly 1njected mnto the vein the tume bemng spproximately ope minute Care
should be faken mot to allow anfiltration of the dye outmids the veur, as it It tery
panful

4 Record the time of mjection and after 45 minutes draw a sample of blaod {4 to B
ml) preferably from the other arm. Allow the blood to run into & clean dry test
tube

5 Allow the blood to coagulate and then centrsfuge and separate the serum

Procedure—Analysis of Serum

1

2

Into each of two euveties ppette exactly 0 5 ml serum
To the control tube add 25 ml water and 3 ml of hydrochloric aed. 3fix:

412
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3 To the other tubs add 2. ml of water and 3 =} of 01 N sodwum hydroxde
4 Set the coutral at 1009 T st 565 mp s2d read the unknawn
calitration Curve
1 Make up dilution of the dye 3n dilute sodum hydromde fa tbe tange § to 01
mg/s ml
“ Upng @ water blapk tet at 100% T read tho standards at & wave lesglh of
565 mu.
Calenfation
1 A vslue of 10 mg bromsuifales/100 ml of setum 18 arlatranly taken as 1009/
retention when the dossge 18 3 mg of bromsuifalesn/lilogram body wewght
o retention == U 11 euvette) x 100 x 100
(il seTum in cuvetis) x 10
Example
The ™ T twas 92 to 00 mg ) ifal 1o the cavette
% retestion ==
{00 ) x 108 x 100
TEx 10

= 407

Precantions
1 Pamful sloughung will be csnsed by extravascular bromsulfalon

2 Serum Babrabin
Raference
Malioy H T and Evelyn K. A, The Determzatzon of B hrub n With the Photo
etectric Calorimeter J Biol, Chem 129 431 490 (July) 3937
Principle
Bilirulnn bke sromatic em nes combines with dmzomun #aits to form azo dyes
Addition of aleohol sets all the hilirubin fres o Teact W th the diazo Teagent and
18 © #3 10 Tonke the Teact on quant tative for total bul robin content of the servm
Apparatus
1 Coleman Jr Spectropbotometer Model €
2 Cuvettes 19 x 1,0 mm
3 A quantity of vofumetric fasks 10 ml or 5 ml
4 410l syninge p pette aceurately calibrated
Beagents
2 Methst alechal ahsolute
2 Bulfamlic se1d solstion D so)ve ) gm of sulfembic scid n 15 mi of concentrated
TCL and dilute to & hter with dustiiled water
2 Sodwm nitnte soluton  Dissalve 05 gm of NaNO (ALS) 12 & hitde water azd
diuto to 100 ml The solat on 28 0 be prepared on the day 1t 15 used
4 Dhezo tengent Add 03 ml of the mtnate solution to 10 mi of the sulfambie aed
eolution. The diszo reagent must Ue prepsred with n & faw m sutes of the tume
wheu 1t 1s to be used
5§ Dlote NICY for Blanks Dilute 35 m} of contentrated HCL to 1 hter with water
8 B lrub u stock standard. Travster exsctly 40 wg of punfied b lirab n to & 100
ml glass stoppered volumetnia 8ask, Diswolve briag ¢o the mark with ehlorotorm
(USP) and mix by mvertiog 10 hmes  (Ths aplution 15 stable if stored 1 &
brown bottls with proporly ftted glass stopper )
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7 Biluubm working standard  Iulute 1 mi of the ahove stock solution to 100 mi
with ebsolote methyl aleohal The working standard 12 0 4 mg/100 wl

FProsedure-—Collectfon of Specimens

1 To avmd torhadity of gerum by slimentary hpemis the blood should be takes
when the patient 15 1n the postabsorplive state Transfer the sample to & round
bottom tube without snticoagulent eclose with 2 pledget of cotton and then keep
at yoom tempersture for mpproximsiely 15 munutex until the clot 13 completely
formed Chill 1u i1ce water and place m the refngeraior unti] the clot has com
tracted after whieh it 13 geatly freed from the top part of the tubs xf theve fa
ndherence and the tube then centnfoged Afier costrifuging transfer the rless
seram to a clean dry tube The diazo resetion must be apphed withsn 2 hours
after the blood is clotted and if the separated serum 2 allowsd 10 stand the
reaction 18 eltered  After long standing only the indirect reactions oceur

Procedure—Analysis of Serumn

1 Papetts exactdy 1 m) of serum wxto a 39 m) yohusetric fagk 81} 1o the mark with
disystled water stopper and mix by mverting 10 tunes

2 Iats & tuvette pipette exxetly § ml of sbeciute wetky! aleohol and thea 1wl of
fresh duszo tesgent

3 Fallow with exactly 4 ml of the (8 + 1) diluted merum mux stopper ond bold
30 minutes at room temperature for the full color to develop (¥f bilrubia ex
ceads 5 mg/100 mi difute the serum to 25 ml insterd of 10 mi }

4 AL the same ime prepere & rexgent blank with 4 ml of dilute hydrochlone sesd
& rl of wbavlaie methyl slechol and I mi of diazo resgent

5 Set the blank at 100" T 8t 550 mp avd read the unknown

Calibration Curve

1 Prepsrs a calibration curve with working Mlirubm stasdsed m the range ©
to 0016 mg bilirubin per cuvette Mux i each case 5 ml of ghsolute methsl
glechol 1 m} of disea reagent the requmte amount of working stazdsrd snd
dituta hydroehlone sesd to make the total Snel volume 10 ml

2 Stogper all cusettes tightly muix each by suvertiag ¢ tumes Lot stand together
for 30 munutes at yoom temperature For the color to develop fully then measurs
the Transmittance (T at 550 s

Catenlation
rag Wihrebm/100 mg gerdm ==
(g 1 cuvette) x {(didution) x 100
(ml shiquot] x (mi serum)

Example
One m} serom was Qiluted to 10 ml of wich 4 ml were taken for apalyms 4 read
g of 8057 T was equivalent to 8 010 mg birolin n the cuvette
g totsl bilirubin/1o0 mi serum =

eun x1x % 010)4:;1;) L = 25 mg brubin
Precautions ot
1 Careful hendling of the serum 1s essectigl 1o this metho
2 gz 1t 1a desired to defermme  direct  sad  mdireet Talirubin two sisges n:
Foquired  (s) Without methy} sleobol (b) with methyl aleobol  See the ongoal
papet for thus procadure
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3 Vrobitmogen 1 Urine and Feces
A, UROBILINOGEN 1IN UBINE
Reference
Sehwartz 8 8baray V and Watson @ §  Urolalanogen IV The Daterminalton
of Urobilinogen by Means of the Eveiyn Photoelectrie Colonmeter Am J Cha.
Path 14 598 604 (Dec § 1984
Principle
X 7ed edtor 1 formed by the reaction bebweea urobiizogen nud Ehrlwh 3 sldehyde
rengent
Apprratus
1 Beparatory funnels 300 ;i
Gradugted cytinders 100 mt
3 Cuvettes sus 39 x 150 ma
4, Coleman Jr Spe tropbotometer Model 6
5 A quaat ty of 175 mi Erlenmeyer flatks
€ An QS misnoge pipette ceuralaly ons braved
Beagenis
Bodmm cachouats (tengent grade}
Petroleum pth ¥ (bp 3060 ©)
Ferrouy sufste & 0% wolution (freshly prepared) 0 gm of ferrous sulfate
rre dizsolved 1 § ) of water
Bodium hydrozide & 10% solution 1n water
Eheleh s aldebyde Teagent 07 gm pars dunethsS anino bezzaldehyde 180 ml of
concentyated kydrochtonc sexd snd 300 m) of water
Bodium acetate aqueovs saturated solution
Glacia] weetse serd
Fihy) sleokiol 93¢
Btandard solahios  Diesolve 5 mg of Pontses] Ca7m 2e °B (Du Pont) snd 95
mg of Pontgeyl Vivlet 6K m 1000 m) of D5 gcet ¢ acid & fusther dilution of
oue part w § gives a eqlor mtenhty eqwssfent to D8 mz of urabilneren per
106 ml  With & deog of CHCL the coltr 18 atable wdefstely  (If avsilsble i e
better to use puse crystallipe urobthnogen)
Preservation of Sample
Tha procedure 15 appheable 2o su nd vilual o n & hour sample  If the Iatter the
wmmple Bhold by 1 & dmk bowle rozmm ng approx § gm of sedwm earhontts
uoder & layer of pefroleum other

w s

o p

o

Procedure
1 To 50 mi of unve 1R & 1§ m) Etlesmeyer flask add 5§ o of ferrous sunifate
solution
2 A3Q & i of 109 20dwm Vydremde mix thoraughly end et dway 1 the dark

for ome hour  Filter or centnivge

At the end of th¢ hour the Altrate sbould not ¢th bt any wrobdw band wt 08w

L4 determ ne the wmount of £ltyats 10 use do & qualitative test Gret

e To . mi of the filtrate sdd . m} of Ehyl ¢k 2 reagent 202 4 to 6 wi of sodium
acetats solut on

© It the resylfant solor 27 ax iotense ted 05 wl of BlE7ate e enoagh for the quan
Hitative proceduse  If yale red use 5 to 10 ml of faant prak nse 15 t0 5 mband
2t thare 1a 50 color use O mY

The amownt selected s5 placed 1 & pear shaped tuanet and 12 emall 15 dilated o

bring the volyme ta 9 ml

5 Then sdd 50 mi of petroteum ethor end ac dfy with 5 ml of glactal acetis ae &

w

-
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6 Sbake the mixturs wigorously and allow to seperate  The emvisions ara hrokea
by 1he addition of more acetie nall and 11 soma cases 12 ml of 957 ethyl aleo
hold 18 used
Decant the petroleum ether from the top by running cot a3 much of tha aquecus
fraction &s possible through the lower atopeock The aqueous Iayer 18 extracted
triee 018 With 25 ml portions of petrolenm other
The combined ether extractions ste placed 1o & clean separstory fumel and
washed once with o small amount of distilled water whick ss discarded, Thu
#eYves to remove smell amounts of mechanically entrsined mpurities
© Add 2 ml of Ehrheh s reagent and shahe the solutions vigoronsiy
10 Now add 6 ml of the sothum atetate solution and shake the muxture ngan (At
tumes 1t 1s noted at this stage that the color of the 2quecus fraction becomes
somewhat less 1ntense aud at the same time a fine reddish brown prec:pitate ap
pears at the wierphase This 13 believed to be ndel or skatol aldehyde siee 2t
hay been observed repestedly that the same phepomenon octurs when szdol is
simlarly hondled with petroleum ether Ehrlieh a remgent and sodum acetate)
11 The coloved aqueous fractwn after complete separation 12 removed anto 8 300 m!
graduated eyhnder
12 Repeat the extraction of the petroleum ether with the Ehrlich s reagent and
godium acetate one or more tumes or until the final aqueous fraction 39 not more
than very faiat  Diute to 100 m!
13 Place 10 ml of the well muxed solution into & eavette
14 For a blank reading add 9 m! of sedium scetate ¢0 3 m! of Fhrlich’s resgent
Set 8t 100 T 8t 508 mp and read the vvknown
Calibration Curve
The aritrary standard s equvatent 10 ©8 my nrobilnogen/100 mi  Set up & ealidre
tion eurve in the range from O {0 10 mez sn 10 ml and run at 508 ma
Qalewlation
mp urobthinogen/liter of urige ==
(mep 2 tuvette) x (final dilntson) x (mbsal dilnbion) x {(1000)
{10007 % {ml final atiquot) x {wl hltrets) x {ml unne}
Example
A reading of 75°% T was equivelent to 16 meg m 10 ml i the tuveits Ten ml
ahquots were read of » final ddution of 100 ml Ten wml of filtrste had heen an
alyzed from an tmitial dhlution of 50 mi of unne to 100
g urobilinogen/liter of uriag =
(18) x 100 x 100 x 1000
1006 x 30 x 10 x 50

Precantions
3 There are many places :b tha method at whieh Josses will occur Care f3 10
quued 8t every step The method sfself s uot 8y quastifative a3 one would
demre
R URORILINQGEN IN FECES

Beference Principle
Hawmae ag for erobilizggen 1n urne

-

3

= 3% mpgfiter

Apparatuy
Same ay for nrobthinogen m wrne sad 1 sddition
1 Quantitative Slter paper
2 A aumber of funnels
8 A Warnng Bleador
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Resgents
Bame ns for nTobilinnges 1m unne
‘Procedure-—Processing of Sampie
1 Al fecsl matter for » penod of 3 days 38 collerted ss deseribed 1u the secthion
of this munual on collection of feces
® In Wa iog Blendor the whote mass 19 homogenwzed and finally diluted to exa tly
000 ml
Procedure—Preparation of the Alkaline Extract of Stool
1 Duute 75 to 100 ml of the emulmon up to extetiy 300 mlw th water
® Add 100 m) of ferrous sulfate
$ Th n 2dd 100 mt of sodiam hydrox de stopp v the flask shake and place 1n the
dark for one to tywo hours
4 Falter through quant tatave filter paper

Procedure—Analysis of Alkaline Extract

1 Pipette %0 mi of the extract into & sepurntory funnel

9 Add 1l glocial acetic acud

3 Then 244 30 40 mi of petroleum etter and shake for thr & misutes

4 Releass th seatery patt snto n serond separatorv fonrel add 040 ml petroleum
ether sgamn and shake for tires munutes Combine both eth T extracts

v Wa b twice with dist Jled water and then 843 1 ml of Ehrhich s aldehvde reagect

6 Shake for one minute and then add 4 mi of & cold solut on of sodwm acetate
{sataratsd)

T Shake for 3 mimutes and telease the colored phase inte u 100 ml gradsated
eyhiade

8 Repeat the proress of adting tho Efthich s reagent snd sodwm acetate ustil no
colored compouzw 1s for

9 Combune uil the colored washings d iute to 100 mi and read sp ahguot i the

spectraphotometer getting the dlank at 1002 T as for ur fe
Calibration Curve
fame as for urolihnogen 1 urine
Calonlation
o wtobihnogen 1n fecessday =
(meg w cuvette) x (dilution # 3 > (dilutien 1) % (2000)
TN % (m alquot) il alkaling HIT AL Y {wi f001) % (Java col ceted}
Example
A 3 dav sample waa dilutel to 000 ml Of the emulsion w0 ml wers difuted o 500
of which 0 ml ahquots were anslyzed the fizal d ation be ng to 200 mL The con
centration of urobilinogen 1n the uvetts Was 15 meg 1 10 ml
mg fecal urobalinog, n/dey =
B0 B0
WX x Gwaoxd = V0 me/dey
Precautions
Bame 8 for urob linagen 1 unne

¢ Liver Function, Miscellaneous References

General

Mateer, I G Baltz § I Steelo H H Rrouwer & W and Colvert § P Chrome
Subclunical Tmps rment of the Liver Farly D sgnoss axd Treatment Further Im
provem nts and Fvalustion of Certssn Tyt Function T st J A M & 133 gog
826 (March) 1947

O good Edwiy B Interpretatron of Laver Funetion Tests J A 3 A 134 (7) 85 93
(Juse) 194
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Amyloidosis

Unger P N Zuckerbrod M Beck G J und Steele 3 M Study of the Disappe
of Congo Red From the Blood of Non amylo1d Subjects and Patients With Au owienr
7 Chin’ Tavestigation 27 111117 (Juny Togg o o ond Fatients With Amploidoss

Bile in Urine
TMawkmson v, Waton C J and Turner R H  Modification of I
’ of Harnson s Test for
Bilirubin in Unine Cpectally Suited for Mass and Sera] U A
514515 (Oct ) 1945 e oA

Cephalin Flocculation
Hanger F M S Di of Ob ‘tom Hep Jaundice
F] of Cephalin C: Emulsion J Chin Investigation 18 61 GO

by
(3May) 1939
Cholinesterase Activity
Yorhavs L J IT and Rark R M Af of Serum Ch Actimity
A Useful Laboratorv Tool in the Study of Diseases of the Liver and Bilary System
1o be published Med esl Mutrition Laboratory Report Mo 56 June 8 1949

Galactose

Colcher I Patek A J Jr snd hendall F E  Galactose Disappearance From the Blood
Stream Calculation of the Galactose Removal Constant and Its Application Bs a
Test for Liver Function J Chin Iavestigation 25 768 7:5 (Sept ) 1046

Hemostderin in Urine

Tous P Unnary Siderous  Hemosdern Granules sn the Urine as ap Aid fo Diagnosia
of Pornicrous Anemin Hemachromatons and Other Diseases Causing bdeross J
Luper Med 28 0do 608 (Nov ) 1918

Hippuric Acid
Quick A J  The Chmcal Appheation of the Hippuric Acd and Prothrombin test Am
J Chw Path 10 2_.2.3 (March) 1940

Fhosphatase

Cutman A B and Hanger F 3 Jr Differential Diagno 1s of Jaundice I Con bined
Serum Phosphatase Determnation and Cephalin Floceulation Test M Clin North America
25 83 843 (Mav) 1041

Partal Pressure
Bean W B Paul W D and Franklin M Prelunary btudies on an Indirect Method
for Determiming Portal Pressures J Clin Investigation 28 762 440 (Julv) 1949

Prothrombin Time

Aggeler P M Howard J Lueia 8 P Clark W and Astaff A Standardization of

the Quick Prothrombin Test Blood 1 2°0 . 3 (March) 1946

Quuk A The Chmieal Significance of Protorombmn as a Factor i Hemorrbage

Pennsylvania M J 48 1.5 130 (Oct ) 1939

Unger P N and Shapiro § _ Prothrombin Response to the Parenteral Admimstration of
Larga Doses of Vitamir K 1n Subjects With Normal Liver Function anl in Cases of
Liver Disease A Stondardized Test for the Estumation of Hepatic Fumetwon ¥
Cha Investigation 27 39 4/ (Jan ) 1948

Thymol Turbidity
Dekems H  The Thymol Turbidity Test and the Cephalin Cholesterol Floceulation Test

Nederl tidschr v geneesk 93 (II) 19 487 (1949)
Huerga F dofa and Sopper % M antardizaa Reagent for Thymol Turhidity Tet
3 Lab & Cun Med 3% (6) 87830 (June) 1949
Shank R E and Hoagland C L A Modified Method for the Quantitative Determiny
tion of the Thymol Turadity Reaction of Serum J Biol Chem 162 133133 (Tan)

1946

Urobliinogen N
Wilser T M apd Davidson L 8 P Ehrlich s Aldehyde Test for Urobshinogen Brit1s

M J 1049 834 859 (May) 1949



SECTION IX
CLINICAL LABORATORY PROCEDURES (Cont’d)

F FURCTIONAL TESTS OF ENDOCRINE GABTPIC AND OTHER SYS
TEMS

1 Prtuntary Adrenocarticotrophic Hormone (ACTH) Test
Reterence

Forstam P H Thors & W Prunty F T G asd Hils A G Chmical Btadies
B th Paturtery Ad eno orticotcophin T hn Endocrinol 8 1568 (Jan } 348

Principle
Following the injection of mtutlsry adrenocorticotrophic hormone (ACTH) in nor
wa) ;mdividasle there s an wived ate and strking fall m o culatng eostnaphily

and B nse in the ur ¢ anil xcretion  Patients with Addiwon 8 disease fail to ehaw
thesn changes

Appavatus
1 Stenl syt nge end needle for ntramu eulns 1mjection of ACTH
© Apparatis far diceet eos noptil codnt
$ Appsratus for estunsting une ac 4 and ereatinine

Reagents

1 ACTH for Intramuseulas Inge tion  The solubikl) varies wath &ufferent batches
of ACTH ‘Tte bormons requres alkal mestion ta a pi between 8 und 9 (faint
g ok w th phenclphthale n)  To § mi of stersle saling add thres draps of approx
wately N/10 MeON  This 33 taken up 1 & svringe and added to the Tubber
cappel vial coptmming 3 mg of ACTH Sbude gentlv uotil homogento1s A
somewhat cloudy solution s abtamed ‘Th s thould not 1o kept longer than twelve
hours &t 4 € or Duger than two hoats &t yoom tempe ature It stould te frazen
for long stovage The powder appears stable

R agents for direct eo woph 1 ovat

Heagents for estunat ng ur G snd ereatimne

°

Procedure

"6 faod s altowed after 8 00 £ 3t ¢ night

On the folln mg day g ve the patrent 200 mi of water at 8 00 8 00 and 10 00 A
Gollect urine from € 00 to § 00 & s¢

AR eosimoph 1 count 1a dose &Y & 00 A

Immed utely after the 8 00 4%t sp smen wngect 5 mg ACTH wtramusculorly deey
1nto th piiteus maximus A toderate degree of soreness often pers sty for & day

(RN

or two

6 Urme 1y ¢ flected from 9 G0 A2t to 1% 00 noon sud the eovinophil count s Tepeated
at noon

7T Analyz the urwe apc o1 s fof unc acui anf ereat mne

419
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Amylofdosis

Unger P N Zuckerbrod M Beck G J apd “teele J M Study of the Disappearance
of Congo Red From the Blood of Non amylaid Subjects and Patieats With Amylodens
J Chn Investigation 27 111117 (Jan) 1948

Blle {n Urine

Hawkinson \ Vatsor € J and Turner R M Modification of Harnson s Test for

sirubin 1n Unne Epecrally Suited for Mass and Senal Use J A M A 129

514 515 (Oct ) 1945

Cephalin Flocenlation

Hanger F D of Ob From Jaundice
by Floceulatron of Cepbahin Cholesterol Emulsion J Ciim Investigation 18 "61 9
{AMav) 1930

Cholinesterase Activity

Sorbans L. J II and Kark B M of Serum C¥ Actinaty
A Lseful Laboratory ool 1n the Study of D1 ea es of the Liser and Biliary Svstem
To be \led cal Nutrition L 3 Report No 56 June 8 1949

Galactose

Colcher ¥ Pateh A J Jr and hendall F E  Galactose D appearance From the Bluod
treams _Calculation of the Calacto e Removal Constant and Its Application as 8
Test for Laver Functiom 3 Cha Investigation 25 /63 75 (Scpt ) 1946

Hemostderin in Urine

Rous P Usnparv Siderous Hemo :dern Granules in the Urine as an A:d to Diagnosis
of Permcious Anemiz Hemechromatoms and Other Disesses Cautlang Siderosis J
Lxper Med 28 645608 (Nov ) 1018

Hippuric Acid

Quick A J  The Climcal Application of the Hippune Amd aud Prothrombm lest Am
J Chn Path 10 ” 2°93 (March) 1940

Phosphatase

Cutman A B and Hanger F M Tr  Differential Inagno ss of Taundice Iy Cambin 4
Serum Phosphata.e Determination and Cephalin Flocculation Te t A Clin Morth Amenes
25 53 533 (Mav) 1931

Portal Pressure

Bean W B Taul W D and Fraohn M Prelimnar Studies on sn Indirect Method
for Determuming Portal Pressures J Cho Iovestigation 28 (68 40 (Joly) 1949

Prothrombin Time

Aggeler P M Howard J,Inocia 8 P Clark W and Astaff A Standardszation of
the Quick Prothrombin Test Blaod 1 2.0 293 (March) 1946

Quck A J  The Chmcal Significance of Frothromban as a Factor in Hemorrhage
Pennsylvama M J 43 195130 (Oct j 1930

Unger P\ and Shapiro & Prothrombin Re pouse to the Parenteral Admimstration of
Large Do es of Vatanun K 1 Subjeats With Nargal Licer Functwon avl o Cases of
Liver Disea « A Standardized Te t for the Estimation of Hepatic Functon T
Clin Investigation 27 30 4 (Jan ) 1948

Thymol Turhidity

Dekema M The Thymol Turbidity Test and the Cephalin Cholesterst Floreulation Test
Neder] tud chr s geneesh 93 (II) 10 48 (1949)

Huerga J dela and Popper H = Standardized Reagent for Thymol Turbidity Test
J Lab_& Ciin Med 34 (6) B7 830 (June) 1940

Shask R E and Hosgland G L 4 Modified Method for the Quastitatie Determind
tion of the Thrmol Turbidits Reaction of Serum J Biol Chem 162 133133 (Jan)
194

Urobilinogen

Wilson T M and Dsmdsoz L § P Ehrlch s Aldehyde Test for Urolnlimogen British
3 5 1949 £34 839 (May) 1050



SECTION IX
CLINICAL LABORATORY PROCEDURES (Cont'd)

¥ FUNCTIONAL TESTS OF ENDOCRINE GASTRIC AND OTHER SYS
TEMS

1 Putwmtary Adrenocorticotrophic Hormone (ACTH) Test
Eeference

Forsham P W Thorn G W Pruntv ¥ T G 20d Mls A G Chnical Stodses
With Pitwitary Adrenocorticat ophn 1 Cln Fndoerinol 8 1266 (Jan) J03%

Prineiple

ollowing the sny ction of pitwitary adrenotort cotropluc hormone (ACTH]) 1n not
mal md viduals there 15 an 1mm diate and strsk ng £al) 1 ¢ revlst ng eos pophuls
and & rise 10 the une and excretion  Patients with Addison » disesse fml to how
thess chang s

Apparatiy
1 Btenle synnge and need! fot sutramus ulst n) a0 of ACTI
2 Apparatus for diect eosinnphil court
3 Apparatus for estunatiog un & 1d and creat mine

Reagents

1 AGTIL for Tntramusenlar Imeetion  The sclubihity ames with different hatches
of ACTIL  The hormone e juires alkal mzation to 2 pH between 8 and 9 (fmnt
prok itk phenolphthateur j 1o > ml of stersle saline add three drops of approx
imately N/10 NaOH This 1s taken up i » svroge and sdded to the yubber
eapped vial contamming o mg of \CTIH  Shake gentlv unti homogemeows A
romewhat cloidy solution 1s obtawned This should not be kept Jonges ttan twelve
hours at 4 C or longer than two bours ot room temperature It should be frozen
for loog storage  The powder appears stable

Reagents for d rect somncy i) count

3 Reagents for e tumating une neid and creatunne

°

Troandune

No fyod 15 allowed after 8 09 Pt 8t mght

On the folloy 1ng day give the patient *00 ml of water at 6 00 8 00 and 30 00 A n
Colle ¢ utwms from 6 08 to 8 00 4 &

At easinoph | count 13 done 0t 8 00 A%

Tmme hately after the § 00 A3 spe imen nject °5 mg ACTH wtramusculasly deep
wie the glute:s max mus A moderate de tee of sorene 3 often per sts for & day
or tho

Uring 13 callected from 3 00 A2¢ to 1 0D noon, and the eos nophil count 19 repeated
t 500a

Anzlyze the ur ne speciriens for v 1o 8033 and creatimne

219

o ta 8 e

a



418 Chnical Laboratory Procedures

Amyloidosis

Unger P N Zuckerbrod M Beck G J and Steele J N Study of the Di appearance
of Congo Red From the Blood of Non amvlold Subjects and Patrents With Amylodosts
J Chn Investigation 27 111117 (Jan ) 1948

Bile in Urine

TMawkinson Vv Watson C J and Turner R H  odification of Harnson s Test for
Bilirubin 1n Urine Epecially Suited for Mass and Serisl Use J A M A 1%
514 515 (Oct ) 1945

Cephalin Flocculation

Hanger F 3 Serological Dufferentiation of Obstruetive From Hepatogenous Jaundice
by Flocculation of Cephahin Cholesterol Emulsion J Chn Investigation 18 °61 69
(Mar) 1930

Cholinesterase Activity

Yorhous L. J II sad Kark R M of Ser Activity

um Ch
A Usefut Laborators 1ool it the Study of iseases of the Luver and Biliary System
To Le publi hed “fed cal Nutritton Laborators Report Mo 56 June 8 1949

Galactose

Colcher H Pateh A J Jr andIendall F E  Galactose Disappearance From the Blood
Stream _Caleulation of the Galacto e Removal Constant and Its Appheation as s
Test for Liver Function J Clin Investigation 25 768 (5 (Sept ) 1046

Hemosiderin in Urine

Rous P Unnary Sidero 13 Hemosiderin Granules in the Urmne as an Aid to Diagnosis

and Other Disea es Causing Siderosis J

of Anemia
Exper Med 28 015 608 (Nov ) 1018
Hippurie Acid

Quick A J  The Clnical Appheation of the Hippuric Aeid and Prothrombin [est Awm
J Clin Path 10 2._° 3 (March) 1940

Phosphatase

Cutman & B and Hanger F \[ Jr  Dafferential Inagno 1s of Taundice I Combr «d

Serum Phosphata e Determuation snd Cephalin Floceulation Test A Cho North America
25 53 848 (Mav) 1hal

Portal Pressure

Bean W B Paul W D and Franklin M Prelminary Studies on an Indirect Method
for Determining Portal Pressures J Cho Investigition 28 469440 (July) 1949

Prothrombin Time

Aggeler P M Howard J Lueia 8 P Clark W and Astaff A Standardization of
the Quick Prothrombin Test Blood 1 2.0 273 (March) 1946

Quik A T The ¢hmeal Sigmucance of Protirombin as a Factor in Hemorrhaye
Penusilvama M J 43 195130 (Oct ) 1939

Unger P N and Shapiro &  Prothrombin Response to the Parenters] Admim tration of
Lsrge Doses of Vitamin K 1o Subjects With Normal Liver Function and n Ca es of
Liver Disease 4 Standard: ed Test for the Estimation of Hepatic Function 7
Clin Tnvestigation 27 39 47 (Jan ) 1948

Tnymol Turbidity

Dekems H  The Thvmol Turbidity Test and the Cephaliz Cholesterol Floceulntion Test
Neder] tydschr v geneesk 93 (II) 10 487 (1949)

Huerga J dela snd Popper M Standardized Reagent for Thymol Turbidity Tet
J Lab & Chin Med 31 (6) 877 880 (June) 1040

Shank R E and Tloagland C L _ A Vodified ethod for the Quantitative Determund
tion of the Themol Turbadits Reactios of Serum J Tuol Chem 162 133135 (Jan)
194

Urobilinogen
Wilson T M and Davidson L 8 P Ehrlich s Aldehyde Test for Urobihinogen British
3 J 1949 884589 (Mav) 1949



SECTION IX
CLINICAL LABORATORY PROCEDURES (Cont’d)

F FUNCTIONAY, TESTS OF ENDOCRINE GASTRIC AND OTHER SYS
TEMS

1 Piwtary Adrenocorticotrophie Hormone (AGTH) Test
Reference

Forsham P FL Thorn G W Prunty P T O 208 Fhlls A G Clmical Btudies
Wtk Pitur ary Adrengcostt otrophin T Clin Endocrinol 8 1366 (Jan) 1048

Printlp e
Pallowing the mjection of p twtary adrenocarticotrophie hormose (AFTH) 22 nor
mal 1ad vidua 2 thers s an nnmed ate and stuk ng fall . airculsting eonnophils

sod & m1%e 10 the ur ¢ sard exeretion  Potients with Addison 2 disrase fa)) to show
thesn ehonges

Apparatus
1 Btenle synnge and needle for intramusevlar mjection of ACTH
# Apraritus for d re t eos nopt | eount
$ Apparatus for estimating or ¢ ac 3 853 creatimine
Reagents
1 ACTH for Intramuse slar Tnjection  ‘The solubshity vames wnth different batekes
of ACTH The hormone re pnres alkahn 7ation to a 7T between 8 ana @ (farat
pnk with phenolphthaie n}  To 5 mi of sterile saline add three draps of approx
vmately N/10 NaQH  This 18 taken up 1n a syringe aad 2dded to the rubber
capped vinl contmnming % mg of ACTH bdhake gently uotil hamogen ous A
somewhat ¢l udy solution 18 Olitained Th s should not s kept longer than twelve
fiours 8¢ 4 G or longer theu two fours at room temperature It shosld ke frozen
for fong starage The powder appears stable
Reagents for direct eos mophil count
3 Reagent for est mating une acid and creat mne

Proceduze

1 o food 13 ailowed after 8 UG P M at mght
On the follo sing day g ve the patient 00 m} of a2 £ a2 8 00 § 00 anl 10 00 A
Caflect urino from € 00 ta 8 00 23
Aa eosinopl 3 count 5 dom at B 00 &
Tmed ately after the 8 00 43t specimen wye ¢« mog ACTIL stramsenlarly deep
ato the pluteus maximus & moderaty 49 res of sorenesy often pers sts for 8 day
or tno
Ur o016 collected from @ 00 A M 32 0 naan snd the cosmophul eount is repeated
&t noou
T Anihzo the yrise pee mens for ur £8 11 and ereali e

419

o

=



418 Climical Loboratory Procedures

Amyloidosis

Unger © N Zuckerbrod 3 Back @ J and Steele J M Studs of the Dheappearane
of Congo Red From the Blond of Ion am3Joid SBubyects and Patasnts With Anf;‘]o‘:do:x;
J Cha Investsgateon 27 131 117 (Jaw ) 1948

Bl in Urlne

Hawlimson v Watson € J and Turmer R 3I  “Modification of Harrison s Test for
Bilirubin m Unne Epecaally Suated for Mass and Semal Use J 4 M A 129
$14 515 (Oct ) 1045

Cephalin Flocoutation

Hanger F AL Serslomeal Differentiation of Obstrartive From Hepatogenous Juundices
by Flocealation of Cephalin Cholesterdl Rmulsion J Clin Investsgation 18 61 68
(AMay) 1920

Cholinesterase Activity

Vothaus X, J II end Kark B N £ of Serum Chol Activity
A Useful Laborators 200l 1z the Study of Diseases of the Luver and Biliars Scsem
1o be published al N Lab ¥y Report Mo 50 June 8 1949

Galactose

Coicher §§ Patek 4 J Jr and hendall F B Galactose M sppeasance From the Bood
Stream _Caleulatson of the Calacto ¢ Remaval Constant and Its Appliestion a3 a
Test for Liver Function T Chin Investigation 20 765 45 (Sept ) 1946

Hemosiderin fn Urize

Bous P Unnary Siderosis  Hemosiderin Granules in the Urine as sn Aid to Disgnosts
mia  E and Other Diseaces Causing Biderosis &

of Pernter e
Exper Med 28 645608 (Nov ) 1018
Hippuric Acid

Quick A J_ The Chmeal Apphastron of the Hippuric Amd and Prothrombin lust Aw
J Cun Path 16 2% 2.3 (larch) 1940

Phosphatase

{uimaen A B and Hanger ¥ U Ir  Differennal Yhsgno s of Jaynthes I3 Combud
Serum Phosphatase Determpation and Cephalin Tlocculation Test 3L Chin Nvorth America
25 43¢ 848 (Wax ) lvdl

Foreal Pressure

Bean % B Papl W D apd Erankhn M Prelimunars Studies on sn Indirest Metbod
tor tal J Cbo 28 769 440 (July) 1959

Prothrombin Time

Aggeler P M Howard J Lues 8 P Cluck T snd Astaff &  Standardization of
the Quick Prothrombin Test Bleod 1 2 0233 (March) 1046

Quuk A S The Cumcal § gmficance of Protarombin as 8 Facter in Hemorthape
Pennsylvams M J 43 125130 (Oct } 1839

Luger P N ond Shaprro S Prothrembin Revpon e 1o the Parenterst Admimstration of
Large Doses of \itamm K an Subjects With Mormat Liver Function and m Cases ot
Liver Disens. 4 Standardized Test for the Datimation of Hepatie Fuaction 1
Clin Tavestiganion 27 20 4¢ (Jar } 1948

Thymol Turbidity

Dekems, T The Thimot Turbabty Test and the Cephahin Cholesterol Floseulatwa Fest

Medes] tspdsehr v geneenk 93 (I1) 19482 (1949) ent

Ruerga J deln wnd Popper Standerdized Reagent for Thymol Turbidity Te
7 Lab & Clin Med 33 (5) 87 850 (June) 2949

Shank B E snd Hosgland C L A Modsfied Method for the Quaatitaive Determing
tion, of the Thymol Turbidity Reaction of Serum J Dol Chem 262 113 13§ (Tan)
1846

Urodflinogen b
twilsop T M and Davidson L 8 P Ehshich s Aldehyde Test for Urollmogen Beutis
M T 1949 884 889 (May) 1949



Substances of Chmcal Importance 421

old Pressor Tests

sarkentu J sod Laoy D Flymosns Handbosk ¢l ¢ Lalo Alts Cahf 140
Univernty Medienl Subeners page
Porphysis

el ker Af £, The Porghivring new L Jan i 3ed 82 3199 (Jan ) 1%

Vestatt §  Acute Torpbyna § & M A'121 86 94 (Jan) 193

o U FOSReTE Tad tawkonaen 3 Shoies of the Uroporphvmns 1T
Further Stud es of the Parphvriny of the Unine Feces Bile nd Iiver n Co es of
Torghyns With Fartieular Reference to 3 Waldsnstzon Type Torphynn Dobso ug
23 a0 Entity on the Tawett Column T ol Chem 157 345 362 {Tan )

+ SUBSTANCES OF QCCASIONAYL CLINICAL IMPORTANCE MISCEL
LANEQUS REFERENCES

Alcono

Hsrger R N Raner, B B PBndwell E G and hutchel M ¥ Ihe Pattition Batio of
Al ohol Between A ead Wate Urne and Blool ¥ st wation and ldestifeation of
Aleohol 1 Thes Liguds Froo dinhvms of Aar Fquihibratel W1l Thm 3 Mol
Chen 183 19 14 (Mar by 19 0

Beparin
Atrup B Ou the Determ ost on of H jan 1) Rlood 11a ma #pd Unn  Acts pharmacol
et toxeol 3 (L) 105178 193

Mercary
\an Suchtelen M Warmoltz N and Waggermk G L. Method for Detormining the
Mereary Content of A ¢ Ehillips I h He 21 198 101

hicotine

Wolf Willem A, Hewlon Mariae B 2od (les W E - The “pec!rop)la(ometnc Estims
tion of Nico jne n Blood J Biol Chem 175 & ;831 (S ¢, 148

Phenats

Sehmidt k€ Urinsry Thenol IV The Sumultancous Determnstion of Phenol and
P Cresol1n Unine J Dol Chiem 179 11 16 (May) 1049

Theis R C and Benediot 87 bs Detenmuation of Phonols n the Blood J Bol
Chem 61 6 7o (Aug) X

\ Yterra Mato Unvary honols T Motbod of Determmation Urinary 5 sols 1T The e
iya fcance 1n Noriut wid Kutiologcal Londtons Am J (hn Path 12 5 533
584 389 (Nov ) 1947

Procaine

Tog h % Coon J M and Comway 4 C A Speet ophotometne 3ethod for De\emmt
ton of Proowme and p AW ncbemoie dud § Lab & ulm Med 3 {8y 8 28y
(June) 1849

Balicylates

Voterrs Mano anl Jacobs 3id ed D A “imple Method for the Determination of
Saheylates 1n Blool J Leb & t1n Med 32(10) 18 1 83 (Oet) 104
Streptomyein

Ma shall E K, §r Blanchard I C and Buble Emmett T Color m tric Methods for
Deterunnation of Streptowys » J Pharm & Faper Therap 90 () 367374 (hvg)

Sulfonamides

Bratton A C and Marshall 3 5 % A New Coupl ng Component for Sulfanilam de
Determination T Biol Chew 178 475 0 (May) 1939



420 Climical Laboratory Procedures

Calculation
i gaicu{ate urie aerd and t: as described under those methods
aleulate the une acid ratio for both of urine accordne to

the formula
urie aeid/ereatinine ratip =
mg une ac1d/100 ml urize

g creatimine; 100 ml vrive

8 Caleulate the change of P and une aad, ratio
between the pre injection aund post mjection values according to the formula
© change =
(Pre njection valne - post mjection value) x 100
{Pre 1njection value)
Interpretation

Losmnophil Count  Normal subjects have a decrease of 70% or more 509 13 the
lower it of normal Patients with Addison s disease show little or no drop
eosmophil count

Urie A Creatinme Ratio  Normal subjects will increase their urie acid ereatinne
ratio by approximately 100 percent average Patients with Addison s disease show
approximately & «0 percont increase  An increase of over 50 percent 18 strong evt
enco agamst adrenal 1nsufficiency

2 References to Endocrine Gastric and Other Functional Tests

‘Water and Salt Tests of Adrenal Sufficiency
Robwson, F J Power M H and Kepler E J Two New Procedures to Assist in the
Recogmition and Exclusion of Addwon s Disease Proc Staff Meet, Mayo Clin 16

577 583 (Sept ) 1947
Cutler H H Power M H and Wilder R M Concentration of Chlonde Sodiom and

Potassium 1 Urine and Blood Their D; m Adrenal

J A M A 111 117192 (Jan) 1938

Adrenal Hormones
Fraser B W Forbes A P Albrght F Sulkowitch § and Rerfensten E € Jr
onmetnc 4ssay of 17 Ketosteroids mn Urime J Chn Endocrinol 1 .34 .55 (]\IBmh)

Talbot N B Saltzman F Wixon R L and Wolfe J K Colormetric Assay of Uninary
Corticostermd ihe Substances J Biol Chem 160 535546 (Oct ) 1945

Pancreas

Fraser R Albr ght F and Smith P H  The Value of Glucose Tolerance Teste Insulin
Tolerance Test and the Glucose Insulin Tolerance Test in the Diapnosis of Endo
cnnologxca' Insorders of Glucose Metaboltsm J Clut Endocrinel 1 29¢ 306 (Apnl}

1941
Comfort M Y and Osterberg A E _ Serum Amylase and Serum Lipase m the Disg
nows of Dhaases of tho Pancress M, Clin Nurth Amenea 21 1187 1149 (Tuly) 1640
Beazell J M Schmidt ¢ R and Ivy A The D agnosis and Treatment of Achyha
Pancreatica J A M A 116 736 ©(39 {June) 19041

Parathyrods
Albnght ¥ The Parathyroids—Physiology and Therapeutics J A M A 117 57533
(Aug) 1941

Gastric Function
Glenn P M Histamime Stimulated Fractional Gastric Analysis The Diagnostic Value
of Total Secretion Gastroenterology 6 409 416 (May) 1946
Hollander F The Insaln Test for the Presence of Intact Nerve Fibers After Vagal
Operations for Peptic Ulcer Gastroenterology 7 607 614 (Dec ) 194
Venzant F B and Alvarez W C  Caleulating the Diagnostic Value of Gastric Anslyﬂs
Study 1 the Methodology of Disgnosis Am J Digest Dis & Nutntion 2 4664

A
(Oct ) 1935



References to Standard Works 423

Yule € Udny  An Introduet on to the Theory of Statistes London Epglani 1940
‘Cha Jea Gt and Company Ltd

Ths text co ers the theory of statisties has an exe Il nt b bi ographs anlg e amsvers
to problems p esented 1n the text

2 General Handbooks

Hanlbo k of Chemistry and Physics Cleveland Obo 1947 Chemical Rubber Putlishing
ompar,

Handiook of Chemistry edited by Lange Adolph N Sandusky Oho 1046 Handbook
Publishers Ine

Van_Nostrand s Chem cal Annual edit d by Olsen Jobn G New York 1934 D Van
Nost and Company Inc

Marks T onel Mechanieal Enginee s Handbook New York 1041 MeGraw Hill Book
Co Ine



SECTION X
STATISTICAL METHODS

A REFERENCES TO STANDARD WORKS
1 Textbooks of Statistics

Buros O car Knsen  Research and Stah hienl Vetbodalogy Nev Brumwed W J 128
Tatgers Umreraity Press

An annotated bibhiography

Buros Qsear Ensen  The Second Yearbook of Research and Statusties) Mathodology—
Baoks avd Reviens Highland Park N J 1841 The Gryphon I resa

An snnotated hiblhography

Cramer H  Math matical Method of Stafasties ¥naceton N T 1945 Prineeton Lm
vermty Press

Very theoretical

Croxton F F and Cowden D J  Applied ( eneral Statispes New York I946 Prestiep

ne
Gives & good pre cutation of statistieal methods and thess application in vanous Sields
Ezehael Mordeea  Methods of Carrelation Analysis  ew Torh 1941 John Waley & Sous

Covers that part of the field of etatr ties wh eh & concerned witt  tudving the relstions
between variables

Fisher Ponald A Statistical Methods for Re earch Workers Edinburgh “eotland 104
Olver and Boyd, L1d. pp xum

A compredenstve text with !mphusls nn bmlogv

Fisher Ronald A azd Yates Frank Biol 13 1i and
Medseal Research, Edmburgh “Seottand 193 oanknoyd Ltd pp 90

{oodwm ¥ M  Flements of the Pr!u son of Measurements snd Graphical Method
NeGraw Tl Book Co N ¥ 193

An exeellent secount of the subyect o£ mskimg meassrements of errors involved, snd of the
ststistical methods of handling iostromental data Thers 19 slso a section deahng
with graphical methods Iustratise problend are given ¢>gether With expmplen

Renney Jobhn F Mathematics of Statisties New York 1939 D 1ae ™ ostrend Company

(e

An excellent dictronary -

Kurtz Albert h anpd Edgeston Harold A Stati tieal Dictionary of Terms and Symbols
New York 1039 Joka Wailey & Soms Ine pp x:n 301

4n exeelient dictiopary

Wmaland Dokl The Trestment of C(homel and Loharetory Tiate Ao Totodusttw
to Statistiesl Tdeas and Methel for Mefieal anl Dental Warkers 19,8 Fdmburgh
Scotland Oler & Bovd Ltd pp xt 40

This book bas been prepared for the express purpose of mding the thimeian nntrawed in
statistics 1n the esaluation of the sigmificance of labarstorv obeervatims It 5¢ an
appeal to un Jerstapding rather than to mathemat eal densation

R\der, 1’ R An Totroduction to Modern Statistical Methods New York, 1939, Joka Wiley

ne Ine
A p\'n:h:ﬂl statistieal book thet has proved o eful i handhing hiclogieal dats.
\npdecar Gearge W Stah tieal Methods Apphed to Fypenments in Agneuliure and
1ology ed 3 Ames Iows, 1340, Towa State Colloge Pre & pp xv 4°°
A nndard textbook
4



Contersion Tables 425

B CONVERSION BETWEEN DIFFERENT SYSTEMS OF WEIGHTS AND
MEASURES

1 Lengih—~Metric System

Kngstrom Uity Aumeerans Wierany Mull met 9 « ttim ters
A me “ em
i 'R i iy 0
10 1 ws 10-8 tov
10 102 1 3 0
Millireters Centumeter Neter Flometers UK
r ke b juivatents
01 001 ice V0333 nch
10 1 ¢o1 LR 8333 anch
000 100 1 102 3937 ek
3 8093 feet
10 10 1000 1 £6 137. mle
2 lepgth—U § System
Enches Feer Yards Moy Metrt
n £t yd my Fq swalent
1 D 08433 B0 TN ~ 2Rl em
17 1 63 33 0 64801 m
38 3 1 {4000 88 091440 m
683 280 » RO 16 1 16087 km
$ Area—Metric System
Squar Squar Nquare ‘Squar T~
Siflumeters Cent meters eter Rlometers Faunal ats
mmd em? wt kmz
1 L1 i 107 TG00 & 1.
109 1 10 10 e 0 Yool 8q n
10 10 000 b 10 10 638 q ft
1 u 106 !
4 Area~U § Bystem
Rqaare In hes qaare beet dgua ® \a d3  Acres  quare Sues Metnie
9 a0 s It 59 vd 8 my Tquivalent
T T 006335 = = Basib 8 car
£ 1 e - - 9090 mr
196 9 T = - 081wt
33,060 4940 1 0001563 408391 m?
300 6 0 $10 3 SN lan?

§ Volune—>Matric System

Lubse 3oll meters Cub e Cent meters Cubie Meters
mms om? s

U S Tyuwalent
) 0001 10~ ©DULUBE cu
1000 1 10¢ 70610 cu i
e 10 1 9344w ft
130 9¢ eu yb
8 Volume—U 8. System
Cibag Inches Tibie Eeet Tobic Yaras
 5n ot e yd etne Fqmvalert
1 Bovy & 1o om
17 3 003 03 00 8317 ms
4868 a1 1 0 6136 ma




SECTION XI
MISCELLANEOUS DATA

A ATOMIC WEIGHTS
References
Table of International Atonuc Weights 1946
1047 Summary of Nuclear Daty (Aug 1946 Nov 1947) Compiled by Muclear Data
Committee of Clintan National Laborators  Nucleontes 2 Part & {Mav) 1945

TABLE 2 — ATOMIC WEIGHTS

ATOMIC | ATOMIC ATOMIC ATOMIC
ELEMENT SYMEOL | O WT_ | ELEWEAT SYMBOL [ vo wr
Actinum Ac 8 iea f{ Neodrvmum: Nd 60 (134 T
Alabamine Ab 80 1ea || Neon Ne 0 | e0183
Aluminum Al 13 o0 % Neptumum Np 93 39 ca.
Amen wwm Am | % |oMa | M R 2 | 5369
\atimenv 8b 51 {1146 | Nitroyen N 11008
Ar,on g 18 399144 1’) O mum Os 6 )1
Areme As a3 491 | Oxygen 0 ¢ 150000
Astatine A 8 [218ea | Pallidum Pl 46 {10
Barum Ba 6 J1s73s | Thosplons P 1 | e
Thwm Be 4 Platinum Pt ]
ey B 83 |°0000 | Plutonum Py B [Ba
B 5 Polomum Po % e
g:;;:‘mé Br 30 916 || Potasum K 19 30 096
Crdmmm o 18 (a1 ! Prasesdymom | Pr 5 {109
Ca 0 | 4008 | Protoncimum | Pa o1 fon
o ¢ 6 [ 1201 [ Iadum Ra 8s | 6o
Ce:mm Ce 58 14013 Radon Rn g |°
Costum s 55 |13 01 | Plemwm Be 70 18031
a 1/ | 30457 | Rhodm Ph 5 {0a
o o 25 | 5201 | Pubilum Rb 37 | 8548
e Co 5" | 330+ || Ruthenum Ra soqn
i |8 | BE SRR B D
ittt fm 9 [261'en | Selenum % 34 | 89
Surtams 6 |16.46 | Siicon S 1 | ses
P fro wm o & {1673° 1 Suver Jes 3 {10 %0
B, Ta 61 {1396 | Sodnm Na 1 | e
Froat P 9 | 10000 | Strontuum ar SR
87 |20 en | Sulfur Q 3 o
P b3 61 [1.60 | Tentatum Ta 75 |15088
bt Ga 3 | 8a72 | Technetum Te 2 e
2 260 (M nrium)
ge;!mm“m (i:x 9 11972 Tellormm Te 5 |1 61
fo e 70 {186 | Terbmm Th @ (250
Hofom Heo 2 | ‘4003 | Thallum T a1 |e0i3e
it H, o 116104 || Thorum Th a0 |93 T
Lot n" 1 | 100801 Thul um Tm 6 |
B 50
T I 5 e | Tewum ™ s 40
Tadium In i3 liogez | Tunmten w K E
Totne b ¥ l131 | Uranum T 9 330
P Po 6 | 5.8 | Vanadwm N 03 | 508
oy K 36 | 837 | Lrgmum W 57 |7 en
rFran . 57 [13382 | emon e 5¢ (1312
Lanthanum I g ["07.1 | tterbiom N 70 |17304
o 3 | 6050 i Yttrum 3 3 | s
i I 1 Jira09 | Zune 7n 30 | 6538
Lutecsum I 1 | e In ooas
et M 5158 | Pt = 6 [use
Mangane & \fn 5 | 3403 |l Tlement 61 = o jus
Mercorr hird 8 Tea
Malvhdenum | Mo + 3 SN




Conversion Tables 425

B CONVERSION BETWEEN DIFFERENT SYSTEMS OF WEIGHTS AND
MEASURES

1 Length~Metrle System

Angatrg w Umits 3 Tumierona Muerons M et rs i ntim ters
i mu » mm em
i [ i T 107
10 1 ws 1w w
0 103 1 103 1
filhmeters Centimeter Unter Fhlometers UB
@ o Equ valents
[ G007 704 TG3737 inch
10 1 aot 105 0393 snch
000 w08 1 s izo K
3 4083 foet
10 0 1000 1 06,1372 mls
2. Leogth—U § System
Tnches Teet Yards Wis Serr
n 1t ¥d m Laquvilent
T $0R3IT CINEE] 24001 e
1 1 733333 03049 m
36 - 1 08 0268 001440 m
62 60 » B0 160 1 1813 ka

3 Area—Me ric System

Squar Yqar Square Baaare T~
M thmeters tentimeters “Meters hilometers % qu valents
mm em? n Km?
T [ 08 W R
e i 30 0 01 o080 8 m
106 19 900 1 W0e 1063 e fh
02 1081 me 1
4 Ates—U 8 System
Tuare Inches  Hquare §oet  GQuare 1ards  AGres - uhre Shics etne
s q it sq 33 A 5q.m Lqa valent
1 0 DUbS34 - - b 4u16 6 cmd
144 1 o - - a0k 9
Tag 1 ~ - 08361 me
00 4810 1 9001563 40P293 m2
309 #0¢ 610 1 59398 km?
5 Volume—Metric Systent
Calic Dihmeters  Cub 6 Ceaf meters  (abs  Meters -
mmd my U N Fjuralent
1 (R 0 GUGET o
3000 1 10 Q060 cu in
we ) 1 3 e gt
139 98 cw 3}
5 Volume-U & System
Cobio I hes Cobo Feet Cibac X ards
. im o 2t ou yd MetrsTquivalent
3 V000 8 183y om?
178 1 403 031 90 8317 ms

46 856 22 ) 0 6426




420 secllancous Data

7 Capacity—Metric System

U's
\bﬂ;;;rers Lu‘ers Equivalent
1 v eoY it 31 mmms
60610 ca an
1000 1 - 0018 A dram
335147 A ounee
8 Capactty~—U 8 System—Liguid
(ills lints Quarts Metne
@ vt qt Gallans Fqunal nt
T 05 010 03T 5 Ty 57 ol
4 1 0y 010 04,3° 1
2 . 1 [ 09443 1
3. l 4 1 34531
9 Capacity—U S System—Dry
Pinta, Quasts Leck Riskela Metr.
et qt 28 bu Fqurvalent
¥ 05 00 5 (015600 02508 1
- 1 012 0031% 110101
16 [ 1 025 88006 1
a4 3 4 1 322183 1
10 Mass-—Metric Bystem
Muligeams (rame Ko ram US
™ il kg Equisalest
T 0001 To e 001,33 gram
1000 1 aat 1,43 30 g
0032244 02 av
108 1000 1 22046 It av
11 Mas—U 8 System—Avoirdupels Commerclal
Geaw Drams) Ounecy Younls ‘0 Metn
g it av oz av I av short tn ¥ quivalent
T (3N = - p G 00I8 gm
LI 1 206° - - 1 33 gm
1 1 3 ag6 3 - 8340) gm
000 o8 16 0000s 0438 ko
- - 1 g00 200 1 20 18 kg
12 U o Apoth carles FPlutd Measure
Mmim Frarl Drams Flu] Oun e3 Pints Aetry
mn ! dr 8 ot ot 1 quivalent
T D 01e86 000 0% = 0 0BIo mb
60 ] 01% ~ 369 m)
K0 s t 006 o 9573 ml
13 U S Apothecaries Weight
@ Scroples Drams Oune 5 Paounis Setrs
;nrm ;1}:1 dr ap 7 ap ib ap Equivaleat
] [ (330 -~ - b3 91 mr
°0 1 0313 004167 - 1 9 gm
o " 1 010 00104 3834 gm
480 1 008313 31103 gm
o5 pm

= 8
560 538 9 1 1 33
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14 Time

“econds A nutea Tlours Days Years
et i he da. yr

2 B01ERT FEEEC] =

w0 1 o 168 -

3608 60 3 GOICST

§8400 1410 4 1

- o 4 1 soramon

3856 1 mlerent
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7 Capacity—~DMetric System

U s
M2 ters L fers Equ valent
ml 1
i Yool 16 3! mnms
{60810 cu
1000 1 0018 8 dran

338147 i ounc s

& Capacity—U & System—Liquid

G ot < uarts Metr ¢
Id pt qt Gallo s Fqu al at
1 [E] [ ) 003l o I8 9 ml
4 1 0o Nl 0431
8 1 03 00463 1
3° 8 4 3 8> 1
9 Capacity—U S System—DIy
P oats Quart Fecks Bualels Metr ¢
pt qt ph bu Fqu salent
1 0 U0 o v0lob v 935008 }
1 010 0031 » 110121
16 8 1 095 88096 1
bl 3 4 1 30 831
10 Mass—Aletric System
M grams Grams hlo rans UN
g am ki Equ_alent
1 Y01 105 01513 gran
1000 1 0001 1043736 gran
’0035 74 oz av
10 1000 1 046 D a
11 Mass—U § System—Avoirdupols Commercial
Gra & {rams. Qun & Poun { To Metr
ar ir av o a oA Yort tn Fqu valent
1 LEIF) 00048 g8
R Y 1 0082, 17 18 gm
3 16 ] 006° 3341 g
oon 16 1 0000, 04 % kg
2000 2000 1 50 18 ke
12 U S Apothecaries Fluld Measure
Monms Flu 1 Drams Flu d Ounces I nts Metr
mn f ar 8oz ot Fquvalent
1 166t 00 0% D oblo mi
60 1 01% 3697 mi
380 S 1 0g6 o 753 ml
650 1% 16 3 %31}
18 U S Apothecaries Weight
Tran “cruples Drams Ounces Tounds Setr
o s 8p dr ap oz ap b ap Fau valent
) 000 0010 o4 9 me
o 1 0333 00410 1 9 gv
@ T P iRk
1 0
450 o4 8 S

_oen s % A b
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Time

“econds 3 nvtes [ Dave Ter s

mee hr 1a.

) T 01687 T 78 = =

o 1 D otes - -

3600 ca 1 001166 -

86400 T E -

- ~ - 36 o4 1 common

- — - 38y 28 3 mdereal
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7 Capacity—DMetric System

U
Millihters Iiters L‘quwflcnt
ml 1
1 Vol {h)“Sl Tnms
00010 ey m
1000 1 018 A dmm

338147 fi ounces

8- Capacity—U 8 System—ILigquid

Gl Tants Quart Metne
@ ot qt Gallons Fauivaicnt
1 (e [0 00315 832" "ml
4 1 0. 01y 043 1
8 1 [ 09463 1
a2 3 4 1 3 %31
9 Capacity—U 8 System—Dry
Pinte Quarts Tecks B hels Metric
pt at oh bu Equivalent
T [E) 006 o 00106 o 05,06 1
1 0L . 0031y 1101 1
16 R 1 0.5 58096 1
64 3 4 1 30 3931
10 Mass—Metric System
Milligrams Grams Ko ranis v S
mg gm ke Equivalents
T 9 001 10 001533 gram
1000 1 0001 1243 30 gram
’oosazu oz av
106 1000 1 39046 1 nv
11 Mass—U S System—Avofrdupols Commercial
Grawm Drant Oune 4 Pouni Ton Hetn
& Ir av o7 av Iy hort tn Faqusalent
T [ - = 00638 gm
.o 1 006 - 1 718 gw
1 16 1 006 o - 26949 gm
000 * 18 1 00000 0416 kg
- 39000 2000 1 a0 18 kg
12 U S Apothecaries Fluld Measure
Minm Flur] Drams Flui] Oun es Tants Metrsc
aun f dr f oz pt Fauualent
1 - G O1bbG, 00008 = D o8Ib m
80 1 9, ~ 369 m!
450 N 1 006 » "95,2 ml
ran 18 16 1 3 931
13 U S Apothecaries Weight
Gram “cruple Dram Ounees T ounds HMetne
£r 8 ap dr ap oz Ap 1b ap Fauivalent
1 [ 00166 = - b3 98 me
-0 1 030 00417 - 1996 gm
m 3 3 0125 00104 388 gm
180 24 3 1 008733 31103 gm
v 60 o83 26 1o 1 373 4 em
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14 Time
‘beconds) S nutes Hu Tayy Tears
sec mm 13 a8

) G V0D 778 = =

60 1 50166 - -

3600 60 1 001166 -

86400 et 1 1 -

~ - - 38 24 1 common

- -~ - 3By o 1 s dereal
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C ELEMENTS LISTED IN ORDER OF ATOMIC NUMBER

TaBLE 28
ELEMENTS LISTED IN ORDEP OF ATomic NUMBER

(For mass numbers and © abundance of stable 1otope _sec Taternational Tables of Stabl
Isotopes. For mass number and half hfe of unstabls isotopes s ot
Nuclear Data Mucleonies 2 1art ? May 1948 ) Pos see 147 Summery of

ATOMIC aToMic
NO NAME SYMBOU ~oO NAME SYMBOL
[] Neutron n 48 Crdonum ]
1 Deutermum D 49 Indum In
1 Hydrogen iy 50 Tin Su
B Helium He 51 Antumony 8b
3 Lathum L1 5. Teltanuma Te
4 Beryllum Bo 53 Todime 1
H Boron B ot \enon Yo
8 Carbon c 50 Cesiam Cs
7 Nitrogen N 56 Birum Ba
8 Oxygen 0 57 I nthanum La
9 Fluorine F 58 C rum Co
10 Neon Ne 59 Praseodmuum Pr
1 Sodium Na 60 Neodyminm Nd
12 Magresum Mg 61 Flement 61 —
13 Alupimum Al 62 Samarium Sm.
14 Silicon &t 63 Furopium Eu
15 Phosphorus P 64 Cadolimum ad
16 Sulfur s 65 Terbum )
17 Chlorine a 66 Dysprosium Dy
18 Argon A 67 Holmum Tlo
19 Potassum N 68 Trbwm Er
20 Caleium Ca 69 Thulium Tm
21 Scapdmm Se 70 Y tterbimm b
u2 Titenium T a1 T utecium Lu
3 Y anadim v 72 Hafanmn nt
4 Chromm cr 73 Tantalum Ta
5 Mangane ¢ M 74 Tungsten w
96 Iron Fe 72 Rhenium Re
o7 Cobalt Co € Osmmm
-8 Nickel M ‘ Indnm Ir
9 Copper Cu i8 Platmum Pt
30 Zane Zn 79 Gold Au
31 Qsllum G 50 fercury He
3 Germanm Ge 81 Thallium 1
33 Arsenic As 8 Lend Pt
34 Selemum Qe 83 Bismuth B
35 Bromine Br 5t Polonium Po
36 Krypton Kr 85 Astatine At
37 Rubrdiem Rb 86 - —
38 Strontum ar 8 Francium Fr
39 Yttrium 1 88 Padwm R
40 2 reomum un £ Actimum e
41 Columbium Ch 90 Thorim Th
12 Molybdenum Mo 91 Protoactin nm Pa
43 Technetinm Te 9° Uranum v
44 Ruthenium Ru 93 Neptunium N
45 Rhodirm Rh 04 Platonmm Pu
16 Palladium Pd % Amerieim Am
47 Salver [ 96 Curmm Cm
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D COMPOSITION OF BODY FLUIDS

In metabohic studies 1t 15 sometimes helpful to find in 2 convenient form and
1n one place aterage values for various components of the body  The four ae-
companytng tables (Tables 29 30 31 and 32) List for whole blood plasma unne
and feces various constituents in several general categories These categomes
are (1) water (2) hydrogen ion concentration (3) mumerals (4) mtrogen
and protemn dernatives (5) earbohydrates and derivatives (6) fats and de
matives  (7) witamms (8) hormones (9) enzymes (10) pigments (11)
gases and (12) measurements of elimcal interest

It 1s hardly necessary fo warn the reader that the term  normal range 1s
notorsously difficult to define that the concentration of any substance may vary
from person to person that the effects of many factors such as age sex disease
previous diet everetse and season may be large and that no table can hope to
be complete
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TASLE 29 CoMPOSITION OF WItoLE Broop

(Lasted below are normal ranges for various substances i whole blood all valucs are for
healthy 1ndinduals 1n a resting eondition gt ses level 1n a temperate environment The
velues for many ubstances are closely related to dietary intake and to exereise )

SUBSTANCE UNITS " USUALBANGE
1 Water
Speafic granty vs water 10351075
Total solids gm/100 ml 1822
Water m)/100 ml 882
2 Hydrogen Ion Concentration ¢
Hydrogen fon concentration  pH 135745
arterial
Hydrogen 1on concentration  pH 703735
(
3 Mimerals
Aluminum mg/100 ml 010°
Bromme mg/100 ml 0903
Chlonde mEq/liter 83 86
weg/100 ml 0684
Magnesium 1wg/100 ml 1020
Manganese meg/100 ml 0103
Rubidum 10g/100 ml 0°04
Sileon mg 810,/200 m! 01
Zine mg/100 ml 0614
4 Nitrogen and Protewn Der 1atives
Alantne mg/100 m! 2850
Ergothioneine mg/100 ml 3917
Glyeine mg/100 mt 18°3
Nonproten mitrogen mg/100 wl 30 40
Urea mitrogen wg/100 ml 101,
Une aeid mg/100 ml 1
§ Carbohydrates and Dertatires
\cetaldehyde mg/100 ml 0908
Alpha ketoglutarie acd mg/100 ml 0103
Gitrie et mg/100 ml 1323
Glucose m5,/100 ml 70110
Glycogen my, /100 ml 11
Lactie auid mg/100 m s
Ovalie acid /100 ] 0913
Pyrume aad m,./100 ml 01
6 Fats and Dervwatives 10
Acetoncetrc acid mg/100 m)
T 5 i
Beta hydroxybutyne aer mg)
Chohic aed hE/100 ml 0230
7 Fitamns
Ascorbie acid mg/100 ml 0515
Biotin meg/100 m 12
Cocarboxglase meg/100 ml 10
Folte acid teg/100 ml 0313
Nizein wg7100 m! 50
Pantotheme acid meg/100 ml R
Prboflavin meg/100 ml 2,
Thizmine meg/200 mi e
Tocopherols mg/100 ml o518,
Tryptaphane mg/100 mt e
Vitamm B mug/ml
8 Hormones
Adrenale mmero_meg/mt e
Hstamune nieg/100 ml 1
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TABLE 9—Conr p
9 Enoymes T -
Amylase uaits/m] 30 90
Arginase unats/ml 816
Carbozic anhydrase Roughton units/zml 1 0g
Phn!phnta!e {aeid) Bodnnsky units 10 "0
Zim anhydrose meg/ml >10
10 Pigments
€O Hemaglobu £u/100 ml 010,
Hemoglobrr (men) gm/100 m] 1418
Hemoglobin (women) €10/100 ml 1 16
Methemoglobin £m/100 mp 003013
Sulfhemoglobn £u/100 m} 0103
1 Cases
Arterial sataration per cent 9398
Carbon diowide (arteral)  Miz100 ml TP 45 55
CO capntity (Ty) mEq/1 ter 1953
Sarbon monoude (artenal)  mly300 w1 ST 0105
Nitrogen (artenal) ml/100 ml STP 1
Oxygen (arteral) ml/100 m! TP 180
pLO mm Mg 104
12 Measurements of Clins al Interest
Hematoent (men) 21/100 m 45
Ilematoenst (women) w7100 m 3 4
VMean ecorpuscular hemo per cent 3338
globin concentration
Mean corpuscular volume e microns 30 94
Phenols mg/100 mt 0718
1 Benols (freo) mg/100 m} 005009
Redimentation rate ml/min 0103
Urethane @g/100 m1 0114
. Ur - B
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TABLE 30 COMPOSITION 05 I LASMA (OR MERLM)

Laated below are normal ranges for various substances w I
wman plasma  all vak
healthy 1ndividuals 10 a resting condition st sea level in 15 temperate en‘\lrex!ro:rx;:::
The values for many substantes are closely related to dietary lntn\\(a sod to exereie )

_ _SuBsTANCE TTs ~ T osuanmawer
1 Water
Bpeaific gramty vs water 1012103
Total solids gm/100 mi 310
Water w1/100 ml a0
2 Hydrogen Ion Concentration
Hydrogen 10m concentration  pH 274
arterial
Mydrogen 10n concentration  pH 73
ons
3 Minerals
Alvmnym rag/100 1l 00,01
Arsome meg/100 ml 020
Bragune rag/100 ml 020¢
Calerum mg/100 ml 90 1.
Chlonde mEg/liter 94 110
Cobalt meg/100 ml 219
Coj per meg/100 ml 37750
Todine (protein bound) meg/100 ml
Iron meg/100 mi 100 150
Lead mg/100 ml 901
\fagnenum wg/100 m} 13
Manganese meg/100 ml 0103
Phosphorus (as morgame I) mg/100 ml 34
Potassium mE g/liter 1658
Sodinm mEqg/liter 138 143
Sulfate (morgame) mg/100 ml 0911
Thiocyanate wg/100 ml 0°08
Tota) brse mFg/liter 155 100
Total ulphur mg/100 ml
Zne meg/100 ml 147 900
4 Nitrogen and Protein Deritaf ret
Albumin gm/100 ml 4525
Alpha smuno mitrogen mg/100 m} 3205
Alpha globulin £m/100 ml 9715
Ammo acid mitrocen wg/100 m} 58
Argipe mg/100 ml 5
Beta globuln £/100 ] 06513
Creatine mg/100 ml 3
Creatimne mg/100 m} 12
Cystine mg/100 ml 0 400
Fibnnogen gm/100 mi 0204
Free aming acid ritroged 084100 ml g
Gamma globukin gm/100 ml 1014
Clobulm (total) gm/106 m! 1535
Glutamue acid mg/100 ml 0417
Glutamine wg/100 ml a1
Glutathione mg/100 m} 4063
Hishdime mg/100 mi 11°1
T oleucine mgz/100 ml 1223
Levaine wg/100 mt 1676
Lysiae g 100 m) 1330
Methionme mg/100 ml 100120
Nonprotemn mitrogen wg; 100 m! 23
roten total /200 m [
Phenylalanine mg, 100 ogl 03
Sulfhydryl groups mg cysteime/100 ml 8
Threomne mg/100 ;] 133
Tyrosme mg/100 ml 10
Tryptophsre mg/100 ) }o o
Urea nitrogen mg/100 al A
Une aesd mg/100 ml ¥

5
=
%
S
g
E

A ahne
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Tagrz 30—CoNt p

5 Corbohyd ates and Dersiotires

Acetaldenyde

Alpha ketoglutari acd
tne ac

Lactic amd

Crahe aexd

Pyrurse and

& Fatg and Derviatnes

Aeetoacetia acid
Acetone
Reta, hydroxybutyn aod
Choleaterol esters
Cholesterol \free%
Cholesteral (total)
Estenfied fatty aeds

thaclautae

tthin

Luzolenic and
Lipd eblonge
Plogphobipsds
Total acetore bodres
Tots) lipids

7 ¥Fiamng

Ascorty merd
Beta-earofene

Cholne

Desaxvribonuclease

Flavine ademme dioncleats te

Fohe aed

Free B monophosphate
FANY

Inosszal

sacin
Puntotheme n 4§
Mibofiswin

amine

Tocopherols
Tryptophane
lrtarn A

& RHormones

Adrezsl ne

$ Enrym #

Amyluse
Beta, glumranidase
Catatise

Cholme tera &
Inasta e

Peptidace
Yrosphatase 2 id
Pho plata  alkalime
Trbmtvrios e

10 P pments

Rl ut o (dareet)
Ml b (total)

1t lsol (' es

1

Coshon & ovile

Measy  ments of Climcal Int
Thenols fronjugated)
Thenols (free}
Profizombua, {ditation

method)
Prothrombin £Quiek s

st

mg/100 mi
wg/100 ml
/200 2]
mgA200 m
mg/100 ol
g 10 mi

mg/300 m)
mz/300 m}
g/100 sl
©g/100 m
mg/100 i
mg/100 m}

128y
mg B/100 m
2g/100 mt
w08 mi

mg/100 @l
meg/100 m
meg/100 m
mg/100 w
umty

m g/100 ml
w g/10% m)
w 7100 ml

mg/A00 mt
22/200 ml
raeg /100 m}
weg/300 m

mg/200 ml
mg/100 ml
meg/100 m)

T §/300 mb

unit /100 ml
uoits/100 wl
roude umis
{ chel umts
umst /300 w1
i of N/ 0 NaOH
uwstssml
Bolasky un b
Dodansky umsts
Goldete o umity

mg/100 w1
mes100 ™)

wEg/lster
wa /100 mb
m/100 ml
aecon

gerondy

°
2

ara3
"o 01
3045

11
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Tapey 31 Compostzion oF Umive

(Lasted below are pormal ranges for various substinces 1o humsn urme  all values are for
healthy individusls an a resting eonditton et sen Jevel in a temperate envuonment The
values for many substances rre closely felated to dietary intabe and to everctse )

SUBSTANCE oS TSUALRARGE
1 Iater
Speafic granty s nater 3008 1030
Total sohds gu/3100 mi 7
Water m1/100 mi 0593
2 Hydrogen fon Comcentration
Hydrogen tou concentrabon  pH 49845
3 Minerals
Bronune mg/day 12
Calawwm gm/dar 2005
Chioride (as DaCl) gm/day 10 15 .
Chromhum mg/dsy 0104
prer mg/dsv 0145
Fluorne wg/day 0205
Todwme meg/day 3575
Iron mg/day helow 10
Lead wg/day 090503
Aagnesinnm wg/day 1020
Moiyhdenum meg/dny 3630
Naekel weg/any 0 30
Phospharts gm7day 9920
Potassum wmEq/day D 63
g rEq/day 50 167
Bohds (total) gm/day 20 60
Sulfates {total) m/day QeI
Thioeyunate /sy 58
Water idav 0510
Zine mg/day 0304
4 Matrogen and Protes Derunatines
Albumn mg/day Yess than 300
Alpha amino mutragen {(total) mg N/day 309 700
Alpha amino mitregen (bound) wg Nsdsy 100 200
Alpha amino mitrogen (free) mg N/day 10 40
Aliautorn. wg/day 532
Argpnine wgrday 00 150
Creatine wgrday le g thap 300
Creatimne gm/day 1015
Glatamane mgx Npday 15
Glyane mg/day 1 030
Histidune mg/day 180 >3
Tsoleuerne mg/dsy pVER 3
Levesne wg/day 930
e mg/day 73 160
Methiomne mp/day 512
Natrogen (total) gm/day 1018
Threomne mg/day 20 B3
Tryptophane wg/day 00 400
rea iy 1040
Une rad gm/day 0220
Valine mgdny 1925
Santhine wp/day 040
5 Corbohydrates and Dernstites s
Alpha ketoglotane acd my/dey
ngm: acn s mg/dsy 104 0
Fructose mg/gay l;u 2
e actd mg/day 6100

Total redutang =ogar mg/day



Tassg 31—Cove p

6 Fots and Dentotiver
Acetana bodies (total)
Crolesterol

T Fitamne
Ascorbic asid
B otta
Chalime

L
NaMethylncatmmamde
Natet by] - pyndine 5 car

Pantaxhenw acd

8 Hormones

Anﬂmmmne
Andro
Cmmns:emne
Cort,

11 Desaxyeorticosterod
Estrogens (female)
Estrogens (male)
Giycogenio ateroids

17 Ketosterowds {female)
37 Katostermda (male)

9 Frnymes
Diastase
Phosphatase (acidy
Trepan
Uropepsia
10 Pigments
Cnprnpntphynn (Type 1"
Soprapiphiyna (Typ 10
Todzean
Urobthoogen
Droporphyna
1 Plood Baser
Carbon d ozide
1 Meare ements of €U mecal Inte st
Phencls (songugated)
£5ee)

Phenols
Phenole (total)

Componition of Urine 430

mg/day
mg/dsy

we/day
meg/day
g/day
mg/day
mg/day
mg/day

g, /day

W/asy

@y, /day
mg/day
ap/day
mig/duy
rg/day
meg/day
m g/day
mouse umts/day
mg/day

- av

it /dav

h e Armstrong un ta
mte

wmt

n y/day
1 g/day
g/ vy
nz/day
mz/day

wEq/ lay

ng/day

1540

BPRRDm CRBEmS

Py P
& egoas
R

B3

50 300

40 50
1000 3600
]5 50

23
10 150
0

050

1540
¢ 04
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TABLE 3. COMPOSITION OF FECES

(Listed belon aro normal ranges for varous substaaces m human feces all values are for
healthy mdividuals 1n o resting condition at sea level m a temperate environment The
values for many substances are closely related to chetary intake In mddition there are
large differences from person to per on )

UNIIS USUAL RANGE
1 Tater
Speafic gravty vs water 10301100
Total solids £m/100 gm 153,
Water wl/100 gm 8284
® Rydrogen Ion Concentration
Hydrogen 10n concentration  pH 7075
3 Minerals
Alumimunm mg/day 1479
Caleium fm/day 4110
Chlonde mEq/day traces except
7 ;n ;Iiarrhu
Copper mg/day 152
Imp:e gm/day 0710
Lead mg/day 0304
Manganese mg/day 1924
Molyhderum mg/day 24
Wickel mg/day 510
Phosphorus gm P/day 0917
Potassiom mEq/day 197776
Sodum mEq/day traces except
n diarthes
Tz ng/day 17
Zine mg/day 510
4 Nitrogen and Proten Dernatives
Argimine gm/day 1 21
lhgt‘lrlme gu/day 08 g 8
Isoleucine gm/day 14 ;,3
Leucine gm/day 18 2 9
Lysine gm/day 1924
Methiomne gm/day 9508
Nitrogen (total) gm/day o7 ;}'
Threonine gm/day 14 2
YValise gm/day 1526
5 Carbohydrates and Derviatires
Total reduting sugar mg/day )
6 Fats and Dernahves .
gm/day -
;:::} ﬁi per cent by werght 10°5
(d!
Total fat (unsapomfiable)  per ccn)t by weight 05
Iy,
7 Vitamuns
Beta carotene mg/day 1733
Brotim meg/day 100 ~00
aen mg/day 1555
lantotheme acid ng/day 18 g 8
Pyndoane mg/day g 10 .;
4 Pyndovie aend m/day 05 %
Piboflann mg/day i1
Thiamse mg/day oL
Vitsmn A mg/day 0170,

§ Hormones
No dats available [



TasLe 3 ~LonT b

Composstion of Feces

9 En ymes
No data aradable

10 Prgments

Porphyrin total meg/da;

Pre:ox‘orphynn mcg/dz;

Urelbnegea Tmg/day
11 Gases

No data avalable
1 Meacurements of Clinscal Inte ext
Bacte sat debms
(dry)

per ceat of veight

300 400
0300
40 80

10 30
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TaBLE 3 COMPOSITION OF FECES

(Listed below are normal ranges for varous substances 1n human feces all values are for
healthy indivduals 1n & Testing condition at ses level 1 u temperate environment The
values £0r menv substances are closely related to dwwtary mtake JIn sddition there are
large dufferences from person to person )

TUNITS 18
1 Water
Speafic granty vs water 10301100
Total sohds Ym/100 gm 103s
Water ml/100 gm 62 8y
2 Hydrogen Ion Concentration
Hydrogen 10n concentration  pH 075
3 Munerals
Aluminum nmg/day 1s 9
Calginm sm/day 6110
Chlonde wmEq/day traces except
1 diarrhea
Copper mg/day 15011
Iron gum/day 0710
Lead wg/day 0304
Manganese ug/day 1904
Molybdenum mg/day 24
Nackel mg/day 510
Phosphorus pm P/day 0817
Potassium mEq/day 19950g
Sodmm mEq/day traces except
in dirthes
Tm mg/dry 217
Zime wg/day 510
4 Mtrogen and Protew Dernatues
Argumne gm/day 1721
Wstadme gm/day 0608
Tsoleutine gm/day 1403
Lencine gm/day 1829
ystae gm/day 1939
Methiomne go/day 0508
Nitrogen (total) gm/day 0791
Threomme g /day 1422
Vabne sw/day 1526
5 Carbohydrates and Dernatites
Total redurimg su,ar mg/day 0
6 Fats end Dernatives ;
tal fat gm/day 1
gzt:l 1:t per( dcen)t by weight 1005
ry,
Total fat (unsapomfiable)  fer eént by weight 05
(dry)
7 Vigmms a PR
mg/da:
Bf;?,:mu“ oy 100 900
Nisan mg/day 3555
Pantotheme acid wg/day 1838
Pymidoxme wg/day gﬁl gé
4 Pyndoue and we/dey I
TRuboflavin mg/day R
Thiamize mg/day -
Satamin A mg/day 0170

8 Hormones
No date avalable - —
_ Nodsta avmalhe



Cos,

POsitip of eces 437
Tasie 3 —Conr p
® Enzymes
A

0 data agg lable

10 Prgmenty

Porphyr u o4 meg/gay 300-400
Pr0 oporphgy o meg/day 0300
nmbaﬁncgen mg/day 40 30

11 Gasey
Do data nraitepy,

1 Meassrementy o0 0 <al Intereq

acter al deby o Per Cent af we ghy 1030
(dry)



136 Miscellaneous Data

TABLE 32 CoMpOSiTIO OF FECES

(Listed below aro normal ranges for various substances xn human feces all val
v:ln:te!;vt;nmvlﬂum anta restng c;md;hondn sen level 1 n tempen):: :nv:ron‘::ntn" m’ﬁi
T many substances are closely related to dietary mntake &
large differences from person to pehun.’) i ¢ I ndditon there ase

SUBSTANCE uNITS DSUAL RANGE
1 Water
Speatfic gravty s water 1030 1100
‘Total sohds £m/100 gm 1030
Water ml/100 gm £ 89
Hudrogen Ion Concentration
Hydrogen 10u concentration  pHt 70 §
3 Mwmerals
Aluminum mg/day 109
Calanm gu/day 6110
Chlonde mEq/day traces except
m dirrhes
Copper mg/day 15211
Tron gm/day 0710
Lead mg/day 0304
Manganess mg/day 194
Molybdenum mg/day 9y
Nackel mg/day 510
Phosphorus em P/day 0817
Potassmm mEq/day 192976
Sodmm mEq/day traces except
1n darrhea
Tin mg/day 0517
Zime mg/day 510
4 Nitrogen and Frotesn Dernatnes
Arginine gm/day 1.1
Iistidme day 0608
Isoleucine gm/day 1471
Leueine gm/day 18°8
Lysie gm/day 1989
AMethionwe go/day 0508
Nitrogen (total) gm/day 07°1
Threonine gm/day 1472
Valine gu/day 1526
5 Carbohydrates and Dereatives
Total reducing svgar mg/day 0
6 Fats and Dematives
Total fat gu/day 1"
Total fat pe? dcent by weight 10°5
T
Total fat (unsapomfiable)  per cent by weight 03
[CLo]
7 Pitamms s
Betu carotene mg/day 173
10tin meg/day 100 ~00
Misen mg/duy 3555
X antothenie ac1d wg/day 1838
1doxine wg/day 8105
4 Pyndosic acid we/day 8508
Tiboflanin mg/day 041°0
Thiamine mg/day 0208
Vitamin A me/day o1 033

8 Hormones
No data avalable [



Composition of Feces 437

Tasre 3°—Cont p

9 En ymes
Do data available

10 Pigments
Porphyrin, total meg/day 300 400
Frotoporphyma meg/day 0300
Urobilinogen mg/day 4086

1 Gases
b data svalable

1 teasurements of Clmcol Anterest

Bactersal debns per cent of weight 1030
tdry)
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solution preparat on 174
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81
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Agus rema s
Arcend G M 116
Archibald B M 1°7 130
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oxalate 131
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Antitryptic activity mscelleneons  refer

ente 97

Apparsins
alveolar mir at rest (Figure) 34¢
alveolar air at work (Fagure) 349
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serum 195 197
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wr damped (Bartonios type) 6768
Thon a1 os T
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Biochemieal procedures §2 .60
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prineiple 257
standard curve 58
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feces 249 250
food 249 250
plasma_ 249 250
urme 249 250
standerd solution preparation 245
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Bird 0 D 213
Biuret reagent preparation 1.t
Black A 55
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Block I J 148 149
Block W D 145 153
Blodner W 163
Blood anticoagulant
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procedure 208 204
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Conversions
centrifuge ta Fahrenhat scales 38.
dehydroascorbie acid with Nont 195
hemoglobin to oxyhemoglobn 299
temperature, barometer wind veloety 383
weihts and measures different systems
475 477

area—metrie system, 425

aren—TU 8 system, 425
eapaciiy—metrc system 476
capacity—UJ § system dry 426
capaerty—1 § system hiqud 4°8
length metrie system, 425
length—U S system 425
mass—metrig system, 428

wass—Y system pvolrdupois com
mercral 4°6
time, 427

ud apath ¢anes fud vleagure, 476
U 8 apothecaries’ weight 476
volume—metric system 425
volume—U' § system 4°5

Conway A € 471

Cook, E F_193

Cooke W D 117

Coon § M 421

Coops A H 219

Gopper 1z serum determination of, 1000 100

101

Cultures standard
lactobacillus arabiosis ©48 250
saccharomyces earlshergensis £5°
Curyes spectral transmstpance 29 30
Catler, I ¥, 470
Cyanmethemoglobin converaton 230 231
dcysuge standard solution, preparation, 33
1 233

Cytachrox;l:sondua muscellaneous references

D

Dahr E 118
Dake I C 50
Daly C A 135 235
Dasaron C M 199
Dantelson I 8 15
Dann W J 212
Darlmg B € °61 26 273 351 369 378
Dayghaday, W I 218
Davidson G 8 403
Dawdson L § P, 418
Dawms V I 153
Decalso, activation of, 18,
Defimtion of
atontie weight 70
calorie 336
weght 78

standard solution 3
Capper miscellaneons referenced 116
Copper sulfate solution of 175 198

standard solation preparation, 1271 8
Corex tells Beckman Mode) DU 39
Corcoran A.C 167 £18
Cortey ® © 98 110
Corn starch suspension 276
Coronaryabslond floy muscellanecus refereaces

T

faorometry, 50

grom equivalent weight 6
ml)heqmvnlent 1
nulhimicran 29

molar solution 78
molecular weight 76
ngrmal oxidizang tolution 76
normal reducmg solution 76
normal solution 76

0> 223

Cortical ateronds,
218 219

Coulson, R A, 169

Coulson Smith ¢ 356

Counting chamber, Levy 359

Couplng reaction, with 2 4 dimitrophenyl
hydrazme 197

Cowmrnand A& 351, 356 8§

Court A 389

Cowden D J 4%

Cowdry E V;SSQ

Cramer ¥ 422

Crswmer, J L 150

Crandall L. A, 364

Creatme m urlne, determmation of 139 140
Crentmuz; 1n unine determwation of 338

Creatiine preformed 139
Creatinmine Exnr' chloride standard solution
preparation
Cresol phthalein 1ndscator 235
Cresol red, indicator 235
3 318

Groston F B 492
Crneibles_platinum 96
Gruger D232

Cullen G E, 103,299
Curnis G 3’ 117

phosphorescence 50
K 2Ja

elective absorption 28
spectrophotometer 33
standard soluttons 78
trapsmasion, 27
frapsmuttance o7 28
TC (volumetr:s apparatus) 6%
TD (volumetts apparatus) 6%
volumetne nn;)ys.u &8

1

Degeyn
DeE;dmnsmrbw actd conversion with Nont

19

3
7dehgdrachulestem\ 181
Dehy

Dekansa, 3, 218
Dekema 8
deLaat B 3 1.0

Delor B 4 60

Dolutn ¥ A, 116

Do Ment 3, 56

Do $ens s fav of absorption 50

De Michele O .7

Degms W06 110

Denstty 0f mercury At yariovy temperatares

Denstedt ¢ F 160

rolgs orbic aeid o fissue detersains
twn 200
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PoRitter E 213

doVerdier C T 149

DoVatt J B 14

Dexter L. 357

Diazo reagent prepasation §13

2 6 dichlorophenolindophens} buffered » S
tou preparudion 201

Dicken D M 260

Dhdymom calibrating Alter for Coleman Jr
spectrophotameter

D gestion mixture for NU'N 133

Digeation tube Fohn 135

Digestion tubes 186187

D pitomde total choleatesol 17

Digitomn solution preparation 171

Diketo? gulonic nerd fn tiasae

teiekloracets  amd

Inder 447
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Ewle DT Jr a1
Ebert R V401
!:ckenhou I n 356 257
Eder H A
Edgeston H A. L id
Edman ¥ 158
Edsall F T 147

Edwsrds ¥ T 157
P ©

13
iy ‘{d b4
il ch s aldchyde reagent preparation 415
Eschhorn ¥ L’) prepe

Egen

Emsten s pneeochemmx equ vulence law 51
Elbeh I { i1

199 00
Dt D B B7 <35 301 305 37 348
Dituts m;mu: sad solotion  prepn ation
154

Dagemanse B 150
4 Dinstrophenylhydrazion reageat prepara
18

Thodrast o seellaneans referemee 411
Dache Z 167

Dushes petri  of

Disothom ky rosen pbo phate olution peep

Dhwod vm r:hn Pt < i
Dispernon datn for spe trophotometer model

D ssociation enrves 308 310
blood 309

oxyRen in horonn Hood 309
Dust et water metal free preparotion 161
Drurests

gag;mer K 0
B, eu!;mmem hart 3%
g:d;;e@E

Domiago W P

Domnsratlo elestats n 310

Dorfman *,

Dombush, A €

Douglas i».;: {or oll«‘uan of xpired ar
7

Dosnie G ]
Dratkr D L, 33

Da Bo s Vieek ’o'mmh for nriace area 333
Dumabin J ¥

e ¥ G
Dyec C.Q 118

reference
357
Fleetron mucroseape 80
Flement by stomice bumber 4 §
Electrophoress 80
Ellinger
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E“\! a ll nr
Fliimy J W 118
Flmgn R 346
Etvehgem © A o BS "¢ °47 49
Fmersou C P Jr 401
Fmerson K Ir 177 y30
EME 21
Fm mon Ln\' ot Bmku n
Fmmeny C W
Famett A D 13
Fmul 1tyiog azent Immn 21
Fmulsion of ohve o }
Frergy  tare t'ldcn}ahmt 238
Fogel P 3
Frget L1,20
Fntenman 1
Froymes 21 3
8¢ & pho phitase 793
nlknlme pho!ph?lnv 73

b mm

antt tn'pue uttmty 7

argimace

chulmrsterw! 24"

chymoteypma S 8

clarese 187 107

eytochrome oxidae 2 §

‘lh'yulummiue °3

foud nidase > 8§

peptie u_-urlzv ]

peroxidase ©

Phosphatare %

proteolytic actmty © ¢

takad astase for th am ne anaim s 18
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trypsin
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Eosinoph 1 count, direet method 39¢ 401

calenlation 401
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Eppwger B C 257

Epstem J H 188

Eqmbibration of blood agumst gas mxtures
of known composition 301 305

Equivalent neght defimtion 76

Erdos I 118

Ergosteral 181

Ernsteze A C 399

Ergthrocytes miscellaneous referemces 401

Estrogens muscellaneous references 739

Bther aleohol mixture solution for extraction
of cholesterol preparation 170

Ethyl aleohol aldehyde free standard solu
ton 163

Bihyleno glycol for absorption of water
vapor 263

Ettos J 2.8

Evans B I 366

Evany H J 80

Evans J M 357

Evans J § "9

Evans blue dye T 18°4 sterile solution prep

aration 358
Evelyn K A 230 231 413
Egu!d arr collection
ouglas bag 330 333
gasometer 397 309
Extracellntar flug
calealation 365 366
change m weight 304
thiocyanate space 364 366
flud t

Feces  determmation of~Cout &
pantathents acid 51
Thosphorus inorgame 110 111
potassium 93
pyridosine V51053
nboflaven 19° 105
fodium 90
thixome 186 189
total pitragen 1.3
total sohds 8. 83
tatal water 8% 53
urobshnogen 416-417
vitamn A (Carr Price) 181
Feces normal valves 436437
Fee D A 152
Feldsten M 233
Fena W Q 357
Ferguson M M 165
Fernie alum solution mdwcator 106
Perne iron solution (gum ghatts) 154155
Ferne mitrate solution 361
Ferne sulfate 155
Fernicyanide salution  for Roughton Scho
lander method 77 .36
Ferrs E B 357
Ferrous sulfate solution 415
Fehrw 22
Fibrinogen an plasma 184 135
Pibrimolysis miscellaneons references 40
Taeld methods 201 211
ascorbie acid 1 serum and umne .01 04
de 207 211

L
Extraetion of cholesteral hy ether aleohol
mixtare 170
Extraction vmt for 17 kefosterads *18
Ezekiel 2 ¢ 2

¥

F fiuarescent faetor 79 %09

Fareh & 368

Fats and derseatives 168178
acetone bodies 175
free and combined eholestero! 171173
biprd phosphorus 173 174
total cholesteral (Bloor 5) 169 17¢
total hpady 168 169

Tats and Jervatives

ences

acetoacats amd 178
sretone 178
acetyl acetone 178
cholesteral 1 8
fatty avds 178
formic aerd 178
b droxybutgﬂc and 178
p{osphulxp: 178
total far 178

ruscelaneous reter

Fecey
collection and storage 26
collection and storage n the field 26
determmation of
brottn 249 240
ealeum 9697
earotentds (Carr Pmee) 181
folic acid, 244 .17

rihoflame 204 °07
thinpune 07 211
Fieser L.F 0
Fieser 3 modbfied yeagent for absorbing exy
gen 67

Pilters
Bureau of Standards 50
earbon_yellow 5¢
cobalt Blue 50
capper green 50
s lemum orange §0
calibratung didymem 87
Jena mintered glass 8
red purple Corex A 43

Fiugeman A 218
Fuk K 148
Fisk B M 148
Fukelstemn 31 219
Fisher B A. 422
Fisher R B 143 152
Fisher wolustat 244
Fuke C H 108 119 15
ck H ML 227

13
Fitz B 175
Flame photometer
Flame photoneter
computations 6
disensnon of sources of error €. 63
general construeton
genernl pracsples 59
gracedurs for routme snalyms 6162
setting up the mstrument, 60 O1

80
Bechman 59 65



Flaachka 1t 11
Flemater 8 € %
Flood A E 150
Florey h. 151
Fluore cente Jaws 047
Flaorometric m thods ns\ng the fichd sisual
norometer 5 5§

defimtion
gemeral grmmplcﬂ 51
I of uorescence o8 st
wsual 8
Foh ¥ L «m
Foi PP 41}
Podor P Y 8
Foloh I
Folie neid museellancous referescer 212
Folie scxd pteralyglutomie pe d o34 W37
Setermmation 10
tood 14 47

fece  244°47

standord molnt on { repurn
Fohn O 11° 115 1y ]36 139 140 14"
153 166

Fohn dlgostmn tuber 13§
Folker:

¥ Umg A sse
Fopdarat J 11

Food
eollection and storame 19 0
eetion and storsge i the A2ld 19 D
determ nation of
0t [
calem 9697
folw atid
weetm: oeid mersbuciog eal 19
pantatheme ped
The phorur mor&nmc e 11
potasanm 93
prudovune %
nbotavie 39 190
sodjum 00
th amuine 156 159
tatst 2 trogen 13
total ralily 8 83
total water 8 83
tryptophan 5 56
Food  ceumplin turseys 329 9
Forbes AP 7 0 4
Forbes T P G0
Forbes W I 3o
Formaka salut an prepuration 300
Formiz s 1 mis ellaneya references 3 8
Forsham 1 3T 210 418
Foster J € 1 1
Fowmogther 1* ﬂ HS
Rox B i
Pracnkel (’onnl ﬂ A

Indez 449

Frouce W G 80
Franke B 143
Frankl W 260
FPrankhn A. £ 150
Fraoklut A L 60
Franklan 3 418
Frank ton 3 B 133
Fraer RW "0 40
Fredsans 3 A 1%
Free CN 51
Frday § ¥ 356
Friedemann and Grae er ithium lactats agly
ton standard prepuntion 159
Friedemaze T E. 168 181 .13
Trontsls N 150
Functsonal tests of endoctine gastrie wnd
other systems 4194 1
p tmtary ACTH test 4104 0
miseellineons reference 470 472
Furchgott T F 19
Funetional rex lual mar 351 353
apparatus 3% 3o
enleylation 353
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Gaoeller O i3 U& @
Gpge
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Gallagher T F
Galston \ W
Garaer R ¥ m
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 holander 3 mnczometer 3 03 8
Gas mixtures prepiration 301 303
Gua tension i blood muscellanecus references
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Qas volume

ezleniation 261

general cquation 61
Cospmeter Tosot 3 330
Gastzic fonetion m  cllancous  referzuces
Gates ¥ M 117

effes 1
Gab ™ C 153
Genghot D B o8
Gentzka € F 140 396
Cera~bsy I T 410
Cersh T 59
Ghowh € 4
8bos § Q u 119 16 40

Gittlernrn 1 00
Guen 01 9 157
Ghusd Ul wate preqarst on 8
Qlass clecteadoe 3 4
Bpparatus (M: Fo ber) *30
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Hawkinge M X 41
fawlmyen V 23 418 € 1

Hewd LD
Yieat balan e elothang 378 381
thermal 3 sultton of elothes the ¢ Clo
ot
thermal mgmficance of clothing 380
Heath € W 373

!Mmbhh,ﬂ F Jr 387
Hematoes
avcrage nm-mut values 133
calevlstion
valoey (coppﬂ‘ sulfate method) 13
Temstalogy, 307 4
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mean corpuscelur volume mmmmn of
hemoglobi 397 308
hemoplabin neentzat on, 397 308
setumentation raie calealation 399 400
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5o

antiroaguiart 401
Aedby ¢omt 40}
bane aavrow 403
clotting t me 401
ersthracyte 401
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detene Index 40
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prothrombin t me 40
Mematoma prevention of
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Nealrrsan Y Ipp!mluv for eofiveting atve
olar uir during exermi ¢ 349150

Tenly WA
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eolston preparstian ©0
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Henly
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Indez 423
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Hier 8 W S5
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Mimer P F 218

ity W W 3

mppxe T A8
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Hush 1 L. 357

Turst E. L, 150
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Iitchings G 8 157
foag £ M o0
Hoagland € L. 418
Hoebbs M L. .
Toch ¥ Y 118
Hochbery T 713
Toctbery 3 2317 o3
Hoffman W B 116
Naftmann C E. 80

iHolday B P 130

Holtander F 40

Iolmes E 80

Holmes P 149

Holtor’t A P * 0

Homburger T 149
3
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Huckabay W B 178
Huddleston B 153
Hudson P B, 28
Huelm F E 212
Huerga J, 418
Hoff J W 213
Hughes W L Jr 152 402
Huis m t Velt,L G 150
wll T 3
Humdity and absolute vapor tension charts,
conversion 380 386
Hunter D _152
Hupter T H 152 368
Hurtado A 30s
Hurxthal L X 316
Hutching B L 219 60

e 2.8
Hydrochloric acid standard solution prepara
ton 17

Hydrogen 10n concentration 234 243
buffer solutions 734 °3u
glass electrode 235 238
ndicators
measurement of pH of solution 24243
Hydrogen ton concentration mscellaneons
references 243
plasma pH
urime pH 243
Hydrogen manometric method muscellaneous
references 300
Hydrogen peroude 3¢ solution prepara
tion 190 193
superoxol 174
Hydrolysis of tissue 16%
Hydrolyzer steam 215
Hydrotybutyne aeid 178
B Hydroxybutyric acid 176
‘Hypoprotesemia 131

I

Jeeland spar_pure calewm earbonate 84
Ichiba F 123
Teterac 1ndex
Indrcators

alizarm red 96

bromeresol green 1.0 185 194 208 235

bromeresol purple 3

bromphenol blue_235

bromphenl red 2.5

bromthymol blue 188 °35 244

chlorophenot 230

cresol phthalein 235

cresol red 235

fernc alum solution 106

metacresol purple 35

methyl red 10 168

mexed for micro Kjeldshl analyss 1°0

phenol red 93 235

henolphtbalemn 142
Phenoy salation 1

miseellaneous references 402

Thencl 80
nitropherol
Brareh 150
thymol blue 145 167 16 235
umversal 2
umversal color change 234
Indol aldebyde 418

Infrared spectrometer 80
Inoculum for microbiological a say prepara
tion for

nicotinic acid 24§
pantothenie aaid, 251
pyndoxmne 252
niboflavin 25¢
Inositol standard solution preparation 5
Interstitral spaces distribution of throeya
nate w364
Instromentation 27 81
balances 65 67
Deckman photoelectric_quartz_speetropho-
tometer Mode! DU 38 50
flame photometry Beckman 59 65
fluorometric methods (field wisual) 5758
fluorometry general principles 50 51
pbatoﬂ;lor;;nelry the Coleman Model 1°B

!pectmg;mstgmeter Coleman Jr Model 6
spectrophotometry general principles 27 33
6379

volumetric analysia
9

81
Intracellular flmd change i weight 394
Inuln clearance miscellaneous references 411
Todate manometric method 300
Todate muscellaneous refercnces 300
Todine
preparation of
solution 159
standard solution 79 159 165
reference 117
Todoplatinate, 92
Irby V, 159
Iron imorgame m serum
determiation 93 100
reference 117
standard solution preparation 99
Irvmg L 79 B0 99,
Yeaacson V I 403
Ishell E R 60
Ishister J 151
Iseliz B M .28
Isen T 11
Tsoamyl aleohol 101 192
Tsobuty! aleohol 185 ©0%
Isolation of free cholesterol 17° "
Yomenal re!

erences 50
Iy A C 420

Jacobs 3 D_471
Jacobson § D 117
Jaffe H 218
Jager B Y 80
Jatdler J W 219
James G W_TII 366

Jamney N W 403

Jena mmtered glass filter, 57 358
John, H E 153

Jokadon, E A 150
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Jorgezsen K 8 218
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Kallmanz 8§ 115
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Kamen H nz
Rann 8 14
Kaplas U 214
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Kazmm ¥ B

Renney R A. 1

Kepler E.J 219 40

Rerwm L.
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Bt mp 165
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determination of 13"18
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}\)eldahl wicromnalys 10123
tadyst preparation 11
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Kietn 167
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Kloener X G 150
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Koeh W
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Rolthof I M 8t
Romuszy F D 260
Korenman 1 M 116
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tork sytinge pipettes €8
Rutner 6 Ao 208
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Kus B
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Leder 1 G, 213
Tederer M_130

Tee D H E,3/8
Leoff § L 118
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Tevenson S M 40°
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