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ABSTRACT
- - ..14 fThe technology and. interpretation of.the measurement of the;topa;;

exchangeable potassium(xgg) in haman beings is described,

" 7

2, The Iig is a fnnction of the "lean Ydy mass” or total mass of _ﬂﬁc,

- R4

;

oxidiging cellular protein.

3s Depleted hospital patients show a reduction in xfz of about 18

percent below the average normal.

4, BErythrocyte potassium has been measured in 67 patients aﬁd foand
to be 7.5 percent below the normal value in dqpleted patients; a findingé&\-
which may be epplicadble to clinical prodlems.

5. Tissue potaseium exchange phenomena continue under investigation

. L e Ry ,.».

1n vivo' the conduct of the red cell vith reSpect to potassium exchango

FEm v .,,,,.-iﬁwk
in v;tro is also being studied at present. Detailed description of thi)';:ﬁf

vork will be found in the technical report now in preparation and 18 not

wtr AR+ ﬂwﬁ' ek - A By L

dascribed in thls status rqport.

. -(‘.“’”

. 6 An initial exploration of the Use of gincose-an}no-acldspogg: it

insulin combinations intravenouuly 1ﬁ‘ﬁdp16tod patients has b“‘ 't‘rt" “3

EE metu ot - A~ ""*'%:‘#ax"

The nurposz of this 1nfnsion 1s ovpro
um-mﬂor-fomsitm&woiﬁlﬂ%ﬁ%ﬁﬁ. T i bl

7« Total Body Water determifffigff}continue as a principal effort of

-

thie Task Order andéiﬁ eight -instances‘gave an average figore for water
content in the human being of 70.9 percent of body weight,
R - 8. The technology of deuteriuq_pgasurement employed in the total pgéya‘_

water method, 1s reviewed.
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"A STUDY OF CELLULAR BIOCEEMISTRY IN SURGICAL PATIENTS*

B L S - _—
By

© 8tatus Report - - - LTI T mwea
May 1947 through December 1947

A, POTASSIUM METABOLISK
Introductory note - In the previous progress report dated 30 April 1947
all aspects of the potassium work under way in this Task Order were mentioned,
The reader 1s referred to that report for the early work in urinary excretion
of radicactive potassium and for background information relative Al other . -
agpects of the research, In this section of the present status report atten=
tion is dlrected chiefly to the measurement of tﬁq total exchangeable potassium,

"and to the intravenous ase of notaesinm—glucose-amino acid-insulin combinations.

T el .
e PR

In the second aection of this report the deuterium vork néi in progresc {—»*~

18 described,

R ""f‘,’:b“ﬂ“ i k:,,,\g wgﬁh‘;&'sd

In & technical report now in preparation, all aspeéis 3? the work of
this Task Order are covered in detail, A ‘ 1 .
.. RO - O S ‘ AR
R
I, Materiasl

I S s e A R e d oy e B D e 4 W T N e s B N Rt IR L

{ 1, Elghty-two patients have received injections of Iﬁ (radioactive

“"Z'P"';ﬁ “_.Y : v R ; % T T A —

potassium), with subsequent study of urinary excre%ibh;'é e
2, Thirty-two of these patients have been the subject of study of the
penetration of K42 into bodyﬂceilg by the direct analysis of tissue and blood
cells,
i Se Twenty;éeveﬁ‘pafiente have been on complete ﬁetgfoiic ﬁaléiée-stﬁdy
to provide a background of information by means of which the isotope studies

may be interpreted,
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II, Regults and Ln'tgrnretation . '_'
T T 1. Using speciﬁe activity ﬂata(!"‘a/xsg‘?atios') from %’e*‘?oid’od“})l T

T

i

to 36 hours after the injection of radioactive potassmm(x‘*a), t;q total ; ..

<¢.

iy

* - . exchangeadle potauimn(li’ ) has been measured in 44 patientc;aboth acntoly

Ay
ok

i1l and systemically well,

3., These data indicate that the mean Igg for systemically well indi-

viduals is 36,0 ¢ 10,75 milliequivalents per kilogram, In depleted patients

.

this figure is reduced approximately 18 percent to 30.9 4 7.5 milliequivalents

" per kilogram, “As"Wi11'%e noted from the standard deviatiods Vhich-dre TaF 57"~ 7 4

(. there is considerable Iowrex-la.p of thase curves. comparing the two nea.ni by
e .1;
Snedecor's formula* “the statistical significance(t) for the differencc -
~~W~‘${ﬁ@5ﬂ. . . ‘\‘I" ”C‘)" o, Rk :;,,J.gx é- ‘a’w:i:‘e‘:,“‘ .o
betveen these means has a value of 8,00; the differenge between tl\xewllo R i}
< B - "7 f\ i e Al R ‘ﬂ‘.f“ "\T‘-'})ﬁ:' "gﬂ‘@m?‘;?ﬁi 1-#5‘ e -er R

1s at least eight times the standard error of the difference. !he spread 1s¢

therefore about three times that required for statis?ical,.significance;“_‘j;'i

r SRTO s oo 1 usge-E e - LT nn AR ERR &W ‘
. 3. Modes of er,rsreseing this information are still h*g fg;’n;aftive :tage. .
RN R . ‘r":@ -
gho 139 i prébably proportional te and thorefore a noe.gu.rc oféthe -Rlogn vy . o «f%t«a‘i%

P . J 5“1" _: % "0 B e ol .
SR \‘? iy i AR

bolv nass®, or mass’ of oxidizing connlar protein tisA s - TOPrede

St es 2,0 Hon o - Ww Pooe e 3o APLEaRED Wt xkﬁaw#*‘*W% m

P

Q largely by skeletal muscle, liver kidneys, heart, lungs end other paren~
—. ‘gg‘? = ! h e CT o R g 2 d b apug ager d ’

Tnatons Breand it hi g
cant fraction of body weight and measurement of its mass has never been
available by direct means, The "léan body mass" may be predicted to be
h ghly veriable relative to body weight because of intrinsic variability

. . .and fat content, and the weight of skeleton and conmective tissue, . Other
modes of expression for K%g such as "milliequivalents per square meter of

body surface", "milliequivalents per cubic centimeter of plasma volume®,

t =

/((12+(2

n1 n2
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"milliequivalents per cubic centimeter of extracellular volume®, and milli-

équivalents per cubic centimeter of totel body water' ATe: being exXplored -~ tezns oo -

9

.An hopes of finding a dasic reference point against which the: may be

’ .- -.--'erpreued.. ae e .. RS -—Jr#»;'ﬁ-,.*?i oL .- . .‘«\.4\,.;.
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4, 'The lack of large differences in the valuee of xf’ in eick as versus
vell patients, is traceable to this difficulty in finding a constant reference
point, This will be made clear by considering, for exampls, & patient who

has lost weight largely at the expense of body fate This patient, though

-

= "411 and’ dépleted. ney be fouhd to have a I“ 1ncreau<1’ in reletion to hig "

{ total body welght, On the other hand in a patien_t vl;oee metabolic deficit

_,..‘.-k.. - o T

has occurred at the expense ef 'body cellular protéin a’éoroe. the ég nay “be

. ey au}p\b’w g "‘"’ﬁ..” o . - .»cr\,.q‘. ,-?n:rﬂma."m} LEem welms -f-?sm..a R

expected tq be low relative ‘Yo body weight. J:girther explerution qf fhes»e# . L
‘s & b= s ,ﬁ , .1‘_: AL

- S LA Ja . - = ¢ 4
phenomena is 1n progrees. . C e e -:r‘m : :

- e - The measurement of Igg in rabbits followed dy an a_nalysie of the -

7 MR T MWW‘W% : R TR *H"’%*ﬁ‘i*‘ﬁé UEARHIRI e e
Qﬁtire carcass for potaseiun is under way at the present. !‘hie will eld N
b . si«:'ﬁ-f%*.&"* EEE Re0EEN STy

_ & check oa the e.ccnracy ot 9 measurement andéhe rglat %ﬁ h%hiie‘,‘gm‘_}it; R ,gh =

Teve

fé Y 3, a‘ e "’:‘-- '
alyhc‘

) .
%o ra et 1
i e R RSN N

Jﬁ
Bl af‘s"jv LR
(x?) to*the"‘actuan annyxﬁa total body poua‘m‘f Sy

Ui "'3‘3 R %] M&M ‘ﬂ‘ﬁﬁ"ﬁl?;}ﬁy@nﬁ R ,.

preeent themselves in the chemical analysis "of an- ent1
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6. The erythrocyte as an indicator of cellular K steres continues
to occupy attention, ‘Erythrecyte’potassium determinations have been carried
out in triplicate and quadruplicate in 67 carefully studied individuals.
. These individuals comprise three gronps: deplefed hospital patients, well
hospital patients and normal ambulatory professional staff, These data

reveal the following informationg
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Table I
C LIt fn e - - -Brythrocyte Potapsium e israoingham ‘*mkf;&hé;:if“g%w NFe T
’ mg./100 cc. packed cellt o
t % . LR S A T :1’:5; r“"'fﬁ;‘h :-;.E:
- o, of No. of s Standard -
~-~- - Growp . . Patienty Deteryipationg - - Average - 2.9_1&_1_17 ] %‘”‘E
Formal Ambulatory 24 24 408,65 $23,2
Eospital Well 15 33 395.0 $23.0
Hospital Depleted 28 121 378.0 $30.0
408.5 - 378.0
t e w 31
. . 3,2 2 20,0 2 s :
P2 PR St (g—:—) IR 4"""(1?1 Y ¢ i, o YRR ISR s

{ 7. Statistical significance(t) gives a value of 31 in c&Lﬁaring tﬁ;{’

.‘. LY-X3

Javerages for normal ambulatory individuals a.nd de'pleted. hospita.l patients.

R < "”“At 'i‘“\'
!hin indicates that the difference in these means is approximately 30 times e
» Ms;a”,»ﬁpw - : .Y ;Iei:,.}. SR :’",'-:‘.‘. .

the standard error of the difference and ie ;trongly significa.nt. Thig fact

— veg us for -the first t in l lini al blood determination which
*ﬁgﬁﬁfg " W%b} a—fﬁ&»ﬁw : mp ®¢ i c;: LT fo, v nm%w@%wm Sy NW

w o0
RN » {‘,. oo

indicate tho extent of cellular depletion,

w-i'

T B w5 u@} ’l, It ii &itficult to assign the preciu bioch_emie&lih‘eohlnin vhieh o {"‘ ST Sf

PG ,%' . -._ Ki B 2z . :},__,,, ‘“ \,i.:g.,.\__‘, 4,» "l,l;n,;é "li‘ : \M-‘ ‘ AL? (. m.y&;‘ﬁ
T h oporativc in alteration of orythrocyte potanium ‘conten %o £1na litfl R A
o e gk § 1T RN T e . e T e, i .i»f Crmkdc o owe it e -fw“ﬂw:'&% )
( correlation between erythrocyte potassium content and plasma base. The only

erythrocyte potassium also have a relatively low erythrocyte potassium content
per unit of erythrocyte hem.oélo'tiin' suggesting that in the presence of depletion,
more K leaves the cell than does hemoglobin,

: . ... 9, Potassium exchange curves in tissue have been further documented in

surgical patients, With the exception of the red cell all tissues studied
42 39

are in physical equilibriom with reference to the exchange of XK' for K

approximately 24 hours after a single injected dose of 142. The urine

2/k% ratios reflect specific activity conditions in all tlssues studied
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at equilidriam; the X presented to the kidney “for excretion shows the same - . T.‘*;

ST TYBotoplc condtltution as that bbfe‘iﬂd’“ﬂhin"c’:é‘n%’. ?“!‘hﬂnm‘t‘ﬁ/ﬂsv\w m*‘

g

-ratlo can thorototo be used as sn 1ndicator for, the,_g{l%tion of. l“.&%w.,;“

mervrr "JV“*&“‘

TR

R ©10a Jho ‘arythrocyte has pecnlhr :proper’b;os ﬂt’& rro?eronco to X‘ :
1- MJi, dﬂ‘: i -

exchangse, reachlng equilibriom only at 72 houre after :lnjection. in sono

A

casoa oqu.ilibrinn has not been attained even at that timeo. This uinl ﬁ’r ‘f-;_ R

W

the question of the presence of a "non-exchangeable' fraction of I in tho -

red cell or a "slowly exchangeable® fraction of K, Attention has therofore

s T OYiaT i ted e e 10 VA bEo VeRAVIsE BE St e s W“%x‘fﬁ? vf@h‘fm%&“

(. “to’ I"z oxchangwa. to deternine 4 thin. phenouenon can b.‘“{f'é‘lma ou'uido the T 0T
* - J‘):‘f V’" - ““""”ﬁ‘.‘r“’“’" - ,.-..-...\- s e ?» e L ,,;“ .ﬁll 47 LR
P 22 4"-‘&. Fl ,}-\h -us m.@-,tﬂﬁ-w - Pt R _")” -.'V- -t

nung ory.n;sm and therefore independent of hematopohtic proceues. ¥
- dur mo e W'f#w;”%w.ﬁqﬂpx g - R o TR "M?’Nﬁr*‘i‘ézﬂ}fﬁmﬁ”&‘%ﬂ ;

have fouqd in ‘one experiment(vhich needs fu.r ther eorr&férat o%)
- - u" P’a’i/ x.:%&_\, :y.\,“c - ""Fi:‘:'f'll:. -‘, u*;‘i j;,‘;*"@{

€

“ w bR &W,». vowe \.QWW\!? ”&W»«w Ak,,v‘f, "&w‘;ﬂ:ﬁ@)
red cell—plasna -ystems maintained at +37 dogreea Cent

'f"" LR
PR v!.th conataat taﬂon s difﬁc te.v Any i A
RS pei'neabillty i'atel Ay ca.ah somé goﬁ‘bé on ihe reii.abﬁw-_y‘ ' Rhe Tosul¥iTE T T
- AL GO LT Ll c BRGS0 SV Mn Sk e ?#ﬁmm{mni ':,_W—f’lﬂw?s J
C Technical perfection of this mode of study is under way at vresent.

42
program of investigation of potassium metabolism. Patients receiving X

for the calculation of xfg are on tomplete balance atudy‘vhenev'er feagitle.

The study of post-operative changes remains a feature of the research in

- EEaT e

. 77T ‘many cases. The negative nitrogen balance and negative potaselium baladce . ¢ ... .

H
1
LT PN

arcompanied by positive sodium balance which have previously been described

ot

as occurring in post-operative patients have been observed in virtually all
our casess The resumption of positive K balance antedates the resumption of

positive N balance in many instances.
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12, Intravenous thera.py directed toward nutrition of the cell 15 being

2 ey s

=L ocantivusly attenpted; bAasd on ou?{nl{ngi nderningfpotasn'fun' OO HAT,

" Ou.r anulptian has been that tho temp,tign of intrwellg].‘r nateria;( ok o Foke L
‘""‘"““‘“"!l'&,{r:*- e ¥ RIS & T

Plul) iﬂuirep earboh:&;‘tto(ciycogen), amine moids(for protcin cynt
- 'u 3 x- ‘ﬂ

electrolyte, and vitanin—onxyne materials plas a "stimalus®. 'me latter has

. been provided by the 1ntmvonono administration of insulin, dasing ‘thi: %l 37"'" : -
B [:‘)\N’ ", t:" 4 I,::' )

the proposition that the formation of glycogen will require the laying Eo‘ ,;W .

Ay or - 3
i T,

of protein matrix and, poaslbl“ the entiro pattern of intmcellu.lar na}’.o;:ial.
: Ig_gj,_g glncon—lnmlin ‘tﬁrat‘ien curfcsm %J&ﬁ‘%uﬂmﬁe%e

28 - 'M"“éi ""MM T Tk

( emount of insulin which mat be admlniatored. 1n order to prodncc nax!.ma

- —_ ‘.,L_ e e e % o~ e e g S e B -

el rd e s o »wquc.. T, 3
utilization of intravenously adninistercd‘glucose.\ Ye have found hat ,
e 2 R gl T SRR S e DREE - ol AR o SRl :
o infusiona at the rate of 0%75 gram per kuogrgm per hov.r are nogt .

AN *::,‘4\ :‘r{-g.. ', -

T Y it -,-.q;f,i 404 't ! AN
utilizetl vith the" eonconﬁ“’% a&ninistratﬂi of 0.5 “units’ oi ‘rbgﬂ.ar

per g’n of glucoue !hiu ;providei a wmin{mal blood - ,s r_elevation an

- %ﬁk_ ot ; o G, e 1 1R -;?&“‘”
LT vir ually ) urinary ' ou. It fe of mtere&{t that Ln frosh post-_op'
- . .'v' I }a.‘) T i‘*ﬂ.ml,r‘kfu ;ﬂu - . LIS TG SR RO " \
R ) 1) - shts mg’in . fosp not prodnce ggxhal u.ti.lisation 0. carbohl 3
~ _*:%e{y‘: “r."”“ & ”'v«:: '~_ d ""‘ { »-<\ &g ey -_fg}r [PURN3S "“*“""’;t‘;;"? N N .- w ,_':‘
) 7t the extent sbsefved In stabllized pane 8. This nfuion hu b‘“ 1,con A
J'Wﬁ’@i’"wm" ‘Mm qi:ﬁ“"ﬁ*’?‘rw\ - en  Fe S A5 w T~ SN ey ) X W, ?

tinned for two hours at the stendard rate, This provides an insulin doue 1n

:V‘”-'“ﬁ”!“'*““'- R4 oS by A R LY A S T v ;

s 2o
.

_‘f ?‘Q/:l

added XC1 at a final concentration of 20 milliequivalents per liter and amino

[T |

acid at 0.5 grams per >grax'n of gliucose or 0,375 grams per kilogram per hour.

Suitable administration of the B vitamins is maintained. This entire mixture

. T 7T 1g well tolerated witheut local or systemic.reaction. To-avoid 4 transient =<z - - %

period of hypoglycemia following the intravenous administration of glucose-
insulin combination a "chaser® of 5 percent dextrose in water is administered
for a half hour. The balance effects of this nutrition are being analyzed at p

the present time,
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" B, STUDY OF DEUTERIUM EXCHANGE - St .
TR ST TNNe HeaRaraRent BT total body vater(E%. remﬁns a mJorW
this Tnk Ordor.- EM! h done by measuring the dilution in the ,patiegﬁ,&tﬁ@m.:,:f;:;.ﬁ
’ A - nen.sured. infgsiu of huvy va.ter(bzo). : IR _' s ,,{-ﬁiﬁa&ﬁm i:‘é
2. light measurements of total body water in seven human patients havo -
been completed to date yiold.ing an averags total body water of 70,9 pero&b-w

. ‘J‘”“A. 1”“!,,

of body veight. . ,

3, Technical prodlems of great interest attached to the analytic pu.ran

~~~~~~ %A
- - ef'e Py’ OW@%}J’SMW‘ Heastfi‘emen YR § atom pei'cenf dent ez‘mﬁ% “‘“""

RS N 4““‘""

“ . «Gw;in 13 - ) ,
(‘ pareent accuracy i our o{?bfoctito for this vorl:. e = = .. -,.:‘:‘,,«r,,;;' - )

Pt oo - o
JEUF'S ARV - - Ta e
4, Tor the past tno yearl our attention has\been focused. on refino-c,.s
- AT "“P‘Y\W‘Y‘J}‘)" -’Sr}h«» _’;ug-@«i;u(, P AT - “,.n{ now oy e B : M‘ 28y

ments of She ing drop method of deuterium measurement. \dth a ruu
..... &5‘” *’h ﬁ“»:a s :T"'.._,L ,‘, .‘”~ "J::g;:};}:ex‘? h“:“‘ ’

.
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- ,-x ke i P
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10-2012 ucreaso n acouracy. TR AR

"5

— .Jemzaﬁn_coﬂrﬂ of the vat’er ‘bath ihermoctat £0 0005 degrdesRoas ..
\’.;:5%‘{'“ ' R - - i & L . 8 ;,‘ e " ' ﬁ-‘
’ centi

PR

ulo 1%?11‘@}% agtl} hee been aﬁtained for shor}i ?:r%od: anf &t{ 3
i actoations up to 008 ags Ceniiiradeiars Shicryghs

ih,v hgg" 1’:;1 Gera P ,di;‘:.ﬁ,ﬁﬁ-q ¥ ”“ }J
d.uring ‘operation of our eqnipnent due to a.lteution: 1n llno 'enpe_ {T'é o]
N e e S BSERRNRE e s oe - x oies reus w5 sy o v W R PO
C the cooling wator.

a\—.\_

@ "\z‘

o T tlen NPT S AP  XPL

o) p i ook aipion o Ry

R e s Py SR O AP e—-t&me*o'f*dwp a1 may-be carried ov

to .02 seconds with the electric clocks employed. Uslng a temperature for
the orthofluorotoluene tude of 27,06 degrees Cen{:igrade and a drop size which

has a falling time(for distilled water) of 90 seconds, .this timing apparatus

ﬁ‘ 'l

-

'
k{n'A‘

- gives usa tHousand measarable intervals for ths increment of concantrationx
between distilled water and 0.1 percent D, Stated otherwise our time
aceuracy ‘in terms of deuterium concentration is equivalent to 0001 atoms
percent Do This is approximately three times the desired accuracy and is -

not a limiting factor.
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7« Drop size reproducibility must be held to close tolerances.
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and thq,'raprodnci‘blo geomatry® of the entire aystgg. - AL the presgnt;ti g}m 373

F-..";

»-a.roragu ‘of three min which total in the noigh‘oorhm of - 90 secondl X
be held to .2 uconds. This gives one handred measurable intervale betvbex;

distilled wator and 0,1 percent D and an accuracy of +001 percent D, a‘l%qg_ e
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of a factor of 10 over the accuracy obtained by the time measarement alone, i

8+ V¥Vater pnriﬁcation remains an outstanding problel in accuracy and .

l(-‘

An element of light density either escaped removal or waa introduced in Toe
. . "*t“t-* T g, - “,.-.3..3. S e el \;‘Mglwu"’—f- K «_-:r,

course of mltiple distillations by thia tenhnig_ue ﬁrst from acid md,}% :
P "v.rs iy , ..4:4.,« : . &gi’:i “L..\_ ‘:‘ bl

fron base;~ Oaro is taken not to introdu,ce hy&rogen by acidifying with ?2

and alkalinizing with xazoz, - e e -
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. mater 88 p&ga for 'fensity measurement ha.s evidently ;gnovod thh 'lightn v g ,.rp‘}‘
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dropping time is equivalent to

g

D constitutes a 10 percent error when dealing with total concentrations of

0.1 percent D, In practical terms this means that if approximately 50 cubic
centimeters of 100 percent D20(obtained from the Atomic Energy Commission)

v 7 7 is Injected info '® patient of normal body weight, and.the finsal concentration ... .. ..

1 b

obtained is approximately 0.1 percent D, then the total body water(total .
exchangeable hydrogen) cslculates out to 50,000 cubic centimeters of water,

Ten percent error therefore assumes the magnitude of 5 liters. The Dzo space
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a8 measured in this patient therefore may fall anyvhere between 45 and 86 ..

-o~omz iterssBinee st ghifoant changel 1n Total BoAF vaLsN SIIE STEIF may:{*; St
involve °§Eﬁ$&éﬁ;? liters 1t 1a clear that this method does not'yet_{agagiuﬂwéﬁ;
. T dépﬁratd';xiéioif as appears desirable, Our accuracy must be 1n6;£;;;lf§;""?;ﬂ%§?tﬂ
by a factor.of 10;’1t.you1d also be possidle to increase the total dose of
D20 by a factor of 5,.an increase which is almost p;ohibitizely expensive, - ..
10, At the present time we gre of the opinlon that the desired ‘

accuracy can be obtained with the oxidation train and falling drOp apparatul

e

A LT .c ‘now Oporated 1n fhia laboratory, after further vofineménts havc“beé Eﬂ%ﬁ“

( 1ntroduced. It is vorthwhile to examine dritically other methods of.measuring

T ( \ UL TR L
"deuterium, . y
(SR T wE mm‘g{m et e N e o *‘*ﬁf-,““’"‘ /

‘_11. The mags gpectrometer may be used to measure deuterinm concentration .
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13 four vaysi - Y'by the measurement of the mase of 820 vapor. 2) vy tho“‘ A

measurement of the e mass of electrolytically prodnced “““3) “by theé measurement

-”ZE’“L'@‘&E%% iy 5 - ,'f%-,@ﬁ:w .r«i 2 ’%, s . R Y ageris Ay SN B Wx'&ﬁf“ fe (‘W
s ERREES e mass of Ez pro ed by Oatalytic reduction of H.0 and 4) by tho Pt -

AT ot SR 0%

e 3

;_-aesourement of the mass of K, phyaically eqnllihrated‘wiﬁh nap-!éojq;;fxw:f,; 2

lxparience vith a1 four of theee applications of tha‘mass speé%foﬁéia;,

e
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("‘ been obtained in variona laboratories at present working in tbis country.

other workers in this field. One lsboratory which has had experiengeain

denterium measurement for aprroximately 10 years uses H, produced by the

2
reduction of nao over zinc in a micro combustion train and meaesured in a

. . 180 degres mass spectromsters  Acduracy 67 this methiod tHeotetically could ...
be obtained to 002 percent'D. However, data from this instrument display
varistions of .02 to .03 percent D not infrequently. This variation is as

lsrge or larger then that now obtained with the falling dror apparatuse
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12, It 1s impertant to bear in mind that tﬁe“analytic requiremente.for‘
various workers in this fleld will vary with the bielogical p}obleh'ﬁhaér'*?;f>’”ﬁf"
investigation. In our work large quantities of distilled water can be pro-
duced from urine or plasma, for the end point determination., Quantity is
therefore not a limitigg factor, Many workers(such as the group mentioned
in paragraph 11 above) who are studying the synthetic incorporation of
deuterium into organic molecules employ the products of combustion of small
quantitles of organic solids. In their work small quantities of Hé are
produced and the use of the mass spectrometer is virtually essential becanse
of the small quantities involved. It should also be noted that in much
synthetic .work accuracy of 3 percent at the level of 0.1 percent D is Qdé
Tequired, wheréas this accuracy is a fundamental requirement in our measure-

ment of total body water,

13. Deunterium analyses on the mass spectrometer by the direct analysis

» LRI

of the density of 320 vapor involves many pitfalls which have been investl-

gated and have not been surmounted at the present time, . R

2

14, It is possible to equilibrate gaseous hydrogen with EZO-D
and attain a DH ratlo in the supernataat ems which is smaller than the DH ratio

0 mixtures

T

e e et EE Thqaid by & Factor oF 5.7, " This Sequilibrated hyirocent as
opposed to electrolytically produced hydrogen or reduced hydrogen may then
be run into the mass spectrometer for analyeis. ZExperience has not been gained
sufficlent to make any statement regarding the accuracy of this method.

15, The gradient tube as developed by Linderstrom-Lang and others may

be used for deuterium concentration measurement. We have had experience with
this method in our laboratory and at concentratione of 0.1 percent D three
percent accuracy is virtually unobtainable. Microflotation apparatus has been

designed for determination of small concentrations of deuterium., This metkhod
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ray yield a high order of accuracy but is very time-consuming for the measures .

~ T

ment of each samples - We 'have mot hEd experience with this Yrour 1AboratsFy.
16, 1In conclusion, the technology of denterium measurement at low concen=
tration with high orders of accuracy is largely limited by wurification methods,
The use of the mass spgctrometer holds great promise for sample weasurements
but, pending the elaboration of technical details in other laboratories, this
Task Order will continue to direct its efforts toward perfection of the falling
drop method, an effort in which large strides have been made during the last

six months of 1947,
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