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INTRODUCTION

During the past fifteen years, rapid advancement
in the knowledge and understanding of fluid and elec-
trolyte changes occuring in various pathological con-
ditions has led to a need for rapid, accurate, simple
methods for the determination of the variocus elec-
trolytes concerned. The role of potassium in health
and disease has only recently been brought to the at-
tention of the clinician. Thus, only recently, has
the need for rapid potassium determinations been felt.
The chemical methods availlable for the analysis of
potassium in biological materials are, by necessity,
complicated and time consuming. Colorimetric methods,
while requiring somewhat less time than gravimetric
and titrimetric methods, still require a relatively
large expenditure of time. Electrocardiegraphic
changes associated with altered potassium levels in
the serum, while ®apid and diagnostic, do not give
absolute answers. Such conditions as the dying
heart, slow nodal rhythm with auricular standstill
associated with myocarditis, anoxia or severe arter-
iosclerotic heart disease and organic bundle branch
block may alter the electrocardiograph changes found
with altered potassium levels (41). With the appli-

cation of flame photometry to the determination of
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sodium and potassium, a rapid and accurate means for
these determinations is available. Due to the ex-
pense of the flame photometer,, however, and only the
larger medical centers are able to afford them. This
paper concerns a rapid simple method for the estima-
tion of serum potassium which is applicable to even

the smallest clinical laboratories.
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Methods For Serum Potassium Analysis

MacCallum, A. (1903), (1) was one of the first
investigators to attempt to determine the potassium
content of biological materials. In his investiga-
tions of the effects of the various salts of sea water
on the Medusoe, he found it necessary to first deter-
mine the amount of the salts present in the animals
studied. He suspended the animals in a muslin bag and
applied pressure to the bag. This served not only to
remove the fluid from the external surface, but also
the fluid from the gastro-vascular compartments. He
then converted the material to be analyzed in such a
way that the total bases were converted to sulphates.
Hydrochloric acid and a known excess of platinic chlor-
ide were added which precipitated out the potassium as
the insoluble potassium chloraplatinate. This precip-
itate was then heated to 300°C. and dry hydrogen gas
passed over it. This served to reduce the platinum
united as potassium chloraplatinate to metallic plat-
inum. From the amount of platinum recovered the amount
of potassium present could be calculated. From his
determinationshe concluded that there was a remarkable
similarity between the potassium content of the Med-
usoe and mammal blood, as determined by him.

The first attempt to determine potassium in blood
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by the cobaltinitrite precipitation was apparently made
by Hamburger in 1915 (3). The precipitation was accom-
plished in a graduated capillary tube and the precipi-
tate measured. Each gradation on the tube was equal

to 0.0001 mgm., of potassium. This method required at
least sixteen hours for completion. No results for
plasma, serum or blood were reported.

In 1918, S. W. Clausen (2) developed a titrimet-
ric method for the estimation of potassium in blood.
This method consisted of three steps: (1) the precip-
itation of potassium as potassium sodium cobaltinitrite,
Ko NaCo(NOy)g, (2) the oxidation of the precipitate in
an acid solution at a boiling temperature with an ex-
cess of potassium permanganate, and (3) the titration
of the excess potassium permanganate with oxalic acid.
The author found that calcium, magnesium and iron,
present in quantities found in blood, did not affect
the accuracy of the determinations. The organic ma-
terial in the blood was removed by a "wet ashing"
process.

An improvement over the above described method
was reported by Benjamin Kramer (3) in 1920. He sub-
stituted a dry ashing procedure for the wet ashing
used by S. W. Clauson. He found that ammonia and phos-

phates, unless present in small quantities would
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interfere with the determinations. Dry ashing served
to remove any ammonia vhich was present. The precip-
itate was oxidized with potassium permanganate, oxa-
lic acid added until tlhe solution was clear, then the
solution was titrated tack to a permanent pink with
potassium vermanganate. The amount of potassium in
the sample was then calculated.

The error of this method using three cc. of ser-
um was found not to be in excess of #5%. The potas-
sium in normal humnan serum was found to be between 16
and 22 mgm, per 100 cc. The author also demonstrated
that calcium, magnesium, sodium, barium, strontium,
zinc, iron, sulphate, nitrate and chloride would not
interfere with the determination.

Qualitative tests performed by Kramer and Tis-
chall (4) in 1921 showec that sodium cobaltinitrite
does not precipitecte creatine, creatinine or urea. it
does form a precipitate with ammoniaj; which, however,
is present in servm in only small amounts. These ob-
servations suggested the possibility of precipitating
potassium directly from serum without preliminary ash-
ing, if the ph were adjusted so that serum proteins
would remain in solution. They employed a solution of
sodium cobaltinitrite, adjusted to pH5.7, which is

more alkaline than the isoelectric point of serum



proteins, thus resulting in the precipitation of po-
tassium while leaving the serum proteins in solution.
The precipitate is then titrated as in the original
method descrimed by Kramer (3). The authors stressed
the precautions necessary in obtaining the samnle of
serum to be analized. Syringe and needle must se ab-
solutely dry so as to preclude hemolysis and the ser-
um must not be left in contact with the red cells
longer than necessary. If serum is left in contact
with erythrocytes for an appreciable length of time,
potassium migrates from the cells to the serum. The
serum sample should be analyzed within 48 hours, dur-
ing which time it should be kept in the refrigerator.

Potassium determinations on serum obtained from
ten normal adults gave an average value of 19,6 mgm.
per 100 ml., The values ranged from 19.0-20.0 mgm per
100 ml. Potassium determinations on sixteen normal
sera after ashing resulted in an average value of 19.8
mgm. per 100 ml, -vith values ranging from 17.9-21.3
mgm. per 100 ml. he concluded that for normal human
adults and children the serum potassium levels were
constant. “Yhe maximum variation veing l¥-2]1 mgm. per
100 nl.

In 1928, morrulis and Perley (5) found that the

factor used by Kramer (L) for the conversion of cc.'s

(6)



of potassium permaLgaﬁate, used in the titration, to
mgm. or potassium vas derived emperically rather than
stoichometrically. %they found that this factor var-
ied with the amoun®t of potassium in the sample anal-
yzed. The titration results, wnhen plotted as ordinates
azainst potassium Ln miliigrams as the abscissae, gave
a straight line. Thus a curve can be constructed irom
which the amount of notassium present in the unknown
can be read directly. The authors also found that
phosphorus in ecuivalent concentrations at least, «&id
not interfere witl this iiethod.

A colorimetric metiod for serum vpotassium deter-
minations was described in 192% by Shahl and Sennett
(6). Serum or plesma was dry ashed in a platinum
crucikle. The ash is redissolved and the potassium
precipitated as thie chloraplatinate. The potassium
chloraplatinate is then converted into the iodonla-
tinate by the addition of potassium iodide. This re--
sults in the formation of a deep wine color due to the
iodoplatinate. The solution is then compared and the
colorimetric witl known standards. Amounts as small
as 0.1 mgm. of pctassiuvm may be determined by this
method.

The vpotassium ciiloraplatinate may be titrated

with sodium thiosulfate; if in neutral solution, the
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color of the iodide formed being used as the end point.
The diazotization process of Ilosnay (8) was a=-
dapted to serwa »otassium determinations by Taylor (7)
in 1930. Taylor (8) also introduced tungstic acid
as a more efficiznt means of precipitating serum pro-
teins, and the use of 30% alcohol for washing the so-
dium potassium cobaltinitrite nrecipitate. The pre-
cipitate is less soluble in alcohol than in the saline
solution originally used. 1In a series of seven deter-
minations, the values ranged from 19.9-24.0 mgm. per
100 mL. The autnor also stressed the fact that hem-
olysis invariably resulted in high values.
Difficulties in applying the method of Kramer and
Tisdall (4) were enceuntered by Breh and Goebler (9)
in 1930. These difficulties consisted of interference
of serum protein and to some extent, of the lipemia
which existed in the serum. Thus, these authors in-
vestigated the possibility of using silver cobaltini-
trite to precinitate the potassium. They employed
tungstic acid filtrate from which all the chlorides
had been removec. For the determination of the potas-
sium in the potessium silver copbaltinitrite vrecipi-
tate, they utilized the reaction between salts of co-
balt and ammoniim thiocyanate in alcoholic solution.

This produces a blue color, the intensity of which,



has a significant deviation from proportionality.

Thus an emperical curve must be constructed using sol-
ution of known potassium concentrations. It was showm
also that potassium silver cobaltinitrite was much less
soluble than thevsoaium salt.

The results vy this method, as compared with the
ashing process, showed an average answer which was 0.7
mgm. higher for the asaing process.

Jacobs and {offman {11) in 1931 applied a hither-
to unmentioned coslor rsaction to the determination of
serua potassium. The determination depends upon the
formation of an smerald-green color when a solution of
sodium ferrocyanide is added to a mixture of a cobal-
tous salt and choline aydrochloride in water. Prelim-
inary experiments showed that in the prssence of a
given excess of ferrocyanide and choline, the reaction
could pve usea colorimetricaliy to determine small a-
nounts of cosalt. +the color develons within a few
minutes and is stable for hours. The solution may be
diluted without losing accuracv. The potassium is
precipitated Irou serwn by the Kramer-Tisdall (4)
method and the c¢o>balt in the precipitate determined
by the ferrocyanide-cosalt-choline color reaction.
Ammonium salts ware found to interfere with this meth-

od.



Another methnd for the determination of potassium
colorimetrically ras descrioed by Sobel and Kramer (12)
in 1932. 'This meshod devends upon tre Formation of a
cobalt-cysteine-h7drogen peroxide complex. 1in an alka-
line phosphate solution cobalt forms an olive-green
complex witn cystz2ine. Upon the addition of hydrogen
peroxide a light sellow complex forﬁs, the intensity
of which is directly proportional to the amount of co-
balt present,

In 1937, Harrison and Darrow (13) developed a
volumetric methoc for potassium analysis in biologi-
cal materials. The potassium was precipitated by the
chloraplatinic acid method and the chlorine of the
precipitate determined oy titration. This method
proved to be more accurate, in the authors hands, than
previouslv descrised titrimetric procedures. The
method is aprlicsble tc the determination of 0,004~
0.8, mi. of potassium and is accurate within 1% on
theoretical solutions.

The spectrosrapr vias introduced intc the analysis
oi potassium in riologic materials by Thomson and Lee
(14} in 1937. Trey employed a rotating jet, thrcugh
which the solution to pe analyzed wWas passed and passed
2 spark tanrough -ne resulting spray. They found that

the rate o1 ilow through the jets influenced the
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results, a low rrte of rlow giving the most accurate
results for the cetermination of notassium. This meth-
od was faster then any of the existing methods and al-
most eliminated the human factor as a source of error.

The Kramer-Tisdall (L) method was further modified
by Hubbard and Gorbutt (15) in 1939. They carried out
two precipitations of the potassium and introduced an
improved method for washing the precipitate. The a-
mount of potassium present is determined by titration
with potassium permanganate as in the original proce-
dure. This methol was applicable to solutions contain-
ing from 5-80 mgm. of potassium per 100 ml.

In a study of the notassium content of human
blood, Weichselbaum, Somogyi, and Rusk (17) in 1940
developed a manomatric method for potassium analysis
which was sufficiently accurate and less time consuming
than the currentl: available methods. They precipita-
ted the potassium as potassium silver cobaltinitrite,
which they found to be less soluble than the sodium
cobaltinitrite sa-.t. They then added sodium hydroxide
to the precipitate which caused the formation and pre-
cipitation of silier oxide and cobaltous hydroxide,

The remaining solution was transferred quantitatively
to the Von-Slyke epparatus, sulfuric acid added and

the nitrous acid vas measured. From the volume of gas,
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they calculated the amount of potassium in the precip-
itate.

They also introduced cupric sulphate and silver
nitrate to precinitate out the chlorides and to reduce
thie error of silver tungstate formation which removes
some of the silver and, due to the acidity, adversely
affects the solubility of the potassium silver cobal-
tinitrite precip-tate. The largest variation in a
comparison of tisrimet:ic and manometric methods on a
series of five samnles was O.4 mgm.%. In a series of
forty potassium determinations on normal adult sub-
jects they found 4.93 mE/L. to be the average. The
larcest value found was 5.26 mBg/L. and the lowest was
L .60 mEq/L.

The photoelsctric colorimeter was applied to po-
tassium determination in 1940 by Tenery and Anderson
(18). The potassium was precipitated as the chloro-
platinate as in the method of Shahl and Bennett (6).
The potassium chloroplatinate was then converted to
the iodoplatinate and the reddish-oranse color meas-
ured by photoelectric colorimeter. Using known solu-
tions, a smooth curve was obtained with the Evelyn
Photoelectric (clorimeter., Differences in concentra-

tion of less than 1% could be detected.
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A review of “he objections to the sodium and sil-
ver copaltinitrite methods tfor the precipitation of
potassium and mod:fied wversion of the Shahl-Bennett
{6).method was presented in 1940 by Salit (19). He
pointed out that —-he exact composition of sodium co-
baltinitrite and silver cobaltinitrite precipitates
was uncertain and that the ratio of potassium to so-
dium or silver varied witih the concentration of the
sample and reagenss, the temperature at which the pre-
cipitation occurrsd and the time involved in the pre-
cinitation. The :omposition of potassium chloroplat-
inate, however, always n1as a derinite composition.
Iron, aluminum, magnesium, carium, calcium, manganese
and copper interizre with the cobaltinitrite precipi-
tation while only ammonia, alcohol, iron, copper and
ferrocyanide are said to interfere chloroplatinate
precipitation. “he methods of ashing plasma or serum
have been tedious and time-consuming. The author
ashes the sample in specially made nickel tubes in the
presence of an oxidizing agent, mercuric oxide. The
potassium in the ash is determined colorimetrically by
the Shahl-Bennett (6) method. Details are given for
potassium determinations on blood, feces and urine.

Harris (20) in 1940 found the usual methods of

potassium analysis by sodium or silver covaltinitrite



precipitations to have insufficient accuracy and to
entail an unaccounted number of variaples. He modi=-
fied the method cf Breh and Goebler (%) by precipita-
ting the potassium silver cobaltinitrite from a 14%
alcohol solution in a water bath at 20°C. This method
was less time consuming and was found to be accurate
to within #2%.

Since the determination of potassium in biologi-
cal materials is most troublesome and time-consuming
by standard methods, Harington (21), in 1941, adapted
a new method which was comparable in accuracy to ex-
isting methods. Dipicrylamine (di(2:4:6 trinitro-

phenyl)amine) forms a deep orange-red potassium salt.

NO»
NOx¢ > NHS ‘i>>N02
NO2 (Dipicrylamine)

The solubility o this salt is comparable to sodium
potassium cobalt:initrite. The reagent is specific for
potassium in the presence of other metals of the
fourth and fifth groups except rubidium and caesium
and in the absence of ammonium salts. Potassium dipi-
crylamine is soluole in alcohol giving a strong yellow
color.

A simple photoelectric colorimeter and a “Zeiss

step~photometer -tere employed in the determination of
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the color developed. With the step-photometer, for ranges
of 0-0,1 mgm. potassium per 100 ml. The obser-

vations were in strict accordance with Beer's Law, but at
higher concentrations, the deviation became consid-
erable, With the simple photoelectric colorimeter,
however, no linear relationship existed. This was at-
tributed to incowmplete elimination of infa-red and

the wide transmission band of the filter employed. The
range of normal serum ootassium by this method was 17.5=-24
mgm. per 100 ml,

Wood (22) in 1942 described a method of adapting the
procedure devised by Breh and uoebler (9) to the
photoelectric co..orimeter. The potassium silver co-
baltinitrite precipitate goes into solution rapidly when
gxposed to not acid or alkali. The amount of sil-
ver, cobalt or nitrite in the resulting solution serves as
an index to ti.e amount of potassium present. The cobalt
ion in a relatively non-aqueous solution, such as 95%
alcohol, reacts with ammonium thiocyanate to
ferm a blue compcund, (NH,)5Co(CNS},. This is then de-
termined by photcmetry. A calibration curve, usingknown
concentrations of potassium, must be constructed,by
plotting the log of the galvanometric deflection a=-gainst
the potassium concentration. The vprooable er-

ror of this methed for a single determination was
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reported to oce 2.3 micrograms of potassium per cc. of
plasma of 1.2%.

In 1942, Sobel, Hanak and Kramer (23) introduced
the procedure of electrodialysis to the determination
of serum potassium levels. Electrodialysis of the rea=-
gents eliminated tine need for a reagent blank. Elec=-
trodialysis of the serum to be analyzed removed the
organic constituents which interfere with potassium
determination; VYiet ashing of serum cannot be used be=
cause ammonila must be completely removed. Dry ashing
involves high teriperatures with the resultant loss of
some potassium by valitalization. 'the wholé processof
electrodialys:i.s takes place at low temperatures and the
loss of potas sium Zs prevented. iHydrochloric acidwas
used, (chlor:de ion}, for trapping the cations of
the serum, thus :Iurther reducing errors due to the
presence of sulfates, phosphates and carbonates. The
potassium was precipitated as the sodiwm cobaltinitrite
salt, which was *hen o:iidized with an excess of ceric
sulfate was determined by the sensitive icdometric
titration.

The color producer py sulfanilamide and iv=1 nap-
tiylethylenediamine in the presence of nitrite was
used by Looney and Dyer (24) in 1943 to estimate the

amount of potassium in human serum. They precipitated

(16)



potassium as the silver cobaltinitrite salt and deter=~
mined the nitrite present in the precipitate by photo-
electric measurement of the color produced by the re-
action described above. They found that a stable color
- was produced whi:h was sensitive to 0,002 mgm. of po-
tassium in 100 mL. of solution. “The color produced%
I'oillows peer'!s Law up %o U.0l mgm. potassiwm in the fi-
nal solution,

Pereira (25:, in 1945, employed a color reaction
first described by Chiorattino (26) in 1933, to thé
quantitative determination of potassium. Potassium is
precipitated as tune silver cobaltinitrite comvlex. The
color is produced by adding dimethylglyoxime and benzi=-
dine. 7This reaction is highly specific for cobalt.

The color system follovs Heer's Law and an error of
less than 3% can be expected irom this method.

The appliication oi ilame ph§tometry to the anal-
ysis of sodium ard potessium in biologic materials was
descrived by Overman ard Davis in 1947. The oprinciple
of flame photometry was first used by Lundegordh (28)
in 1929. Overmar and bavis (27) used the Model 18
Perkin-Elmer flare photometer. The filter for the po-
tassium cell covered a range of 7000-92.4L0 A9 with a
peak transmission of 7716 A°., The accuracy obtained

was 32% for potassium. They also noted that the
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presence of high concentrations of sodium in solution
during analysis of potassium increased the intensity
of the light emitted by the potassium ions. Thus they
stated that the potassium standards used in calibra-
tion of the instrument should contain a ration of
sodium: potassium approaching that found in blood ser-
um. They also suggested that the application of an
internal standard may reduce the error due to the
presence of largs concentrations oi sodium.

The flame paiotometer was devised oy Barnes, Rich-
ardson, serry and Hood {(30) in 1945 to measure the
concentrations of sodium and potassium in solutions
for industrial use. Hold (29} in 1947 adapted the
flame photometer for use wits biologic materials.

The solution toc >e analyzed is discharged through an
atomizer and drawm into a flame. The light produced
by the combustioa of tiie elements in the wvaporized
solution is drawn into an optical system, with appro-
priate filters, anad is focused on a photoelectric cell ,
which is connected, through an amplifier, to a galvan-
ometer,

The variable factors in this method are: (1) the
atomizer, {2) th: flame, (3) the air pressure, (4) the
preparation of tae material and (5) dilution of the

material and {6) interfering substances. No ashing is
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required. 7The atomizer, flame and air pressure must
remain constant for each analysis. The serum is dilu-
ted with 0.9% saline 1:25, because of the low concen-
tration of potassium in serum. . The presence of iror in
the analysis of whole blood interferes with the deter-
mination of sodium but has no appreciable effect upon
potassium determinations. The accuracy of this method
was found to compare favorably with standard chemical
methods of analysis. The elimination of preparatory
procedures, especially ashing, is most time saving.

The detailec¢ construction and operation of a
flame photometer was described by Domingo and Kline
(31) in 1949. Trey found that the effect of sodium up-
on potassium determinations could be almost completely
eliminated by use of a butane-air flame in place of an
acetylene flame. They also found that calcium and am-
monia did not interfere with the analysis of potassium,.
The presence of ecid, in concentrations greater than
0.2, significantly lowered potassium readings.

Abul-Fodl (22} in 1949 devised a colorimetric
method for potascium determination based on the esti-
mation of cobalt in a potassiwm silver cobaltinitrite
precipitate. The reaction depends on the reduction of
the phosvhomalybcic-phosphotungstic acid phenol rea-

sent by cobalt ir the presence of amino acids {(glycine
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or alanine), which results in a blue color which is di-
rectly proportioral to the amount of cobalt present,
The conversion of cobalt to cobaltinitrite does not af-
fect the reactior.

Theoretically, this methéd ig more accurate than
that of Looney and Dyer (24) because the reaction de=-
pends upon the ccbalt which is more stable than the ni-
trite employed by Looney and Dyer (24). |

Bernstein (3.4}, (1950), stated "Flame photometric
analysis of caticns in biological fluids and tissues
is, because of its simplicity, rapidity and greater
accuracy, replacing laborous chemical proceduresi, The
aubhor went on tc desecribe the apvlication of the in-
ternal standard to flame photometry.

Absolute light intensity measurements are subject
to errors due to variable viscosity, surface tension
and composition cf samples. However, the addition of
lithium to all samples analyzed provides an internal
standard by which light intensity ratios are measured.
1This materially reduces the errors from the above
sources. A notable exception to ﬁhis, however, is po-
tassium, which in the presence of a relatively large
concentration of sodium, results in higher reading.
This is due to the phenomenon of mutual excitation by

which potassium, in the presence of large concentrations
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of sodium, emit rore luminous energy per mEq. Hence
reference to a pctassium calibration curve is neces-
sary to compensate for the error introduced by the pre=-
sence of sodium.

The physical basis of flame photometry was des=-
crived by Spencer (33) in 1950. When an atom is heat-
ed, one of its electrons absorbs the energy and jumps
to the next outer orbit, where it rotates at a higher
energy level. Tre electron is now in an unstable po-
sition and tends to return to its original orbit. As
it returns to the original orbit, it releases as light
the difference ir energy required for rotation in the
orbits concerned. The intensity and wave length of the
light emitted is depencent on the position and energy
level of the electron. Hence, each element when heated
in a flame under standard conditions emits a character-
istic light spectrum not emitted by any other element.
The intensity of the light emitted is proportional to
the concentratiorn of the element present.

The method of Abul=-Fodl (32) was modified by Lock-
head and Powell (35)-in 1951 to make the procedure less
time consuming. They found the accuracy of this method
to compare favorably with that obtained by the flame
photometer. Ther suggest that since this method is

less expensive than flame photometry, it is more

(21)



suitavle for the small laboratory.

Elliott and ilowell (36), (1951), reported on the
results of four hundred serum potassium determinations
on normal human subjects using the Beckman flame photo-
meter. They obtained 4.18 mEq/L. as an average value
with a range of 3.1-5.5 mEq/L.

A review of -he methods available for the deter-
mination of serum potassium and their objections were
presented by Shukers'(Sé) in 1952. The chemical meth-
ods for potassium determination depend upon the pre-
cipitation of potassium as an insoluble salt, followed
by the analysis of some component of the precipitate
which bears a constant relation to the amount of po-
tassium present. The chief criticism of the cobalti-
nitrite method is that sodium potassium cobaltinitrite
is not of constant compostition. It has also been
stated that the cobaltinitrite is too soluble for ac-
curate analytic procedures. 1in spite oif these objec-
tions, the copaltinitrite method is capapnle of giving
satisfactory resuvlts. ‘The silver cobaltinitrite,
while being less soluble than the sodium cobaltini-
trite precipitate, has the disadvantages of requiring
the preliminary removal of chlorides and protein. With

reasonable attention to details, chemical methods are

(22)



accurate to witrin #2%, but they require from three to
thirty six hours for completion., With the advent of
the flame photometer, a rapid and accurate method has
been made availanle.
Review ci Potassium iietabolism

Dietary rotascgium is derived chiefly from cereals,
fruits and vegetables (37). The potassium is ranidly
absorped from the gastrointestinal tract and diffuses
from the blood stream into the cells of the body. The
kidneys are responsivle Zor the excretion of more than
90% of the potassium, the remainder being lost in the
perspiration and feces and via gastrointestinal juices.
buring the first fsw days of fasting, the potassium in
the urine is decreased, and the concentration of potas-
sium in the urine is nmuch less than the seruwm potassium
concentration indicating that the kidney tubules are
able to conserve potassium to some extent. Potassium
enters the urine by simple glomerular filtration, and
as mentioned above, some is reabsorbed by the kidney
tubule, but the rsst is excreted. The daily intake of
potassium is betwzen three and four grams and the same
amount is excreted.

The steroid hormones elanorated by trne zona glo-
merulosa oI the edrenal cortex seem to act as a regula-

tor of potassium distribution in the body. These
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hormones regulate the amount of potassium excreted in
the urine, the amcunt taken up by the cells, the dis=-
tribution between the cellsapnd fluid and the relative
proportions of socdium and potassium to be found in the
perspiration. The hormone favors the excretion of po-
tassium and the retention of sodium.

The concentrztion of potassium in human serum
varies normally between 4.09 to 5.63 mEq/L. The inter-
stitial fluid, of course has the same concentration.
sody cells, however, contain about twenty times as much
potassium as the serum. HRed cells contain about 420
mgm./100mL. of potassium and three-fourths of the body
potassium is to be founc in the muscle cells. The cel-
lular potassium is not completely ionized, most of it
being in combination with protein and glycogen. It is
alterations in the extracellular potassium which cause
the clinical symptoms of hypo and hyper potassemia. The
concentration of potassium in the extracellular compart-
ment depends on the amount of potassium entering by way
of the gastrointestinal tract and the cells, and by
losses in the urine, perspiration and gastrointestinal
secretions and that amount of potassium entering the
cell. Dehydration and rehydration alter the extracell-
ular potassium by shrinking and expanding this compart-

ment without chanzes in the total amount of »notassium
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oresent. The potassium level of the extracellular
fluid is accurately reflected in plasma potassium ac-
cording to the Gibles-Donnan eguilibrium. This is ex-
ceedingly valuable because it provides an accurate
means of determining the amount of potassium bathing
the body cells. Homeostatic mechanisms are so deli-
cately adjusted, however, that only major disturbances
result in altered potassium levels. When these alter-
ations occur sericus consequences result.

The inorganic salts of potassium in the body are
hizhly ionized, tius the »nrinciple effects of potassium
are assumed to be due tc the ion. There are three
knowvn isotopes of potassium having atomic weights of
39, 40 and 41. About 93% of body potassium is K39, the
remainder being mede up of K4¥l, The radioactivity of
potassium is due entirely to K40, (38)

Potassium recuces the contractility of the heart
and favors relaxation. 1In the presence of high enough
concentrations of potassium, the heart will stop in di=-
astole. Calcium has the opposite effect, increasing
contractility and causing the heart to stop in systole.
The presence of calcium and potassium in prover propor=-

tions ensures the rhythmicity of the heart beat (37).

Darrow and miller (39) observing the occurence of car-

diac failure in some patients with Addison's disease
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being treated with DOCA, were led to investigate the
reasons behind the cardiac failure. Some cases were
explained on the basis of pre-existing cardiac disease,
the return of blood volume and retention of water and
sodium increasing the cardiac burden, and low serum po-
tassium as a result of therapy with DOCA. Using rats
and cats, the authors, by repeated injections of DOCA
were able to produvce cardiac lesions in some of the an-
imals. These lesions were characterized by small or
largze areas of necrosis which were replaced by fibrous
connective tissue. Polymorphonuclear infiltration was
absent. The lesicns in these animals could be prevent-
ed by the additior. of potassium to the diets.

Nerve fibers are exceptionally rich in potassium.
Ratios as high as 65:1 on the inner and outer surfaces
of vertebrate nerves have been reported. Polarization
of the nerve is believed to be due to this difference.
When a nerve is stimulated, potassium diffuses rapidly
into the surrounding fluid. It is restored during
rest (repolarization). The excitarility of a nerve is
marikedly decreased by perfusing it with a solution high
in potassium. Potassiwa 1s also necessary for trans-
mission of nerve impulsa2s across synapses and across

the myoneural junction (37). It has also been found

that potassium is essential for muscular contraction,
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leaving the muscle cell on contraction and re-entering
it on rest.

The role of potassium in acild base balance has not
as yet been adequetely explained. €linically, hypoka-
lemia and hyperkalemia frecquently occur with alkalosis
and acidosis respectively. Other important roles of po-
tassium concern protein and carbohydrate metabolism.
guring the polymerization of glucose to glycogen in the
liver, potassium a&nd phosphorus are laid down with the
glycogen in a definite weight-to-weight ratio. Con-
versly, during the vrocess of glycolysis and liberation
of glucose into the blood stream, potassium is libera-
ted. In presence of a positive nitrogen balance, and
when protein is being laid down in the cells, potassium
is deposited with it in a ratio of 1 gm. N. to 2,38
mEq K., In the presence of protein catabolism, potas-
sium is liberated into the extracellular fluid.

Hypopotassemia

In contrast to hyperkalemia, hypokalemia has been
descripbed under a 3zreat Variety of clinical conditions
and occurs more frequently than hyperkalemia. 7The me-
chanisms producing a low serum potassium are: (1) dil-
ution of the extra:ellular fluids by potassium free sol-
utions, (2) loss of potassium by excretion in the urine,

gastrointestinal juices and perspiration, (3) transfers

(27)



of potassium into the cells (45). The signs and symp-
toms of hypokalemis involve the cardiovascular and mus-
cular systems. They occur when serum potassium reaches
2.5-3.0 mEq/L. The most prominent feature is generali-
zed muscular weakness involving all the striated muscle
of the body, though characteristically, not involving
muscles above the neck. The rapid, shallow, gasping
respirations seen are due to paresis of the voluntary
muscles of respiration. Flaccid paralysis occurs when
the serum potassiun reaches a level of about 2.5 mEq/L.
At about this level, alterations in cardiac physiology
occur resulting in an increased pulse pressure, Corri-
gan type pulse, cardiac dilitation, systolic murmurs
and arrytimias. Cnaracteristic EKG changes are most

evident in the precordial leads, especially V3. They

consist of negative T waves, increase in QT interval
and depression oif 3T segment (40).

Martin and wWertman (46), (1947), in a study of
fourteen cases of diavbetic acidosis reported the oc-
curence of low serum potassium levels. They found the
lowest levels to cccur within the first twenty four hours
of therapy end usually between twelve and twenty four
nours. The serum potassium returned to normal within two
to three days. Two of the patients who showed low serum

potassium complained of muscle weakness
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after therapy had teen instituted. On admission most of
the patients showec high potassium levels. This was ex-
plained on the bpas:is of hemoconcentration secondary to
dehydration and to decressed renal excretion of potas-
sium secondary to shock associated with acidosis. Tuyn-
man and ¥Wilhelm (47) in 1948 reviewed the pathogenesis
of hypokalemia occuring during therapy in diabetic acid-
osis. The factors involved are: (1) the excessive loss
of potassiuwn in the urine due to the polyuria induced by
the excretion of large amounts of sugar in the urine,
(2) acidosis resulus in increased excretion of water and
electrolytes, (3) l.oss in urine by diuresis caused by
the large amounts of fluid administered during therapy,
(L) the process of glycogenesis, induced by insulin, re-
moves potassium from the serum and deposits it in the
body cells, and (5) the relative decrease in serum po-
tassium invoked by the hemodilution incurred by fluid
therapy. Greenman (48), (1949), found that patients
being treated for diiabetic acidosis continued to secrete
measurable amounts of potassium in the urine. Also, if
no potassium is given during this time, the over-all
balance of cell potassium remains consistently negative.
The normal kiiney while peing able to conserve so-
dium, is unapnle to conserve potassium. Thus, even in

the presence of hypokalemia, some potassium is lost in
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the urine. Normaliy, potassium is excreted in the glo-

merular filtrate, some oseing reabsorbed by the tubules,
where ammonia is substituted as part of the base conser-
ving mechanism of the body. In some forms of nephritis
with decreased tuoular function, thetubules are unable
to replace potassium with ammonia. This results in in-
creased loss of potassium in the urine. ¥ith tubular
damage greater than glomerular damage, hypokalemia
states are more likely to be seen. When glomerular
damage is great enough to cause an increased NPN, hy-
perkalemia states may occur depending upon the charac-
ter of the renal damage (40). Brown, et. al. (48),
(1944 ), reported two cases of nephritis who developed
flaccid paralysis and EKG changes characteristic of
hypokalemia. Both of these patients had tubular damage
far greater than glomerular damage as evidenced by a
normal NPN in one patient and only a slight elevation
in the other.

Familial periodic paralysis has been shown to Dpe
associated with low serum potassium levels. The disease
is characterized by episodic transient periods of paral-
ysis of skeletal musculature without the presence of
other neuralgic abnormalities. This disease has been
recognized for over 10C years, but the disturbance in

serum potassium vas discovered only about six years ago.
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It is usually not associated with any other serious dis-
ease although some cases have peen reported to occur with
thyrotoxicosis. During the typical attack there is flac-
cid paralysis of all the skeletal musculature with loss
of deep tendon re:lexes. No sensory changes occur and
the sensorium remains intact. The attack may last from

a few hours to a 'ew days and disappears without any
residual eifects., During the attack serum potassium
levels are low pub return to normal with recovery. OUOral
administration of potassium chloride hastens recovery.
Balance studies have shown that potassium is not lost

in the urine but enters the intracellular compartment.
Whether the paralisis is caused by low serum potassium,
chronic potassium defecit in muscle or by a disorder of
hepatic or muscle glycogenesis has not been determined.
(50).

A syndrome oI’ postoperetive potassium defecit and
alkalosis was described by Eliel, et. al, (51} in 1950.
The syndrome is chiaracterized by apathy, lithargy, ner-
vousness and irritapility, muscular weakness, metabolic
alkalosis hypochloremia and hypokalemia. Prompt relief
occured after adm:rnistration of potassium salts. A4ll
patients with this syndrome were on a low intake of po-
tassium preoperat:ively, due to vomiting and intravenous

feedings. Loss o:' gastrointestinal secretions, removal
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of potassium and ciloride from stomach leads to alkalo-
sis and hypokalemia. Hyperadrenal cortical states, sec-
ondary to stress of surgsry, has been postulated as a
factor in the development of hypokalemia in this syn-
drome by increasinj the urinary loss of potassi um. Pre-
vention of this syndrome is by early replacement of po-
tassium in the postoperative period (51).

Diarrheal states, if severe may lead to excessive
loss of potassium and the development of hypokalemia.
Several cases of cholera, treated with potassium free
fluids, have been reported to develop low serum potas-
sium levels. The high mortality of inrantile diarrhea
has been shown to oe due to hypokalemia. The addition
of potassium to fluid therapy in this condition has
markedly reduced the mortality rate. Several cases of
sprue have been reported to develop hypokalemia. The
development of hyrokalermia in diarrheal states is due to
the excessive loss of pctassium in the intestinal secre-
tions and vomiting, if present, and to the decreased
dietary intake of potassium. The use of large quanti-
ties of potassium free fluid in therapy augments the low
serum potassium level (L0,52).

Hyperadrenal cortical states such as Cushing's Dis-

ease and Addison's Disezse overtreated with UOCA are as-

sociated with hypokalemia. The hypokalemia is due to
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the increased excre3zion of potassium by the kidneys un-~
der the influence o increased levels of cortical ster-
oids. Patients undzar therapy with adrenal cortical
hormones or ACTH may develop hypokalemia as a result of
overdosage.

In a study of twenty seven cases of intestinal ob-
struction in man, Folsoner, et. al. (53), (1%839), found
sixteen patients with serum votassium levels below &
mEq/L., the lowest value oeing 2.37 mEq/L. From these
results it is obvicus that hyvokalemia does not result
in all cases oif intestinzl obstruction. Two secondary
Tactors seerm to be oif importance in the rathogenesis of
hypokalemia in these cases. Tre first and most impor-
tant factor is the loss of vpotassium in the gastroin-
testinal fluids. Jomiting and gastric suction are the
means by which these losses occur. 7The authors found
that gastric Jjuice in patients with bowel obstruction
contained from two to four tiries as much potassium as
did the serum. The remainder ofthe gastrointestinal
fluids contained lower amounts. The second factor is
the expansion of the extracellular compartment due to
therapy with potassium free fluids. This results in a
lowering of serum potassium level without an absolute
decrease in the arnount of extracellular potassium.

The introduc=ion or carbo-resins in the theravpy of
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congestive heart failure to uecrease the amount of sod=-
ium awsorbed has, ia some cases, also decreased the a-
mount of potassium absorped by the gastrointestinal tract
resulting in hypokzslemia. The addition of potassium to
these resins has overcome this effect.

The use of mercurial diuretics and ammonium chloride
lead to large trangcient increases in the urinary excre=-
tion of potassium. #ith intermittent use of mercurials,
nowever, potassium depletion is not Liikely to occur.

The continual use of either mercurials or ammonium chlor-
ide may induce a slowly ceveloping hypokalemia, which may
be well tolerated. Clinically, hyrokalemia in treated
congestive heart failure is most likely to be seen when
food intake is poor (54).

Hyperkalemia

The clinicasl condition of hynerkalemia is not seen
as frequently as lhypokalemia, and symptoms of hyperka-
lemia do not recore manifest until serum potassium levels
reach extremely nagh values. sSerum levels of 10-10,5
mEq/L. are uniformly lethal, death being due to toxici-
ty of potassium unon the myocardium, cessation of heart
action in diastole. The symptoms of hyperkalemia con-
sist of paralysis of striated muscle all over the body,
cardiac toxicity, EKG changes, and unknown alterations

in cellular metabolism. The EKG changes, however,
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become manifest at lower levels of hyrnerkalemia. Be=tween
7-9 mEq/L., T wave alterations apvear, between 9-

9.5 mEq/L. the P wave disappears and between 9.5-10.5
miq/L. spreading and complete disintegration of the QRS
complex occurs. The sequence of EKG changes in
hyver-kalemia are: (1) elevation of T wave, (2) decrease
in size ot R wave and increase in 5 component, (3)
disap=-pearance of P wave. (L) depression of ST segment and
(5)soreading of YRS and T wave until a smooth biphasic wave
is seen (L4LO,L4Y;.

The excessive administration of potassium as a
cause of hyverkalerniia has only recently been recognized.it
has been shown that tiie administration of five gramsof a
notassium salt orally to normal persons will re-sult in
hyperkalem’a witlh characteristic EKG changes.Potassium has
been used in very large doses in the past in the treatment
of myasthenia gravis and lenieret's syndrome. with the
alvent of sulfa drugs, potassium carbonate was used as an
alkalizing agent in patients with congestive heart ifailure
to avoid the administration of sodium. How many :ases of
potassium intoxication occur-red as a result of this
practice can only be surmised.(L40)

Wener, et. al. (42), (194Y), described the effect
upon rabbits of acite intravascular hemolysis produced
by the intravenous injection of sapoain. They showed in.

They showed
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that death was due to potassium intoxication wnroduced
by the rapid liberation of potassium from the erythro-
cyte into the bloo¢ stream. This points to the possi-
bility of potassiur intoxication occuring in erythro-
blastosis fetalis, transiusion reactions and other hem-
olytic diseases (472).

In 1947, Fox, et. al. (43), showed that conditions
which cause shock, such as pburns and trauma cause an
elevation of extracellular potassium. The reason for
this is that the damaced cells lose their specific per-
meabilities and al.ow sodium and water to enter and po-
tassium to leave. The action of histamine like sub-
stances on uninjurzd cells allow these cells to take
up water and sosiuwn and to release vpotassium. oSerum
potassium has been observed to rise to twice normal le-
vels in some insteznces of shock.

Disturbances in notassium metabolism occuring in
renal disease in man was descrioed in 1943 by Keith, et.
al., (4L4). Balance studies indicated that in most cases
of severe renal dysfunction in man, potassium clearance
was adequate to excrete the votassium derived ifrom tis-
sue catabolism. liowever, when an extra amount of potas-
sium occured in the extracellular fluid, the kidneys ex-
creted it at a much slower rate, and if the increased

load of potassium continues, retention will occur. An
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abnormally high serun potassium level in patients with
chronic renal disease usually indicated an acute exa-
cerpation. Patients with oliguria or anuria showed con-
sistent elevations of szrum potassium.

An elevation of serum potassium occurs in patients
with Addison's Disease, which isdue to a deficiency of
adrenal cortical steroids. The deficiency of these
steroids results in loss of sodium and water and a de-
crease in the excretion of potassium. High potassium le-
vels seen are due toc lowered excretion of potassium, con-
traction of eixtraczellular fluid volume and the inability
of the cells to take up potassium (40).

The advent of blood pbanking has created another
source of inducin;; hyperkalemia. Since potassium obegins
to shift from the erythrocytes to the plasma soon after
blood is witndrawn from the vein, no douot exists that
stored blood contnains relatively higher serum potassium
levels than norma.., especially after long storage. In
patients with good renal function, little or no danger
exists, However, multiple transfusions or patients with
extensive burns, decreased renal function or hyperkalem-
ia from any other source, may raise serum potassium to
dangerous levels. Serum potassium determinations on
stored blood are not recommended however for reasons of
sterility, but tiae possibility of hyperkalemia resulting
from multiple transfusions of stored olood should be kept

in mind (57).
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Turbidometric lethod of Serum
Potassium Estimation

The method 2valuated in this paper was described
by H. G. and N. B. Keitel (55) in 1953. It is based
upon the estimation of the degree of turbidity produced
by the precipitation of potassium as sodium potassium
cobaltinitrite. The turbidity of the unknown is com-
pared with that of two known standards.

Unly a minimum of equipment is required for this
procedure. ‘The meterials needed are: (1) two Sahli
hemoglobin pipets, (2) two microscopic cultufe slides,
(3) one rubber tirped stirring rod, the tip measuring
2% mm. thick, 7 mm. wide at the base and 2 mm. wide at
the tip and (4) one 15 by 15 cm. piece of black paper
or overexposed xray film. Two standard potassium so=-
lutions are needed. One containing 3 mEq of potassium
per liter (0.224 gm. potassium chloride per liter) and
140 mEq of sodium per liter (8.12 gm. of sodium chlor-
ide per liter). The other standard contains 5 mEq of
potassium per liter (0.373 gm. of potassium chloride
per liter) with 140 mEq of sodium (8,12 gm. of sodium
chloride per liter). A 15% solution of sodium cobalti-
nitrite is used to precipitate the potassium.

Serum for the determination is obtained by veni-

puncture with orecautions taken to avoid hemolysis.
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The blood is centrifuged until cell free plasma or ser-
um is obtained. ‘‘hen serum remains in contact with the
erythrocytes, potassium tends to migratebto the serum,
Thus the serum must be removed after centrifugation has
been completed. With a Sanli hemoglobin pipet, 0.02cc.
portions are transferred to two of the depressions on
the microscope slide. With the same pipet, 0.02cc.
portions of the 3nEq and 5mEq standards are transferred
to the other two depressions on the microscope slides.
The other Sahli hemoglobin pipet, marked at 0.01 cc.,
is then used to transfer 0.01 cc. of the 15% sodium co-
baltinitrite reagent to the depressions. The sodium
cobaltinitrite is added in the following order; first
to the unknown, tihen to the 3mEq and 5mEq standards,
then to the other unknown. This eliminates time as a
factor in the development of the precipitates. HRach
sample is stirred with a rapid circular motion Ior five
seconds with the ubver tippred stirring rod. The stir-
ring rod is wiped dry petween stirrings. 7The slides
are then placed on a black background and a light di=-
rected across the slide. If the temperature is above
80%%, a clear diswinction between the 3mEq and 5mEq
standards cannot e made. The readings can usually be
made within 20-30 seconds and must be completed within

five minutes.
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Classification of the unknowns, depending on the
degree of turbidity as compared to the standards, is as
follows: (1) if the precipitate was less than the 3mEq
standard, (2) the same as the 3mEq standard, (3) be-
tween the 3 and 5mEq standards, (4) the same as the 5
mEq standard and (%) grester than the 5mEq standard.

When the unknown contains more than 5mEq/L. of po-
tassium, 1t can be diluted with an equal amount of nor-
mgl saline. This will serve to dilute the potassium
present and make a closer estimation possivle.

The precautions descrived by the authors (54) are
common to all methods of potassium determinations. The
test slide must be very clean and free from scratches
in order to compare equally the precipitates, If either
-the standards of the unknowm contain localized areas of
precipitation, errors are likely to result. Both stan-
dard potassium solutions should be run with each test,
Cigarette ash, due to its potassium, will interfere with
the test. Grossly lipemic serum should not be used un-
less it is first sleared with ethyl ether. During col-
lection of the sauple, extreme care must be utilized to
prevent hemolysis.

The authors ran a total of 145 serum samples with
potassium concentrations between 2 to 10 mEq/L., as de=-

termined by the flame rhotometer. They found agreement
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adequate for clinical purnoses. Serums classified as 1
and 5 always contained abnormal amounts of potassium.

The method evaluated in this paper was set up ac-
cording to the above description. The standards were
prepared by weighing dried potassium chloride on a chain
balance. The "3"mEq standard analyzed by the flame pho-
tometer at this labtoratory contained 3.2mEq/L. and the
"5MpEq standard contained 5.1mEq/L. The sodium cobal-
tinitrite solution was prepared from a commercial chem-
ically pure preparation. The sodium cobaltinitrite was
kept in the refrig-=rator.

Several difficulties were encountered in carrying
out the determinations. Extreme care must be used in
pipeting the serum, odecause bubbles are ant to occur in
the serum on the slide. TUsually these bubbles can bpe
obliterated with the stirring rod, but if they persist,
an accurate comparison cannot be made. The time factor
was found to be very important and to obtain accurate
results, the cobal tinitrite reagent must be added in
the described sequence. Extreme cleanliness of the
slide is re-emphasized. Binute foreign particles tend
to result in localization of the precipitate and make
comparisons difficult. Lint introduced on the stirring
rod by wiping between stirrings has the same effect,

and preferably, ¢ lint free towel should be used. An
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ordinary microscop: subshage lamp was used as a source
of light in making the comparisons. The light was di-
rected across the 3lides. This proved to ve the sim-
plest and most sat.siactory method of comparison. If
the environamental tempeature is above 27°C., the dif-
ference between th2 two standards cannot be accurately
determined, as precipitation is dependent upon teriper-
ature. To obtain accurate results, both standards must
be run with each determination. = Several determinations
must ve carried out pefore accurate and consistent es-
timations of turbidity can be made.

Comparison of Slide Method With
Flame Spectrophotometer

One hundred samples of serum were analyzed by the
method of Keitel end Keitel for their potassium content.
Bach sample of serum hac oneen previously analyzed by the
flame spectropnotcmeter. The serum potassium levels
ranged between 3.7 and lo.3 mEq/L. Hemolysis occured
in the two samples containing 10.0 and 16.3 mEg/L. Ten
samples were graded as 5. One of these contained 5.9
mEq/L. and nine contained greater than 6 mEq/L. The
number of samples grade L was forty five; twenty serum
of these were petwseen 5-6 mEq/L., Seventeen Detween L=5
mEq/L. and one between 3-4 mEq/L. Forty-three samples

were graded 3. Of these, twelve contained between 5-6
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mEq/L., twenty six contained between L4-5 mEg/L. and
five betveen 3-4 mig/L. Only two samples were graded 2
and opoth contained betwesn 3-4 mEq/L. No samples were
graded 1 (See Tabl:= 1).

Number of Patients

Grade
0-3mEq. 3-bmkq. L-5miq. 5-6mEq. >omilq.
1 ] 0 0 0 0
2 B 2 0 0 0
3 ) 5 26 12 0
b ) 1 17 27 0
p » 0 0 1 9
Table 1

An accurate differentiation between grades 3 and 4
were particularly iifficult to make. Two factors in
this series influeaced the relatively large number of
samoles graded 3 wnioge actual potassium level as deter-
mined by the flame spectrophotometer ranged between L-5
mkg/L. The first is the fact that the 3 mEg/L. standard
contained 3.2 mEq/L. as determined ny the flame spectro-
photometer and the second, and the most important, is
the relatively lar:ze numoer of sera containing over 4
miq/L. as compared with those containing less than L
mia/L. ‘Those samples graded 3 which contained between
5-6 mEq/L. must be accounted for by errors in grading.

lhese errors were probacly cdue to the introduction of
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foreizn particles such as lint and dust which cause lo-
calization of the precipitate. The same factors influe-
nced the number o samples graded 4. Only one serum was
graded 5 which contained between 5-6 mEq/L. and nine
sera were graded 5> which contained over 6 mEg/L. There
were no sera in this series which contained iless than
3.2 mEg/L., and no samples were graded 1.

A tabulation of the results listing actual potas-
sium levels as daevermined oy the ilame spectrophotometer
and the grade givan the sample will pe found in the ap-
pendix.

Every sample in this serles graded 5 contained a
greater than normal amocunt of potassium. Although sev-
eral samples were graded L which contained slightly
over 5 mEq/L, the elevations were not out of the ac-
cepted limits of normal except for only a few cases.
With a reasonadble amount of care and practice in carry-
ing out this procedure, significant cueviations in serum
potassium levels can easily be determined. It is well
10 emphasize aga.n that practice is needed before ac-
curacy in grading can ne accomplished. Despite the fact
that this series did not contain any sera below 3.2
mEq/L., it 1s felt that any signifiicant hypokalemla

would be picked up by this method.
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COHCLUSIONS

The results obtained by this method were found to
correlate with results oy flame spectronhotometric anal-
ysis with a sufficzient degree oi accuracy to be appli-
cable for clinicali use. Every sample gZraded 5 contain-
ed an amount of pntassium greater than normal. Samples
of sera containinz 6 mE3/L. or greater of potassium
were picked up wishout andue difficulty. This series
did not contain aay ser2 below 3.2 mEq/L; thus no con-
clusions can be drawn as to the accuracy obtainaclie in
the analysis of szra containing lower concentrations of

potassium.



SUMMARY

The methods available for the determination of
serum potassium are reviewed. A summary of the advan-
tages and disadvantages of these methods is also pre-
sented. A review of potzssium metabolism and the var-
ious clinical‘cond:tions in which serum potassium lev-
els are altered is descrimed.

A series of one hundred sera were analyzed by
slide method of Keitel and Keitel and the results com-
pared with those obtained by the flame spectrovhotome-
ter. A detailed dzscription of the method employed is
included.

Finally, the author wishes to acknowledge the as-
sistance in the technical portions of this paper ren-

dered oy kMiss Helen slack.
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