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INTRODUCTION 

During the past fifteen years, rapid advancement 

in the knowledge and understanding of fluid and elec­

trolyte changes occ•ring in various pathological con­

ditions has led to a need for rapid, accurate, simple 

methods for the determination of the various 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 available for the analysis of 

potassium in biological materials are, by necessity, 

complicated and time conBUllling. Colorimetric methods, 

while requiring somewhat less time than gravimetric 

and titrim.etric methods, still require a relatively 

large expenditure of time. Electrocardiographic 

changes associated with altered potassium levels in 

the serum, while rapid 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 ,hotometry to the determination of 
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sodium and potassium, a rapid and accurate means for 

these detenninations is available. Due to the ex­

pense of the flame photomet-e.r--:,, 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 or the first 

investigators to attempt to determine the potassium 

content or biological materials. In his investiga­

tions or th� 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 m1,1slin 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 ga�tro-va�cular 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 !mown excess of platinic chlor­

ide were added which precipitated out the potassium as 

the .insoluble po'tassium ehloraplatinate. 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 

or 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 tit-rimet­

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, 

K2HaCo(N02)6, (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

phate•, unless present in small quantities would 
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interfere with the determinations. Dry ashing served 

to remove any ammonia v,-hich was present. 'l'he precip­

itate was oxidized with potassium permanganate, oxa­

lic acid added until tl::e solution was clear, then the 

solution "\'laS titrated back to a permanent pink ·with 

potassium permanganate. 'l'he 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 .f.5%. The potas­

sium in normal hu:nan 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 v-Ji. th the determination. 

Qualitative tests performed by Kramer and Tis­

chall (4) in 1921 showee1 that sodium cobaltinitrite 

does not precipitB.te creatine, creatinine or urea. It 

does form a precipitate with ammonia; which, however, 

is present in seri:m 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. 'l'hey employed a solution of

sodium cobaltinitrite, adjusted to pH5.7, which is

more alkaline than the isoelectric point of serum
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proteins, thus resulting in the precipitation of po­

tassium while leaving the serum proteins in solution. 

rrhe precipitate is then titrated as in the original 

method described by Kr.'3Jller (3). The authors stressed 

the precautions necessary in obtaining the sam-ole of 

serum to be anal:rzed. Syringe and needle must oe ab­

solutely dry so as to preclude hemolysis and the ser­

um must not be left in contact vdth 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 YJhich 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. Potassiu.� determinations on sixteen normal 

sera after ashing resulted in an average value of 19.8 

mgm. per 100 ml, '·1ith 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. The maximum variation oeing 18-21 mgm. per 

100 ml. 

In 1928, horr:::ulis and Perley (5) found that the 

factor used by Krf'lller {L) for the conversion of cc.'s 
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of potassiw:1 permar.ganatE, used in the titration, to 

mgm. of potassium vas derived emperically rather than 

stoichometrically. 'i'hey found thc.t this iactor var­

ied Pith the amount of potassium in the samnle anal­

yzed. ihe titration results, v:hen plotted as ordinates 

against potassiUt71 in milligrams as the abscissae, gave 

a straight line. rhus a curve can oe constructed from 

which the amount of potassium :present in the unknovm 

can be read directly. The authors also found that 

phosphorus in equivalent concentrations at least, did 

not interfere witt this �ethod. 

A colorimetrjc metlod for serum notassium deter­

minations ·was described in 1928 by Shahl and Bennett 

{ 6) • S erun1 or plE;Sma VT£tS dry a.shed in a platinum 

crucible. The ash is redissolved and the potassium 

precipitated as t:1e chloraplatinate. The potassiUli.1 

chloraplatinate is then converted into the iodopla­

tinate Dy the addition of potassium iodide. 'l'his re-· 

sults in the form3.tion :Jf a deep wine color due to the 

iodoplatinate. 'The solution is then compared and the 

colorimetric witl. knoi.m standards. Amounts as sraall 

as 0.1 mgm. of pctassium may be determined by this 

method. 

The uotassiu.In chloraplatinate may be titrated 

1,•:ith sodium thio:mlfate; if in neutral solution, the 
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color of the iodide formed being used as the end point. 

'rhe diazotiz ation process of Ilosnay ( 8) vras a­

dapted to seru:a )Otassium determinations by Taylor (7) 

in 1930. Taylor (8) also introduced tungstic acid 

as a more effici3nt means of precipitating serum pro­

teins, and the use of 30% alcohol for washing the so­

dium potassium c�baltinitrite yrecipitate. The pre­

cipitate is less soluble in alcohol than in the saline 

solution originally used. In a series of seven deter­

minations, the values ran6ed from 19.9-24.0 mgm. per 

lOu ml. �he author also stressed the fact that hem­

olysis invariably resulted in high values. 

Difficulties in applying the method of Kramer and 

Ti�dall (4) were encountered 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 preci�)i tate the potassium. They employed 

tungstic acid filtrate from 1:;hich all the chlorides 

had been removec. For the determination of the potas­

siu.m in the pot2ssium silver coOaltinitrite precipi­

tate, they utilized the reaction between salts of co­

balt and ar;:i":lonit:L'l thiocyanate in alcoholic solution. 

This produces a blue color, the intensity of \d1ich, 
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has a significant deviation from proportionality. 

Thus an emperical curve must be constructed using sol­

ution of knovm p)tassium concentrations. It was shovm 

also that potassium silver cobaltinitrite was much less 

soluble than the sodiun1 salt. 

The results by this method, as compared with the 

ashing process, showed an average answer ·which was 0.7 

mgm. higher for the asning process. 

Jacobs and :ioffma_r1 (11) in 1931 applied a hither­

to unmentioned CJlor reaction to the determination of 

serum potassium. The determination depends upon the 

formation of an emerald-green color when a solution of 

sodium ferrocyanide is added to a mixture of a cobal­

tous salt and ch-:,line hydrochloride in water. Prelim-· 

inary experiments shov;ed that in the presence of a 

given excess of ferrocyanide and choline, the reaction 

could oe usea. colorimetricaLLy to determine small a­

mounts of cobalt. ·.1.'he color develops ·within a few 

minutes and is s�able for hours. The solution may be 

diluted ·without losing accuracy. rrhe potassium is 

precipitated fro··:1 seru:n by the Kramer-Tisdall (l;-) 

method and the C·)balt in the precipitate determined 

by the ferrocyanide-cooalt-choline color reaction. 

Ammonium' salts '-'l9re found to interfere �,ri th this meth­

od. 
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Another methixt for the determination of potassium 

colorimetric ally 1 ras descrioed by Sobel and Kramer (12) 

in 1932. lhis me�hod depends upon the formation of a 

cobalt-cysteine-h-rdroge:1 peroxide complex. in an alka­

line phosphate solution cobalt forms an olive-green 

complex vriti.1 cyst �ine. Upon the addition of hydrogen 

peroxide a light rellov,r complex forr:1s, the intensity 

of' Hhich is directly proportional to the amount of co­

balt present. 

In 1937, Harrison and Darrow {13) developed a 

volumetric method for potassium analysis in biologi­

cal materials. The potassium was precipitated by the 

chloraplatinic acid method and the chlorine of the 

precipit determined oy titration. This method 

proved to be more accurate, in the authors hands, than 

previousl:1 described titrimetric procedures. The 

method is ap:clicc tc the determination of 0.004-

0.04 mM. of potassium and is accurate within 17� on 

theoretical solutions. 

•rhe spectror:ra.ph v·as introduced into the analysis

of potass in t 1 iolor:ic materials oy 'f'homson and Lee 

{14} in 1937. '£1.ey employed a rotating jct, through

·which the solution to oe analyzed v1as passed and passed

a spark through ··,ne resulting spray. 'I'hey found that

the rate of flo,:1 thr;:mgh · the jets influe:µced the
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;f 
results, a lo·w r:- te of flow giving the nost. accurate 

results for the cetermination of �)otassium. ·rhis meth­

od was faster then any of the existing methods and al­

most eliminated the human factor as a source of error. 

'fhe Kramer-'l'isdall (4) method was further modified 

by Hubbard and Gorbutt (16) in 1939. They carried out

tvm precipitations of the potassium and introduced an 

improved method f:)r washing the precipitate. The a­

mount of potassium present is determined by titration 

with potassium perrnanga:'late as in the original proce­

dure. This methoi was applicable to solutions contain­

ing from 5-80 mgm. of potassium per 100 ml. 

In a study of the �otassium content of human 

blood, Weichselbaum., So;:nogyi, and Rusk (17) in 1940 

developed a manom8tric riethod for potassj_um analysis 

which was sufficiently accurate and less time consuming 

than the currentl:r available methods. They precipita­

ted the potassium as potassium silver cobaltinitrite, 

\·.rhich they found to be less soluble than the sodium 

cobaltinitrite sa:_t. 'l'hey then added sodium hydroxide 

to the precipitate which caused the formation and pre­

cipitation of sib·er oxide and cobaltous hydroxide. 

The remaining solution 'aas transferred quantitatively 

to the Von-Slyke apparatus, sulfuric acid added and 

the nitrous acid ,-ras measured. F'rom 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 preci],i tate out the chlorides and to reduce 

the error of sil"er tungstate formation which removes 

some of the silvnr and, due to the acidity, adversely 

affects the solubility of the potassium silver cobal­

tinitrite precip·:..tate. 'l'he largest variation in a 

comparison of ti �rimet::-ic and manometric methods on a 

series of five s:1mples vras 0.4 mgm.�6. In a series of 

forty potassium ieterminations on normal adult sub­

jects they found 4.93 mE/L. to be the average. The 

largest value fo,L11d was 5.26 mEq/L. and the lowest was 

4.60 mEq/L. 

The photoel9ctric colorimeter was applied to po­

tassium determination in 1940 by �enery and Anderson 

(18). The potas3ium 1,1as precipitated as the chloro­

Platinate as in the method of Shahl and Bennett (6). 

The pota.ssj_um ctloroplatinate t,as then converted to 

the iodoplatinate and the reddish-oran�e color meas­

ured by photoelectric colorimeter. Using knmm solu­

tions, a smooth curve ·1ras obtained with the Evelyn 

Photoelectric Gclorimeter. Differences in concentra­

tion of less than 1� could be detected. 
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A revieu of' "'.�he objections to the soditun and sil­

ver cooaltinitrite methods for the precipitation of 

potassium and mod:._fied version 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 ratio of potassium to so-

dium or silver va�'."'ied with the concentration of the 

sample and reagen"'::.s, the temperature at which the pre­

cipitation occurr,�d and the tin1e involved in the pre­

ciDitation. The ::omposition of potassiuo chloroplat-

inate, however, al ·1as a de:t'ini te composition. 

Iron, aluminum, mae;nesium, oariurn, calcium, manganese 

and copper interf 3re ·with the cobaltinitrite precipi­

tation while only ammonia, alcohol, iron, copper and 

ferrocyanide are said to interfere chloroplatinate 

precipitation. t 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 deterninations on blood, feces and urine. 

Harris (20) in 1940 found the usual methods of 

potassium analysjs by sodiUtil or silver coDaltinitrite 
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precipitations to have insufficient accuracy and to 

entail an unaccounted number of variables. He modi­

fied the method c.f Breh and Goebler (9) by precipita­

ting the potassium silver cobaltinitrite .from a 14% 

alcohol solution in a vrater bath at 20°c. This method 

was less time consuming and ·was found to be accurate 

to within ,!2?0• 

Since the determination of potassium in biologi­

cal materials is most troublesome and time-consuming 

by standard methods, Harin3ton (21), in 1941, adapted 

a new method which Vias comparable in accuracy to ex­

isting methods. Dipicrylamine {di(2:4:6 trinitro­

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

'fhe solubility o:::' this salt is comparable to sodium 

potassium cobalt:Lnitrite. The reag.ent 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 am.�onium salts. Potassium dipi­

crylamine is sol 11ble in alcohol giving a strong yellow 

color. 

A simple photoelectric colorimeter and a Zeiss 

step-photometer ·-rere employed in the determination of 
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the color developed. With the step-photometer, for ranges 

of 0-0.l mgm. potassium per 100 ml. The obser­ 

vations were in strict accordance vrith Beer 1 s Law, but at 

higher concentrations, the deviation became consid­

erable. v!ith the simple photoelectric colorimeter, 

however, no line3.r relationship existed. This v,ras at­

tributed to inco1nplete elimination of infa-red and 

the wide transmissio:1 band of the filter employed. The 

range of normal 3erum ·�)Otassium 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 G:oebler {9} to the 

photoelectric co:_orimeter. The potassium silver co­

bal tini trite prer.ipitate goes into solution rapidly vrhen 

exposed to hot ac:...d or alkali. The amount of sil­

ver, cobalt or n:.tri te in the resulting solution serves as 

an index to ti.e amount of potassiu..711 present. The cobalt 

ion in a relatively non-aqueous solution, such as 95o/v 

alcohol, reacts with ammonium thiocyanate to 

form a blue compound, (IIB4)2Co(CNS)4. This is then de­

termined by photc·metry. A calibration curve, using known 

concentratjons of potassium, must be constructed, by 

plotting the log of the galvanometric deflection a­gainst 

the potasi:ium concentration. The Probable er­

ror of this method for a single determination 1:,as 
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reported to oe 2.3 micrograms of potassium per cc. of 

plasma qf 1. 2o/o. 

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 the need for a reagent blank. Elec­

trodialysis of the serum to be analyzed removed the 

organic constituents i•Jhich interfere with potassium 

determination. \'fet ashing of serum cannot be used be­

cause ammonia must be completely removed. Dry ashing 

involves high tenperatures with the resultant loss of 

some potassium b: ,. valitalization. 'l'he whole process of 

electrodialys:.s takes place at lovr temperatures and the 

loss of pota::, siurn :..s prevented. Hydrochloric acid vms 

us�d, {chlor:.de ion}, for trapping the cati�ns of 

_ the serum, thus ::'urther reducing errors due to the 

presence of sulfates, phosphates and carbonates. The 

potassium 1·;as precipitr-cted as the sodium cobaltinitrite 

salt, which ·was "':.hen o::idized vdth an excess of eerie 

sulfate v;as dete::mined by the sensitive iotiometric 

titration. 

•rhe color produced by sulfanilam.ide and i�-1 nap­

thylethylenediamine in the presence of nitrite 1·1as 

used by Looney and Dyer (24) in 1943 to estimate the 

amount of potass Lum in huJnan seru.TJ1. •rhey precipitated 
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potassium as the silver cobaltinitrite salt and deter­

mined the nitrite present in the precipitate by photo­

electric measure�ent of the color produced by the re­

action described above. They found that a stable color 

was produced whi,�h vms sensitive to 0.002 mgm. of po-

tassium in 100 ml. of solution. ihe color nroduced " 
I 

follovrs Beer t s Law up -co O .01 mgm .. potassium in the fi­

nal solution. 

Pereira (25 , in 1945, employed a color reacticin 

first described hy Chiorattino (26) in 193.3, to the 

quantitative determination of potassium. Potassium is 

precipitated as ",�he silver cobaltinitrite com:,lex. The 

color is produced by adding dimethylglyoxime and benzi­

dine. 'I'his reaction is highly specific for cobal. t. 

'.i'he color system follo'V'S Beer• s Law and an error of 

less than 3�; can be expected from this method. 

The application 01· flame photometry to the anal­

ysis of sodium ar-d pote.ssium in biologic materials ·was 

described by Overman ar..d Davis in 1947. The principle 

of' flame photometry was .first used by Lundegordh ( 28) 

in 1929. Overmar: and Davis (27) used the Model 18 

Perkin-Elmer flaLe photometer. The filter for the po­

tassium cell covered a range of 7000-92l1--0 A0 ·with a 

peak transmission of 7716 Ao. The accuracy obtained

was ,!2% for potassium. They also noted that the 
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presence of high concentrations of sodium in solution 

duxing analysis �f potassiu.� increased the intensity 

of the light emitted by the potassium ions. 'l'hus 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. 'rhey also suggested that the application of an 

internal standari may reduce the error due to the 

presence of larg-e concentrations of sodium. 

'ihe flame p.1otometer was deviseo.. oy Barnes, Rich­

ardson, Berry ani Hood {30) in 1945 to measure the 

concentrations of sodium and potassiu.� in solutions 

for industrial use. Hold (29) in 1947 adapted the 

fl&':le photometer for use with biologic materials. 

The solution to )e analyzed discharged through an 

atomizer and dra·.m into a flame. The light produced 

by the combustio1 of' the elements in the vaporized 

solution is dravr:1 into an optical system, with appro­

priate filters, and is focused on a photoelectric cell , 

which is connected, through an amplif'ier, 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 t1e material and (5) dilution of the 

material and (6) interfering substances. No ashing is 
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required. 'l'he atomizer, flar:1e and air pressure must 

remain constant for each analysis. The serum is dilu­

ted with 0.9�½, saline 1:25, because of the low concen­

tration of potassiUJ.11 in serum. The presence of iror in 

the analysis of v�hole blood interferes with the deter­

mination of sodit:m but has no appreciable effect upon 

potassium determinations. The accuracy of this method 

vras 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 

flan1e photometer was de scribed by Domingo and Kline 

(31) in 1949. Tbey 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 ccid, in concentrations greater than 

0. 2N, significantly 101-;ered potassium readings.

Abul-Fodl {32) in 1949 devised a colorimetric 

method for potas�ium determination based on the esti­

mation of cobalt in a potassium silver cobaltinitrite 

precipitate. The reaction depends on the_ reduction of 

the phosphomalybc·.ic-phosphotungstic acid phenol rea­

gent by cooalt ir. the presence of amino acids {glycine 
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or alanine), which results in a blue color which is di­

rectly proportional to the amount of cobalt present. 

The conversion of cobalt to cobaltinitrite does not af­

fect the reaction. 

'l'heoretical1y, this method is 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 {34), (1950), stated "Flame photometric 

analysis of cations in biological fluids and tissues 

is, because of its simplicity, rapidity and greater 

accuracy, replacing laborous chemical procedures11 • The 

author v1ent on tc describe the application of the in­

ternal standard to flame photometry. 

Absolute light intensity measurements are subject 

to errors due to variable viscosity, surface tension 

and composition of samples. However, the addition of 

lithium to all samples analyzed provides an internal 

standard by which light intensity ratios are measured. 

'l'his materially reduces the errors from the above 

sources. A notable exception to this, 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 sodiu.m, emit r;:ore luminous energy per mEq. Hence 

reference to a potassicrn calibration curve is neces­

sary to compensate for the error introduced by the pre­

sence of sodium. 

'fhe physical basis of flame photometry was des­

cribed by Spencer (33) in 1950. When an atom is heat­

ed, one of its eJectrons absorbs the energy and jlli�ps 

to the next outer orbit, where it rotates at a higher 

energy level. Tl'e 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 depenc!.ent on the position and energy 

level of the electron. Hence, each element when heated 

in a flame under stand2.rd conditions emits a character­

istic light spectrum not emitted by any other element. 

The intensity of the light emitted is proportional to 

the concentratiori of the element present. 

The method of Abul-Fodl {32) was modified by Lock­

head and Powell 135).in 1951 to make the procedure less 

time consuming. They found the accuracy of this method 

to compare favorably w::.th that obtained by the flame 

photometer. 'l'he:- suggest that since this method is 

less expensive than flame photometry, it is more 
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suitable for the small laboratory. 

Elliott and Howell (36), (1951), reported on the 

results of four hundred serum potassium determinations 

on normal human subjects using the Bec·kman f1ame photo­

meter. They obta:'._ned 4.18 mEq/L. as an average value 

��th a range of 3.1-5.5 mEq/L. 

A review of -:ihe methods available for the deter­

mination of serum potassium and their objections were 

presented by Shu..1<:-"3rs t 56) in 1952. 'l'he chemical meth­

ods for potassium determination depend upon the pre­

cipitation of pot�ssium 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. In spite of these objec­

tions, the cobaltinitrite method is capaole of giving 

satisfactory res�lts. rhe 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 
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accurate to v:ittin .f.2,o, but they require from three to 

thirty six hours for conpJ.etion. With the advent of 

the flame photometer, a rapid and accurate method has 

been made availaole. 

Review cf Potassiu.'11 hetabolism 

Dietary potasEium is derived chiefly from cereals, 

fruits and vegetables (37). The potassium is rapidly 

absoroed from the rastrointestinal tract and diffuses 

from the blood stream into the cells of the body. The 

kidneys are responsible :'.:'or the excretion of more than 

90% of the potassium, the remainder being lost in the 

perspiration and feces and via gastrointestinal juices. 

During the first f::rw days of fasting, the potassiw'Il in 

the urine is decreased, and the concentration of potas­

sium in the urine is much less than the seru.'11 potassium 

concentration ind:i.cating that the kidney tubules are 

able to conserve potassiu.'il to some extent. Potassium 

enters the urine t)y simple glomerular filtration, and 

as mentioned abovo, some is reabsorbed by the kidney 

tubule, but the rest is excreted. The daily intake of 

potassiw"ll is oet"ween three and four grams and the same 

ai.'Ilount is excreted. 

The steroid hormones elaoorated by the zona glo­

merulosa of the £.drenal 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 amount taken up by the cells, the dis­

tribution between the cells md fluid and the relative 

proportions of soc1.ium and potassium to be found in the 

perspiration. The hormone favors the excretion of po­

tassium and the retention of sodium. 

'rhe concentrr.tion 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. 

trndy cells, howevET, contain about twenty times as much 

potassium as the serrnn. Red cells contain about 420 

mgm./lOOmL. of pot.assium and three-fourths of the body 

uotassium is to oe foun� in the muscle cells. The cel­

lular potassium if> not completely ionized., most of it 

being in combinatj_on with protein and glycogen. It is 

alterations in the extra.cellular 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 thn.t amount of potassium entering the 

cell. Dehydration and rehydration alter the extracell­

ular potassium by shrinking and expanding this compart­

ment without chan:,;es in the total amount of ,:iotassium 
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�resent. The potassium level of the extracellular 

fluid is accurately reflected in plasma potassium ac­

cording to the Gibles-Donnan equilibrium. 111his is ex­

ceedingly valuable because it provides an accurate 

means of determining the amount of potassium bathing 

the body cells. Romeo static 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 

highly ionized, tLus the 9ri11.ciple effects of potassium 

are assumed to be due to the ion. There are three 

knovm isotopes of potassium having atomic 1:leights of 

39, �O and 41. About 93% of body potassium is K39, the

remainder being me.de up of K41. The radioactivity of 

potassium is due entirely to K40. (38) 

Potassium rer1.uces the contractility of the heart 

and favors relaxation. In 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 calciwu and potassi�m1 in proper propor­

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

Darrow and Miller {39) observing the occurence of car­

diac failure in s,J1ne patients -vdth 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 volu:ne and retention of water and 

sodium increasing the cardiac burden, and lov1 serum po­

tassium as a result of therapy with DOCA .. Using rats 

and cats, the authors, by repeated injections of DOCA 

were able to prodv.ce cardiac lesions in sor:1e of the an­

imals. These lesions were characterized by small or 

large areas of necrosis which were replaced by fibrous 

connective tissue. Polymorphonuclear infiltration was 

absent. The lesions 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:l 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 s+.;imulated, potassium diffuses rapidly 

into the surrounding fluid. It is restored during 

rest {repolarization). The excitaoility of a nerve is 

markedly decreased oy perfusing it with a solution high 

in potassium. Potassium is also necessary for trans­

mission of nerve impulses 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 musclA cell on contraction and re-entering 

it on rest. 

The role of potassium in acid base balance has not 

as yet been adequ�tely e:xplained. Clinically, hypoka­

lemia and hyperkalemia frequently occur with alkalosis 

and acidosis respectively. Other important roles of po­

tassium concern protein and carbohydrate metabolism. 

During the polymerization of glucose to glycogen in the 

liver, potassium end phosphorus are laid do·wn ·with the 

glycogen in a definite weight-to-weight ratio. Gon­

versly, during the process 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 ti'.'.> hyperkalemia, hypokalemia has been 

described under a sreat variety of clinical conditions 

and occurs more frequently than hyperkalemia. 'I'he 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 j,1ices and perspiration, (3) transfers 
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of potassium into the cells {45). The signs and symp­

toms of hypokalemir 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 ·weakni::,ss involving all the striated muscle 

of the body, though characteristically, not involving 

muscles above the neck. 'l'he 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, ca�diac dilitation, systolic murmurs 

and arrythmias. c·'1.aracteristic EKG changes are most 

evident in the precordial leads, especially v3• They 

consist of negative T waves, increase in QT interval 

and depression of :3T segment { l1-0}. 

Martin and Wertman (46), (1947), in a study of 

fourteen cases of diaoetic acidosis reported the oc­

curence of low serum potassium levels. 'rhey found the 

lo·v1est levels to cc cur within the first twenty four hours 

of thera.py e.nd usually between ti-rel ve and twenty four 

hours. The serum potassium returned to normal within two 

to three days. Two of the patients who showed low serum 

potass:..wn complained of muscle weakness 



after therapy had Leen instituted. On ad.mission most of 

the patients showec1. high potassium levels. This was ex­

plained on the nas::_s of hemoconcentration secondary to 

dehydration and to decre2sed renal excretion of potas­

sium secondary to shock associated 1.rith acidosis. Tuyn­

man and Viilhelm (4"'7 ) in 1948 reviewed the pathogenesis 

of hypokalemia occuring during therapy in diabetic acid­

osis. The factors involved are: (1) the e::�cessive loss 

of potassiU1Ii in tb� urine due to the polyuria induced by 

the excretion of lnrge amounts of sugar in the urine, 

(2) acidosis resul�s in increased excretion of water and

electrolytes, (3) �.oss in urine by diuresis caused by 

the large amounts of fluid administered during therapy, 

(4) the process of glycogenesis, induced by insulin, re­

moves potassium from the serum and deposits it in the 

body cells, and (51 the �elative decrease in serum po­

tassium invoked Dy the hemodilution incurred by fluid 

therapy. Greenman (48), (1949), found that patients 

being treated for iiabetic acidosis continued to secrete 

measurable amounts of potassium in the urine. Also, if 

no potassium is gi·iTen during this time, the over-all 

balance of cell po�assium remains consistently negative. 

The norJ:T1al ki ::lney vrhile being able to conserve so­

diU1TI, is unaole to conserve potassium. Thus, even in 

the presence,of hypokale:nia, some potassium is lost in 
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the urine. Normally, potassium is excreted in the glo­

merular filtrate, some _Jeing 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 potassi",J,fil in the urine. \'Ti th tubular 

damage greater than glomerular damage, hypokalemia 

states are more likely to be seen. When glomerular 

da.1:1age is great enough to cause an increased NPN, hy­

perkalernia states may occur depending upon the charac­

ter of the renal damage (40). Brovm, 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 Deen shown to be 

associated vrith 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 lOC years, but the disturbance in 

serum potassiu111 Yas 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 been reported to occur with 

thyrotoxicosis. Du.ring 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 sensoriU!-n remains intact. The attack may last from 

a few hours to a �·ew days and disappears without any 

residual effects. During the attack serum potassium 

levels are low out return to normal ·with recovery. Oral 

administration of potassium chlorine hastens recovery. 

Balance studies hnve sho�m that potassium is not lost 

in the urine but enters the intracellular compartment. 

w'hether the para17,sis is caused by low serum potassium, 

chronic potassium defecit in muscle or by a disorder of 

hepatic or muscle glycogenesis has not been detennined. 

( 50). 

A syndrome o:� postoper.s.tive potassium defecit and 

alkalosis was described by Eliel, et. al, (51) in 1950. 

11he syndrome is characterized by apathy, lithargy, ner­

vousness and irritability, muscular weakness, metabolic 

alkalosis hypochioremia and hypokalemia. Prompt relief 

occured after adm:,.nistration of' potassium salts. All 

patients vlith thin syndrome 1-;ere on a low intake of po-

tassiUL.'l preoperat:.vely, due to vomiting and intravenous 

feedings. Loss o::· gastrointestinal secretions, removal 
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of potassium and c1loride from stomach leads to alkalo­

sis and hypokalemia.. Hyperadrenal cortical states, sec­

ondary to stress of surgery, has been postulated as a 

factor in the development of hypokalemia in this syn­

drome by increasin� the urinary loss of potassium. Pre­

vention of this Sy!ldrome is by early replacement of po­

tassium in the postoperative period (51). 

Diarrheal states, if severe may lead to excessive 

loss of potassium :1.nd the development of hypokalemia. 

Several cases of cholera, treated ·with potassium free 

flui ds, have been reported to develop low serum potas­

siu_r:1 levels. The high mortality of infantile diarrhea 

has been shown to oe due to hypokalerr.ia. 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 hy:rokalerria in diarrheal states is due to 

the excessive loss of potassium in the intestinal secre­

tions and vomiting, if present, and to the decreased 

dietary intake of potas2iu_m. The use of large quanti­

ties of potassium free fluid in therapy augments the low 

serum potassium lEvel (40,52). 

Hyperadrenal cortical states such as Gushing's Dis­

ease and Addison 1 fi Dise2se overtreated 1·:i th DOCA are as­

sociated with hypokalemia. The hypokalemia is due to 
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the increased excre-::,ion of potassium by the kidneys un­

der the influence o: increased levels of cortical ster­

oids. Patients und2r therapy with adrenal cortical 

hormones or ACTH may develop hypokalemia as a result o.f 

overdosage. 

In a study of t'wenty seven cases of intestinal ob­

struction in man, F olsoner, et. al. ( 53), ( 193 9) , found 

sixteen patients v:i th serum potassium levels below 4 

mEq/L., the lowest value oeing 2.37 mEq/L. From these 

results it is obvious that hypokalemia does not result 

in all cases of' intestinal obstruction. 'fwo secondary 

factors seem to be of importance in the pathogenesis of 

hypokalemia in these cases. 'i'he first and most impor­

tant factor is the loss of potassium in the gastroin­

testinal fluids. 7omiting and gastric suction are the 

means by which the3e losses occur. The authors f'ound 

that gastric juice in patients v.rith bowel obstruction 

contained from two to four ti:!es as much potassiurn as 

did the serum. The remainder ofthe gastrointestinal 

fluids contained lower amounts. The second factor is 

the expansion of the extra.cellular compartment due to 

therapy with potaE,siun free fluids. 'i'his results in a 

lm•rering of serum potassium level without an absolute 

decrease in the anount of extracellular potassium. 

The introduc 1�ion o::'"' carbo-resins in the therapy of 
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congestive heart failure to a.ecrease the amount of sod­

ium absorbed has, in some cases, also decreased the a­

moun� of potassium absorbed by the gastrointestinal tract 

resultini:; in hypokalemia. 'l'he addition of potassium to 

these resins has overcome this effect. 

The use of mercurial diuretics and arnmonium chloride 

lead to large tram: ient increases in the urinary excre­

tion of potassium. With intermittent use of mercurials, 

however, potassium depletion is not likely to occur. 

'I'he continual use of either mercurials or ammonium chlor­

ide may induce a slowly cieveloping hypokalemia, which may 

be well tolerated. Clinically, hypokalemia in treated 

congestive heart f3.ilure is most likely to be seen when 

food intake is poor (54). 

Hyperkalemia 

The clinical condition of hyperkalemia is not seen 

as frequently as :typokalemia, and symptoms of hyperka­

lemia do not oeco1:e manifest until seru.i.'11 potassiu.i.'!l levels 

reach extremely h:1.gh values. .:ieru.>n levels of 10-10. 5 

mEq/L. are uniformly lethal, death being due to toxici­

ty of potassiu.111 upon 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 c�1anges, and unknm·m alterations 

in cellular metabolism. 'l'he EKG changes, however, 
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become manifest at lo"irnr levels of hyperkalemia. Be­tween 

7-9 mEq/L. , T wave alterations appear, between 9-

9 • 5 rn£q/L. the P wctve disappears and bet1:;reen 9. 5-10. 5 

mEajL. spreading and complete disintegration of the QRS 

complex occurs. The sequence of EKG changes in 

hyper­kalemia are: (1) Alevation of T wave, (2) decrease 

in size 01· R \•,ave and increase in 6 component, (3) 

disap­pearance of P ·wave. ( 4) depression of ST segment and 

{ 5) s:preading of �RS and T wave until a smooth biphasic v-rave 

is seen (40,41). 

The excessive adninistration of potassium as a 

cause of hy:perkalenia has only recently been reco&:,nized. It 

has been shm·m that the administration of five grams of a 

potassilun se.lt orally to normal persons will re- sult in 

hyperkalem:'.a witl1 characteristic EKG changes. Potassium has 

been used in very large doses in the past in the treatment 

of myasthenia gravis and Meniere 's syndro:ne. With the 

a1lvent of sulfa drugs, potassium carbonate was used as an 

aLkalizing agent in patients \·;ith congestive heart f-3.ilure 

to avoid the administration of sodium. How many �ases of 

potassiur:1 intoxication occur­red as a result of this 

practice can only be surmised.l40) 

Wener, et. al. l42), (1949), described the effect 

upon rabbits of acite intravascular hemolysis produced 

by the intravenous injection of sapo;1in. They showed in. 

They showed 
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that death was due to potassium intoxication r>roduced 

by the rapid liberation of potassium from the erythro­

cyte into the blood stream. 'fhis points to the possi­

bility of potassiurr intoxication occuring in erythro­

blastosis fetalis, transfusion reactions and other hem­

olytic diseases (42). 

In 19L�7, Fox, et. al. (43), showed that conditions 

which cause shock, such e.s burns and trauma cause an 

elevation of extracellular potassium. The reason for 

this is that the damaged cells lose their specific per­

meabilities and ar:..ow sodium and water to enter and po­

tassium to leave. The action of histamine like sub­

stances on uninjur3d cells allow these cells to take 

up water and sodiun and to release potassium. Serum 

potassium has been observed to rise to twice normal le­

vels in some inst2.:1ces of shock. 

Disturbances in potassium metabolism occuring in 

renal disease in rr:an was ctescrioed in 1943 by Keith, et. 

al., (44). Balance studies indicated that in most cases 

of severe renal dysfunction in man, potassium. clearance 

was adequate to e:·:crete the potassiu.m derived from tis­

sue catabolism. lim·rnver, when an extra amount of potas­

sium occured in the extracellular fluid, the kidneys ex­

creted it at a mw:!h slo,,rnr rate, and if the increased 

load of potassium continues, retention will occur. An 
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abnormally high serum potassium level in patients with 

chronic renal disease usually indicated an acute exa­

cerbation. Patients with oliguria or anuria sho·wed con­

sistent elevations of s2rum potassium. 

An elevation of serum potassil.un occurs in patients 

with Addison's Disease, 1·Ihich 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 to lo·,rered excretion of potassium, con­

traction of extra�ellular fluid volume and the inability 

of the cells to t8.ke up potassium (40). 

The advent of blood banking has created another 

source of' inducinr; hyperkalemia. Since potassium oegins 

to shift from the erythrocytes to the plasma soon after 

blood is withdrawn from the vein, no doubt exists that 

stored blood contnins relatively higher serum potassium 

levels than norma_, especially after long storage. In 

patients vrith goocl 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. Serun potassium determinations on 

stored blood are not recoITl.t11ended hovrnver for reasons of 

sterility, but tlw possibility of hyperkalemia resulting 

from multiple transfusions of stored olood should be kept 

in mind (57). 
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Turbidometric i•iethod of Serum 
Potassiu..~ Estimation 

The method avaluated 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. 'I'he turbidity of the unknovm is com­

pared viith that of two knovm standards. 

Only a minimum of equipment is required for this 

procedure. 'l'he mcterials needed are: (1) two Sahli 

hemoglobin pipets, ( 2) ttro microscopic culture slides, 

(3) one rubber tir,ped stirring rod, the tip measuring 

2½ nun. thick, 7 mrt. wide at the base and 2 mm • ...,,.-Tide at 

the tip and (4) one 15 by 15 cm. piece of black paper 

or overexposed xray film. Tvrn standard potassium so­

lutions are needed. One containing 3 rnEq 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 ot~er standard contains 5 mEq of 

potassium per lit,3r ( 0.373 gm. of potassiun1 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 tJ precipitate the potassium. 

Serum for the determination is obtained by veni­

puncture 1:rith precautions taken to avoid hemolysis. 
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The blood is centri:fuged until cell free nlasma or ser­

um is obtained. <hen s0rum remains in contact 1dth the 

erythrocytes, potassium tends to migrate to the serum. 

Thus the serum must be removed after centrifugation has 

been completed. With a Sa '.1li hemoglobin pipet, o. 02cc. 

portions are transferred to two of the depressions on 

the microscope sL.de. With the same pipet, 0.02cc. 

portions of the 3nEq and 5mEq standards are transferred 

to the other two depressions on the microscope slides. 

'l'he other S'3. hli hr~moglobin pi pet, marked at O. 01 cc., 

is then used to transfer 0.01 cc. o:f the 15% sodium co­

baltinitrite reagent to the depressions. The sodium 

cobaltinitrite is added in the following order; first 

to the unknovm, t 1en to the 3mEq and 5mEq standards, 

then to the other unknOi,m. This e;timinates time as a 

factor in the devr~lopment of the precipitates. Each 

sample is stirred vlith a rapid circular motion for five 

seconds \1ith the :1 uooer tipped stirring rod. The stir­

ring rod is wiped dry -oetv!een stirrings. '1'he slides 

are then placed on a black background and a light di­

rected across the slide. If the temperature is above 

8O°F. a clear dis-:inction 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 unknovms, depending on the 

degree of turbidity as compared to the standards, is as 

follows: (1) if tte 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 ( ~) gre2,ter than the 5mEq standard. 

When the unlmuvm contains more than 5mEq/L. of po­

tassium, it can be diluted with an equal amount of nor­

mal saline. This , Till serve to dilute the potass imn 

present and make a closer estimation possiale. 

The precautio:1s descrioed by tne authors ( 54) are 

common to all methods of potassiura determination$. The 

test slide must be very clean and free from scratches 

in order to coEpare equally the precipitates. If either 

• the standards of the unknovm contain localized areas of 

precipitation, errors are likely to result. Both stan­

dard potassium solutions should be run with each test. 

Cigarette ash, duP to its potassium, \·rill interfere with 

the test. Grossl7r lipemic serum should not be used un­

less it is first •~leared with ethyl ether. During col­

lection of the sa:i1ple, 3Xtreme care must be utilized to 

prevent hemolysis. 

'£he authors ran a total of 145 serum samples Nith 

potassium concentrations betueen 2 to 10 mEq/L., as de­

termined ~oy the fJa me photometer. 'i'hey found agreement 

(40) 



..... ~ 

._,, 

..... .._,.. . 

adequate for clinic~l pur~oses. Serums classified as 1 

and 5 al·ways contai:ied 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 laboratory contained 3.2mEq/L. and the 

n5nmEq standard contained 5.lmEg/L. The sodiur.1 cobal­

tinitrite solution was prepared from a commercial chem­

ically pure preparation. The sodium cobaltinitrit e was 

kept in the refrig3rator. 

Several dii'fic;ulties were encountered in carrying 

out the determinations. Extreme care must be used in 

pipeting the seruir, because bubbles are apt to occur in 

the serum on the Elide. Usually these bubbles canoe 

o·oliterated with the stirring rod, but if' they persist, 

an accurate comparison cannot be made. 'i'he time factor 

was found to be v<iry important and to obtain accurate 

results, the coDa:_tinitrite reagent must be added in 

the described se~1ence. Extreme cleanliness of the 

slide is re-emphasized. lviinute foreign particles tend 

to result in localization of the precipitate and make 

comparisons difficult. Lint introduced on the stirring 

rod by wiping betvrnen stirrings has the same effect, 

and preferably, E. lint free tov.rel should be used. An 

(41) 
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ordinary microscopr: subs-:::;a~~e la.rr:p v:as used as o. source 

of light in making the comparisons. The light ~.ras di­

rected across the 3lides. This nroved to be the sim-.. 
plest and mos"t sat'-sfactory method of comparison. If 

the environament2.l tempe:_~ature is above 27°c., the dif­

ference between th3 two standards cannot be accurately 

determined, as pre~ipitation is dependent upon te□per­

ature. To obtain ~ccurate results, both standards must 

be run i:lith each determination. - Several determinations 

must be carried out oefore accurate and consistent es­

timations of turbidity can be made. 

Comparison of Slide Method With 
Flame Spectrophotometer 

One hundred ~a:r.rnle~ of serum were ane.lyzed by the 

method of Keitel 2nd Kejtel for their potassiu.m content. 

Each sample of serum hac oeen previously analyzed by the 

fln.me spectropi1otcneter. rfhe serum potassium levels 

ranged between 3. ;'. and lo.3 mEq/L. Hemolysis occured 

in the two sample:, containing 10. 0 and 16. 3 mEq/L. Ten 

samples vrnre graded as 5. One of tbese cont~dned 5. 9 

mEojL. and nine contained. greater than 6 mEq/L. The 

number of samples grade 4 ·was forty five; twenty serum 

of these were oet·.,reen 5-6 mEq/L., seventeen between 4-5 

mEq/L. and one between 3-4 mEq/L. Forty-three sarn:ples 

·were graded 3. Of these, twelve contained 'oetween 5-6 
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1:1EojL., t1·renty six contained bet\·reen 4-5 mEq/L. and 

five bet':1een 3-4 m!.i:q/L. Only ttm samples 1·..rere graded 2 

and ooth contained oet•deen 3-4- mEq/L. No samples were 

graded 1 (See Tabl~ 1). 

Number of Patients 
Grade 

0-3~Eq. 3-4~q. 4-5mEq. 5-6mEq. >SmEq. 

1 ) 0 0 0 0 

2 ) 2 0 0 0 

3 ) 5 26 12 0 

4 ) 1 17 27 0 

5 ) 0 0 1 9 

Table 1 

An accurate differe::i.tiation betv1een grades 3 and 4 

·were particularly lifficJ.lt to make. 'l'uo factors in 

this series influff:1.ced tiie relatively large number of 

samples graded 3 w~ose actual pot2ssium level as deter­

mined by the flame spectrophotometer ranged between 4-5 

mEa/L. The first is the fact th2.t the 3 mEa}L. standard 

contained 3. 2 mEq/S. as ietcrmined oy the fJa me spectro­

photometer and the second, and the most important, is 

the relatively lar<;e nu.m:Jer of sera containing over 4 

mBojL. as compared with those containing less than 4 

nit!;q/L. 'l'hose sa.'Tiples graded 3 which contained between 

5-6 mEo}L. must be accounted for by errors in grading. 

these errors were orobably due to the introduction of 
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foreign particles such as lint and dust which cause lo­

calization of the precipitate. 'rhe same factors influe­

nced the number o:' samples graded 4. Only one serum was 

graded 5 -vrhich contained between 5-6 mEq/L. and nine 

sera vrere graded 3 which contained over 6 mEo}L. There 

were no sera in this se:~ies which contained less than 

:,.2 mEq/L., and n0 samples were graded 1. 

A tabula.tion of th.!3 results listin[s actual potas­

silun levels as cie ;;ermined by the flame spectrophotometer 

and the grade gi v 3n the sample ·will be found in the ap­

pendix. 

Every sample in this series graded 5 contained a 

greater than norrr:al amount of potassium. Although sev­

eral samples werE graded 4 ·which contained slightly 

over 5 mEq/L, th€ elevations were not out of the ac­

cepted limits of normal except for only a few cases. 

With a reasonablE amour.:.t of care and practice in carry­

ing out this proC'edure, si;:~nificant o.e:viations in serum 

potassium levels can easily be determined. It is i.:ell 

to eI'lphasize aga:_n that practice is needed before ac­

curacy in gradin[; can ae accomplished. Despite the-fact 

that this series did not contain any sera below 3.2 

mEq/L., it ts fe Lt tha".:, any significant hypokalemia 

would be picked 'J.P by this method. 

( 4L~) 



,, CONCLUSIONS 

The results obtain8d by this r.1.ethod '.-:ere found to 

correl2_te ',\Tith results :)y fleJne spectronhotornetric anal-

ysis \·dth a suffi !ient degree of accuracy to be apr.ili-

cable for clinical use. Every sample graded 5 contain­

ed an amount of potassium greater than normal. Samples 

of sera conti::dnin::; 6 mEq/L. or greater of notassium 

were picked up id :.hout ·.mdue difficulty. This series 

did not contain a:1y ser:1 below 3.2 mEq/L; thus no con­

clusions can be drawn as to the accuracy obtainacle in 

the analysis of sara containing lo·wer concentrations of 

potassium. 



,, StrrvJlli1ARY 

The methods av�ilable for the determination of 

serum potassium a.rE revievrnd. A summary of the advan­

tages and disadvantages of these r,:ethods is also pre­

sented. A revielr of pot�.ssium metabolism and the var­

ious clinical condJ tions in ·which serum potassium lev­

els are altered is descrioed. 

A series of' one huncJ.red sera were analyzed by 

slide method of Keitel and Keitel and the results com­

p ared with those Oi)tained by the flame spectro1)hotome­

ter. A detailed d:;scri:9tion of the method employed is 

included. 

Finally, the 3.uthor ·,rishes to acknowledge the as­

sistance in the technical portions of this paper ren­

dered oy Miss Helen black. 
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