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Pbysiology. - "A 1nethocl /O?' t!te detemzination oJ t!te ion con
centmtion in ultm jiltmtes and ot/w' IH'otein fl'ee sDlutions". 
Sy Dr. R. BRINKMAN and Miss E. VAN- DAM (Communicated 

• I-

by Prof. HAMBURGER). 

(Commun:cated at the meeting of October 25, 1919). 

A. Dete1'mhwtion of the concent?Yltion 0/ !1'ee crtlcium ions. 

With I'egard to the biological actions of salts the actions of iOlls 
claim the fil'st consideration. lt is thel'efol'e desirabIe that we have 
at OUl' disposal a method by which the ion concentl'ations are 
measul'ed. 

Up to this only the concentl'ation of the fl'ee H' -ions have been 
measul'ed directly; the concentl'ations of othel', also physiologically 
important ions were not measUl'ed at all or determined ollly mdirectly 
by ealculation. 

The concentration chain method can be applied only with great dlfficulty to the 
physiol()gically important metals owing to the disturbances brought about by the 
liberati()n of gas. DRUCKER t) bas offered a method III which Ba-amalgam was used 
as an electrode. AD analogous method can pel'haps be worked out for the alkalI 
metals, Such determinations have, however, not been made as yet 

As an example of a case whel'e it is necessal'y to know the ion 
concentration, we can point 10 the state in which the calcium oeCl1l's 
in the hlood. ft OrClll'S thel'e namely 111 thl'ee forms: as Ca" ion, 
as undissociated calcium salt (Ca (HCOS)2J and as colloidal calcium
protein compound. More 01' less 25 % of tbe total qnantity of cal-

I cium OCCl1l'S in the latter state. Accol'ding 10 RONA and TAKAHASHI 2) 
the ion concentl'alion of the calcium in the serum is detel'mined by 
the equation 

[Ca ].IECOa'] = Je • (Je = 350 on fin average). 
lH' ] 

Fo!' the serum which has the physiological [H'l and carbonic 
acid tension, th is means a [Oa"l of 20-25 mgr. pel' L. Of fhe 
more or less 100 mgl'. per L. of calcium which OCCI1I'S in tbe serum, 
\, ~ ·t Idl dJ: IHS ' 111\ .HOll ",. ~ W 1 f tnel'elOl'e, on J ï & part IS present 111 t Ie IOn lOl'm. e eal'Il l'om 

1) Zeitschr. für Elektrochemie 19, 804 (1913). 
2) Biochem. Zeitschr. 49 p. 390.' 
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the equation that this concentl'ation of Ca ions iE, not directly 
dependent npon the total quantity of calcium; the concentration of 
the physiologIcally most important part of the plasma calcium is 
thus not governed by tbe amount of calcium salts present, but by 
the concentl'ation of the hyd I'ogen and bical'bonate ions. 

Ey means of the method offet'ed by us it is now possible in a 
simple way to meaSUl'e directly tbe 080" ion concentration. In pl'in
riple the metbod can equally weU be applied to other ions~ 

We started with the determination of the concentration of Oa" 
ions, because the results of Ihe detel'mination can in this case very 
easily be conh'olled by calculation. 

1. Genm'al Pl'inciple of the Met/wd. A Jew technical 1'emm,ks. 

If in a binary electrolyte the concentrahon of tlle anion = CA, 
th at of the cation = Uk and that of the undissoclated salt = Cm 
then, according to the law of mass action, the followmg l'elation 
exists 

CA. . Ck = k . en, where k is a constant. 
If the electrolyte is only slightly soluble the salt is practically 

eompletely dissociated and tlle coneentratIon of the undissociated 
part may be neglected. 

If now the solubility of the slightly soluble salt = A, then 
CA = Ck = A, and the product CA . Ck = A: has a constant value 
(solubility product). 

If th is product and the concentl'ation of one of Ihe ions is known, 
the conrentl'atlOn of the othel' can therefore be calculated. 

Supposing th at the solution has a concentration of 080" ions = Cr'(1 

th en the concentL'ation of the 0 50 4 ions which ean exist free beslde' 
p 

these 080" ions, rnaximally = -c ' if P rept'esents the solution pro-, 
Ca 

duct of OaO,04" lf now still more 0,0. be added, then (he 0800,0. 
will be precipitated or wil! remain in supel'satul'ated solution, 

If.the formation of a supersatUl'ated solution can be avoided, then 
it will be noticed, that, upon the gradnal addition of O,O/, ions to 
the Bolution containing Oa" ions, at a cel'tain moment a slight tur
bidity due to Oa020 { results, At th is stage the concentration of 
C,04 ions has berome so strong that the solubility product is jllst 
exceeded. 'rhe 0,0 4 ion concentration is then lmown, [tnd aIso the 
soluhon product and tlle Oa" ion con,Ç~ntl'anon ('~n thll~ be calculated. 
Vice versa, if we start wUh a known [Oa' ] we are able to deter
mine the valne and constancJ' of the solubility pl'oduct. 

Where this method is used thet'efore it is necessal'y to observe 
50li< 
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how gt'eat the [02 0/'1 is while only the met'est sign of tUJ'bidity 
dne to OaO~04 can be detected. In genet'al it can be done in the 
following wa)': 

A sel'Ïes of small tubes, each containing 1 e.c. of a known OaOI, 
solution, was taken, and to the tubes in succession quantities of 
oxalate Sollltion in('reasing gt'adually with each new tube weI'e adcled 
with a capillat'y pipet divided into tenthonsandths of c.c. The tubes 
were theu left to themselves for ft'orn 1/2 to 1 hour and consequently 
it was obsel'\'ed in which tube the first sign of tUJ'bidity dne to 
OaC20. appeared. 

Tt is clear that the fOl'rnation of supersatul'ated Oa020 4 solutions 
has to be avoided. 

In cases where the solutions held otlter salts besides (e.g. RINGER 
Sollltion, ultra filtrate) we have never noticed sllpersatllration. As a 
rnatter of fact supel'satnration occlll'red in the case of pUl"e solntions 
of OaO~04' This can be a\'oided by setting to work in the follow
ing way: 

With a capiJIal'y pipet tlte desired qnantities of a, say 0.05, N. 
stt'ong oxalate solution is brought into the dry tubes. In a waterbath 
the tubes are evaporated down to dryness. Aftel' this the liquid con
taining the Oa" is intl'oduced into the tubes. lil this way is prevented 
the forrnation of already snpersaturated solutions. 

For the detel'mination of the calcium ion concentration it is 
mOl'eover necessal'y to use tubes that are weil closed with gl'ound 
glass stoppers. This is necessary to keep the water free of carbon ie 
acid Ol' to keep'a fixed carbon ic acid tension constant. 

lt is necessary for the judging' of the appearance or non-appeat'
ance of the CaO,04 pt'ecipitate that the tubes shonld be c1eaned as 
thorol1ghly as possible; this can be done in the usuaI way (chl'omic 

. acid, ABEGG'S steaming process etc,). 
The best way fol' viewing the tnbes is in a box with a slit in 

the bot tom from which the light talis tlll'ongh the soJution. Care 
should be taken that the light doeR not fall on Ille eye of the obse).'ver. 
The Tyndall phellomenon makes it possible to appt'eciate the slight
est tllrbidity. Shol1ld the sol u tion before the experiment al ready 
evince a slight opalescence (not due to CaCJ20 4) as is sometimes the 
case with serum and ultra fiItl'ate, it is advisable to ,riew the solu
tÏons by red light. The wavelelJgtIl of HlÎs light beilJg to~ great to 
ca.use refl'actigll th~ op~l~acence is, rlOt ?-ppal'cn t. The tem pemture 
during the expel'iment mûst of conl'se I'emain constant. It is thel'ef'ore 
best to work in a watel'bath of constant temperatnre. 
_ The reSll lts oblained by the above method can be contl'olled in 
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anotbel' way still, viz. by meaburing tlJe elec!rical condllctivity of' 
the solutions. 

If to a solntion containing C" and Cl' ions, c~ 0 4 " and Na' ions 
be added, then tlle product Ca" X 0,0 4 ('allnot exceed the square 
of the solubility of Ca 0,04 , If too many O2 o~ ions have been 
added, then undissociated Ca Cz 0 4 must be foemed. How much 
Oa 0,04 wil! be fOl'med, if the pt'oduet is exceeded by a fixed 
quantity of O2 0 4 ? 

To a binal'y eleetrolyte with a solubilily A, a salt whieh has an anion in 
common with the first is added in a coneentl'ation x. Thl'ough this lhe solubility 
of the first salt is changed to A'. The tolal concenlration of tbe anion then 
amounts to AI + x, that of the kation to AI. The solubility product is therefore; 
A'(A' + x), and because tb is is constant we have: 

Ol' 

A' (Ar + .1J) = A2 

A' = - IV ± V4'"A2 + IV~ 
2 

The quantity of ulldissociated salt whieh resnlt& when x Mol salt 
that has 1 ion in eommon witb the fi"l:it is added, thel'efol'e is: 

-a,± V4 A' -I-o'v' 
A- , 

2 
(1) 

if A repl'esents the solubility of the first salt. 
We have now e.g. 5 e.c. of an aqueons solntion of CaOl2 . 6 aq, free of CO2, con

taining per litre 0.56 millimol Oa" and (2 Cl'). To ihis there is added several times 
successively 0.0050 cc. of a 0.05 N solution of Na2C~04' Aftel' every addition tbe 
conductivity is measured. The Na2C201 may here be added in solution, for here 
the solution may be supersaturated. 

By means of the first méthod lhe value now found for the !:olubility product is 
0.055. From tbis it follows tbat a C20 k concenll'ation of a magnitude 1 milhmol 
corresponds 10 the 0.56 millimol Ca". Upon evel'y addition of 0.0050 e.c. 0.05 N. 
NaJ C20 4 to 5 cc. of a solution of CaOl2 6 aq. the 020 4 concentration increases 
by 0.25 mm. Aftel' 4 additions therefore the solubility product is reached. What is 
the relation between the total concentrations of ions during these additions? 

~'or the first addition the tot al ion coneentralion is 
0,1:16 milIimol Oa" + 0,56 m.m. (2 Cl ti) = 1,12 m.m. 

Aftel' tbe first addition of 0025 mmo Na2C204 
0,56 Ca" + 0,56 (2 Cl") + 0,025 C204, + 0,025 (2 Na") = J, 17 m.m. 

Thus the total ion concentl'ation aftet· the 2nd addition is 1.22 m.m., aftel' tll-e 
3rd 1.27 mm, anel afler the 4th 1.32 m.m, Upou the 5th addition the solubility 
product is exceeded. Accot'ding to the deduced formula (1) the amount of undis
sociated OaCS04 formed = 

- 0,025 ± V 4 X 0,055 + 0.025~ 00 15 mmo 
VO,055 - , 2 - = , 1 

The total ion concentl'ation becomes thus aftel' the 5th addition 
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1.32 m.m. + 0.025\ U20.", -+ 0.025 (2 Na")-0.0115 Ca"-0.0115 C20/ = 1.347 m.m. 
The total concentration of ions therefore does not increase by 0.05 m m but 

only by 0.027 mm. 
With the 6th addiLion we get a value for the undissociated CaC20 4 of: 

0,050 + V 4 X 0,55 + 0,05~ 
VO,055 - 2 = 0,024 mmo 

The total concentration of ions aftel' the 6th addition is 1.372 m.m., the increase 
is 0.025 mm 

Aftel' the 7th addilion it is found, calculated in tbe same way, tbat the total 
eoncentration of the ions is 1.402, the increase 0.03 m m, 

It appeal's thus that the ion coneentmtion with the first 4 additions 
increases reglllarly by 0.05 m.m. l!'l'om the 5th addition onward, 
however, it incl'eases onty by 0.025 to 0.030 m.m. If now the 
electrical condllctivity be examined aftel' every addition it must 
appeal' to incl'ease also IJl analogy with the increase ot' the total 
concentration of ions. Should it be found now that aftel' the fil'st 4 
additions the conducti vity incl'eases ouly by half of the original 
"alue, then it is aproot' that Ihe tl'ue value bas been found for the 
SOlllbility product. 

Il. Detm'mination of t!te concentration of Calcium ions in a solution 

of pU1'e CaCl~ 6 aq. 

In 8 tubes with gl'ound stoppers are brollght l'eflpeetively 0.0010, 
0.0015, 0.0020, 0.0025, 0.0030, 0.0035, 0.0040, 0.0045 e.c. of a 
0.05 N solution of Na20 20 4 • Oonseqllently the tubes are placed in 
a waterbath for some time till the oxalate solutions are evaporated 
down to dryness. Hereupon into eaeh tube thèl'e is introdueed 1 e.c. 
of a CaOla 6 aq. solution whieh contains 125 mgr. per L. Aftel' an 
hour the result is observed. 

The solution of CaCI2 • 6 aq. was made from a chemically pure substance (The 
British Drug Houses); tbe strength of the solution was controlled by chlorine 
delermination. The salt was dissolved in carefully boiled distilled water. All obser
vations wel'e made in small tubes of 2 cc. contents witb ground stoppers. 

The Na2C20<j, solution was made from pure Na~C2nl. aftel' SÖRENSEN (KAHLBAml). 

It contains no water of cl'ystaJlisation, is not hygroscopic and is not affected by 
temperatures below 200°. 

It appeal's that the first 6 tubes have remained pel'fectly clear but 
th at the tubes with 0.040 and 0.045 e.c. oxalate solution show a 
faint turbidity. 

The solubility product was rearhed thus, if, on an avel'age, 0.0375 C.C. 

:0 Na20 l 0 4 so)ution was added to 1 e.c. of a solution of OaCI, 6 aq. ; 
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tbe OaOl 2 6 sq. solution contaÏJled 125 mgl'. OaOl, 6 aq. Ol' 0.57 
millimol Oa" per L. 

The conrentl'ation of oxalate, thel'efore, was 0.09:1 m.m., the 
solubility Pl'oduct is found to be 0.095 X 0.57 = 0.054 mmo pel' L. 
The tempel'atllre dllring all the expel'iments was 20°. Table I gives 
the l'esults of a. sel'ies of slIeh experiments. 

TABLE I. 

Strength of Ca" con· Strenght of the CzOl' conc. 
that had to be added to Solubility product. centration. show just a precipitate. 

0.57 millimol 0.095 m.m. 0.054 

0.55 0.095 
" 

0.052 

0.38 
" 

0.145 
" 

0.055 

0.37 
" 

0.15 
" 

0.054 

0.28 
" 

0.20 
" 

0.056 

0.28 )) 0.20 
" 

0.056 

0.10 
" 

0.54 
" 

0.054 

1.00 
" 

0.056 
" 

0.056 

Fl'orn this table it appeal's thlls thaI, with solutiolls of pure OaCJ, 
6 aq. of different stl'engths, a constant solubility product of CaC20 4 

is found, narneZv 0.055 mmo 7Je?' L. 
Let this vaille now be rontl'Olled by the meaSUl'ement of the 

electrical condllctivity as it is described abov6. 

The conductivity was determined in a "resistanee vessel" according to HAMBURGER. 

The method is found desçribed in Osmot. Dl'uck U. lonenlehre Bd. 1, pag. 98. The 
tempm'ature was constant at 25°. 

To 5 e.c. of a solulion of CaCl2 6 aq. whieh contained 125111gr. per L., repeated 
additioIlS of a 0,05 N solution of Na20204 were made Subsequent 10 every 
addition the eonductivity was measured aner it had become constant. 

'rhe resistance of the pure OaOI, 6 aq, sollltion was 
8.709 X 2000 0 Ohm (0 = capaeity of the l'esistance vessel). 

Tabla II gives the decrease in the resistance afrer e\'ery addition 
of oxalate solution. (See Table following page). 

It is observed that aftel' the 4th addition of oxalale the deCl'ease 
in resistance is diminished to less Ihan the half. Wilh tlle 4th addition, 
therefore, the solubilitypl'oduct was reached. The 020 4 concentration 
then was 0.1 millimol the Ca" concentration 0.56 millimol and the 
product thus 0.056 millimol. 

I 

11I , 
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TABLE 11. 

Composition of solution. Resistance. I Decrease in resistance. 

5 cc. CaCI2 6 aq. 8.709 X 2000 c. Ohm 

5 cc. CaCl2 6 aq.+0.005 cc. NaZC2O" 8.452 X 2000 c. Ohm 0.2.57 X 2000 c. Ohm 

5 cc. CaCI2 6 aq.+O. 010 cc. Na2C20" 8.200 X 2000 c. Ohm 0.252 X 2000 c. Ohm 

5 cc. CaCI~ 6 aq. +0.015 cc. Na2C204 7.929 X 2000 c. Ohm 0.271 X 2000 c. Ohm 

5 cc. CaCI2 6 aq.+O. 020 cc. Na2CZ04 7.696 X 2000 c. Ohm o 233 X 2000 c. Ohm 

5 cc. CaCl2 6 aq+O. 025 cc. NS2C20 4 7.600 X 2000 c. Ohm 0.096 X 2000 c. Ohm 

5 cc. CaCI2 6 aq.+O.030 cc. Na2C204 1.500 X 2000 c. Ohm 0.100 X 2000 c. Ohm 

5 cc. CaC126 aq.+O.035 CC.Na2C204 7.410 X 2000 c. Ohm 0.090 X 2000 c. Ohm 

Subsequently more determinations of a similar kind ware made 
by us, which always gave a result of 0.053-0.58, - a mean of 
0.055 - for the solubility product. 

Here it must be l'emarked still that it canJlot be expected Ihat 
the solubility. product will just have been l'eached at the end of an 
addition~; the mean value, the1'efo1'e, has to be taken. 

Thel'e is still the possibility that the decrease in resistance came 
abont because the oxalate added in sueh large ql1antities did 
p1'actically not dissociate eompletely; the way in whieh the decl'ease 
wonld take place then would not be sneh a sudden one. To con trol 
tbis the same ql1antities of oxalate wel'e added to 5 c.c. of distilled 
water; the conductivity kept inc1'easing propol·tionally to (he ql1an
ti ties added. 

We have now found by two methods whid) are independent of 
each othel' the constant value of 0.055 m.m. for the solubility 
product, when Ca" and 0 20 4" ions at'e added togethel'. 

The SOlllbility of üaC:0 4 lias been found by KORIJRAUSCH to be 
4.35.10-5 Mol pet' L. (18°); the solubility pl'Oduet calculated from 
th is is 0.0019 m.m. pel' L. and this is much below the value found 
by liS. 

KOHI,HAUSCfl measul'ed the conductivity ot' a saturated solution of 
Oa020 4; he thel'efol'e did not start Ol1t from the indi vidual ions. 

HEHZ u. Mt:HS 1) fonnd by adding I.ogethel' the ions a value of 
0.034 gram pel' L. fOL' the solubility of CaC20 4 from which follows 

1) Ber. 36. 4, p. 3717. 
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a solubility prodUl~t of 0.054. This product thus agTees perfectly 
with OUl'S. 

Tlte clett31'n2Înation of HERZ U. MUHS ancl ow' own determinations, 
by two met/wels, show tkus conclusiveZy that we have to l'eckon with a 
solubility product of 0.055. 

1Ii. Detel'mination of tlte concentmtion of Ga" ions '1,11 solutions 
wltich IwZcl othe1' salts besides. 

1. The concentl'ation of Ca" ion8 of 0.02% CaCt2 6aq. in 0.5% NaGt. 

~'or the system CaCI2 ;::: Ca" + 2 Cl' the following also holds: CaCl2 ;::: K Ca" C1'2. 
K can be found if the degree of ionisation ~ of a given CaC12 solution is known. 
For Ca(NOS)l 0,1 % (= 6 m.M. per L.) IX is 0,67 1). 

We have tberefore 

or because 
[Ua(NOshJ - 0: [CalNOsh] = K 0: Ca" 0:2 (NOs)2 

LCaNOs] = [Ca"] = [NOs] = 6 m.M. per L. 
1 - 0,67 = K X 0,673 lNOg)2 

1-0,67 = K X 0,67 3 X 0,036 
K=30. 

This is therefore tbe dissoeiation constant for Ca(NOg)2; that for CaCI will 
dlffer very slightly from it. 

~'or 0,02 % CaC12 6 aq. or 0,91 millimol per L., in 0,5 % NaCI also holds: 
[CaCl2] = K Ca" Cl'2. 

The conc. of Cl' is given by tbe dissociation of 0,5 Ofo NaCI. Here 0: = 0,82 
(Osmot. Dmck u. lonenlehl'e, p. 53); [Ol'] thus becomes 7 m.M. In addition to 
this there is still LOl'] of 0,91 m.M. CaCI2, ± half of whieh we may consider to 
be dissociated without eommitting a large error. The total [01'1 th~n becomes 
±8m.M. 

'l'hus 
CaCI2 = K (0,91 - CaC12) 0,064. K = 30. CaCl2 = 0,60 m.m. 

Of 0,91 m.m. CaCl2 thus 0,06 m.m. is not dissociated while 0,31 m.m. is disso· 
cialed. The solution therefol'e contains 12,4 mgr. free Ca" pel' L. 

Experimentally it appears that an oxalate conrentl'ation of 0.1S 
m.m. is necessary bef())'e tllrbidity results in a solntion of NaCt 
0.5 % + CaCI, 6 aq. 0.02 0/0, From this follows a [Ca"] of' 
- 0.055: 0.18 = 0.30 m.m., or 12 mgr. pel' L. This determination 
thl1s is pel'fectly in cOl'respondence with the calculation. 

2. Determinrttion . of the concentmtion of Calcinrn z'ons in pltysio
lo,qicaL salt soZ'I.ltions. 

In a solution of the composition: NadI '0.7%
, NaHCOs ± 0.1S'/0, 

KOl 0.02°/. and OaCl 2 6 aq. 0.040%' with a certain carbonic acid 

1) Osmot. Druck u. Ionenlehl'e. I, p. 53. 
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tension which was not exartIy knowIl, the concentl'ation of hydl'ogen 
ions was 0.3.10-7 (determined wUh neutral red aftel' SÖRENSEN) and 
the coneentration of biearbonate ions 0.02 N (detel'mined by ti/ration 
with 0.01 N . ROl and methyl-ol'ange). 

From this follows fol' the concentl'ation of Oalcium 

o 3 . 10--7 
[Ca"1 = 350 -'-- = 20 mg, per L. 

0,02 

Experimentally a OaO!04 turbidity reslIJted with a concentl'ation 
0.1 millimol oxalate. From this follows a 

[Ca' ] of 0,055: 0,1 = 0,55 m.M. = 22 mgr. per L. 

In a similal' solution in which the [H'] howevel' was 0.45 . 10-7 

and the [HOOB'] = 0,02 N., the Ca UlO. rnilkiness was seen with 
[O~O; ,] = 0,07 m.m. Thus: 

[Ca' ,] = 0.055 : 0.07 = 0,8 nl.m, = 32 mgr, per L, 

F 1 [Oa"] _- 350 0,45 .10-
7 

0 l'om toe ca culation m.m. = 3 mgr. 
0,02 

per L. 

3. Detm'mination of t!te concentration of calcium in ultm fi ltra te. 

Human serum was eentrifuged for 2 hours in ultra filtel's aftel' 
DE WAARD 1). CO, was passed tln'ough the ultra tiltl'ate unUl 
[H] = 0.3. 10-7 • (This was ensul'ed by compat'ing the colour of 
nelltml red in the ultl'a filtl'ate with netltral red in a phosphate 
mixture, accol'ding to SÖR/<:NSEN, which had an [H'] = 0.3.10-7), 

A pl'ecipitate of Oa020 4 oceurl'ed with a [O,O."J of 0.1 m.m. 
pel' L. From this follows a [Oa"] of 0.55 m.m. or 22 mgl'. [Ca' J 
ions per L., as has also been made probable by TAKAHASHJ and RONA, 

An atlempt to appIy these meaSUl'ements dit'ectly in serum of ten 
fails because the turbidity due to CaC20 4 is \'ery mur!l less evident, 
and the opalescencA which nOl'mally oceurs so often in serum is a 
drawback. 

In the limited numbel' of instances where we could notice a' 
definite turning point the same concentt'ations of Ca'! iOlls as in 
ultra filtl'ate were found. 

As a ru Ie, however, it is necessal'y where set'um determinatiolls 
have to be made to make ultra filtl'ate, which, aftel' DE WAARD, is 
very simple. 

_ 1) Arch. Néérl. de phys. 2 530 (1918). 
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SummaTY' 

A simple method is described by whirh it is possible to measure 
the concentl'ation of Ca" ions in a solntion of a mixture of salts 

e.g. ultra filtI'ate. 
The metbod is based upon the following principle: 
To a solution rontaining Ca" thel'e are added so many C,04" lons 

till the solnbility product of Ca j C,04 is jllst l'eached. The junrtul'e 
at which 80 many C,04 ions are added that this product is jast 
exreeded, is ascertained by Ihe appeal'ance of a sligbt milkiness dne 
to OaC~O 4' lt does not matter whether in the mixture of salts theq~ 
are p/'esent olhe!' ions still that ('an give a precipitate with oxalate. 
It is only nece8sary that CaC,04 ShOllld be the most insolable sub
stance which can result in the solution. 

The method is correct to 2-3 mgl' Ca" per L. The vaIue of 
tlle solubility prodn('t was tested by the measurement of the 
electrical conductivity of the solution. 

The principle 'of the method can likewise be applied for the 
determination of othe1' ions. The only condition is the disposal of 
areagent that gives a salt which is very slightly solllble wUh the 
ion whose concentl'ation has to be measUl'ed. 

September 1919. 

Pltysiological laooratory of tlte 
U11ive1'sity of Groningen, 
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