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Studies in Mineral Metabolism XXVII. 

Modifications of the Methods Used at Onder­
stepoort for the Determination of (A) 
Magnesium and Calcium ; (B) Potassium, in 
Grass-Extracts. 

By C. R. HOLZAPFEL, M:.Sc., Chemist, Onderstepoort. 

(A) THE DETERMINATION OF MAGNESIUM AND 
CALCIUM. 

IN the course of work on the mineral analysis of grass-extracts, it 
was observed that the method for the determination of magnesium 
as described by M:alan and Van der Lingen (1931), was not quite 
satisfactory. Even after changing the washing mixture and washing 
the final precipitate of magnesium ammonium phosphate with a 
solution containing ammonia and not sodium hydroxide as described 
in the original procedure, the method in as far as it was indis­
criminately applied to all grass-extracts, still sometimes led to 
erroneous results. As will be seen later, the chief factor responsible 
for these errors was shown to be the presence of iron in varying 
amounts . It should be pointed out here that the concentration of 
iron in a grass-extract is not necessarily directly proportional to 
the total amount of iron in the grass, but would appear to be appre­
ciably affected by almost unavoidable fluctuations in ignition tem­
perature and duration, ash composition, etc. It therefore became 
necessary to modify the magnesium method in such a manner that 
it ·would, within reasonable limits, be free of the influence of an 
unknown and fluctuating iron concentration. 

As already indic~ted, the first step in the present study of the 
method was directed towards the washing of the final precipitate 
of magnesium ammonium phosphate . From theoretical considera­
tions, the presence of sodium hydroxide in the washing mixture 
would tend to decompose the magnesium ammonium phosphate, 
liberating ammonia, redissohing some of the phosphate and pre­
cipitating the magnesium as tri-magnesium phosphate, according to 
the equation:-

3 M:gNH.P0.+2 NaOH-+- Na2 NH4 PO.+M:g3 (P04 ) 2 +2 NH.OH. 
It can be readily shown that this reaction is practically complete 

under these conditions of washing. The phosphate equivalent of a 
magnesium standard, which should read at 29 ·4 m.m. on the colori­
meter against a phosphate standard of 0 ·2 mgm. P 2 0 5 at 30, when 
all the magnesium was precipitated as magnesium ammonium phos-
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phate, was found to give a reading of 42. On the basis of a 100 per 
cent. transformation to tri-magnesium phosphate according to the 
above equation, the theoretical reading WOllld he 44. The washing 
mixture was therefore changed accordingly, 30 c.c. concentrated 
ammonia (30 per cent.) being added to 1,000 c.c. of the mixture 
described by Malan and Van der Lingen (1931) . 

The results obtained with 0 · 07 mgm. magnesium as read against 
a 0·2 mgm. phosphate standard at 30 m.m., have been tabulated in 
Table I. The mixture used for washing the final precipitate was that 
described above. 

TABLE I. 

Mg. standard. 

0·07 mgm . .. .... ..... . ... ... ........... . 

Actual colorimetric 
reading, (average of 

three readings). 

29·7 
30·0 
29 ·9 
29·4 
30·0 
30·1 
29·5 
30·2 
29·7 
29·7 
29·3 
30·1 

Theoretical 
reading. 

29 ·4 

---------- --------------------~------------------~------------

In the method under review, the magnesium is determined by 
first precipitating the calcium as oxalate in a solution just alkalinized 
with ammonia. \Vithout removing this precipitate, the magnesium 
is then precipitated as magnesium ammonium phosphate by adding 
excess phosphate an(l ammonia. The magnesium in this precipitate 
is determined indirectly by determining its phosphate equivalent 
colorimetricalh· . The calcium on the oth er hanrl is determined as 
its phosphate i~ a second aliquot by flirectly precipitating the calcium 
as calcium phosphate from a sol11tion marle alkaline with sorlimn 
hydroxide . 

Since the grass-extract itself contains some phosphate anrl in 
addition contains various other metnllic ions such as iron, eopper, 
aluminium, manganese, etc., it is clea1· that a very complex system 
is being dealt with. \Yith micro-quantities it is possible to choose 
conditions in such a way that the precipitation of an undesired 
compound is avoided, either by keeping the product of its ionic con­
centrations below their solubility product or by utilizing the possi­
bility of complex salts specially characterist ic of the micro-concen­
tration ran ge . It follows, however, that any such method must be 
restricted in its application, since its correctness must be limited to 
a definite range of concentrations for every individual ion capable 
of infl ueucing the system . · 
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In dealing with grass-extraets the position is greatly simplified 
in as much as such metals as aluminium, copper, manganese, etc., 
are present in such relatively lovv concentrations that their presence 
does not in any way appreciably affect the analytical values for 
calcium and mag-nesium. Iu the case of iron the position is different, 
since grass-extracts frequently contain iron in such quantities, as to 
lead to serious errors . 

Before considering the possible influence of a third element such 
as iron, it would seem advisable to consider the .possible effect of 
calcium on the magnesium determination. In a. neutral solution, 
containing calcium, magnesium and phosphate with a considerable 
excess of ammonium oxalate it may be anticipated that only at a 
relatively high level of phosphate and calcium concentration would 
some calcium be precipitated as calcium phosphate and thus cause 
too high magnesium values. In actual experiment it was found that 
the calcium and initial phosphate had to rise as high as 10 mgm. 
per aliquot volume before a distinctly measurable error was intro­
duced. This is about five times the amount usually present in grass­
extracts. 

EFFECT OF IRON ON :MAGNESIUM DETERMINATION. 

Grass-extracts have been examined with a ferric iron content 
as high as 24 mgm. Fe per 100 c.c. extract ( + 10 gm. grass), ancl 
possibly higher. Such iron concentrations are sufficiently h igh to 
cause at least some of the iron to be precipitated as ferric phosphate 
under favourable conditions, thereby cau sing errors in the magnesium 
values obtainerl. In tlHJ following table tbe relevant data obtained 
on standard solutions containing known amounts of magnesium, iron 
and " initial phosphate " have been compiled, the presence of cal­
cium being maintained merely because it is always present in actual 
grass extracts. 

'l'ABLE II. 

Mgm. Product I Colori· Mgm.Mg. Mgm. Ca Mgm. Fe (initial) I 

No. [Fe] X 

I 
metric present. present. present. P 20, [P20 5]. reading. present. 

l. ...... . .... . ... 0·10 0·50 0 · 10 0 ·40 0·04 20 ·8 
2 ...... . ......... 0·10 0·50 0·20 0·40 0·08 17·4 
3 ... . .... . ....... 0·10 1·00 0·10 0·80 0·08 17·0 
4 ...... . . .. .. .. . . 0·10 1·00 0·20 0 ·40 0·08 16·9 
5 ........... .. ... 0·10 0·50 0·20 0 ·40 0·08 17·3 
6 ... ... . . ... ..... 0 ·10 0·50 0·30 0 ·40 0·12 15·4 
7 ....... . .. ...... 0·10 

I 
0·50 0·40 0 ·40 0·16 13·8 

8 ... . . . . . . .. .... . 0·10 1·00 0·50 0·40 0·20 13·2 

According to the quantity of magnesium present, the above 
colorimetric readings, compared with a 0 · 2 mgm. 1\05 standard at 
30 m.m., should all have been in the neighbourhood of 21 m.m. It 
will be seen that only No . 1 gives a correct r eading, all the other 
readings giving too high values . It will also be noticed that as the 
product [Fe] x [P20 5 ] increases, the error increases . It may thus 
be concluded that the presence of iron must either be excluded or 
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limited to such amounts that the product [ Fe J x [" initial " 
P 2 0 5 ] is kept well below 0·04 per aliquot volume. 'l'he above further 
suggests that at least some iron is precipitated as ferric phosphate. 
This conclusion may be confi1·med by excluding the magnesium and 
calcium from the above experiment. 

Mgm. Fe present. I 

0·05 
0 ·10 
0·15 
0·20 
0·25 
0·45 
0·55 

TABLE III. 

Mgm. (initial ) 
P 20 5 present. 

1·0 
1·0 
1·0 
1·0 
1·0 
0·8 
0·8 

Product (Fe) x 
["initia l " P 20 5 . ] 

0·05 
0·10 
0·15 
0·20 
0·25 
0·36 
0·44 

Colorimetric 
reading. 

Slight colouration . 
± 80 
± 60 

48 
44 
25·5 
21·6 

Obtaining such readings as the above against a 0 · 2 mgm. P 20 5 

standard at 30 clearly illustrates that at least some iron is precipi­
tated as phosphate since in the above case both magnesium and cal­
cium were absent. The table again suggests that a figure of approxi­
mately 0·04 for the product [Fe] x ["initial" P 2 0 5 ] is a maximum 
value for approximately correct readings. If it is allowed to rise to 
about 0 · 4 the error on 0 ·1 mgm. magnesium would at least be 100 
per cent. In solutions containing both iron and phosphate the only 
safe procedure would thus be either to exclude or remove the iron 
in some way. It was observed that the addition of oxalate uncler 
certain conclitions prevented the precipitation of i1·on, probably in 
a similar manner as the better .known action of citrate on ir.on in 
solution . However, the results obtained by exploiting the use of 
oxalate for preventing the iron from being precipitated were some­
what erratic. The use of citrate proved efficacious as far as keeping 
the iron in solution, but apparently prevented complete precipiJ;ation 
of the magnesium. 

It was therefore decirled. first to precipitate the iron as hydroxicle 
(phosphate) by adding ammonia, then precipitating the calcium by 
adding oxalate, centrifuging off, and cletermining the magnesium 
in the supernatant liquid. 

'rhe results thus obtained on some standard solutions have beeu 
tabulated in Table IV. 

Mgm. Mg. 
present. 

0·07 
0·07 
0·10 
0·10 
0·10 
0·15 

Mgm. Ca. 
present. 

0·5 
0·5 
1·0 
0·5 
0·5 
0·5 

TABLE IV. 

gm. e. present 

/

]\'[ F I'Mgm.P,O,I 

present. I (initial). 

0·3 0·6 
0·3 0·6 
0·1 0·4 
0·3 0·6 
0·3 0·6 
0·3 0 ·6 
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Product 
[Fe] X 

["initial" 
P,O. l , . 

0·18 
0·18 
0·04 
0·18 
0 · 18 
0·18 

I 

Mgm . Mg. 
recovered. 

0·067 
0·067 
0·095 
0 ·098 
0·097 
0 · 146 

I 
'X 

Reco';,ery 

96 
96 
95 
98 
97 
97 
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All these values are satisfactory, since some slight loss was 
inevitably incurred by the decantatimJ of the supernatant fluid. 
Such losses, however, are mechanical, and may easily be avoided by 
taking an aliquot of the supernatant. 

To confirm the correctness of this procedure further, and to test 
its applicability to the analysis of grass-extracts, six such extracts 
were selected on the basis of their iron content . Using 1 c.c. aliquots, 
the magnesium was first (A) determined on the calcium oxalate plus 
ferric hydroxide-phosphate precipitate, then (B) in the supematant 
liquid , and finally (C) in a second aliquot on the total precipitate 
obtained by the original methorl. These values have been tabulated 
in Table V . 

'l'ABLE V. 

i 
A. B. c. Mgm. Fe per Mgm. P20s 

Specimen. Mgm. MgO Mgm. MgO Mgm. MgO 100 c. c. per 100 c.c. 
per 100 per 100 per 100 grass- grass-

gm. grass. gm. grass. gm. grass. extract. extract. 
I -

2 ............... 0·08 0·22 0·31 23·5 13·9 
13 ........ . ...... 0 ·04 0·13 0 · 18 15·6 9·5 
6C (1) ............ 0·00 0·17 0 · 18 10·3 8 ·6 
44 . .. ...... .. . ... 0·03 0·12 0·15 9·1 9·5 
51. .. ... .. ... . . .. 0·00 0·20 0·20 7·8 10·3 
27 ............... 0·00 0·19 0·20 7·7 11· 7 

In the above table, the values under column B must be considered 
as correct, those unde1· column A increasing with increase in iron 
content. vVhen the iron and incidentally the phosphate content is 
low as in samples 6 C (1), 44, 51 and 27 the difference between 
columns B and C is either zero or insignificantly small. Where the 
iron contents are higher, as for example in sample 2, the error is 
appreciable. The difference between columns C and B, however, 
more or l ess exactly equals t he figures under column A, whose values 
were shown to be clue to the precipitation of ferric phosphate under 
the conditions of the original procedure. 

After the modification of the method for the determination of 
magnesium was found to be satisfactory, it seemed possible to deter­
mine both calcium and magnesium in the same aliquot of grass­
extract, provided the method for calcium cletermination could be 
modified accordingly . 'l'he method of procedure suggesting itself at 
this stage was to utilize the precipitate of calcium oxalate for the 
calcium determination. The precipitate, consisting of calcium 
oxalate, ferric hydroxide and possibly some ferric phosphate was re­
dissolved in dilute hydrocloric acid, and the calcium in this solution 
directly determined by precipitation as phosphate according to the 
original method for calcium. 'rhe procedure thus resembles very 
closely that of Kramer and Tisdall (1921) for the determination of 
calcium and magnesium in serum, except that the calcium is here 
determined as phosphate, while according to the method of Kramer 
and Tisdall th e calcium is titrated as oxalate with permanganate. 
Malan and Van der Ling-en (1931) state that the presence of iron, 
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up to four times the quantity usually present in grass-extracts, has 
no appreciable effect on the calcium figures obtained. As the follow­
ing table will show, this statement has been confirmed, correct values 
being obtained even with iron as high as 0 · 8 mgm. Fe per c.c. 
'' extract ''. 

Mgm. Mg. 
present. 

0·07 
0·07 
0·07 
0·07 
0·07 
0·07 
0·07 
0·07 
0·07 
0·07 

' 

Mgm. Ca. 
present. 

0·20 
0·20 
0·20 
0·20 
0·20 
0·20 
0·20 
0·20 
0·20 
0·20 

TABLE VI. 

Mgm. Fe. P,o. 
I 

Mgm (initial) ~ 
present. present. 

0·10 0·40 
0·10 0·60 
0·20 0 ·40 
0·20 0·60 
0·30 0·40 
0·30 0·60 
0·50 0·40 
0·60 0·40 
0·80 0·20 
0·80 0·40 

Mgm. Mg 
recovered. 

0·070 
0·068 
0·068 
0·069 
0·070 
0·067 
0·068 
0·069 
0·067 
0·067 

Mgm. Ca 
recovered. 

0·200 
0·198 
0·203 
0·203 
0·204 
0·203 
0·204 
0·200 
0·194 
0·192 

Incidentally it should be noted that in this procedure the effect 
of magnesium on calcium determination as stressed by Hoe and Kahn 
(1929) is obviated i:q as much as magnesium is absent when the 
calcium is precipitated as phosphate. 

As a final test for the .applicability of the modified method to 
grass-exi.raets, the method has been used for the analysis of grass­
extracts to which known amounts of calcium and magnesium have 
been added. These results have been tabul.atefl. in 'I' able VII . 

TABLE VII . 

I 
Mg present Mgm. Mg Ca present Mgm. Ca Mgm.Mg Mgm. Ca from grass· added. from grass· added. recovered. recovered. extract, mgm. extract, mgm. 

0·041 0·036 0 ·074 0·10 0·076 0·174 
0·031 0·036 0·101 0·10 0·069 0·198 
0·045 0·036 0·148 0·10 0·079 0·232 
0·034 0·036 0·114 0·10 0·070 0·214 
0·044 0·036 0·158 0·10 0·081 0·246 
0·036 0·036 0·072 0·10 0·073 0·172 

D ETAILED DESCRIPTION OF TECHNIQUE FOR THE DETERMINATION OF 
:MAGNESIUM AND CALCIUM. 

1 c.c. of grass-extract is pipetted into a 15 c.c. centrifuge tube. 
4 c .c. of distilled water are added and then a minute drop of methyl 
red. A further drop of strong ammonia (35 per cent.) is sufficient to 
make the solution just alkaline. After shaking the tube, 1 c.c . of 
saturated ammonium oxalate solution is added to precipitate the 
calcium. The tube is then well shaken and left for at least four 
hours for complete precipitation of calcium. It is then cent rifuged 
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for 10 minutes at about 2,000 r.p.m. 'rhe supernatant liquid is then 
carefully decanted and a 5 c.c. aliquDt pipetted into another 15 c.c . 
centrifuge tube. In this sDlution the magnesium is determined by 
precipitating as magnesium ammonium phosphate by adding 1 c.~. 
of a 1 per cent. mono-potassium phosphate, 2 c.c. of strong ammoma 
{35 per cent.) and 1 c.c. of a 2 per cent. ammonium chloride. 'rhe 
inside of the tubes are then rubbed with a rubber-tipped glass rod 
until the precipitate Df magnesium ammon~um phosphate begins to 
form. rrhe rest of the procedure is the same as described by Malan 
and Van der Lingen (1931) , employing, however, the new washing 
mixture described at the beginning of this paper. 

The standard to be used in this method, containing appropriate 
amounts of magnesium and calcium, would be the following:-
0·8 c.c. of a pure solution containing 0 ·1 mgm. magnesium per c.c. 
is taken and 1·7 c.c. of a pure solution containing 0·1 mgm. calcium 
per c.c. is added. The solution is made up to 5 c.c. and proceeded 
as described above. The magnesium standard obtained in this manner 
should then theoretically read at 30.7 against a 0. 2 mgm. r 205 
standard at 30, and the calcium standard at 29·9. 

The calculation for the magnesium values of grass would be the 
following : -

0 . OG7 X 30 X 6 X 100 X 100 
gm. Mg. per 100 gm. grass=-----------

R X 5 X v X g X 1000 
when the 0 · 067 mgm. magnesium standard is set at 30, R the reading 
of the unknown, v the aliquot vDlume of the 100 c.c. grass-extract 
taken, and g the weight of grass taken for the extract. 

The calcium oxalate precipitate in the original tube is then 
dissDlved in 2 to 3 c.c. of N HCl, and the solution made up to 10 c.c. 
In this solution the calcium is determined as its phosphate, as 
described by Malan and Van der Lingen (1931). The calcium 
standard mentioned above is the same as in the original method. 

The procedure described above, of determining both calcium 
and magnesium on the same .aliquot of grass-extract is undoubtedly 
time saving, as it enables Dne under present conditions, to determine 
both calcium and magnesium in approximately the same time devoted 
previously to magnesium only. 

SuMMARY. 

A modified method for determining calcium and magnesium in 
grass-extracts is described, and the effect of iron on the original 
magnesium determination illustrated . Also, a modification of the 
washing mixture substituting ammonia for sodium hydroxide, for 
washing the precipitate of magnesium ammonium phosphate was 
found necessary . 
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(B) THE DETERMINATION OF POTASSIUM. 
The alterations adopted in the procedure of this method, as 

described by Malan and Van der Lingen (1931) resulted from a 
publication by Roger S. Hubbard (1933). The author advises the 
standardization of conditions under which the precipitation of potas­
sium is carried ·out, because potassium .and sodium may form a series 
of double nitrites with cobalt, due to chemical and physical varia­
tions. 

One c.c. of buffer solution (100 gm. of crystalline sodium acetate 
made up to 250 c.c. with distilled water) is added to the solution 
prior to the precipitating agent sodium oobalti nitrite. During the 
period of precipitation (one hour) the tubes are kept in ice-water, 
thereby maintaining a constant temperature for precipitation inde­
pendent of room temperature variations. 

Instead of washing the potassium precipitate with distilled water 
an organic solvent is used (acetone diluted with three parts of water 
for the £rst two washings, and pure acetone for the subsequent wash­
ing). With this washing fluid the precipitate may be disturbed and 
easily centrifuged down again, where with pure distilled water some 
of it would invariably remain Qn the water surface in spite of centri­
fuging. These alterations have been applied to the potassium deter­
mination with advantage. 
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APPENDIX. 
Since the above was written, it was found necessary to determine the 

calcium and magnesium contents of not only grasses but of other feeding stuffs 
like maize, beans, etc., in which the .limits of variation of these elements were 
wider than those given. Under such conditions the method could not be 
applied wholly as given and slight modifications had to be introduced. 

First of all, in the combined determination of calcium and magnesium, 
the calcium concentration in t.he aliquot should not exceed 0·25 mgm. (see 
Table VII) but should rather be kept between 0·1 mgm. and 0·2 mgm. As 
described above, the calcium oxalate precipitate is dissolved in HOI and then 
the calcium is again precipitated as calcium phosphate in an alkaline medium. 
Under these conditions, with a higher calcium concentration than that given, 
viz., 0·1 mgm. to 0·2 mgm. per aliquot, and an equivalent eoncentration of 
oxalate present, some calcium oxalat e may again be precipitated in the alkaline 
medium when the calcium is precipitated as phosphate. 

. ln other cases, when both m agnesium and phosphate are exceptionally 
h1gh, some magnesium may be precipitated as Mg NH, PO, when precipitating 
the calcium oxalate. This difficulty may be overcome by taking a very small 
aliquot of the extract, or by precipitating t he calcium oxalate at a pH 
between 3 and 4 when the magnesium remains in solution. Under these condi­
tions, however, the iron concentration in the aliquot should be very low or nil, 
else the iron would eventually be precipitated as iron phosphate along with 
ilieMgNH,P~. . 

. In the event of it being impossible to take an alquot to suit the determina­
twn of both calcium and magnesium, the determinations should be carried out 
on separate a!Iquots, the calcium bein~ determined directly as calcium phosphate 
as descnbed by Malan a nd van der Lmgen, and th<J magnesium aR Mg NH, PO, 
accordmg to the procedure described in the article given above. 

122 


