
Concordia College Journal of Analytical Chemistry 3 (2012), 1-5 
 

1 
 

Determination of calcium and magnesium found in everyday 
multivitamins 
Liz Blair and Spencer Knutson 
Department of Chemistry, Concordia College, 901 8th St S, Moorhead, MN 56562 
 
Abstract 
 

The amounts of calcium and magnesium in Centrum Ultra Men’s and One Source 
Teen (OST) multivitamins were determined using standard additions and atomic 
absorption spectroscopy.  Knowing the amounts of these metals in the multivitamins is 
important because adverse effects can result if too much or too little is contained in the 
pills.  One of the main things that needed to be carried out with caution was the analysis of 
calcium. Lanthanum was needed to overcome matrix effects that were present due to the 
complexity of the ingredients in the multivitamins and the fact that calcium forms 
aluminum and phosphate complexes in an air/acetylene flame.  The results correlated with 
those found by Arnold, et al. 
 
Introduction 
 
 Multivitamins are taken by a wide variety of people throughout the world and they 
tend to contain a relatively large amount of various elements that are needed by the body 
(nutritionists referred to them as minerals). If companies did not monitor the amounts of 
the metals found in the vitamins they manufacture, it would be easier for consumers to 
reach the toxicity levels (or deficiency levels) and become very sick.  The minerals that 
were looked at play important roles throughout the body. Calcium helps in mineralization 
of bones and teeth; it is also involved in muscle contraction and relaxation, nerve 
functioning, blood clotting, and blood pressure. Magnesium partakes in energy transfer and 
helps transform adenosine diphosphate to adenosine triphosphate. The RDA has 
determined, through their research, specific recommended daily intakes (RDI’s) and 
tolerable upper intake levels (UI’s). These factors are what determine the safe amount of 
each mineral that can be added to a multivitamin.3 

Minerals are not the only things in a multivitamin’s composition; vitamins, binders, 
and artificial coloring are also added to the makeup. The multivitamin’s composition 
provided us with problems due to complex matrix effects that needed to be overcome when 
preparing the samples. The atomic absorption (AA) spectrophotometer uses an argon filled 
hollow cathode lamp which helps in determining the amount of particles of a specific 
element in the sample.  The AA, with the help of standard additions and lanthanum 
additions, help in overcoming these complex matrix effects. Lanthanum is needed because 
calcium readily reacts with phosphates and aluminum when using an air/acetylene flame 
in the AA.  The addition of lanthanum causes the calcium to be released from the phosphate 
or aluminum complex and takes its place so the calcium can be read by the instrument.2 
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Experimental 
 

The procedure reported by Arnold and Arndt was carried out according to the 
following.1 Two standard solutions for the elements Mg2+ (Ricca) and Ca2+ (Fisher) were 
prepared by obtaining 1000 ppm stock solutions of each element and then diluting each 
10:1 with 0.1 M HNO3 to form 100 ppm standard.  Trace metal grade nitric acid (Fisher) 
diluted to 0.1 M was used for all dilutions. A 250-ppm lanthanum (Fisher) solution was 
prepared, and this was added in volumes to the standard and sample flasks so that the final 
concentration was 10 times that of calcium concentration in each flask. 
 Samples were prepared by obtaining and weighing approximately one-third of a 
powdered multivitamin which was dissolved in approximately 20 mL of 2 M HNO3 in a 125-
mL Erlenmeyer flask. The exact amounts of each vitamin used in the experiment can be 
found in Table 1.  To help dissolve the vitamin powder the flask was heated for 7 minutes at 
a gentle boil in the hood. The sample was vacuum filtered and the sample was also diluted 
10:1 in 0.1 HNO3 to help prevent the clogging of the nebulizer. This process was done for 
two different multivitamins: Centrum Ultra Men’s and One Source Teen’s.   
 
Table 1. Masses of the multivitamin tablets used for analysis. 

Vitamin Total Weight (grams) Weight Used (grams) Percent of Vitamin 
Centrum (1) 1.4569 0.4868 33.41% 

One Source (1) 1.3037 0.4348 33.35% 
Centrum (2) 1.4569 0.4833 33.17% 

One Source (2) 1.3037 0.4317 33.11% 
Centrum (3) 1.4569 0.4329 29.71% 

One Source (3) 1.3037 0.4118 31.59% 
 

To prepare the samples for standard additions the working linear range for each 
element needed to be determined for the AA instrument. The determined working linear 
ranges along with the amounts of each mineral in the vitamin can be found in Table 2.  

 
Table 2. Working linear ranges and amounts of the elements 

 
Element 

Element 
Atomic Wt. 

(g/mol) 

Initial 
Solvent 

Working 
range 
(ppm) 

Wavelength 
(nm) 

Amount in 
Multivitamin 
(CUMens) mg 

Amount in 
multivitamin (OST) 

mg 
Ca 40.078 HNO3 0-5 422.67 210 225 
Mg 24.305 HNO3 0-1 285.2 100 40 

 
From that information, a stock solution of the multivitamin was prepared in 0.1 M 

HNO3 so that the concentration of the element of interest was twice the maximum working 
linear range. A stock solution of the element that was being analyzed was prepared in 0.1 M 
HNO3 so that it was at five times the maximum working range. This was done separately for 
each individual element following the guidelines according to Table 3. 

The AA spectrometer was set up individually for each element, and the instrument 
was blanked prior to every trial. The instrument was set up according to the standard 
additions guidelines provided by the SPECTRAA software. Again this was done separately 
for each element under analysis.  
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Table 3.  Example of the standard addition samples 
Centrum Ultra Men’s Flask A Flask B Flask C Flask D Flask E 

Mg (5ppm)  mL 0 1.0 2.0 3.0 4.0 
Multivitamin (2ppm) mL 5.0 5.0 5.0 5.0 5.0 

Approx. Total [Mg] in ppm 0.4 0.6 0.8 1 1.2 
 
Results and discussion 
 

The standard additions and prepared samples were analyzed via the atomic 
absorption spectrometer. Table 4 displays the results found from each trial. Back 
calculations were done to achieve this original concentration of the multivitamin prior to 
any dilutions. These calculations were completed using the simple formula M1V1=M2V2. 
Figure 1 demonstrates one of the standard additions curves obtained from each run. The 
majority of these curves had an R2 value of 0.995 or higher. 
  
Table 4.  Experimentally determined concentrations and expected concentrations  

Experimental OST Mg (ppm) OST Ca (ppm) Cent Mg (ppm) Cent Ca (ppm) 
1 148 844 403 830 
2 143 843 390 827 
3 193 952 340 1035 

Data Excluded ------- 952 ------- 1035 
Expected—1 133 745 334 624 

2 126 711 332 697 
3 133 750 334 702 

 
 Table 5 shows the averages, standard deviations and % relative standard deviations 
of the results shown in Table 4 and also these values without the outliers that were 
calculated with the Grubb’s test for an outlier. 
 
Table 5.  Averages, standard deviations and % RSD for final data. 

 

OST Mg OST Ca Centrum Mg Centrum Ca 
148 844 403 830 
143 843 390 827 
193 952 340 1035 

Average 161.3 879.7 377.7 897.3 
Standard Dev. 27.53 62.64 33.26 119.2 

%RSD 17.07 7.121 8.807 13.29 
w/o outliers 

    Average ------ 843.5 ----- 828.5 
Standard Dev. ------ 0.7071 ----- 2.121 

%RSD ------ 0.0838 ----- 0.2560 
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Figure 1. Example of standard additions curve 

 
The outcome of this experiment showed that the concentrations of calcium and 

magnesium were slightly higher than that which was stated on the label of the 
multivitamins.  Table 5 gives the variance between what was found and what was expected, 
in mg per tablet.  Data presented is the average of our runs minus the outliers.   
 
Table 6. Variation   

 
OST Mg (mg) OST Ca (mg) Centrum Mg (mg) Centrum Ca (mg) 

Experimental 44.56 258.1 119 258.1 
Expected 40.0 225 100 210 

% Difference 11.4 14.7 19.0 22.9 
 
Conclusions 
 
 Calcium and magnesium in two multivitamins were determined using atomic 
absorption spectroscopy and standard additions.  Amounts of each element were found to 
be higher than what was stated on the label.  The complexity of the matrix throughout this 
experiment was extremely frustrating to work with and lanthanum additions did help to 
reduce these effects significantly when added correctly. Taking this into consideration, the 
milligrams of element found in the multivitamin versus the amount stated on the label are 
similar to those of Arnold and Arndt.  
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