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Abstract 
 
 Analysis of Kemps and Land O’Lakes brand 2% milk was performed to detect 
aluminum, magnesium and calcium levels. ICP-AES was utilized because of its quick run 
time and ability to detect all three elements simultaneously. Mg and Ca levels were found to 
be well below expected values and Al was in too small a concentration to detect using this 
method. A possibility for the low results was that the digesting procedure was ineffective at 
freeing all of the minerals to be detected by the ICP-AES. 
  
Introduction 
 
 Quality measurements are vital to ensure quality of production, both in 
manufacturing and trade. Milk products are very important to society because their 
consumption is so widespread. However, many dangerous elements such as metals and 
metalloids can accumulate along the food chain, as any contamination of the environment 
can get into plants and then into herbivores, like dairy cows. This means that the 
concentrations of these toxins increase with the growth of agricultural and industrial 
pollution. Since many metals have wide-ranging industrial uses, keeping track of human 
exposure is a necessary public health activity.  
 Other components of milk provide a vital source of nutrition for the human body. 
Magnesium is involved in over 300 enzymes and the catalytic activity of these are 
neutralized if magnesium is not in sufficient levels. These ions are also essential to the basic 
nucleic acid chemistry, necessitating its presence in all biological cells.1 Calcium is also vital 
to human life, particularly due to its role in osteogenesis and maintaining bone density 
throughout life. Milk products contain high levels of both of these elements, 1200 ppm 
calcium and 140 ppm magnesium, and regulation of necessary amounts is an important 
quality control process.2 Aluminum is a metal that is widely used in industry and 
manufacturing. It has no known cellular use, but can be toxic in high levels. 
 In this experiment, analysis of milk was performed using inductively coupled 
plasma atomic emission spectroscopy (ICP-AES), by the method of standard additions. The 
objective of this experiment was to determine the aluminum, calcium, and magnesium 
levels in milk samples by ICP-AES. This technique performs the simultaneous 
determination of all three elements from samples, and was chosen because of the short 
time of data collection and the low detection limits. Atomic absorption spectroscopy was 
another option for the experiment,3 but it would not be able to determine all elements 
simultaneously. 
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Experimental 
 
 Sample preparation was performed by digesting 10 mL of pasteurized 2% milk 
(Land O’Lakes, Kemps) with ultrapure trace metal grade nitric acid (65%, Fisher Scientific) 
for 25 minutes. , then diluting to 100 mL using deionized water. Samples 5 mL in volume of 
this solution were combined with Al, Ca, and Mg standards using the standard addition 
method. Dilutions of 1000 ppm stock standards (Fluka Mg, PlasmaCAL Ca and Al) were 
brought to 0.04 ppm Al, 4 ppm Mg, and 40 ppm Ca  then added to the sample solution in 1 
mL aliquots. In the analysis of Kemps brand milk, Al standard addition concentration was 
increased to 0.1 ppm in an effort to get better results. The sample and standards were 
diluted to 50 mL and analyzed on a Varian ICP-715-ES spectrometer. After scanning a blank 
of diluted ultrapure nitric acid, the sample with the smallest standard added was scanned 
working up to the largest standard added sample, then a sample with no standard was 
scanned. For each sample the experiment was performed in triplicate and average results 
were calculated. 
 
Results and Discussion 
 
 The results of the elemental analysis of the milk sample is given in Table 1. The Ca 
and Mg content of the milk was significantly lower than the value reported.2 The Al signal 
was so low that no data could be extracted from the output. This was not surprising, as the 
concentration reported by Birghila was only 1.9 ppm, while concentrations of Mg and Ca 
were orders of magnitude higher. Standard addition plots showed a good fit and found 
similar results for both brands of milk. This implies that the method was not effective at 
detecting all of the minerals in milk samples. 
 

Table 1. Mineral content of 2% milk samples by brand from ICP-AES (ppm) 
Element L o L 1 Conc. L o L 2 Conc. L o L 3 Conc. Kemps 1 Conc. Kemps 2 Conc. 
Calcium 455 462 495 551 539 
Magnesium 44.8 45.7 46.8 48.8 55.4 
Aluminum - - - - - 

 
Table 2. Average mineral content by brand (ppm) 

Element L o L Conc. Kemps Conc. 
Calcium 470 (±21.3) 545 (±8.5) 
Magnesium 45.8 (±1.0) 52.1 (±4.7) 
Aluminum - - 

 
The digesting procedure using nitric acid was not utilized in the primary paper used 

for this experiment; they performed a dry-ashing technique that provides a more complete 
deconstruction of the milk proteins and fats.2,3 This is a possibility for the low results 
obtained in the experiment. The results showed that the studied cow milk contained all of 
the elements analyzed, but that the digesting method could be improved and that this 
would provide some improvement in detected levels. Also, in detecting the levels of Al in 
milk, it was not effective to increase the standard addition concentration. It would be more 
useful to determine Al separately from the other minerals by using a more concentrated 
solution of digested milk. 
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Conclusions 
 
 In using ICP-AES to analyze milk, detectable levels of Mg and Ca were found, but 
both were significantly below previously reported values. Al levels were also analyzed but 
no amounts could be calculated because of the low concentrations in the samples. The 
method used for digesting milk using ultrapure nitric acid is likely ineffective at bringing all 
minerals into solution. 
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