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Abstract 
 
This investigation continues to validate a method for quantification of trace elements Mg, Ca, 
Fe and Zn in thrombocytes (blood platelets) using Inductively Coupled Plasma – Atomic 
Emission Spectroscopy, ICP-AES. These elements could possibly be biomarkers for diseases 
like Alzheimer’s, Parkinson’s and maybe prostate cancer. Several tests on whole blood with 
reference values are performed as training sets due to the limited quantity of thrombocytes. The 
whole blood and thrombocytes were digested in rather weak acid with a microwave digestion 
system. The tests on whole blood, which included standard addition, spike tests and calculation 
by calibration curve, all using Scandium as internal standard, showed that Mg, Fe and Zn are 
within reference values for whole blood but not Ca, one possibility is that the reference value 
is incorrect.  
The samples of the thrombocytes were prepared by making 3-4 tubes with volumes varying 
from 2-5 mL on 3 different days. Their concentration were calculated from a calibration curve. 
It was also shown that some sets of samples had large within-sample variation.  
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Abbreviations 
 
Cal. Curve   Calibration Curve 
CI    Confidence Interval 
FAAS    Flame Atomic Absorption Spectroscopy 
ICP-AES   Inductively Coupled Plasma - Atomic Emission Spectroscopy 
ICP-MS   Inductively Coupled Plasma - Mass Spectrometry 
ICP-SFMS    Inductively Coupled Plasma - Sector Field Mass Spectrometry 
LOD    Limit of Detection 
LOQ    Limit of Quantification 
SD    Standard Deviation 
Std. add   Standard addition 
 
 
 
 
  



 5 

Introduction 
 
The thrombocytes elemental composition is of interest since the elements could possibly be 
biomarkers for diseases like Alzheimer's, Parkinson's and maybe prostate cancer.1   
In previous investigations, erythrocytes (red blood cells) elemental composition profile has 
been studied. A healthy erythrocytes metabolism involves metal ions and other trace elements 
in cooperation with protein compounds. If there is an imbalance in the cell, it is assumed that 
protein compounds, trace elements and metal ions will be affected in the same way. Therefore, 
it is preferred to analyze metal ions and trace elements compared to analyze a large quantity of 
proteins and other compounds to investigate whether a healthy patients erythrocytes 
metabolism differ from a patient with a disease. In the investigation, Inductively Coupled 
Plasma – Mass Spectrometry (ICP-MS) was used because of its low detection limit and 
selectivity.2 

 
Heavy metals and elemental profiles have also been investigated in earlier studies and could 
possibly be implicated with Parkinson's disease. This investigation was also performed on 
erythrocytes and blood plasma.3 

  
Thrombocytes, which is focused on in this project, have been less investigated compared to red 
blood cells. This could be because of their more difficult need for sample preparation. First of 
all, there is only a small amount of them in blood, therefore a large blood sample is needed. 
They are also sensitive and can easily be damaged which could lead to trace element loss. It is 
also difficult to completely purify the thrombocytes from washing solution, blood plasma and 
other contaminants.4 

The aim with this project is to analyze trace elements in thrombocytes, also called blood 
platelets, using ICP-AES as a step forward to make quantitative measurements on patient 
samples possible. 
 
Whole blood is going to be used during the validation part of this study because there are 
reference values of all elements that are going to be analyzed. Only small amounts of whole 
blood are used to mimic the small amount of blood platelets that is present in the real patient 
samples. If analysis of the whole blood shows satisfying results with ICP-AES, then the 
conclusion is drawn that the determination of the trace elements in thrombocytes could be 
sufficient to analyze with ICP-AES as well. 
In a previous report, there was shown that sample preparation with both weak acid digestion 
and alkaline digestion gave equally good result.1 The rather weak acid digestion with HNO3 
(10%) and H2O2 (10%) in a closed microwave digestion system will now be further studied to 
show that it is sufficient to digest the biological material completely. A dilution is avoided, and 
the sample could be analyzed directly after the microwave digestion. 
There was also shown in the previous study that the concentration of Calcium was 
systematically low in comparison with the reference value of whole blood. Both measurements 
with ICP-AES and Flame Atomic Absorption Spectroscopy (FAAS) showed low concentration 
of Ca.1  
The problem with the low Ca concentration will be investigated further in this project.  
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Theory 

Thrombocytes (blood platelets) 
Blood platelets are fragments from megakaryocytes which is located in the bone marrow. In 
whole blood, there is approximately 200.000 platelets/mm3, compared with red blood cells 
which is approximately 5 million red blood cells/mm3. They function in the bloodstream for 
about 8-10 days before replacement is needed. Their main biological role is to prevent blood 
loss from wounds by attaching to the damaged wall inside the blood vessels and by the help of 
other proteins and enzymes, create “fibrin threads” which seal the opening.5  
 

ICP-AES 
Inductively coupled plasma atomic emission spectroscopy - is a multi-element technique. This 
instrument is preferable when analyzing several trace elements such as Mg, Ca, Fe and Zn 
because it is done simultaneously.  
Principles of ICP AES: The sample must first be modified/processed to a clear solution. The 
sample is then drawn into a nebulizer by a peristaltic pump. In the nebulizer, the sample is 
formed into a fine aerosol that is carried by an Argon gas to the plasma.6  
 
The hot temperature of the plasma makes the formed atoms and ions excite, when the electrons 
fall back to original orbital, they emit light at specific wavelengths. A monochromator separates 
the light. The intensity of the emitted light is directly proportional to the concentration of the 
element in the sample. Three wavelengths is chosen for each of the four elements. If all 
wavelengths give approximately the same concentration, the risk for systematic errors is low 
due to spectral interferences. Only one wavelength per element is not to be trusted due to 
wavelength overlap by another element, for example.   
 

Internal standard 
An internal standard is a known quantity of a compound that is added to the sample but have 
to be different from the analyte. The internal standard is correcting for physical interferences 
and errors in volume during sample pretreatment. The ratio between the signal of analyte and 
the signal from internal standard is plotted against the concentration of the calibration solutions. 
The obtained linear equation is used to calculate the concentration in the sample.7  
 
The thrombocytes are stored in sodium citrate solution and blood plasma and has to be washed 
before analysis.   
After washing with sodium citrate, centrifugation of the thrombocyte-sample will be executed 
and all thrombocytes will be compressed to a small pellet. When all supernatant is discarded, 
some of it will still be present in the pellet. It is therefore necessary to add a second internal 
standard to the washing solution. By calculation of the ratio of the second internal standard 
intensity obtained when measuring the sample and a blank with known volume of internal 
standard a correct subtraction of the blank could be performed.  
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Experimental 

Chemicals 
The chemicals used for preparation of samples (whole blood and thrombocytes) and calibration 
solutions were hydrogen peroxide (H2O2 ,30% VWR chemicals) and nitric acid (HNO3, 68%, 
VWR chemicals).  
All single elements were of analytical standards of brand SPECTRASCAN, the elements used 
were Scandium (1000 mg/L), Magnesium 1000 mg/L, Calcium 1000 mg/L, Iron 1000 mg/L, 
Zink 1000 mg/L and Rhodium 1000 mg/L. 
For washing solution, tri-Sodium citrate dihydrate, brand MERCK and milliQ-water was used. 
The whole blood used during the project is SeronormTM Trace elements whole blood L-1. The 
Thrombocyte solution is Leukocyte – and pathogen reduced and contains sodium citrate and 
plasma, date collected is 8 November 2017. It is collected from several different donors and is 
obtained from Akademiska hospital in Uppsala. It is stored in a freezer at ~ -20oC and smaller 
fractions (depending on desired sample amount for each experimental set) will be thawed in 
room temperature.  
 

Preparation of calibration solutions 
A stock-solution in 10% sub-boil HNO3 with 100 mg/L of each element of interest (Mg, Ca, 
Fe, Zn) was prepared from standard solution (1000 mg/L) of each element. Five calibration 
solutions with desired concentrations 0, 0.1, 0.2, 0.5 and 1.0 mg/L were prepared by adding 
5mL of sub-boil HNO3 to five different 50 mL falcon tubes and then 0µL, 50µL, 100µL, 250µL 
and 500µL of stock-solution (100 mg/L) were added respectively. To all five solutions, 250µL 
of internal standard Scandium were added. All five solutions were then diluted to 50 mL with 
milliQ-water. 
 
Two stock solutions for standard addition were prepared, one with x2 the original analyte 
concentration and one with x4 the original analyte concentration. For x2, Mg had concentration 
90 mg/L, Ca 60 mg/L and Zn 30 mg/L. For x4, Mg had concentration 180 mg/L, Ca 90 mg/L 
and Zn 45 mg/L. Both stock solutions for standard addition were diluted with milliQ water. 
 

Preparation of sodium citrate solution 3,8% (wash solution) 
19.002 g of sodium citrate crystals were transferred to a 500 mL polypropylene copolymer 
(PPC) volumetric flask and diluted to mark.  

Preparation of whole blood 
Reconstitution of the freeze-dried reference whole blood was done by adding 5 mL of milliQ-
water to its container and then gently mixed and stored in a fridge at ~ 4oC. 
 

Preparation of thrombocytes 
Adequate amount of frozen thrombocytes was thawed in room temperature. The thawed 
thrombocytes were transferred in portions to a 15 mL falcon tube and then weighed. 
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The thrombocytes were then washed by adding 2-4 mL sodium citrate 3,8% to the falcon tube 
depending on sample size (1:1 ratio) and then put in a centrifuge at 1000 x g for 5 minutes. The 
supernatant was discarded after centrifugation so that only 1 mL of the supernatant was left. 
The washing procedure was repeated 3 times.  
 
After the final centrifugation, as much as possible of the supernatant was discarded so only the 
pellet remains. The pellet was transferred to Teflon bombs and prepared according to “digestion 
of samples with acid”. 50-65µL of sodium citrate 3,8%, containing a second internal standard, 
were added to some of the blanks to mimic the small amount of sodium citrate surrounding the 
pellet.  

Digestion of samples with acid 
All whole blood/thrombocyte samples were prepared in the same manner. Whole blood were 
added directly to the Teflon bombs by differential weighing. HNO3 - sub boil and H2O2 were 
added to the bombs to get a final concentration of 10% for both in 6 mL or 12 mL solution. 
Scandium was also added to give a final concentration of 5 mg/L. The Teflon bombs were 
inserted in Perkin Elmer microwave digestion system (Titan) and set to use a temperature 
program according to table 1. 
 
 
Table 1: Microwave digestion program for Perkin Elmer (Titan). 

Step Temperature (°C) Pressure (bar) Ramp Hold Power (%) 

1 
2 
3 

165 
190 
50 

30 
30 
30 

5 
1 
1 

10 
10 
10 

80 
90 
0 

 
When the digestion program was finished, the samples were transferred to 15 mL falcon tubes. 
 

Measurement with ICP-AES 
The instrument was of type Spectro Ciros CCD. The plasma was set to warm up for 15 minutes 
before measuring the calibration solutions and samples. All calibration solutions and samples 
were injected with a peristaltic pump with a flow rate about 1 mL/min. The argon flow rates 
were: Coolant flow 14 L/min, auxiliary flow 0.9 L/min, nebulizer flow 0.9 L/min. Analysis 
were made with 3 replicate measurements integrated 24s on each sample and the average used 
for further calculations. Three wavelengths for each element was chosen, for Mg: 285.213 
279.553 and 279.52 nm, Ca: 396.82 393.366 and 317.933 nm, Fe: 259.941 238.204 and 
239.562 nm, Zn: 213.856 206.191 and 202.548 nm. For the internal standard Sc were two 
wavelengths chosen: 361.384 and 335.373 nm. For the second internal standard Rh was one 
wavelength chosen: 343.489 nm. All results using calibration curve or standard additions are 
evaluated using these internal standards.  
 
 
 
 
 



 9 

Method validation  

LOD and LOQ 
Limit of Detection and Limit of Quantification were calculated by preparing eight blanks 
prepared according to “digestion of samples with acid, whole blood”. Their concentration 
was calculated using a calibration curve. The standard deviation was calculated from the 
concentrations and multiplied with 3. For LOQ, the standard deviation was multiplied by 10. 

Analyzing reference whole blood 
Six whole blood samples with 100µL whole blood in each and two sample blanks was prepared.  
The concentration was calculated using the calibration curve. Standard deviation was also 
calculated. 

Matrix effects 
Two samples of whole blood were divided into three smaller fractions respectively. The tree 
fractions were spiked with x0, x2 and x4 the original concentration using 20µL from stock 
solution x2 and stock solution x4. Results were evaluated with standard addition and the 
unspiked sample was evaluated with calibration curve as well. 

Different amounts of whole blood 
The signal ratio of the different analytes was plotted against the different weights of whole 
blood. The linear equation is used to get an overlook for linearity and to check that intercept 
is close to zero. 

Spike recovery 
One sample was divided into four smaller fractions and three of them were spiked with 20µL 
of stock solution x2.  

Experiments on thrombocytes 
 
Experiments were performed on three different days.  
 
Day 1, n=3, one sample with 2 mL and two samples with 5 mL of thawed thrombocyte solution 
were prepared. 
Day 2, n=3, one sample with 2mL and two samples with 4 mL of thawed thrombocyte solution 
were prepared. 
Day 3, n=4, all four samples were prepared with 4 mL of thawed thrombocytes. The second 
internal standard Rh was used in the washing solution and the blanks to properly correct for 
remaining washing solution in the thrombocyte sample.  
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Results and discussion 
 
One wavelength of three per analyte is selected and used for all results; Mg 285.213, Ca 
393.366, Fe 239.562 and Zn 2016.191. They were selected because they gave values closest to 
the reference values of the whole blood. 

Method validation  

LOD and LOQ 
 
In table 2, LOD and LOQ are presented for each analyte. One wavelength per analyte is shown. 
 
Table 2: LOD and LOQ calculated from blank solutions containing HNO3, H2O2, Sc as internal standard 
and milliQ water (n=8). 

Element + wavelength LOD (mg/L) LOQ (mg/L) 

Mg 285.213 
Ca 393.366 
Fe 239.562 
Zn 206.191 

0.0027 
0.0087 
0.0044 
0.0012 

0.0089 
0.029 
0.015 

0.0040 

 

Analyzing reference whole blood 
 
In table 3, the mean concentrations for all elements in a set of whole blood samples after blank 
correction, six samples with 100µL whole blood in each and two sample blanks.  
 
Table 3: Mean concentration of six samples (n=6) using 100µL whole blood for all six samples and 
standard deviation for each element, the reference values are also included. 

Element Analytical value 
(mg/g) ± SD 

SeronormTM Trace Elements Whole Blood L-1 
reference value (mg/L) ± 95% CI 

Mg 

Ca 
Fe 

Zn 

18.7 ± 0.8 

12.7 ± 0.3 
410 ± 17 

5.54 ± 0.3 

19.6 ± 1.1 

14.2 ± 0.8 
432 ± 28 

5.5 ± 0.3 

 

Matrix effects 
 
In table 4, the results for whole blood using standard addition and calculation with calibration 
curve are presented to compare the two methods. Fe was not included when spiking the 
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samples, this because Fe is already present in high amounts in the whole blood, an addition of 
Fe could risk giving values outside the linear range.  
Only one sample could be presented here due to contamination of the other sample, therefore 
the absence of standard deviation on column “analytical value by standard addition”. The 
calculated concentrations show small differences between standard addition and results with 
calibration curve, this indicates that matrix effects are low. Bias is however indicated for Ca 
but not for Zn and Mg when comparing with the reference value.   
 
Table 4: Concentration of whole blood samples, 200µL whole blood with standard addition applied and 
calculation with calibration curve.  

Element + 
wavelength (nm) 

Analytical 
value (mg/g) 
by cal. curve 

Analytical 
value (mg/g) 
by std. add 

SeronormTM Trace Elements 
Whole Blood L-1 reference value 

(mg/L) ± 95% CI 

 Mg 285.213 

Ca 393.366 
 Zn 206.191 

18.2 ± 0.2 

 11.0 ± 0.7 
5.3 ± 0.2 

18.5 

12.2 
5.4 

19.6 ± 1.1 

14.2 ± 0.8 
5.5 ± 0.3 

 
 
In figure 1, the values from table 4, calibration curve and standard addition is presented in a 
diagram for comparison between the two methods. The reference values of whole blood are 
also presented in the same diagram.  
 
 

 
Figure 1: Diagram for comparison between the two methods; calibration curve and standard addition 
for whole blood. The reference values of whole blood are also presented here. The error bars is ± 
standard deviation for calibration curve and 95% CI for the reference values. 
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Different amounts of whole blood 
 
Different volumes of whole blood were prepared (25, 75 and 100µL). The different weights of 
the whole blood were plotted against the intensity ratio between each element and internal 
standard. Ca is an example where it probably is contamination from earlier samples in the 
microwave vessels. By more carefully cleaning of the vessels, the problem could disappear.  
Zn gives a R2 value closer to 1 and an intercept close to zero (see figure 3). 
 

 
Figure 2: Different volumes of whole blood plotted against signal ratio between Ca and internal standard 
Sc. 
 
 
 

 
Figure 3: Different volumes of whole blood plotted against signal ratio between Zn and internal standard 
Sc. 
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Spike recovery 
 
In table 5, results from the spike recovery tests are presented. All sample recoveries show high 
yield but are within acceptable limits.  
 
 
Table 5: Spike recovery for 1 whole blood sample divided into 3 smaller fractions. 

Element + 
wavelength 

Fraction 1 - Spike 
recovery (%) 

Fraction 2 - Spike 
recovery (%) 

Fraction 3 - Spike 
recovery (%) 

Mg 285.213 
Ca 393.366 
Zn 206.191 

106 
108 
105 

103 
106 
101 

109 
108 
107  

 
 

Experiments on thrombocytes 
 
Thrombocyte samples prepared on three different days is presented in table 6 and figure 4. 
Their mean concentration and standard deviation are presented for each day on each analyte.  
Fe showed large variation between samples and are probably caused by non-successful 
cleaning of the Teflon bombs. Some of the samples showed Zn values below LOQ, but a mean 
value is still presented in table 6 and figure 4.  
 
Table 6: Summary of all three sets of thrombocytes prepared different days from the same batch of 
frozen thrombocytes and their standard deviation. 

Element Day 1 - mean ± SD Day 2 - mean ± SD Day 3 - mean ± SD 

Mg 285.213 
Ca 393.366 
Fe 239.562 
Zn 206.191 

0.11 ± 0.03 
0.23 ± 0.06 
0.05 ± 0.01 
0.05 ± 0.02 

0.11 ± 0.01 
0.32 ± 0.02 
0.05 ± 0.02 
0.07 ± 0.01 

0.08 ± 0.01 
0.16 ± 0.02 
0.15 ± 0.14 
0.01 ± 0.01 

 
 
 
In figure 4, the concentration of Mg, Ca and Zn appears to be lower on day 3, this could be due 
to better blank corrections. As mentioned, on the third day, the second internal standard was 
used which could contribute to the variation. 
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Figure 4: Diagram of all analytes prepared three different days from the same thrombocyte batch. The 
error bars are the ±standard deviation for each analyte. 
 
 
 
Conclusion and concluding remarks 
 
After several tests there is shown that the concentration of Ca is still systematically low in the 
reference whole blood samples. One assumption is that the reference value of Calcium received 
from SERO AS company might be incorrect since the other element’s concentration is within 
the reference value range (see table 3 and 4). Also, notice that the reference values of the whole 
blood are measured with Inductively Coupled Plasma - Sector Field Mass spectrometry (ICP-
SFMS) and not ICP-AES that was used during this project. Otherwise, one suggestion is to test 
other reference material to see if the same problem with low Ca-values is consistent. 
 
To get a representable value of the thrombocytes there is suggested that the thrombocyte cells 
was counted after washing procedure, in this way the obtained value could be presented as 
amount/cell and therefore get closer to the “true” value. The value that was obtained during 
this project is a value of mg/g of thawed thrombocyte solution containing plasma and sodium 
citrate solution weighed directly into the 15 mL falcon tube. If cell counting is not available 
there is a need to weigh the pellet after centrifugation to get concentration of the elements per 
gram thrombocytes. In order to do that one suggestion is that the tube is weighed before adding 
the sample and after the washing procedure, weigh the tube with pellet again and subtract the 
weight of the tube. This was not applied during this project. 
 
 
The LOD and LOQ were calculated from eight blanks prepared according to preparation for 
whole blood, e.g. they were not made for thrombocyte samples. One suggestion is that at least 
eight thrombocyte blanks is made, containing the sodium citrate as well. This could give other 
LOD and LOQ values better suitable for thrombocyte samples. 
An overview of all the elements in the thrombocyte samples indicated that Sulfur and 
Phosphorus was present, since it was an adequate amount of these two elements there could be 
of interest to also measure the concentration of these two in future experiments (see appendix). 
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Before analyzation of samples from patients with disease is made there is recommended to do 
further analysis on thrombocytes of healthy patients first, this is due to the limited amount of 
thrombocyte samples and also due to the great variation of obtained concentrations of the 
thrombocytes during the project (see table 6 and figure 4). The great variation cloud be due to 
inhomogeneities in the frozen thrombocyte batch and/or day-to-day variation in the method.  
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Appendix 
 

 
Phosphorus indicated in adequate amount in thrombocytes 
 

 
Sulfur indicated in adequate amount in thrombocytes.  


