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FIGURE 1. Thermo Scientific iCAP Qc ICP-MS

Overview
Purpose: To demonstrate the power of ICP-MS for the analysis of
different elements in biological matrices and demonstrate the use of trace
elemental analysis in clinical research and sports doping applications.
Methods: Total elemental determinations of Pb in blood and different trace
elements in urine were performed using the Thermo Scientific™ iCAP™
Qc ICP-MS in a single, optimized operation mode for each of the two
applications.
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community. However, it is a powerful tool for trace elemental analysis
thanks to high sensitivity and robustness when faced with high matrix
samples. ICP-MS provides a fully quantitative technique for almost all
elements in the periodic table, offers isotopic information and isotope ratio
determinations and can also provide species-specific information when
coupled with a separation device such as Ion Chromatography (IC) or
Liquid Chromatography (LC).
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The iCAP Qc ICP-MS (Figure 1) was used for acquisition of all data.
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Urine samples were diluted 20-fold in 2% HNO3, and 50µl of internal
standard solution (5 ng/mL 45Sc, 73Ge, 2.5 ng/mL 103Rh and 193Ir) was
added to each sample.
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The analysis of whole blood is definitely challenging for ICP-MS due to its

The instrumental detection limit was approximately 1 ng/L (corresponding
to 0.0001 µg/dL). Hence, the resulting method detection limit was
calculated to be 0.02 µg/dL.
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Figure 1 shows a typical calibration curve used during the routine
determination of Pb in whole blood, ranging from 0 to 10 ng/mL (10 ng/mL
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components like proteins can precipitate upon dilution with acids and lead
to clogging of parts of the sample introduction system.

Dilution of the sample is typically used to overcome these effects, but
requires an elevated detection sensitivity in order to achieve required
detection limits.
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The instrumental detection limit was approximately 1 ng/L (corresponding
to 0.0001 µg/dL). Hence, the resulting method detection limit was
calculated to be 0.02 µg/dL.
In order to verify the accuracy of the method, appropriate control standards
(LyphochekTM Whole Blood Controls, Bio-Rad Laboratories, Inc.)
containing three different levels of Pb in whole blood were analyzed as part
of each run. The obtained results for three runs are displayed in Table 2
and show excellent agreement with the reference values.
TABLE 2: Results obtained for the measurement of control standards
containing Pb in whole blood
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TABLE 3. Results for the repeated analysis of urine controls as a
quality control within one sample batch.
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Co2+, whereas the normal concentration was observed to be between 0.12.2 ng/mL3. Intake of Vitamin B12 does not seem to affect the urinary Co
level.

Conclusion
• The iCAP Q ICP-MS allows researchers to determine low levels of lead
in whole blood samples using a robust and accurate routine research
method with excellent sample turnover times.
• The detection of Co in urine has been shown to be a potential tool to
investigate its abuse in sports doping. However, further investigation is
required to establish a robust testing method.
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In a second step, the excretion of Co in urine was monitored upon intake of
single and multiple dosages of Vitamin B12 (500 µg/day, accounting for 22
µg Co) and Co2+ (500µg/day). Results show that the Co concentration in
urine is increased to between 40 and 318 ng/ml within 6h after intake of
Co2+, whereas the normal concentration was observed to be between 0.12.2 ng/mL3. Intake of Vitamin B12 does not seem to affect the urinary Co
level.

The analysis of whole blood is definitely challenging for ICP-MS due to its
complex nature. High contents of salt forming components like Na, K, Cl
etc. can lead to signal drift over the course of the analysis, other
components like proteins can precipitate upon dilution with acids and lead
to clogging of parts of the sample introduction system.

Conclusion

Dilution of the sample is typically used to overcome these effects, but
requires an elevated detection sensitivity in order to achieve required
detection limits.

• The detection of Co in urine has been shown to be a potential tool to
investigate its abuse in sports doping. However, further investigation is
required to establish a robust testing method.

Typically, the internal standard recovery over the course of running a set of
samples is used as a parameter to judge the effect that the sample matrix
has on the instrument. For one of the runs this is shown in figure 3 and
indicates the robustness of the method.
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