
Introduction

The analysis of bodily fluids, 
such as urine, whole blood 
and blood serum, for trace 
elements is common in research 
applications. Although these 
matrices are similar, there could 
be wide variation within a matrix 
type across different samples. 
This work describes a case study 

involving the analysis of selenium in blood serum, where the ability to remove 
the gadolinium (Gd) doubly-charged interference is demonstrated.

 
Experimental 

Sample Preparation

Ten serum samples and two QC samples (UTAK® Serum, Normal and High)  
were prepared by 10x dilution in 1% nitric acid. Germanium (10 µg/L) was 
added as an internal standard. Quantitative results were determined with 
Additions Calibrations, which involves preparing the calibration standards in  
a representative sample and measuring all other samples against this  
calibration curve.
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Instrumental Conditions

All analyses were performed on a PerkinElmer NexION® 300D 
ICP-MS in both Collision and Reaction modes – Table 1 shows 
the conditions used. In Collision mode, 78Se was measured, 
while the use of methane in Reaction mode allowed both 78Se 
and 80Se to be monitored.

Table 1. ICP-MS Conditions  
 Parameter Condition 

Instrument NexION 300D ICP-MS

Nebulizer Glass concentric

Spray chamber Glass cyclonic

Sample uptake rate 0.25 mL/min

RF power 1500 W

Analytes 78Se, 80Se

Internal standard Ge at 10 ppb

Dwell time 50 ms

Collision mode He = 4 mL/min

Reaction mode CH
4
 = 0.65 mL/min 

  RPq = 0.75

First, a mass scan in Collision mode was performed on a sample that had good agreement between Collision and Reaction modes, 
as shown in Figure 1. The peaks appear as expected, indicating that any interferences on 78Se are being removed in Collision mode. 

Next, a mass scan of a sample with poor agreement between Collision and Reaction modes was performed in Collision mode, as 
shown in Figure 2. This scan revealed a number of peaks from m/z 77-79, indicating an interference not being removed by Collision 
mode. Scans having this appearance generally indicate the presence of species present at half-masses (i.e. 77.5 amu), which are 
not being resolved with the typical mass resolution used for analyses (0.7 amu). Half-masses result from doubly-charged ions being 
formed in the plasma. The only doubly-charged element that would give peaks in this mass range of selenium is gadolinium, so this 
was the suspected cause.

Table 2. Quantitative Results for QC Samples (units in µg/L)

Table 3. Quantitative Results from Sample Analysis (units in µg/L)

Figure 1. Mass scan in Collision mode of a sample which showed good 
agreement between Collision and Reaction mode results.

  
 Sample Collision Mode Reaction Mode Reaction Mode Certified Range 
   78Se 78Se 80Se  

UTAK® Normal Range 101 98 97 86 – 144

UTAK® High Range 294 257 256 235 – 353

  
 Sample Collision Mode Reaction Mode Reaction Mode 
   78Se 78Se 80Se

1  115 97 97

2  96 86 86

3  61 56 56

4  92 84 83

5  52 48 49

6  37 34 34

7  1235 36 26

8  61 28 28

9  54 48 48

10 72 64 65

Results

The results for the QC samples are displayed in Table 2, while Table 3 shows the results for both Collision and Reaction modes for ten 
samples and the QC samples. The accuracy of the results is evident from the QC samples, which recovered within the certified range. 
For most samples, there is good agreement between the results in Collision mode and the two Se isotopes measured in Reaction mode, 
except for samples 7 and 8, which show a large positive bias in Collision mode. This discrepancy required further investigation.
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Figure 2. Mass scan in Collision mode of a sample with poor agreement 
between Collision and Reaction mode results.

The green bars in Figure 2 show the natural isotopic abundance 
fingerprint of Gd2+, which closely corresponds to the peaks seen in 
the sample. The match is not perfect due to the presence of Br in 
the reagent blank at m/z 79 and the inability of Collision mode to 
completely remove Ar2

+ at m/z 80. Therefore, it appears that the 
false high readings in Collision mode are the result of Gd2+, which 
is not completely removed. However, the good agreement of the 
78Se and 80Se results in Reaction mode indicate that Gd2+ is being 
more efficiently removed than in Collision mode. 

Conclusion

This case study has demonstrated the ability of PerkinElmer’s NexION 300D ICP-MS to remove the Gd2+ interference on selenium in 
serum samples. Because the physical size of the Gd2+ ion is similar to that of Se+, Collision mode cannot remove this interference, as 
demonstrated in this work. However, by choosing a gas which reacts with Gd2+ but not with Se+ and controlling the chemistry with 
dynamic bandpass tuning, Se+ can be measured interference-free in Reaction mode. With the ability to run both Collision and Reaction 
modes in the same method, the NexION 300 ICP-MS allows users to confirm results (when both modes give the same answers) or 
identify and resolve interferences when results from both modes do not agree. This capability is especially important when running 
unknown samples, where erroneous results can be reported without knowing it. This flexibility was leveraged in this work when ana-
lyzing unknown samples to increase confidence that the correct results were being obtained.
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