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Goal
To demonstrate the suitability of high resolution (HR) 
ICP-MS as an aid to clinical research by developing a 
fast, sensitive, and reliable HR-ICP-MS method for the 
analysis of multiple trace elements in a range of clinical 
matrices, i.e., blood, serum and urine. The calibration 
used should be valid for all matrices and sample 
preparation be confined to a simple dilution step.

Introduction
As interest and research into the role of trace elements 
in biological systems continues to increase, scientific 
publications[1-5] stress the ongoing importance of 
ICP-MS for trace element quantification in biological 
samples and describe approaches to avoid the many 
analytical problems associated with these sample types. 
The most typical analytical challenges encountered in 
the analysis of biological samples, are spectroscopic and 
non-spectroscopic interferences from the complex salt 
and protein rich matrix[6-7].

In this paper, the advanced performance of the 
Thermo Scientific™ ELEMENT 2™ HR-ICP-MS, for the 
accurate, interference-free analysis of trace elements in 
biological matrices is demonstrated. To assess analytical 
capability, a range of clinically important trace elements 
(Al, As, Bi, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Se, Tl, 
V, and Zn) was quantified using external calibration with 
aqueous solutions. 
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High resolution sector field ICP-MS (HR-ICP-MS) was 
used to quantify seventeen elements at trace levels in 
blood, serum and urine samples. High mass resolution 
was used to unequivocally identify matrix induced 
polyatomic interferences. The range and complexity of 
the interferences observed required the use of medium 
resolution (R = 4000) to ensure the accurate analysis 
of Al, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Sb, Tl, V, and Zn, 
and high resolution (R = 10,000) for As and Se. Low 
resolution analysis was possible for the non-interfered Bi 
and Pb. The analysis of all isotopes was made within a 
single sampling with no change in instrument operating 
conditions, besides the choice of resolution mode.

The sample preparation method used was a simple 
50-fold dilution with a TMAH/HCl mixture and the 
addition of internal standard. Due to the high instrumental 
sensitivity of the ELEMENT 2 HR-ICP-MS 
(> 20 kcps/ppb In at R = 10,000) a relatively large 
dilution factor of 50 may be used. As a result of this 
sample matrix dilution, all samples could be quantified 
by external calibration using aqueous solutions, and 
clogging of the sample introduction system was avoided. 
Precision for all elements was 2 - 10% RSD, and the 
results fell within the certified range for the reference 
controls studied (Biorad urine and Seronorm whole 
blood).

Method
Samples
Quality control (QC) samples were used to assess the 
accuracy and precision of the applied analytical method. 
The QC samples used were Sero Whole Blood level 2 
(batch no. MR9067), Biorad Urine level 1 and level 2 
(batch nos. 69051 and 69052).

As part of an inter-laboratory comparison, an additional 
set of human and bovine samples was supplied for 
analysis that had been spiked with a combination of trace 
elements and matrix components (including Ca2+, K+, 
Mg2+, Na+, Cl-, PO4

3-, SO4
2-, creatinine, glucose, and urea). 

Nineteen urine samples, based on a commercial human 
urine QC sample, were spiked to simulate different matrix 
concentrations. The plasma samples consisted of one 
commercial human QC serum, and eight spiked bovine 
albumin samples. The matrix of the three bovine blood 
samples was unaltered.

The samples were also spiked with Al, As, Bi, Cd, Co, 
Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Se, Tl, V, and Zn at 
concentrations designed to replicate the wide range 
found in biological matrices.

Sample Preparation
To prepare the samples for analysis, a simple 
50-fold dilution was made with a mixture of 1.5% TMAH 
(tetramethyl ammonium hydroxide) to dissolve the 
protein-rich liquids, and 1.5% HCl to improve trace metal 
washout. All samples were spiked with 100 pg/g Rh as 
internal standard. 

Instrument Configuration
System optimization (nebulizer gas flow etc.) was 
performed during aspiration of one of the diluted 
samples. The sample introduction system and plasma 
parameters used are summarized in Table 1. The analysis 
time was < 3 min per sample, plus 1 min uptake time and 
1.5 min wash time between samples.

Table 1. Sample introduction system and plasma parameters used.

Sample 
introduction: 

100 μL/min PFA concentric nebulizer 
(Micro-Flow PFA-100, ESI, Omaha, 
NB, USA) attached to a peristaltic pump
PFA spray chamber
Quartz torch with sapphire injector
Ni sampling and skimmer cones

Plasma 
parameters: 

Forward power: 1200 W
Sample gas flow: 1.03 L/min

Identification and Removal of Interferences
In ICP-MS, sample-specific matrix elements (e.g. Na, K, 
Ca, Cl, S and C) may combine with ‘background’ plasma 
ions (e.g. Ar, O, N and H) to form interfering polyatomic 
species. With low resolution ICP-MS these interferences 
are found at the same nominal mass of many isotopes of 
interest and can lead to inaccurate (falsely high) results 
and the potential for misinterpreting analytical results. 

The high-resolution capabilities of the ELEMENT 2 
HR-ICP-MS separate the elemental peak from the 
interference by the use of a computer controlled slit. 
By narrowing the width of this slit, the mass resolution 
is increased to resolve the elemental peak from the 
interference by their mass difference. It is important to 
note that with high mass resolution, most interferences 
– whether they are combinations of plasma gas, matrix 
ions or both – are efficiently separated at the same time 
with identical instrumental parameters, without any 
assumption being made about the elemental origin of the 
interferences themselves.



A couple of examples of polyatomic interferences in the 
Biorad Urine level 2 sample, after a dilution of 50, are 
shown in Figures 1a and 1b. The 52Cr+ peak in Figure 
1a at m/z 51.941 is completely resolved in medium 
resolution (R = 4000) from the intense interfering peak 
to the right. This peak is a combination of some/all of 
the following possible polyatomic interference species 
that can be found between 51.962 and 51.971: 40Ar12C+, 
40Ca12C+, 38Ar14N+, 36Ar16O+, 35Cl16OH+ and 37Cl15N+.

Figure 1a. Medium resolution (R = 4000) spectrum of chromium 
(0.6 ng/g Cr) in Biorad Urine level 2.

Figure 1b. High resolution (R = 10000) spectrum of arsenic 
(3.5 ng/g As) in Biorad Urine level 2. Both samples were diluted 
50-fold with 1.5% HCl, 1.5% TMAH.

The ability of high mass resolution to effectively separate 
the elemental signal from the interference is of particular 
importance in this study where a variety of sample 
matrices (with different matrix composition) is analyzed in 
the same analytical run using a single calibration, without 
consideration of the source of the interference.

Since the interfering elements are already present in 
the sample matrix and require the use of a higher mass 
resolution for accurate analysis, the HCl/TMAH diluent 
used does not unnecessarily complicate analysis with 
HR-ICP-MS as no additional interferences are generated.

Based on the interferences observed, the isotope(s) 
of each element were divided into the three resolution 
modes available as shown in Table 2.

Similarly, in Figure 1b, 75As (m/z 74.922) is separated  
from the major 40Ar35Cl+ and 40Ca35Cl+ interferences  
(m/z 74.931) and the smaller 39K35ClH+ (m/z 74.940) in 
high-resolution mode (R = 10,000).

Table 2. Isotopes used for quantification and resolution used to 
separate the observed interferences.

Element Resolution Interferences Observed

27AI MR 54Fe2+, 11B16O+, 12C14NH+

51V MR 35Cl16O+, 11B40Ar+, 33S18O+, 34S17O+

52Cr MR

40Ar12C+, 40Ca12C+, 38Ar14N+, 
36Ar16O+, 35Cl16OH+, 37Cl15N+, 

36S16O+

55Mn MR 39K16O+, 15N40Ar+

56Fe MR 40Ar16O+, 40Ca16O+

59Co MR 43Ca16O+, 42Ca16OH+, 118Sn2+

60Ni MR
23Na37Cl+, 24Mg36Ar+, 44Ca16O+, 

12C16O3
+

63Cu MR 23Na40Ar+, 31P16O2
+

68Zn MR 52Cr16O+, 28Si40Ar+

75As HR 35Cl40Ar+, 39K35ClH+, 40Ca35Cl+

76Se HR 60Ni16O+, 36Ar40Ar+

78Se HR 38Ar40Ar+

95Mo MR 55Mn40Ar+, 79Br16O+

111Cd MR 95Mo16O+

114Cd MR 98Mo16O+, 114Sn+

121Sb MR 81Br40Ar+, 85Rb36Ar+

205TI MR (31P3
16O7)

+

208Pb LR
209Bi LR



Calibration
In order to maximize the speed and ease of analysis, a 
single calibration was generated to cover the expected 
wide concentration range for the elements of interest in 
all three investigated matrices. In the undiluted samples, 
the calibration range was 10 to 10,000 ng/g for Al, Cu, 
Fe, Zn, 1 to 1000 ng/g for As, Cr, Mo, Ni, Pb, Sb, Se and 
0.1 and 100 ng/g for Bi, Cd, Co, Mn, Tl, and V. Solutions 
were prepared from single-element stock solutions 
(1000 µg/g; Merck, Germany) and analyzed in the 
same HCl/TMAH mixture (with 100 pg/g Rh as internal 
standard) as the samples. 

In combination with the relatively high sample dilution 
factor possible with the ELEMENT 2 HR-ICP-MS, the 
uniform matrix for both calibration and sample solutions, 
derived from the use of the same HCl/TMAH diluent 
enabled a simple external calibration for all samples 
investigated.

Examples of external calibration lines are shown in 
Figure 2 for 52Cr in medium resolution (MR) and 78Se in 
high resolution (HR). Due to the high sensitivity of the 
ELEMENT 2 HR-ICP-MS (> 1 x 106 cps/ppb for 115In (LR)), 
all the determined concentrations were well above the 
method detection limit (Table 3), determined as 3 times 
the standard deviation of 10 replicate measurements of 
the HCl/TMAH blank.

Table 3: Instrumental detection limits (IDL, pg/g) in the 1.5% 
HCl/TMAH mixture. These values are then corrected for the 
dilution factor used (*50) to calculate the method detection limit 
(MDL, ng/g) and compared to the minimum concentration value 
found in this study (in ng/g).

Isotope Res.
IDL

[pg/g]
MDL

[ng/g]

Min. Conc. In 
evaluated samples 

[ng/g]
27AI MR 2 0.1 13
51V MR 0.4 0.02 0.4

52Cr MR 0.6 0.03 1.2
55Mn MR 0.1 0.01 0.6
56Fe MR 1.2 0.06 24
59Co MR 0.3 0.02 0.05
60Ni MR 13.8 0.7 1.4

63Cu MR 1.6 0.08 21
68Zn MR 4 0.2 105
75As HR 4.5 0.2 2.2
76Se HR 9.1 0.5 2.4
78Se HR 9.3 0.5 2.4
95Mo MR 0.7 0.03 2.9
111Cd MR 0.7 0.04 0.21
114Cd MR 0.7 0.03 0.21
121Sb MR 1.5 0.07 1.4
205TI MR 0.01 0.0005 0.16

208Pb LR 0.05 0.0025 6.4
209Bi LR 0.01 0.0006 0.02

Figure 2. External calibration lines: 52Cr (MR, R = 4000) and 78Se (HR, R = 10000).



Results
The results for the quality control samples agree well 
with the suggested mean values. For example, Figure 3 
shows the results for repeat low-level Cr determinations 
(equivalent to ~50 – 100 pg/g in the diluted solutions) in 
both the Seronorm blood and Biorad urine QC samples 
against the suggested mean values. A summary of 
the accuracy and precision obtained for all elements 
analyzed is given in Table 4. Few suggested mean 
values are available for the Seronorm blood standard; 
for many elements only the spike concentrations are 
shown. Where suggested values are available, the results 
obtained with the Thermo Scientific ELEMENT 2 
HR-ICP-MS fall well within the accepted range.
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no. of analysis 

52Cr+ (MR) 

Biorad Urine level 1 
2.9 ng/g Cr 

Seronorm Blood level 2 
7 ng/g Cr (no range given) 

Range for BU1 
1.8 - 4.1 ng/g 

Table 4. Results for the quality control samples Sero Blood level 2 (SB2), Biorad Urine level 1 and level 2 (BU1 and BU2) in ng/g.  
Suggested mean concentrations and acceptable ranges are given where available. Values in italics indicate added concentrations.

Isotope Res.
SB2 n = 26 

[ng/g]
MEAN (RANGE) 

[ng/g]
BU1 n = 17  

[ng/g]
MEAN (RANGE)  

[ng/g]
BU2 n = 38  

[ng/g]
MEAN (RANGE)  

[ng/g]

27Al MR 52±3 30 (added) 824±24 600±27
51V MR 4.4±0.3 3 (added) 73±2 39±4

52Cr MR 6.8±0.5 7.1 2.5±0.1 2.9 (1.8-4.1) 25±1.6 23 (17-28)
55Mn MR 14.0±0.7 13.4 (12.8-15.1) 196±8 107±3
56Fe MR 46±2 54±5
59Co MR 6.3±0.3 5.2 7.4±0.3 7.1 (4.6-9.6) 14.4±0.5 13 (10-16)
60Ni MR 6.5±0.2 5 7.5±0.3 9.3 (6.3-12.3) 22±2 22 (16-27)

63Cu MR 644±48 45±2 49 (37-62) 58±4 57 (43-71)
68Zn MR 5302±303 687±39 698 (559-838) 1092±44 1136 (909-1364)
75As HR 14.8±1.2 10 (added) 75±6 65 (42-88) 176±15 154 (116-193)
76Se HR 129±9 112 85±7 67 (51-84) 207±20 180 (135-225)
78Se HR 126±7 112 86±5 67 (51-84) 208±17 180 (135-225)
95Mo MR 7.1±0.2 5 (added) 66±3 69±1
111Cd MR 5.9±0.5 6.2 (5.4-7.2) 6.0±0.2 5.9 (4.7-7.1) 12.0±0.5 11.8 (9.4-14.2)
114Cd MR 5.9±0.6 6.2 (5.4-7.2) 6.0±0.2 5.9 (4.7-7.1) 12.1±0.5 11.8 (9.4-14.2)
121Sb MR 28±2 25 (added) 21±1 21 (16-26) 78±6 79 (59-99)
205Tl MR 6.3±0.4 5 (added) 11.2±0.7 10 (8-12) 190±21 181 (136-226)

208Pb LR 421±41 401 (353-443) 16±1 13.4 (11-16) 84±6 70 (55-84)
209Bi LR 5.1±0.3 5 (added) 0.62±0.02 0.64±0.12

Figure 3. Precision and accuracy for 52Cr in a single analysis 
sequence of Biorad Urine level 1 (left) followed by Sero Blood level 
2 (right).

The method developed was applied to a set of 
31 samples as described above. The reduced matrix 
introduced into the instrument, due to the relatively high 
dilution factor used, allowed for continuous analysis 
without any blockage of the sample introduction system.



As the samples consisted of uncertified human, 
bovine and artificial matrices, the unspiked elemental 
concentrations were determined from the consensus 
concentrations determined by the participating 
laboratories (n = 6). These concentrations were 
subsequently used to calculate the target concentrations 
in the spiked samples. The wide elemental concentration 
range covered by the samples analyzed is shown in 
Figure 4.
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Figure 4. Concentration range in the original samples. Note: Fe in 
blood has been excluded.

The results for Cr and Se – traditionally considered to be 
two of the most difficult elements to analyze by ICP-MS – 
are discussed here in more detail:

• Cr is tricky to analyze by low resolution ICP-MS due 
to both the intense polyatomic interferences shown 
and its low concentration in body fluids[8]. For Cr, 
reliable low level determinations are necessary to 
enable research into its assumed role in insulin activity 
and in glucose, cholesterol and fat metabolism. 
Concentrations in blood are <1 ppb, but may be higher 
in the blood of dialysis patients. Due to slow urinary 
excretion rates, Cr concentrations in urine are lower, 
with a basal level of approximately 0.1 ng/g. Such low 
level analyses were not required in this sample set  
(Table 5), yet the lowest concentrations measured with 
the ELEMENT 2 HR-ICP-MS agree well with the target 
values (Figure 5). By contrast, outliers for analyses of 
the lowest level samples from the other participating 
laboratories had to be excluded from the calculation of 
the consensus value and range as shown in Table 5.

Table 5: Results for Cr in urine, shown in comparison to 
target, consensus and reported concentration range.

Sample
Measured 

[ng/g]
Target 
[ng/g]

Consensus 
[ng/g]

Range 
[ng/g]

Values 
used

U1 1.7 1.8 1.8 1.4-2.4 3

U2 1.3 1.4 1.4 1.1-1.7 3

U3 14 11 11 8.0-14 5

U4 1.2 1 1 0.7-1.4 3

U5 6.8 7.7 7.7 5.0-12 4

U6 1.2 0.9 0.9 0.6-1.2 3

U7 6.1 6.9 6.9 4.0-11 4

U8 7.4 5.9 8 6.0-12 4

U9 25 21 24
18.0-
30.0

6

U10 9 6.9 9.1 3.0-12 4

U11 33 29 34 20-50 5

U12 25 23 32 25-49 6

U13 7.9 6.5 7.8 6.0-10 4

U14 15 12 14 13-16 4

U15 15 18 15 13-19 4

U16 14 12 16 9.0-24 5

U17 53 51 59 53-68 6

U18 48 36 35 26-48 4

U19 31 27 38 25-56 6

R  = 0.986 
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Figure 5. Cr recovery vs. target concentrations in urine 
QC samples.



• Human selenium deficiency diseases that have been 
identified include Keshan Disease (in which the heart 
muscle is abnormally enlarged, thickened and/or 
stiffened) and Kashin-Beck Disease, a deforming 
arthritis in children and adolescents first identified in 
an area of China where the soil is extremely low in 
selenium[9]. ICP-MS analysis of Se is complicated by 
interferences from the Ar dimer and other polyatomic 
species, low isotopic abundances and low ionization 
efficiency. Therefore, the combination of high mass 
resolution with the high sensitivity possible with the 
ELEMENT 2 HR-ICP-MS is a basic requirement for 
accurate Se analyses in biological samples. The 
results in Figure 6 show close agreement over a large 
range of the target concentrations (10 – 300 ng/g Se). 
For comparison, the range of the results from all 6 
laboratories is presented in Table 6.

R  = 0.997 
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Figure 6. Se recovery vs. target concentrations in serum/plasma 
QC samples.

Table 6. Results for Se in serum, shown in comparison to 
target, consensus and reported concentration range.

Sample
Measured 

[ng/g]
Target 
[ng/g]

Consensus 
[ng/g]

Range 
[ng/g]

Values 
used

S1 11 15 15 9.0-24 6

S2 17 23 23 12.0-34 6

S3 48 59 56 44-67 6

S4 112 132 142 103-209 6

S5 120 132 126 107-153 6

S6 262 307 286 202-357 6

S7 281 307 293 249-354 5

S8 51 67 70 51-99 6

P9 69 85 85 54-136 6



Conclusion
The method presented offers rapid and accurate analysis 
of trace elements in biological samples. Due to the 
superior sensitivity of the ELEMENT 2 HR-ICP-MS, the 
samples could be analyzed at a higher dilution factor. 
This allowed the use of a single external calibration 
for urine, serum and blood samples and improved the 
long-term signal stability without blockage of the sample 
introduction system. Medium and high mass resolution 
with the ELEMENT 2 HR-ICP-MS is used to rapidly 
and definitively separate the elements of interest from 
polyatomic interferences without the need for previous 
knowledge of the sample matrix. The use of a TMAH and 
HCl diluent does not restrict the choice of isotopes due 
to the formation of additional polyatomic interferences 
as they are already resolved with medium and high 
resolution mass resolution. 
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