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Trace Analyses in Metal
Matrices Using the ELAN DRC II
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Introduction

Analyses of matrices containing
high levels of metals present a
challenge for ICP-MS. First, the
concentrations of metals being
introduced into the instrument
may be high – up to 1,000 ppm.
These high concentrations can cause
instrumental drift resulting from
deposition on the interface or other
components. Also, the matrices
may be complex due to both the
composition of the materials (i.e.,
alloys) and the digestion solutions. 

The usual interferences encountered
with metal matrices are oxides
and argides of the matrix species.
However, the resulting interferences
may be unusual compared to what
is normally encountered with 
ICP-MS. For example, chloride is
usually the major interfering
species on As+ (ArCl+), but in a
cobalt matrix, CoO+ is the major
interfering species for As+. Also,
interferences may form on elements
which are normally interference-
free, such as Rh which suffers
from the CuAr+ interference in a
copper matrix. Additionally,
because the matrix species are
present at high concentrations, the
interferences are usually significant.

Another problem posed by metal
matrices is that the desired analyte

levels are usually very low. After
digestion and dilution, desired
analyte levels are often low ppb 
(µg/L) to ppt (ng/L) levels. These
low analyte levels, in combination
with large interferences, present a 
challenge for the analysis of high
metal matrices.

In this work, we show how Dynamic
Reaction Cell™ (DRC™) ICP-MS
can successfully perform low-level
analyses in samples containing
high metal concentrations.

Experimental

The instrument used in this work
was the ELAN® DRC II. Specific
operating conditions appear in
Table 1. A highly energetic plasma
is desirable to break down the
matrix species; this condition 
was achieved by using high 
Radio Frequency (RF) power in
combination with a low uptake
nebulizer. Method-specific condi-
tions for different matrices are 
discussed later.  

All matrix solutions were made
from 1,000 or 10,000 mg/L (ppm)
single-element standards; analytes
and internal standards were
spiked into the matrix solutions 
at appropriate levels.
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Table 1. Instrumental Operating Conditions 

Parameter Setting

Nebulizer PFA-100 (ESI, Inc., Omaha, NE)

Sample Uptake Rate ≈175 µL/min (self aspiration)

Spray Chamber Cyclonic

RF Power 1500 W

Nebulizer Flow Set for ≤1.5% oxides (CeO+/Ce+)



Results and Discussion

Cleanliness of the Reaction Cell

It may be expected that high-level
metal matrices would contaminate
the reaction cell. However, this is not
the case – the reaction cell remains
clean and does not become contami-
nated. The primary reason for this is
the presence of an electrically neutral
shadow stop positioned in-line
between the orifice of the skimmer
cone and the opening to the reaction
cell, as shown in Figure 1. Because
of this placement, non-ionized
species collide with and deposit on
the shadow stop, thus keeping the
reaction cell clean. Neutral species,
which expand around the shadow
stop, deposit on the lens and 
differential aperture located before
the entrance to the reaction cell.
Because of the design and placement
of these components, the reaction cell
remains clean, and the reaction cell
parameters remain constant.

Cadmium in a Molybdenum Matrix

Determining trace levels of cadmium
in the presence of high molybdenum
levels is difficult due to the formation
of molybdenum oxide, whose isotopes
overlap all the cadmium isotopes.
This type of analysis is important in
the metallurgical industry because
molybdenum is a major component
in steels and alloys.

To solve this problem, O2 is used 
as a reaction gas in combination with
the appropriate bandpass setting.
Figure 2 shows a reaction gas profile
which demonstrates the removal of
the MoO+ interference on 114Cd+, the
major cadmium isotope. In this figure
114Cd+ intensity is plotted versus O2
gas flow. The blue line represents the
signal resulting from a solution of 
28 ppm Mo, while the green line
shows the signal from a solution of
28 ppm Mo + 0.5 ppb Cd. At O2
flows < 1 mL/min, the lines overlap
indicating an interference. However,
at higher flows, the lines diverge; 

the difference between the lines 
represents the signal due to Cd in
the presence of Mo. At an O2 flow of
2 mL/min, the signal due to Mo
(MoO+) is about 50 cps, while that
resulting from 0.5 ppb Cd is about
700 cps. This difference results from
the different reactivities of the
species present: MoO+ reacts readily
with O2 to form MoO2

+, while Cd is
unreactive with O2 and is thus unaf-
fected by the gas flow. 

The reaction profile in Figure 2 was
acquired with a bandpass setting
(RPq) of 0.75. At this setting, Mo+ is
excluded from the reaction cell so
that the only Mo species entering 
the cell is MoO+ generated from the
plasma. This latter species reacts
with O2 in the cell to form MoO2

+. 

Figure 1.  Schematic diagram of the ELAN DRC II showing how the reaction cell remains clean.

Figure 2.  Cell gas optimization plot for Cd in a Mo matrix. The y-axis represents intensity at
114Cd+; the x-axis represents O2 gas flow in mL/min. The green line represents the signals from
a solution of 28 ppm Mo. The blue line represents the signal from a solution of 28 ppm Mo
spiked with 0.5 ppb Cd. The red line is the estimated detection limit (EDL). This data was
taken with a bandpass parameter (RPq) of 0.75.
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These reaction cell conditions
(O2=2.0 mL/min; RPq=0.75) were
applied to the determination of Cd in
a cobalt alloy containing Mo as part
of the matrix. After digestion and
dilution, the Mo concentration entering
the instrument was 28 ppm, while
the desired Cd analytical level (after
sample preparation) was 0.2 ppb. 
An external calibration curve in 1%
HNO3 (no matrix matching) was
used, and the internal standard was
Rh (10 ppb).

Table 2 shows the results of this
analysis. First, the sample matrix
was analyzed 3 consecutive times in
both standard and DRC modes. In
standard mode, the Cd concentration
reads about 30 ppb, while in DRC
mode, Cd reads 0.055 ppb. These
results show that a large interference
exists, which is eliminated with the
DRC. A 0.2 ppb Cd spike was then
analyzed, and the recoveries calculated.
In DRC mode, the recoveries are 
95%. These results demonstrate the
successful determination of low-level
Cd analysis in the presence of a high
Mo level.

Molybdenum in an Iron Matrix

In matrices containing high quantities
of iron, such as steels and alloys,
low-level molybdenum determination
is difficult due to the presence of
ArFe+ which overlaps the major Mo
isotopes. To remove the effect of this
interference, Mo+ can be moved to a
new analytical mass. In the previous
section, it was seen that Mo reacts
with O2 to form MoO2

+ (m/z 130);
therefore, this reaction was used to
move Mo to an analytical mass away
from the interference.

Figure 3 shows a cell gas optimization
plot of MoO2

+ in the presence of iron
with RPq=0.45. The matrix is 1,000
ppm Fe, and the spike level is 1 ppb

Figure 3.  Cell gas optimization plot for Mo in an Fe matrix. The y-axis represents intensity at
MoO2

+(m/z 130); the x-axis represents O2 gas flow in mL/min. The green line represents the
signals from a solution of 1,000 ppm Fe. The blue line represents the signal from a solution of
1,000 ppm Fe spiked with 1 ppb Mo. The red line is the estimated detection limit (EDL). This
data was taken with a bandpass parameter (RPq) of 0.45.

Mo. The formation of MoO2
+ is

observed as O2 is introduced into the
reaction cell, yet the signal from the
iron matrix remains low. Maximum
MoO2

+ sensitivity occurs at an O2
flow of 0.35 mL/min. 

These reaction cell conditions were
applied to the quantitative determi-

Table 2. Quantitative Determination of Cadmium in a Molybdenum Matrix 

Matrix 0.2 ppb Cd Spike Recovery

Sample # DRC Std Mode DRC Std Mode DRC Std Mode
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)

1 0.054 32.0 0.242 32.1 94% 50%

2 0.059 31.6 0.259 32.0 100% 200%

3 0.056 32.3 0.236 32.3 90% ---

Average 0.056 32.0 0.246 32.1 95% ---

nation of Mo in an iron matrix. A
10,000 ppm Fe standard containing 1
ppb Mo was diluted ten times to 
give a sample consisting of 100 ppt
Mo and 1,000 ppm Fe. Quantitative
analysis was performed using external
calibration standards in 1% HNO3
(no matrix matching) with In (10 ppb)
as an internal standard. 
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Table 4. Reaction Cell Conditions for Multielement Analysis in a Copper Matrix

Analyte m/z Reaction Gas Gas Flow RPq
(mL/min)

As 75 --- --- 0.25
Ag 107 --- --- 0.25
Cd 111 --- --- 0.25
Sb 121 --- --- 0.25
Pb 208 --- --- 0.25
Bi 209 --- --- 0.25
Rh 103 NH3 0.60 0.75
Te 128 NH3 0.60 0.60

Figure 4 displays the calibration
curve for 0.1, 0.5, and 1 ppb Mo
standards while monitoring MoO2

+

at m/z 130. The linearity of the curve
demonstrates that the formation of
MoO2

+ is reproducible over an order
of magnitude. This is expected since
the reaction Mo+ + O2 ➝ MoO2

+ is
governed by kinetics and thermo-
dynamics and, therefore, will always 
be constant. The quantitative results
appear in Table 3. The data shows
that 0.1 ppb Mo can be consistently
determined in the presence of 
1000 ppm Fe.

Multielement Analysis in a 
Copper Matrix

Determining trace contaminants in
high purity metals is important so
that final products made from these
metals function properly. Major
interferences in these matrix types
result from matrix oxides, matrix
argides, and matrix doubly-charged
species. Elements commonly 
determined in a copper matrix
include As, Ag, Cd, Sb, Pb, Bi, Rh,
and Te. After sample preparation, 
the desired analytical level for these
analytes is 100 ppt in a 1,000 ppm
Cu matrix. Expected matrix-related
interferences are CuAr+ on Rh and
Cu2

+ on Te; other elements are 
interference-free. Table 4 shows the
reaction cell conditions used for this
analysis. NH3 is used to eliminate 
the interferences on Rh and Te, while
the interference-free elements are
analyzed in standard mode. All 
elements are measured using one
method and one analytical run.

Table 3. Quantitative Determination of
Molybdenum in an Iron Matrix

Sample Mo Concentration
(ppb)

1 0.114
2 0.111
3 0.111

Figure 4.  Calibration for 0.1, 0.5, and 1 ppb Mo monitoring MoO2
+ (m/z 130).

Reaction cell conditions: O2 = 0.35 mL/min; RPq=0.45.
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Calibration was performed with
external standards prepared in 1%
HNO3. Ten ppb each of Ga, Y, and Ir
were used as internal standards. The
1,000 ppm Cu matrix was made by
dilution of a 10,000 ppm Cu stan-
dard, and 100 ppt of each element
was spiked into the matrix solution.

Table 5 shows the quantitative
results for the unspiked 1,000 ppm
Cu matrix, both at the beginning of
the run and 65 minutes later after the
spiked solution had been run 10
times. By comparing the two
columns, it is evident that the 
measured concentrations did 
not change. This result shows the
stability of the method and indicates
that the reaction cell is not being
contaminated during the analysis. 
By comparing the black and blue
rows for Rh and Te, it is evident 
that interferences exist on both these
species in the standard mode, yet 
the DRC mode removes the 
interfering species.

Spike recovery data is presented in
Figure 5. The spiked sample was run
10 times over 1 hour after the
unspiked sample had been run.
These plots further demonstrate the
stability of the instrument and
method by showing that 100 ppt
spike recoveries vary by less than 
± 15% over one hour. These 
recoveries were calculated relative 
to the unspiked sample analyzed at
the beginning of the run (Sample 1 
in Table 5). A plot of spike recoveries
calculated relative to the unspiked
sample analyzed at the end of the
run (Sample 11 in Table 5) looks
identical and is not shown.

Figure 5.  100 ppt spike recoveries over 1 hour for several elements in 1000 ppm Cu. Rh and Te
were analyzed in DRC mode (NH3 as reaction gas); the other elements were run in standard mode.

Table 5. Quantitative Results for Multielement Analysis in a Copper Matrix

Analyte Sample 1 Sample 11
(ppb) (ppb)

As 0.000 0.000
Ag 0.041 0.041
Rh 0.001 0.000
Rh 21.8 21.7
Cd 0.002 0.002
Sb 0.009 0.008
Te 0.004 0.006
Te 0.078 0.095
Pb 0.356 0.365
Bi 0.020 0.020

Blue = DRC mode
Black = Standard mode
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Multielement Analysis of a 
Cobalt Alloy

Alloy analysis is more complex 
than high-purity metal matrices
because of the multiple components
present which lead to more possible
interferences. Table 6 displays the
composition of a cobalt alloy, as 
well as the desired analytes and their
levels, both in the solid and after
sample preparation. From this list,
expected interferences are CoO+ on
As+ and MoO+ on Cd+. 

Table 7 shows the reaction cell 
conditions used. Most of the elements
are run in standard mode because
they are interference-free; the effects
of the interfering species on As+ and
Cd+ are eliminated using O2 as a
reaction gas. For this method, O2 is
used in two ways:  first, to convert
As+ to a new analytical species
(AsO+) away from the CoO+ interfer-
ence, and second, to remove the
MoO+ interference on Cd+.

External calibrations using standards
made in 1% HNO3 were used. Sc,
Rh, In, and Ir were used as internal
standards. The matrix solution was
made in the laboratory by appropriate
dilution of 10,000 ppm standards
and then was spiked with the analytes
at their desired analytical levels, as
shown in Table 6. 

Table 8 displays the quantitative
results of analyzing the cobalt alloy
matrix, both at the beginning of the
run and 65 minutes later after the
spiked solution had been run 10
times. By comparing the two sample
columns in Table 8, it is evident that
the measured concentrations do not
change. This result shows the 
stability of the method and indicates
that the reaction cell remains clean
during the analysis.

Table 6. Composition of Cobalt Alloy

Component Solid After Sample Prep 
(ppm) (ppb)

Bi, Cd, Tl 0.4 0.2
Pb, Sb 2 1
Te 4 2
Sn, As 10 5
Mg 200 100

Matrix Solid After Sample Prep 
(%) (ppm)

Co 60 300
Cr 28 140
Mo 5.5 28
C, Mn, Si, Ni, Fe ≤ 1 ≤ 10 

Table 7. Reaction Cell Conditions for Analysis of a Cobalt Alloy

Analyte m/z Reaction Gas Gas Flow RPq
(mL/min)

Mg 24 --- --- 0.25
Sn 120 --- --- 0.25
Sb 121 --- --- 0.25
Te 125 --- --- 0.25
Tl 205 --- --- 0.25
Pb 208 --- --- 0.25
Bi 209 --- --- 0.25
AsO 91 O2 2.0 0.70
Cd 114 O2 2.0 0.75

Table 8. Quantitative Results for Analysis of a Cobalt Alloy

Analyte Sample 1 Sample 11
(ppb) (ppb)

Mg 2.47 2.61
Sn 0.190 0.171
Sb 0.031 0.032
Te 0.292 0.263
Tl 0.004 0.003
Pb 0.328 0.335
Bi 0.178 0.188
Cd 0.061 0.049
As 1.14 0.95

Blue = DRC mode
Black = Standard mode
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Figure 6.  Spike recoveries over 1 hour for several elements in a cobalt alloy matrix. Cd and
AsO were analyzed in DRC mode (O2 as reaction gas); the other elements were run in standard
mode.

Table 9. Stability of Spike Recoveries in a Cobalt Alloy Over 1 Hour

Analyte Spike Level RSD
(ppb) (%)

Mg 100 1.5
Sn 5 0.9
Sb 1 0.8
Te 2 2.9
Tl 0.2 1.6
Pb 1 0.9
Bi 0.1 1.3
Cd 0.2 2.5
As 5 3.2

Blue = DRC mode
Black = Standard mode

Figure 6 shows spike recovery data
over one hour; the spiked sample
was run 10 times after the unspiked
sample had been run. These plots
further demonstrate the stability of
the instrument and method by 
showing that the spike recoveries
vary by less than ± 15% over one
hour. These recoveries were 
calculated relative to the unspiked
sample analyzed at the beginning of
the run (Sample 1 in Table 8). A plot
of spike recoveries calculated relative
to the unspiked sample analyzed at
the end of the run (Sample 11 in
Table 8) looks identical and is not
shown. Further evidence of the 
stability is presented in Table 9
which shows that the RSD’s (Relative
Standard Deviation) for the spikes
displayed in Figure 6 are less than 
or equal to 3%.

Conclusions

This work demonstrates the ability 
of the ELAN DRC II to perform low-
level analyses in samples containing
high levels of metal species. It has
been shown, both conceptually and
with stability data, that the reaction
cell does not become contaminated
despite the high-level matrix samples
being introduced to the instrument.
The flexibility of the DRC has been
demonstrated by showing that the
effects of matrix-derived interferences
can be eliminated by either removing
the interference or by converting the
analytes to new analytical masses
away from the interferences. By 
utilizing these schemes, ppt levels 
of many analytes can be successfully
measured in high metal matrices.
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