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A Beginner's Guide to ICP-MS

Part XIl — A Review of Interferences

Robert Thomas

We have previously covered the
major instrumental components
of an ICP mass spectrometer; now
let’s turn our attention to the
technique’s most common inter-
ferences and what methods are
used to compensate for them. Al-
though interferences are reason-
ably well understood in induc-
tively coupled plasma—mass
spectrometry (ICP-MS), it can
often be difficult and time-
consuming to compensate for
them, particularly in complex
sample matrices. Having prior
knowledge of the interferences as-
sociated with a particular set of
samples will often dictate the
sample preparation steps and the
instrumental methodology used to
analyze them.

nterferences in ICP-MS are
generally classified into
three major groups — spec-
tral, matrix, and physical.
Each of them has the potential to
be problematic in its own right,
but modern instrumentation and
good software, combined with
optimized analytical methodolo-
gies, has minimized their negative
impact on trace element determi-
nations by ICP-MS. Let us take a
look at these interferences in
greater detail and describe the
different approaches used to
compensate for them.

Spectral Interferences
Spectral overlaps are probably
the most serious types of inter-
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Figure 1. Mass spectrum of deionized water from mass 40 to mass 85.

ferences seen in ICP-MS. The
most common type is known as
a polyatomic or molecular spec-
tral interference, which is pro-
duced by the combination of
two or more atomic ions. They
are caused by a variety of factors,
but are usually associated with
either the plasma and nebulizer
gas used, matrix components in
the solvent and sample, other
analyte elements, or entrained
oxygen or nitrogen from the sur-
rounding air. For example, in the
argon plasma, spectral overlaps
caused by argon ions and combi-
nations of argon ions with other
species are very common. The
most abundant isotope of argon
is at mass 40, which dramatically
interferes with the most abun-
dant isotope of calcium at mass

40, whereas the combination of
argon and oxygen in an aqueous
sample generates the “Ar"*O in-
terference, which has a signifi-
cant impact on the major iso-
tope of Fe at mass 56. The
complexity of these kinds of
spectral problems can be seen in
Figure 1, which shows a mass
spectrum of deionized water
from mass 40 to mass 90.
Additionally, argon can also
form polyatomic interferences
with elements found in the acids
used to dissolve the sample. For
example in a hydrochloric acid
medium, “Ar combines with the
most abundant chlorine isotope
at 35 amu to form “Ar*Cl,
which interferes with the only
isotope of arsenic at mass 75,
while in an organic solvent ma-



Relative Abundance of the Natural Isotopes
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Isotope % % % | Isotope % % % Isotope % % % Isotope % % %
1 H 99.985 61 Ni  1.140 121 Sb 57.36 181 Ta 99.988
2 H 0.015 62 Ni  3.634 122 Sn 463 Te 2.603 182 w 26.3
3 He 0.000137 63 Cu 69.17 123 Te 0.908 Sb 4264 183 w 14.3
4 He 99.999863 64 Zn 48.6 Ni  0.926 124 Sn 579 Te 4816 Xe 0.10 184 Os 0.02 W 30.67
5 65 Cu 30.83 125 Te 7.139 185 Re 37.40
6 Li 7.5 66 Zn 279 126 Te 1895 Xe 0.09 186 Os 1.58 w 28.6
7 Li 92.5 67 Zn 41 127 | 100 187 Os 16 Re 62.60
8 68 Zn 18.8 128 Te 3169 Xe 1.91 188 Os 133
9 Be 100 69 Ga 60.108 | 129 Xe 264 189 Os 16.1
10 B 19.9 70 Ge 2123 Zn 0.6 130 Ba 0106 Te 33.80 Xe 4.1 190 Os 264 Pt 0.01
" B 80.1 71 Ga 39.892 | 131 Xe 212 191 Ir 37.3
12 C 98.90 72 Ge 27.66 132 Ba 0.101 Xe 269 192 Os 41.0 Pt 079
13 (o] 1.10 73 Ge 7.73 133 Ce 100 193 Ir 62.7
14 N  99.643 74 Ge 35.94 Se 0.89 134 Ba 2417 Xe 104 194 Pt 329
15 N  0.366 75 As 100 135 Ba 6.592 195 Pt 338
16 99.762 76 Ge 744 Se 9.36 136 Ba 7854 Ce 0.19 Xe 8.9 196 Hg 0.15 Pt 253
17 O  0.038 77 Se 7.63 137 Ba 11.23 197 Au 100
18 0.200 78 Kr 0.35 Se 2378 138 Ba 7170 Ce 0.25 La 0.0902 198 Hg 9.97 Pt 7.2
19 F 100 79 Br 50.69 139 La 99.9098 199 Hg 16.87
20 Ne 90.48 80 Kr_ 225 Se  49.61 140 Ce 88.48 200 Hg 23.10
21 Ne 027 81 Br 49.31 141 Pr 100 201 Hg 13.18
22 Ne 9.25 82 Kr 116 Se 8.73 142 Nd 2713 Ce 11.08 202 Hg 29.86
23 Na 100 83 Kr 115 143 Nd 12.18 203 Tl 29.524
24 Mg 78.99 84 Kr  57.0 Sr 0.56 144 Nd 23.80 Sm 3.1 204 Hg 6.87 Pb 1.4
25 Mg 10.00 85 Rb 72.165 | 145 Nd 8.30 205 Tl 70.476
26 Mg 11.01 86 Kr 173 Sr 9.86 146 Nd 17.19 206 Pb 241
27 Al 100 87 Sr 7.00 Rb 27.835 | 147 Sm 15.0 207 Pb 221
28 Si 9223 88 Sr 8258 148 Nd 576 Sm 1.3 208 Pb 524
29 Si 4.67 89 Y 100 149 Sm 138 209 Bi 100
30 Si 3.10 90 Zr 5145 150 Nd 564 Sm 7.4 210
31 P 100 91 Zr  11.22 151 Eu 47.8 211
32 S 95.02 92 Zr 1715 Mo 14.84 152 Gd 020 Sm 26.7 212
33 S 0.75 93 Nb 100 153 Eu 522 213
34 S 4.21 94 Zr 1738 Mo 9.25 154 Gd 218 Sm 227 214
35 Cl 7577 95 Mo 1592 155 Gd 14.80 215
36 S 0.02 Ar 0.337 96 Zr 280 Mo 1668 Ru 552 156 Gd 2047 Dy 0.06 216
37 Cl 2423 97 Mo  9.55 157 Gd 15.65 217
38 Ar  0.063 98 Mo 2413 Ru 1.88 158 Gd 24.84 Dy 0.10 218
39 K 93.2581 99 Ru 127 159 Tb 100 219
40 K 00117 Ca 96.941 Ar 99.600 100 Mo _9.63 Ru 126 160 Gd 2186 Dy 2.34 220
41 K 6.7302 101 Ru 17.0 161 Dy 18.9 221
42 Ca 0.647 102 Pd 1.02 Ru 316 162 Er 0.14 Dy 25.5 222
43 Ca 0.135 103 Rh 100 163 Dy 249 223
44 Ca 2.086 104 Pd 11.14 Ru 187 164 Er 1.61 Dy 28.2 224
45 Sc 100 105 Pd 22.33 165 Ho 100 225
46 Ti 8.0 Ca 0.004 106 Pd 2733 Cd 1.25 166 Er 336 226
47 Ti 7.3 107 Ag 51.839 | 167 Er 2295 227
48 Ti 738 Ca 0.187 108 Pd 26146 Cd 0.89 168 Er 268 Yb 0.13 228
49 Ti 55 109 Ag 48.161 169 Tm 100 229
50 Ti 54 Vv 0.250 Cr_4.345 110 Pd 1172 Cd 12.49 170 Er 149 Yb 3.05 230
51 VvV 99.750 111 Cd 1280 171 Yb 143 231 Pa 100
52 Cr 83.789 112 Sn 097 Cd 2413 172 Yb 219 232 Th 100
53 Cr 9.501 113 Cd 1222 In 4.3 173 Yb 16.12 233
54 Fe 5.8 Cr 2.365 114 Sn 065 Cd 2873 174 Yb 31.8 Hf 0.162 234 U 0.0055
55 Mn 100 115 Sn  0.34 In 95.7 175 Lu 97.41 235 U 0.7200
56 Fe 9172 116 Sn 1453 Cd 7.49 176 Lu 259 Yb 12.7 Hf 5.206 236
57 Fe 2.2 117 Sn 7.68 177 Hf 18.606 237
58 Fe 0.28 Ni  68.077 118 Sn 2423 178 Hf 27.297 238 U 99.2745
59 Co 100 119 Sn 859 179 Hf 13.629
60 Ni  26.223 120 Sn 3259 Te 0.096 180 Ta 0.012 W 0.13 Hf 35.100

Figure 2. Relative isotopic abundances of the naturally occurring elements, showing all the potential isobaric interferences.

trix, argon and carbon combine to form
“Ar2C, which interferes with *Cr, the
most abundant isotope of chromium.
Sometimes, matrix or solvent species
need no help from argon ions and com-
bine to form spectral interferences of
their own. A good example is in a sam-
ple that contains sulfuric acid. The
dominant sulfur isotope *S combines
with two oxygen ions to form a
2§00 molecular ion, which inter-
feres with the major isotope of Zn at
mass 64. In the analysis of samples con-
taining high concentrations of sodium,
such as seawater, the most abundant
isotope of Cu at mass 63 cannot be used
because of interference from the
“Ar*Na molecular ion. There are many
more examples of these kinds of poly-
atomic and molecular interferences (1).
Table I represents some of the most
common ones seen in ICP-MS.

Oxides, Hydroxides, Hydrides, and
Doubly Charged Species

Another type of spectral interference is
produced by elements in the sample
combining with H, O, or “OH (either
from water or air) to form molecular
hydride (H), oxide (**O), and hydroxide
(**OH) ions, which occur at 1, 16, and
17 mass units higher than its mass (2).
These interferences are typically pro-
duced in the cooler zones of the plasma,
immediately before the interface region.
They are usually more serious when
rare earth or refractory-type elements
are present in the sample, because many
of them readily form molecular species
(particularly oxides), which create spec-
tral overlap problems on other elements
in the same group. Associated with
oxide-based spectral overlaps are dou-
bly charged spectral interferences.
These are species that are formed when

an ion is generated with a double posi-
tive charge, as opposed to a normal sin-
gle charge, and produces a peak at half
its mass. Like the formation of oxides,
the level of doubly charged species is re-
lated to the ionization conditions in the
plasma and can usually be minimized
by careful optimization of the nebulizer
gas flow, rf power, and sampling posi-
tion within the plasma. It can also be
impacted by the severity of the second-
ary discharge present at the interface
(3), which was described in greater de-
tail in Part IV of the series (4). Table II
shows a selected group of elements, that
readily form oxides, hydroxides, hy-
drides, and doubly charged species, to-
gether with the analytes that are af-
fected by them.
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Figure 3. Spectral scan of 100 ppt *Fe and deionized water using cool

plasma conditions.

Table I. Some common
plasma, matrix, and solvent-
related polyatomic spectral
interferences seen in ICP-MS.

Element/ Matrix/

Isotope  solvent Interference
»K H,0 ®ArH
“Ca H,0 “Ar
*Fe H,0 “Ar°0
©Se H,0 ©ArAr
MV HCl *Cl'*0
”As HCl “Ar*>Ci
i HNO5 NN
44ca HNO3 14N'I4N|60
*Mn HNO5 “AreN
“Ti H,S0, *S'*0
>Cr H,S0, *S'*0
64Zn HZSO4 325160]60
63Cu H3PO4 31P160160
*Mg Organics ?CrC
*Cr Organics “Ar?C
*Cu Minerals “*Ca'*OH
“Zn Minerals “*Ca'*0
*Cu Seawater “Ar*Na

Isobaric Interferences

The final classification of spectral inter-
ferences is called “isobaric overlaps,”
produced mainly by different isotopes
of other elements in the sample that
create spectral interferences at the same
mass as the analyte. For example, vana-
dium has two isotopes at 50 and 51
amu. However, mass 50 is the only
practical isotope to use in the presence
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Figure 4. Reduction of the “Ar*Cl interference makes it possible to

determine low ppt levels of monoisotopic *As in a high chloride matrix
using dynamic reaction cell technology.

of a chloride matrix, because of the
large contribution from the *O*Cl in-
terference at mass 51. Unfortunately
mass 50 amu, which is only 0.25%
abundant, also coincides with isotopes
of titanium and chromium, which are
5.4% and 4.3% abundant, respectively.
This makes the determination of vana-
dium in the presence of titanium and
chromium very difficult unless mathe-
matical corrections are made. Figure 2
— the relative abundance of the natu-
rally occurring isotopes — shows all the
naturally occuring isobaric spectral
overlaps possible in ICP-MS (5).

Ways to Compensate for Spectral
Interferences

Let us look at the different approaches
used to compensate for spectral interfer-
ences. One of the very first ways used to
get around severe matrix-derived spectral
interferences was to remove the matrix
somehow. In the early days, this involved
precipitating the matrix with a complex-
ing agent and then filtering off the pre-
cipitate. However, this has been more re-
cently carried out by automated matrix
removal and analyte preconcentration
techniques using chromatography-type
equipment. In fact, this method is pre-
ferred for carrying out trace metal deter-
minations in seawater because of the ma-
trix and spectral problems associated
with such high concentrations of sodium
and magnesium chloride (6).

Mathematical Correction Equations
Another method that has been success-
fully used to compensate for isobaric
interferences and some less severe poly-
atomic overlaps (when no alternative
isotopes are available for quantitation)
is to use mathematical interference cor-
rection equations. Similar to inter-
element corrections (IECs) in ICP—
optical emission spectroscopy, this
method works on the principle of
measuring the intensity of the interfer-
ing isotope or interfering species at an-
other mass, which ideally is free of any
interferences. A correction is then ap-
plied by knowing the ratio of the inten-
sity of the interfering species at the ana-
lyte mass to its intensity at the alternate
mass.

Let’s take a look at a real-world ex-
ample of this type of correction. The
most sensitive isotope for cadmium is
at mass 114. However, there is also a
minor isotope of tin at mass 114. This
means that if there is any tin in the
sample, quantitation using '"*Cd can
only be carried out if a correction is
made for "“Sn. Fortunately Sn has a
total of 10 isotopes, which means that
at least one of them will probably be
free of a spectral interference. There-
fore, by measuring the intensity of Sn at
one of its most abundant isotopes (typ-
ically "*Sn) and ratioing it to '“Sn, a
correction is made in the method soft-
ware in the following manner:
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Table Il. Some elements that
readily form oxides, hydroxides,
or hydrides and doubly charged
species in the plasma and the
analyte affected by the potential
interference.

Oxide/hydroxide/
hydride doubly
charged species Analyte
40Ca160 56Fe
48Ti160 64Zn
QBMOIGO 1]4Cd
I38Ba160 154Sm’ 154Gd
139La160 155Gd
140Ce160 lSGGd’ 156Dy
“Ca'°OH “Fe
ZIPIBOISOH GGZn
BrH ®Se
31P1602H 64Zn
138Ba2+ 69Ga
139La2+ 69Ga
140Ce2+ 7OGe' 7OZn

Total counts at mass 114 = "*Cd + '"*Sn

Therefore "*Cd = total counts at mass
114 — "Sn

To find out the contribution from 'Sn,
it is measured at the interference-free
isotope of '*Sn and a correction of the
ratio of *Sn/"*Sn is applied:

Which means '"“Cd = counts at mass
114 = ("*Sn/"®*Sn) X (''*Sn)

Now the ratio ("*Sn/""*Sn) is the ratio of
the natural abundances of these two
isotopes (0.65%/24.23%) and is always
constant

Therefore "“Cd = mass 114 —
(0.65%/24.23%) X ("'*Sn)

or "Cd = mass 114 — (0.0268) X
(llSSn)

An interference correction for "Cd
would then be entered in the software as:

—(0.0268)*(*"*Sn).

This is a relatively simple example,
but explains the basic principles of the
process. In practice, especially in spec-
trally complex samples, corrections
often have to be made to the isotope
being used for the correction — these
corrections are in addition to the ana-
lyte mass, which makes the mathemati-
cal equation far more complex.

This approach can also be used for
some less severe polyatomic-type spec-
tral interferences. For example, in the
determination of V at mass 51 in di-
luted brine (typically 1000 ppm NaCl),
there is a substantial spectral interfer-
ence from *Cl"O at mass 51. By meas-
uring the intensity of the YCI'*O at mass
53, which is free of any interference, a
correction can be applied in a similar
way to the previous example.

Cool/Cold Plasma Technology
If the intensity of the interference is
large, and analyte intensity is extremely
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Figure 5 (above). Separation of ”As from “Ar*Cl using the high resolving  Figure 6 (upper right). The transmission characteristics of a magnetic
power (10,000) of a double-focusing magnetic sector instrument sector ICP mass spectrometer decreases as the resolving power increases.
(Courtesy of Thermo Finnigan).

low, mathematical equations are not is to use cold/cool plasma conditions. Under normal plasma conditions
ideally suited as a correction method. This technology, which was reportedin ~ (typically 1000-1400 W rf power and
For that reason, alternative approaches the literature in the late 1980s, uses a 0.8-1.0 L/min of nebulizer gas flow),
have to be considered to compensate low-temperature plasma to minimize argon ions combine with matrix and
for the interference. One such ap- the formation of certain argon-based solvent components to generate prob-
proach, which has helped to reduce polyatomic species (7). lematic spectral interferences such as
some of the severe polyatomic overlaps, *ArH,*Ar, and “Ar*°O, which impact
Circle 18
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the detection limits of a small number
of elements including K, Ca, and Fe. By
using cool plasma conditions (500-800
W rf power and 1.5-1.8 L/min nebu-
lizer gas flow), the ionization condi-
tions in the plasma are changed so that
many of these interferences are dramat-
ically reduced. The result is that detec-
tion limits for this group of elements
are significantly enhanced (8).

An example of this improvement is
seen in Figure 3, which shows a spectral
scan of 100 ppt of *Fe (its most sensi-
tive isotope) using cool plasma condi-
tions. It can be clearly seen that there is
virtually no contribution from *Ar*O,
as indicated by the extremely low back-
ground for deionized water, resulting in
single-figure parts-per-trillion (ppt) de-
tection limits for iron. Under normal
plasma conditions, the “Ar'*O intensity
is so large that it would completely
overlap the *Fe peak.

Cool plasma conditions are limited
to a small group of elements in simple
aqueous solutions that are prone to
argon-based spectral interferences. It
offers very little benefit for the majority
of the other elements, because its ion-
ization temperature is significantly
lower than a normal plasma. In addi-
tion, it is often impractical for the
analysis of complex samples, because of
severe signal suppression caused by the
matrix.

Collision/Reaction Cells
These limitations have led to the devel-
opment of collision and reaction cells,
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standards.

which use ion—molecule collisions and
reactions to cleanse the ion beam of
harmful polyatomic and molecular in-
terferences before they enter the mass
analyzer. Collision/reaction cells are
showing enormous potential to elimi-
nate spectral interferences and make
available isotopes that were previously
unavailable for quantitation. For exam-
ple, Figure 4 shows a spectral scan of 50
ppt As in 1000 ppm NaCl, together with
1000 ppm NaCl at mass 75, using a dy-
namic reaction cell with hydrogen/argon
mixture as the reaction gas. It can be
seen that there is insignificant contribu-
tion from the *Ar*Cl interference, as in-
dicated by the NaCl baseline. The capa-
bility of this type of reaction cell to
virtually eliminate the “’Ar*Cl interfer-
ence now makes it possible to determine
low ppt levels of mono-isotopic “As in a
high chloride matrix — previously not
achievable by conventional interference
correction methods (9). For a complete
review of the benefits of collision/reac-
tion cells for ICP-MS, refer to part 9 of
this series (10).

High Resolution Mass Analyzers
The best and probably most efficient
way to remove spectral overlaps is to re-
solve them away using a high resolution
mass spectrometer (11). During the
past 10 years this approach, particularly
with double-focusing magnetic sector
mass analyzers, has proved to be invalu-
able for separating many of the prob-
lematic polyatomic and molecular in-
terferences seen in ICP-MS, without the

1
250
Mass (amu)

Figure 8. The analyte response curve is updated across the full mass
range, based on the intensities of low, medium, and high mass internal

need to use cool plasma conditions or
collision/reaction cells. Figure 5 shows
10 ppb of "As resolved from the “Ar*Cl
interference in a 1% hydrochloric acid
matrix, using normal, hot plasma con-
ditions and a resolution setting of
10,000.

However, even though their resolving
capability is far more powerful than
quadrupole-based instruments, there is a
sacrifice in sensitivity if extremely high
resolution is used, as shown in Figure 6.
This can often translate into a degrada-
tion in detection capability for some ele-
ments, compared to other spectral inter-
ference correction approaches. You will
find an overview of the benefits of mag-
netic sector technology for ICP-MS in
part VII of this series (12).

Matrix Interferences

Let’s now take a look at the other class
of interference in ICP-MS — suppres-
sion of the signal by the matrix itself.
There are basically two types of matrix-
induced interferences. The first and
simplest to overcome is often called a
sample transport effect and is a physical
suppression of the analyte signal,
brought on by the matrix components.
It is caused by the sample’s impact on
droplet formation in the nebulizer or
droplet-size selection in the spray
chamber. In the case of organic matri-
ces, it is usually caused by a difference
in sample viscosities of the solvents
being aspirated. In some matrices, sig-
nal suppression is caused not so much



by sample transport effects, but by its
impact on the ionization temperature
of the plasma discharge. This is exem-
plified when different concentrations of
acids are aspirated into a cool plasma.
The ionization conditions in the plasma
are so fragile that higher concentrations
of acid result in severe suppression of
the analyte signal. Figure 7 shows the
sensitivity for a selected group of ele-
ments in varying concentrations of ni-
tric acid in a cool plasma (13).

Internal Standardization

The classic way to compensate for a

physical interference is to use internal

standardization. With this method of

correction, a small group of elements

(usually at the parts-per-billion level)

are spiked into the samples, calibration

standards, and blank to correct for any

variations in the response of the ele-

ments caused by the matrix. As the in-

tensity of the internal standards change,

the element responses are updated

every time a sample is analyzed. The

following criteria are typically used for

selecting the internal standards:

e They are not present in the sample

e The sample matrix or analyte ele-
ments do not spectrally interfere
with them

e They do not spectrally interfere with
the analyte masses

e They should not be elements that
are considered environmental
contaminants

e They are usually grouped with ana-
lyte elements of a similar mass range.

For example, a low mass internal

standard is grouped with the low

mass analyte elements and so on up
the mass range

e They should be of a similar ioniza-
tion potential to the groups of ana-
lyte elements so they behave in a sim-
ilar manner in the plasma

o Some of the common ones reported
to be good candidates include “Be,
4SSC) 59C0) 74Ge’ 89Y’ 103Rh’ IISIn’ lG‘JTm’

"7Lu, 'Re, and **Th.

A simplified representation of inter-
nal standardization is seen in Figure 8,
which shows updating the analyte re-
sponse curve across the full mass range,
based on the intensities of low,

medium, and high mass internal stan-
dards. It should also be noted that in-
ternal standardization is also used to
compensate for long-term signal drift
produced by matrix components slowly
blocking the sampler and skimmer cone
orifices. Even though total dissolved
solids are kept below <0.2% in ICP-
MS, this can still produce instability of
the analyte signal over time with some
sample matrices.

Space-Charge Interferences

Many of the early researchers reported
that the magnitude of signal suppres-
sion in ICP-MS increased with decreas-
ing atomic mass of the analyte ion (14).
More recently it has been suggested that
the major cause of this kind of suppres-
sion is the result of poor transmission
of ions through the ion optics due to
matrix-induced space charge effects
(15). This has the effect of defocusing
the ion beam, which leads to poor sen-
sitivity and detection limits, especially
when trace levels of low mass elements
are being determined in the presence of
large concentrations of high mass ma-
trices. Unless any compensation is
made, the high-mass matrix element
will dominate the ion beam, pushing
the lighter elements out of the way.
Figure 9 shows the classic space charge
effects of a uranium (major isotope
»U) matrix on the determination of
7Li’ de, ZAMg, SSMn’ SSRb’ HSIH, 133CS’ ZOSTl,
and **Pb. The suppression of low mass
elements such as Li and Be is signifi-
cantly higher than with high mass ele-
ments such as Tl and Pb in the presence
of 1000 ppm uranium.

There are a number of ways to com-
pensate for space charge matrix sup-
pression in ICP-MS. Internal standardi-
zation has been used, but unfortunately
doesn’t address the fundamental cause
of the problem. The most common ap-
proach used to alleviate or at least re-
duce space charge effects is to apply
voltages to the individual ion lens com-
ponents. This is achieved in a number
of ways but, irrespective of the design of
the ion focusing system, its main func-
tion is to reduce matrix-based suppres-
sion effects by steering as many of the
analyte ions through to the mass ana-
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Figure 9. Space charge matrix suppression
caused by 1000 ppm uranium is significantly
higher on low mass elements Li and Be than it is
with the high mass elements Tl and Pb.

lyzer while rejecting the maximum
number of matrix ions. Space charge ef-
fects and different designs of ion optics
were described in greater detail in part
V of this series (16).
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