
Introduction

The determination of multiple trace elements in
high-matrix samples has always been a difficult
analytical challenge. ICP-optical emission spec-
troscopy (OES) has excellent matrix tolerance and
multielement capability, but lacks sensitivity and
can suffer from complex spectral interferences.
ICP-MS has unsurpassed sensitivity and fewer
interferences, but dissolved solids levels must be
limited to about 0.1% or less. 

The ability of the ICP-MS (and ICP-OES) to tolerate
high dissolved solids without introducing stability
or other performance problems has been termed
robustness. In ICP-MS this is measured by looking
at the ratio of CeO+ to Ce+ when tuning – a lower
CeO+/Ce+ ratio means a more robust plasma. 

Agilent has pioneered many innovations to improve
robustness, including an optimized, low-flow
sample introduction system, wide-diameter 
(2.5-mm) torch injector, and a digitally driven 
27 MHz RF generator. Combined, these innovations
have given the Agilent 7500 with Octopole Reaction
System (ORS) the best high-matrix performance of
any ICP-MS as indicated by CeO+/Ce+ ratios of
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around 1% compared with more typical 2% to 3%
for other instruments. However, even with these
innovations, total dissolved solids (TDS) must still
be limited in order to achieve optimum, stable per-
formance. Typically, this means sample dilution
with its associated disadvantages, including
increased detection limits, the possibility of
sample contamination, additional prep time, and
increased waste volume. 

To avoid the drawbacks of conventional dilution,
Agilent has developed a new technique for the han-
dling of high-matrix samples: “aerosol dilution”. By
combining the already excellent robustness of the
7500 ORS ICP-MS with aerosol dilution, the new
High Matrix Introduction (HMI) accessory enables
the 7500 ORS to analyze 1% TDS (or higher,
depending on the matrix) samples directly, elimi-
nating the dilution step and its associated draw-
backs. Plasma robustness is significantly improved
over conventional ICP-MS (down to 0.2% CeO+/Ce+),
which greatly reduces matrix suppression, making
the analysis of high-matrix samples with ICP-MS
more reliable and accurate than ever before.

Figure 1. Block diagram of HMI component layout.
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How HMI Works

The 7500 ORS/HMI combines the inherent robust-
ness of the 7500 ORS ICP-MS with online aerosol
dilution to reduce the matrix and solvent concen-
tration at the ICP interface in real time without
conventional dilution. In doing so, it achieves the
advantages of dilution without introducing most of
the disadvantages. Matrix suppression is nearly
eliminated and CeO+/Ce+ is reduced to the lowest
levels ever achieved. The HMI hardware consists of
a modified torch assembly, including a dilution gas
line inserted between the spray chamber and torch
(Figure 1). Nebulizer gas flow is reduced, reducing
the amount of sample aerosol, and a dilution gas is
added to maintain the total carrier gas flow into
the torch. The sample solution aspirated can be 1%
or higher TDS, but since the aerosol production is
greatly decreased, the plasma is not overloaded by
the extra sample matrix. The benefit of aerosol
dilution over conventional dilution is that the
water or other solvent is also “diluted,” resulting in
a significantly hotter and more robust plasma. This
increased robustness is key to improving the abil-

ity of ICP-MS to run very high and variable matrix
samples routinely and accurately.

Sample Results

Figure 2 shows the relative signal generated for a
10-ppb multielement spike in undiluted NASS-5
seawater standard compared to the signal
obtained from the same spike in 1% HNO3. The
7500cx ORS ICP-MS was optimized at different
levels of plasma robustness: 2% CeO+/Ce+ (repre-
senting the typical performance of a non-Agilent
system), 1% CeO+/Ce+ (typical 7500cx perfor-
mance), and 0.2% CeO+/Ce+ (HMI used). As can be
seen, at 2% CeO+/Ce+, huge signal loss (suppres-
sion) in the NASS-5 seawater matrix is observed,
with 50% suppression for Sc and Ba, increasing to
85% suppression (only 15% signal remaining) for
Zn (higher ionization potential element). The more
robust plasma of the 7500cx handles the matrix
much better but still shows 50% to 65% suppres-
sion for all analytes. With the HMI, however, sup-
pression is almost eliminated, the worst case being
In (only 15% signal loss).

Signal Suppression in Undiluted NASS-5
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Figure 2. Relative signal suppression of a 10-ppb multielement spike into undiluted NASS-5 seawater under

three different levels of plasma robustness as measured by CeO+/Ce+ levels: 2% (typical for ICP-MS),

1% (typical for 7500cx), and 0.2% (typical for HMI).
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Note that no internal standard correction was
applied to any of the data in Figure 2. This means
that, with HMI, undiluted seawater can be run
against a 1% HNO3 calibration with acceptable
recoveries, something no other ICP-MS can claim.
The presence of high levels of easily ionized ele-
ments (in this case approximately 3% TDS – mostly
NaCl) has little effect on the Zn signal, demonstrat-
ing the improved robustness of the plasma with
HMI.

A further example of improved robustness with
HMI is illustrated in Figure 3. This plot shows the
signal recovery for several elements measured in a
series of solutions containing increasing concen-
trations of Zn, from 0 ppm up to 1% (10,000 ppm)
Zn. The trace element signals are shown relative to
the 0 ppm Zn matrix. Despite the lack of any inter-
nal standard correction, less than 20% suppression
is observed, even in the 1% Zn matrix. In addition,
all elements are closely grouped – there is no
mass-dependence to the suppression effect. Note
that the Zn concentration was ramped from 

0 to 10,000 ppm twice and the recovery plots are
consistent for both sample sets. Minimal suppres-
sion and minimal mass-dependent sensitivity
change means that the HMI can measure sample
matrices ranging from 0% to 1% metal (in this case
Zn), using a single aqueous calibration. When
internal standardization is used, much less correc-
tion is needed, which increases accuracy and
makes it easier to choose suitable internal stan-
dards. Productivity is increased since there is no
need for close matrix matching.

Matrix buildup on the interface cones and lenses
results in poor long-term stability, requiring fre-
quent maintenance and retuning. The HMI kit, by
significantly reducing buildup, increases the long-
term stability and minimizes maintenance and
retuning. Figure 4 shows the normalized internal
standard recoveries for five internal standards
measured in both H2 and He mode over a 150-
sample sequence of a 1% Cu in 10% nitric acid solu-
tion.

Zn Matrix Suppression Test

0

20

40

60

80

100

120

140

160

180

0 100 1000 5000 10000 0 100 1000 5000 10000

Zn matrix (ppm)

N
o

rm
a

li
ze

d
 c

o
u

n
ts

 (
%

) 
  

45 Sc He 89 Y He 159 Tb He 209 Bi He

Figure 3. Normalized response for four elements across the mass range (Sc, Y, Tb, and Bi) spiked into increasing

concentrations of a zinc solution ranging from 0 to 10,000 ppm. Analyses were performed in sequence,

ramping from 0 to 10,000 ppm, and then repeated.
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The Benefit of Lower Oxide Levels

The CeO+/Ce+ level is almost universally used as an
indicator of plasma robustness, but a low oxide
level also has a direct analytical benefit: reduced
interferences. Figure 5 shows the effect of MoO
interference on Cd on a standard 7500cx and a
7500cx equipped with the HMI kit. While the
7500cx already has a low CeO+/Ce+ of 1%, reducing
the CeO+/Ce+ to 0.2% with HMI significantly
improves the accuracy of Cd in the presence of Mo.

With 2 ppm Mo present, the observed value for a 
1-ppb Cd standard is close to 5 ppb under normal
7500cx conditions. With HMI, 1 ppb Cd can be
accurately measured in matrices containing at
least 2 ppm Mo. In geological applications, a
reduced CeO+/Ce+ level improves the quantification
of mid- and high-mass rare earth elements (REE),
as the interference from BaO+ and low-mass REE
oxides is reduced significantly.
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Figure 4. Internal standard signal stability over 150 sample sequence: 1% Cu solution in 10% nitric acid.
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Figure 5. Effects of interference from MoO on a 1-ppb Cd spike at increasing Mo concentrations 

(0 ppm, 2 ppm, and 5 ppm) shown for both a standard 7500cx and an HMI-equipped 7500cx.
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Simple to Use

In practice, the HMI is extremely simple to set up
and operate. Sophisticated software algorithms
automate tuning and optimization: the user simply
selects the level of plasma robustness required and
the ChemStation software automatically loads all
the appropriate settings. Once the HMI is fitted,
the 7500 ORS ICP-MS can still be operated in stan-
dard mode for lower matrix samples, and normal
and HMI mode conditions can be switched auto-
matically within a single sequence; there is no
need to disconnect any gas lines. Since HMI is a
dilution technique, sensitivity is reduced accord-
ingly. However, improved plasma robustness per-
mits lower dilution factors than typically used. In
addition, eliminating the inaccuracies and contam-
ination associated with conventional dilution of
samples and prep blanks leads to superior overall
accuracy and improved detection limits.

Applications of HMI

The virtual elimination of matrix-related signal
suppression is a very important step forward for
ICP-MS: it means that matrix matching to correct
for ionization suppression is no longer necessary.
Accuracy when measuring variable, unknown
matrix samples is greatly improved, and internal
standard selection is simplified. The HMI can
handle traditional ICP-OES matrices in many
cases, often even using the high-matrix sample
digests prepared for OES analysis, thereby elimi-
nating extra sample prep workup. And since the
plasma is more robust, sample matrix decomposi-
tion is more efficient, which means less routine
maintenance on the interface and ion lenses.
Applications for HMI include:

• Impurities in high-purity metals

• Soil digests (ICP-OES prep)

• Direct analysis of undiluted seawater

• Restriction of the use of certain Hazardous Sub-
stances (RoHS) samples

• Landfill leachates toxicity characteristic leach-
ing procedure (TCLP) prep

• Geological digestions and fusions

• High TDS groundwaters

• Foods samples

• Pharmaceutical matrices

• HPLC-ICP-MS applications that require a high
salt buffer

Further Information

Application data acquired using the Agilent
7500cx ICP-MS fitted with the HMI accessory is
available from the Agilent Literature Library at:
www.agilent.com/chem/icpms.Figure 6. HMI control panel. Robust (no aerosol dilution) or

Ultra Robust (with three levels of aerosol dilution) can

be selected.



Agilent shall not be liable for errors contained herein or for incidental or consequential

damages in connection with the furnishing, performance, or use of this material.

Information, descriptions, and specifications in this publication are subject to change

without notice.

© Agilent Technologies, Inc. 2008

Printed in the USA

January 25, 2008

5989-7737EN

www.agilent.com/chem



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


