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Why Measure Metals ?

•Two Main Reasons
Regulatory Requirements for Toxic Metals: Prop 65 (As, Cd, Hg, 
Pb)

Determination of % Composition or Major Constituents within 
the Sample.
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-Therefore, must be able to measure trace toxic elements at very low 
levels, with as little dilution as possible, and at the same time be able to 
measure high level components such as Ca, P, Cr……



Analytical Challenges

• Removal of Interferences.

• Measuring Low and High Concentrations Simultaneously 

 (sensitivity and LDR).

• Washout and carry over issues. 

• Minimal Dilution for Lowest Detection Limits.

• Controlling Contamination (Prop 65, Pb).

• Speciation
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ICP-MS Overview
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Samples Must be Digested or Solubilized in Acid 
Prior to Analysis

Microwave Open Vessel
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*Peroxide is added to remove organics.
**HCl is added to stabilize Hg.

-Some samples will dissolved readily in dilute acids.  However, most 
require some form of digestion.



Removal Of Interferences
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Troublesome Region of the Periodic Table



ICP-MS Overview
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Principle of Helium Collision Mode and Kinetic 
 Energy Discrimination (KED)
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Helium Collision Mode: 
Energy Discrimination
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than the analyte at same mass (As). 
↓
More frequent collisions with He.
↓
Reduction in kinetic energy relative to the 
analyte (As).  
↓
Energy barrier prevents lower energy 
polyatomic ion from entering the quadrupole
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Unspiked Mixed Acid Matrix (5% HNO3

 

, 5% HCl, 1% IPA, 1% H2

 

SO4

 

)

ALL peaks in NoGas mode are due to polyatomic interferences

Mixed Acid Matrix in NoGas Mode

Many polyatomic interferences in NoGas Mode.

Note intensity scale of 2E7cps 

NoGas Mode

Let’s zoom the intensity scale 100x

2E7

 
cps
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Unspiked Mixed Acid Matrix (5% HNO3

 

, 5% HCl, 1% IPA, 1% 

 
H2

 

SO4

 

)

ALL peaks in NoGas mode are due to polyatomic interferences

Mixed Acid Matrix in NoGas Mode (100x Zoom)

NoGas Mode

Intensity scale 100x lower (2E5cps) –

 

interfering 

 
polyatomic peaks at almost every mass in NoGas Mode

2E5

 
cps
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He Mode

All polyatomic interferences are removed in He Mode

Unspiked 5% HNO3 

 

+ 5% HCl

 

+ 1% H2

 

SO4

 

+ 1% IPA

 

Matrix
ALL polyatomic interferences are removed in He Mode (same cell conditions)

Single Acid Matrices and IPA in He Mode
 (HNO3

 

+ HCl + H2

 

SO4

 

+ IPA) – same scale as NoGas

2E5

 
cps



Measuring Low and High 
Concentrations Simultaneously
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Prop 65 Elements
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Single Calibration at Low and High Concentrations.
 Minimizing the Need for Dilution and Re‐Analysis
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Preparing a Good Calibration Curve can Save Time.
Mix the concentration ranges within the calibration standards.

Calibration should match the range of your samples. 

Do not use multi‐element stock solutions with cations and trace 
elements at the same concentration.  Example: Ca and As are at the 
same concentrations in the stock.

Cross calibrate the detector for low and high sensitivity modes.
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Washout and Carry Over Issues
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Mercury Washout 
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-While addition of HCl (0.5%) stabilizes Hg 
and minimizes carry over,  there will still be 
approximately 0.2% carryover for this 
element.

-In order to maintain low detection limits, do 
not calibrate to unnecessarily high levels.



Osmium Washout
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-As is the case with Hg, ~0.15% carry 
over. Again, limit the calibration range 
in order to maintain low detection limits.

-Other elements: B, Ag, Sn, Sb, Tl, Th 
(Teflon neb, clean lines).



Minimal Dilution for Lowest 
Detection Limits
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The Importance of Oxides (CeO/Ce)

‐CeO/Ce ratio is a performance criterion that all vendors cite, 

 however the actual relevance of this is often overlooked.
‐Ce: m/z 140, CeO m/z: 156 (Formed in the Plasma).  Expressed as a ratio of 

 
156/140.

‐Two important factors affecting CeO/Ce:
• Vapor loading in plasma (more water, more available 

 Oxygen)

• Plasma temperature (Higher temperature plasma more 

 readily breaks down CeO complex).

A hotter plasma will demonstrate lower CeO/Ce ratios.

‐Think of CeO/Ce as an inverse plasma thermometer.
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Signal Suppression in 0.3% NaCl
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Effect on Matrix Suppression 
When a high sample matrix (e.g. 1/10 seawater) is introduced, the plasma is overloaded 

 
and analyte signal drops (suppression).  Suppression is worse when the CeO/Ce ratio is 

 
higher (plasma temperature is lower)

*Spike recovery in a high matrix is better with a robust plasma (low CeO/Ce ratio)



High Matrix Introduction (HMI) – How it Works
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HMI is a sample dilution 

 technique but, uniquely, it 

 dilutes the sample in the 

 gas state, using aerosol 

 dilution.

This removes the main 

 problems of liquid sample 

 dilution:

•Time
•Reagents
•Errors
•Contamination



Undiluted Sea Water: Example of Matrix Suppression

Page 25

HMI dilutes aerosol 

 
density & water vapor, as 

 
well as sample matrix.
Gives much higher 

 
plasma temp; much 

 
better matrix 

 
decomposition. Matrix 

 
suppression is almost 

 
eliminated.

Plot shows % recovery in 

 
undiluted seawater vs 

 
aqueous calibrations. 
With HMI, ALL results 

 
are within +/‐

 

15% 

 
recovery (shaded area)
Without HMI, ALL results 

 
are below 60% recovery
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Tuning the ICP-MS for Low Oxides

Increase Plasma RF – higher plasma temperature.

Decrease Nebulizer Gas flow – longer sample residence time.

Increase Sample Depth from Torch to Sampler Cone – longer 
residence time.

Decrease Sample Uptake rate – less water vapor.

Use Aerosol Dilution Hardware if Available.
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Controlling Contamination
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You Don’t Need A Clean Room

Reagents – Use at least ACS grades.

Maintain a clean environment.

Air currents in lab.

Soak/Rinse all plastic ware.

18.2 Meg Water.

Clean Enclosure for Autosampler.

Soak pipet tips.

Minimize amount of transfer between 
vessels.

Plastic vs. Glass.

Zn & Pb easy to control.
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* Don’t take anything for granted.  Review all aspects of your sample 
and calibration prep techniques.
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Putting it All Together

Removal of Interferences.

Measuring Low and High Concentrations 
Simultaneously (sensitivity and LDR).

Washout and carry over issues. 

Minimal Dilution for Lowest Detection 
Limits.

Controlling Contamination.



7700x Nutritional Supplement Sample #1
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-Major constituents can be 
determined at any dilution.
-Trace toxics measureable at 
even the highest dilution.



7700x Nutritional Supplement Sample #2
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-Concentrations across all 
dilutions for cations the same.

-All elements using main 
isotope or “on mass” isotope.

-Measurement of Fe at 56.

-Excellent sensitivity across 
all dilutions (Pb, Cd).



7700x Nutritional Supplement Sample #3
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-Mg ~740 ppm & Ca ~1600 ppm

-Fe ~14.6 ppm at mass 56

-As same values even in 
presence of  ArCl & CaCl
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Speciation with
LC-ICP-MS



USP<231>USP<231>

USP<232>              USP<233>USP<232>              USP<233>
Elemental Impurities            Elemental Impurities

Limits                                 Procedures

USP<231> Replacement

USP<2232>USP<2232>
Elemental Contaminants 
in Dietary Supplements

At the same time, USP developed a 
new protocol for dietary 
supplements

Limits based on 10g max daily intake
If total [As] > limit, Inorganic As speciation is required
If total [Hg] > 0.2 µg/g,  CH3-Hg speciation is required 
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Common Arsenic Species 
(Oxyanions & Carboxylates)

pKa = 9.3
pKa = 6.2

pKa = 3.6

pKa = 2.3
pKa = 4.7



Mixed Arsenic Species at 1.0 ppb
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-Typically inject 10-50 uL of sample.
-Column flow connected directly to 
nebulizer.
-Anion exchange or C18 paired ion.



In Summary
Remove or minimize interferences by using Collision/Reaction 
technology.

Prepare your calibration mixes to reflect the element concentration 
ranges in your sample digests.

Do not calibrate to needlessly high levels.  Especially for those 
elements that are known to have washout and carry over issues.

Tune to the lowest oxides possible in order to minimize the need
for dilution.

Be mindful of anything that can lead to contamination of samples
or calibration standards. Soak, rinse, clean environment, air 
currents, covers, etc.
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