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1. Introduction 

Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) is an analytical 

technique used to determine the elemental compositions of inorganic material such as metals, 

ceramic, and glass (Dussubieux et al. (eds) 2016; Speakman and Neff 2005). In the time since 

LA-ICP-MS applications were first developed for archaeological research in the mid-1990s, its 

use has expanded dramatically, because it presents some advantages over other techniques 

(Gratuze et al. 1993). It is quick: 20 to 30 samples can be analyzed in one day; therefore, large 

corpuses can be easily studied. It can simultaneously measure up to 60 major, minor, and trace 

elements with limits of detection that can reach the ppb (parts-per-billion) level. The use of laser 

ablation to sample the object under study leaves no trace visible to the naked eye, which is 

particularly essential for archaeological artifacts that are unique and that need to be preserved for 

future generations. The accurate determination of ancient artifact compositions by LA-ICP-MS 

requires that the materials under investigation are reasonably homogeneous and the availability 

of matched-matrix standard reference materials (Gratuze et al. 2001). Ancient glass is 

particularly well suited for LA-ICP-MS analysis as generally, the small volume of matter 

sampled by the laser ablation system is representative of the whole object and a range of glass 

standard reference materials can be used for quantitative analysis. Over the last two decades, LA-

ICP-MS has become an important technique to advance glass research, particularly with the use 

of trace element concentrations to differentiate glass with identical recipes but using different 

sources of raw materials (e.g. Shortland et al. 2007). This technique has been used at the 

Elemental Analysis Facility (EAF) at the Field Museum since 2005 for ancient glass. More 

details are given below about the instrumentation there, the protocol of analysis, and the 

performance of the technique.  

 

2. LA-ICP-MS 

An ICP-MS consists of two main parts. First, the inductively coupled plasma decomposes, 

atomizes, and ionizes the sample in a very hot environment (temperatures can reach 10,000 K) 

that is sustained with a radiofrequency electric current produced by an induction coil wrapped 
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around a series of concentric quartz tubes called the plasma torch. Then, the mass spectrometer 

filters the ions according to their charge-on-mass-ratio. Quadrupoles are composed of four 

metallic rods arranged to leave a free path between them. Voltages are applied to these rods. For 

given voltages only ions with a certain mass-on-charge ratio travel down the central path 

between the rods before reaching the detector. All other ions are deflected. Voltages vary to scan 

the entire mass range. 

 

To avoid ions colliding with other molecules, the mass spectrometer is kept in a vacuum. An 

interface ensures the transfer of the ions from the plasma at atmospheric pressure to the mass 

spectrometer maintained in a low-pressure environment. The difference of pressures between the 

plasma and the mass spectrometer creates a supersonic jet, and the ions are accelerated as they 

go through the interface. They are then focused by a series of lenses and mirrors before entering 

the mass spectrometer. More details are available in Fricker and Günther (2016). 

Laser ablation (LA) is used for the direct introduction of solid samples in the ICP-MS. In a 

standard setting, the object to analyze is placed in a chamber without any specific preparation. 

The size of the chamber limits the size of the objects. A CCD (charge-coupled device) camera 

connected to a computer allows the visualization of the surface of the sample. The laser beam 

interacts with the surface of the objects, vaporizing a small quantity of material that is flushed by 

a gas carrier, which is generally argon or helium. The parameters of ablation depend on the 

material and on the instrumentation. 

 

3. Experimental conditions 

Since 2005, the EAF has been equipped with a quadrupole ICP-MS attached to a LA system with 

a wavelength of 213 nm. Two generations of instruments have been used as indicated in Table 1. 

Despite a change in the instrumentation, the protocol of analysis has remained fairly similar over 

the years.  

 

In general, the parameters of analysis for the ICP-MS are optimized to ensure a stable signal with 

a maximum intensity over the full range of masses of the elements and to minimize oxides and 

double ionized species formation (CeO+/Ce+ and Ba++/Ba+ < 1 to 2 %). For that purpose, the 
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argon flows, the radio-frequency power, the torch position, the lenses, the mirrors, and the 

detector voltages are adjusted using an auto-optimization procedure.  

 

 

Start of operation ICP-MS LA 

Jan 2005 Varian ICP-MS NewWave UP213 

March 2016 Thermo ICAP Q (NewWave UP213 still in use) 

August 2019 (Thermo ICAP Q still in use) ESI-Elemental Scientific Lasers NW213 

Table 1. LA-ICP-MS equipment used at the EAF. 

 

 

For better sensitivity, helium is used as a gas carrier in the laser. To be able to determine 

elements with concentrations in the range of ppm and below while leaving a trace on the surface 

of the sample invisible to the naked eye, the single point analysis mode is selected. The typical 

operating parameters of the lasers are indicated in Table 2.  

 

 

 NewWave UP213 ESI-Elemental Scientific 

Lasers NW213 

Beam diameter 55 to 100 m 55 m 

Energy 0.2 mJ 0.7 mJ 

Frequency 15 Hz 20 Hz 

Table 2. Parameters for the lasers at the EAF. 

 

To eliminate the transient part of the signal and to be sure that a possible surface contamination 

or corrosion does not affect the results of the analysis, a pre-ablation time of 20 s is set up. For 

each glass sample, an average of four measurements corrected from the blank is considered for 

the calculation of concentrations. A blank is measured with the same conditions as samples, but 

the laser operates with no energy resulting in no ablation. 
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To improve reproducibility of measurements, the use of an internal standard is required to 

correct possible instrumental drifts or changes in the ablation efficiency. With an internal 

standard, instead of considering the absolute signal produced by the measurement of each 

individual element, ratios of the signal of each element with the signal of the internal standard 

are taken into account to obtain quantitative data. The element chosen as an internal standard has 

to be present in relatively high concentrations so its measurement is as accurate as possible. To 

obtain absolute concentrations for the analyzed elements, the concentration of the internal 

standard has to be known. Isotope 29Si is used for internal standardization for glass analyses.  

 

Quantitative results are obtained by comparing the signal intensity measured for a given element 

in a sample to the signal intensity for the same element in an external solid standard reference 

material (SRM) with certified concentrations. To prevent matrix effects, the composition of the 

standards must be as close as possible to that of the samples. Several standard reference materials 

with different compositions covering the range of concentrations that are possible in the 

archaeological samples are used. SRM 610 manufactured by the National Institute for Standards 

and Technology (NIST) is a soda-lime-silica glass doped with trace elements with concentrations 

of about 500 ppm. Certified values are available for a very limited number of elements. 

Concentrations from Pearce et al. (1997) were used for the other elements. In the 1970s Corning 

manufactured a series of glass standards, named A, B, C and D, mimicking the compositions of 4 

different ancient glasses (Brill 1972). Glasses B and D are used for the calculation of a number 

of major and minor elements (Brill 1999, vol. 2:544). Glass C, a lead-rich glass, is added to the 

EAF suites of external standards when high lead glass samples are analyzed. Glass A is treated 

as a sample and serves as a control to check the reliability of our results. The full series of 

external standards are analyzed several times in a day, every 10 to 15 samples.  

 

4. Composition calculation 

In an unknown sample, when using LA-ICP-MS, concentrations in weight percent of element or 

of oxide are calculated assuming that the sum of their concentration is equal to 100 % (Gratuze 

1999): 
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Iy, Ix and I(Int Std) are the signal intensities corrected from the blank measured for the internal 

standard (Int Std) and elements Y and X in the sample. αy and αx are the conversion factor from 

element to oxide for element Y and X. Ky and Kx are the response coefficient factor for element 

Y and X, calculated as follows: 
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IYstd and I(Int std) std are the signal intensities corrected from the blank measured for the internal 

standard (Int Std) and elements Y in the SRM and [Y]std and [Int Std]std are the concentration of 

the internal standard and element Y in the SRM. This approach assumes that the oxidation state 

of each element is known and ignores the presence of elements such as sulfur or the presence of 

water. 

 At the EAF, calculations are conducted in Microsoft Excel with in-house developed 

macros. 

 

5. Performance of the LA-ICP-MS protocol at the EAF 

Performance is assessed through the limits of detections, accuracy, and reproducibility of the 

measurements.  

The detection limits are calculated as three times the standard deviation obtained from the 

measurement of ten blanks. Figure 1 is presenting the detection limits calculated in 2006 and in 

2021. These detection limits are below 1 ppm in general and can reach the ppb level for the 

elements with higher masses such as the rare earth elements.  
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Figure 1. Detection limits measured in 2006 and 2021 using a laser beam of 55 µm. 

 

 

Detection limits can be improved by choosing a larger laser beam or a higher energy for the laser 

as it will increase the volume of material ablated without having detrimental effect on oxide or 

double-charged species formation although the stability of the signal might be affected 

negatively. 

 

Accuracy is the relative deviation between the accepted concentrations and the average 

concentrations measured by LA-ICP-MS for a given sample. The accuracy of the old EAF set up 

(Varian ICP-MS attached to the New Wave laser) was assessed in Dussubieux et al. (2009) and 

Dussubieux 2016. Accuracy was generally better than 10 %. The accuracy obtained with the 

newer set up (Thermo ICAP Q ICP-MS attached to the ESI-Elemental Scientific Lasers NW213 

laser) when measuring glass A, manufactured by Corning, is presented in Table 3. Only elements 

that were analyzed by several other laboratories are considered here. 
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 EAF SD 
Vicenzi et 

al. (2002) 
Accuracy 

Wagner et al. 

(2012) 

SiO2 68.2% 0.3% 66.6% 2% 67.82-68.90% 

Na2O 14.0% 0.1% 14.3% -2% 13.4-13.6% 

MgO 2.46% 0.04% 2.66% -7% 2.11-2.50% 

Al2O3 0.95% 0.04% 1.00% -5% 0.82-1.08% 

P2O5 0.107% 0.003% 0.13% -18% 0.085-0.88% 

K2O 3.0% 0.1% 2.87% 5% 2.46-3.46% 

CaO 5.1% 0.1% 5.03% 0.4% 4.94-5.36% 

Sb2O5 1.8% 0.1% 1.75% 2% 1.44-1.86% 

MnO 1.04% 0.04% 1.00% 4% 1.0-1.13% 

Fe2O3 1.04% 0.02% 1.09% -4% 0.98% 

CuO 1.23% 0.02% 1.17% 6% 1.10-1.19% 

SnO2 0.219% 0.003% 0.19% 15% 0.171-0.173% 

PbO 0.09% 0.01% 0.12% -25% 0.059-0.073% 

LiO2 0.0101% 0.0002% 0.01% 1% 0.011% 

B2O3 0.21% 0.01% 0.20% 3% 0.214-0.274% 

TiO2 0.74% 0.01% 0.79% -6% 0.739-0.771% 

V2O5 0.0063% 0.0002% 0.006% 4% 0.007% 

Cr2O3 0.0028% 0.0001% 0.001% 180% 0.003% 

NiO 0.0229% 0.0004% 0.02% 14% 0.023% 

CoO 0.175% 0.002% 0.17% 3% 0.167-0.170% 

ZnO 0.052% 0.003% 0.04% 18% 0.048-0.051% 

Rb2O 0.0093% 0.0003% 0.01% -7% 0.009-0.010% 

SrO 0.107% 0.002% 0.10% 7% 0.106-0.110% 

Zr2O3 0.0053% 0.0001% 0.005% 5% 0.005-0.006% 

Bi2O3 0.00093% 0.00003% 0.001% -7% 0.001% 

Table 3. Comparison between the average composition for Corning A measured at the EAF with 

the newer set up, with the composition published in Vicenzi et al. (2002). The ranges of 

concentrations obtained by Wagner et al. (2012) are also indicated. Averages and standards 

deviations (SD) are calculated from 4 measurements conducted throughout one day. 
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Accuracy is checked throughout the day by measuring the composition of Corning 

standard A with each batch of samples. Table 3 presents the average composition for Corning A 

measured throughout a day with the standard deviation for each concentration. The measured 

average composition used for comparison was taken from Vicenzi et al. (2002), which has been 

used as a reference point in several publications (Shortland et al. 2007; Wagner et al. 2012). It 

was found that values for some elements by Vicenzi et al. (2002) might not have been the best 

(e.g. for chromium, lead or tin). We observed the same discrepancy but found that the EAF 

values for the problematic elements (including chromium) concur quite well with Wagner et al. 

(2012). Accuracy is generally better than 10 %. 

 

Reproducibility is a way to assess that a given set up is producing results that are 

consistent over time. Reproducibility can be calculated as the relative standard deviation (RSD) 

obtained from multiple measurements carried out over several days to several months on a same 

sample. Reproducibility was presented for the old EAF set up in Dussubieux et al. (2009) and it 

will be discussed here for the newer one (Table 4).  

 

The highest RSD was calculated for chlorine, which is difficult to ionize in the plasma 

and is only present in low concentration (0.08%) in Corning A glass. As a result, researchers 

using the EAF are generally advised not to include this element in publications of their datasets. 

Other high RSD are found for the elements with the lowest concentrations such as the rare earth 

elements. It is important to note that the homogeneity of Corning A has never been tested (in 

general) and more particularly for the trace elements and it is possible that some heterogeneity of 

the glass accounts for higher RSD for some elements. 
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 Average  RSD  Average  RSD  Average  RSD 

SiO2 68.3% 1% Cr 19 6% Bi 8.6 13% 

Na2O 13.9% 2% Ni 178 2% U 0.2 7% 

MgO 2.51% 6% Co 1344 7% W 0.1 7% 

Al2O3 0.95% 3% Zn 430 8% Mo 2.8 5% 

P2O5 0.11% 11% As 28 10% Nd 0.1 7% 

Cl 0.08% 46% Rb 81 6% Sm 0.03 14% 

K2O 2.94% 4% Sr 871 5% Eu 0.09 21% 

CaO 5.16% 6% Zr 38 7% Gd 0.04 10% 

Sb2O5 1.78% 7% Nb 0.6 8% Tb 0.005 9% 

MnO 1.04% 3% Ag 16 7% Dy 0.03 8% 

Fe2O3 1.06% 3% In 5.5 7% Ho 0.008 15% 

CuO 1.19% 6% Cs 0.3 6% Er 0.03 13% 

SnO2 0.20% 9% Ba 4125 9% Tm 0.004 14% 

PbO 0.10% 9% La 0.5 14% Yb 0.03 7% 

Li 46 6% Ce 0.2 12% Lu 0.006 16% 

Be 0.07 18% Pr 0.03 12% Hf 1.0 3% 

B 649 5% Ta 0.1 8% Th 0.3 8% 

Sc 2.1 37% Au 0.1 13%    

Ti 4457 6% Y 0.3 8%    

Table 4. Average composition with relative standard deviations (RSD) for 20 Corning A glass 

compositions measured between 2019 and 2021. Note that the average concentrations for the 

oxides also present in Table 3 may differ slightly because a different number of measurements 

were used to calculate the average. 
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