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The parameters influencing laser ablation inductively coupled plasma mass spectrometry as a tool for 

elemental imaging distribution in tissues are critically commented in this work, and penile cancer tissue 

was used as a model. General aspects of LA-ICP-MS are discussed, and among them, issues regarding 

sample preparation and calibration. The optimization process of the following variables is described in 

detail in a step-by-step tutorial manner: laser intensity, laser frequency, laser resolution, ICP 

radiofrequency, nebulizer and auxiliary gas flow rates, and C isotopes as internal standards. Once the 

best condition is found for each variable, MATLAB software is used to generate two-dimensional 

images. Herein it is also easily explained how to use the MATLAB software to generate the tissue image 

using the acquisition, exporting and data treatment parameters. 

1. Introduction 

The importance of visualizing things is highlighted by the adagio “a 

picture is worth a thousand words”.1 The meaning of this popular 

expression is applied in science as well, because researchers try to 

capture the complexity of problems in a single image. 

Advances in electronics, optics, chemistry and software allow 

currently obtaining high resolution images of virtually any event. 

Thus, surgeons can currently monitor the frontier between healthy 

and cancer tissues with the best precision ever thanks to imaging 

techniques, allowing an almost perfect resection of the cancer 

tissue.2 Furthermore, spatial distribution within a tissue of 

molecules, such as drugs or biomarkers, is presently followed 

through imaging.3,4 

The acquisition of molecular- or elemental-based images of 

tissues, organs or even whole body sections is relatively recent.5,6 To 

obtain such images different mass spectrometry-based techniques are 

used. Laser ablation inductively coupled plasma mass spectrometry, 

LA-ICP-MS, is the reference technique for qualitatively and 

quantitatively imaging the spatial distribution of metals and 

metalloids in a tissue.3,7-10 Briefly, LA-ICP-MS is based on the use 

of a laser offering sufficient energy to ablate the sample (the use of 

Nd:YAG based lasers operating at 213 or 266 nm is very popular for 

this purpose). The laser pulse creates the ablation process, 

vaporizing the sample, which is transferred through an argon gas (or 

others) to the ICP torch. 

Compared to other imaging techniques LA-ICP-MS is cost-

effective and sensitive. Furthermore, it does not require sophisticated 

software neither a previous intensive training to handling the 

technique properly. To the best of our knowledge, there is no tutorial 

addressing how to work with LA-ICP-MS neither how to handle the 

enormous amount of data generated. This fact hampers this 

technique to get spread further among the scientific community. This 

work is intended to cover this gap explaining step by step all the 

variables affecting the experimental part as well as how to handle the 

software needed to generate the images, in order to help not only 

those experts in LA imaging, but mainly also those new users. 

For this task, optimization of the main laser variables will be 

firstly described, then those ones involving the ICP-MS, and, finally, 

the acquisition and treatment of data for obtaining the bioimages 

utilizing the MATLAB program. In this context, phosphorus 

distribution was taken as example. This element has been evaluated 

in several types of cancer, since it is involved in post-translational 

modifications of proteins that are involved in the progress of tumor 

cells.11 The level of phosphorus increases in patients with lymphoma 

cell, suggesting that cancerous cells have a highest tendency in 

accumulating this element in the DNA than the normal cells.12, 13 

 

2. Experimental 

2.1. Sample preparation 

Some informations were previously described, presenting the clinical 

and histopathological data, age of patients, sample preparation and 

storage.3 Briefly, tissues of penile cancer samples were kindly 

provided by A.C. Camargo Cancer Center and Barretos Cancer 

Hospital. Patients were submitted to surgery, considering the WHO 

International Classification of Diseases of Oncology.14 Fresh frozen 

tissues were inserted in tissue-Tek OCT compound (Sakura, USA). 

Afterwards, 30 µm-thick sections were cut in a cryostat (Leica 

CM1850, Leica Microsystems, Wetzlar, Germany). Finally, samples 

were stored at -80°C.  
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Figure 1. Workflow diagram for optimization purposes. 

2.2. Instrumental 

LA-ICP-MS analyses were performed in a class 10000 clean room. 

A LA system (New Wave, UP-213, USA) with a Nd:YAG (213 nm) 

laser source was used. The parameters affecting LA-ICP-MS 

performance are shown in Figure 1 along with the corresponding 

levels assessed in this study.  

Laser parameters were adjusted to obtain the best sensitivity and 

resolution as well as reasonable analysis time, resulting in a 

complete removal of the material from the tissue. Laser was 

warmed-up for 5 s. A blank was done so the background signal from 

the gas was recorded to be subtracted from samples. After each 

single laser ablation, the chamber was cleaned with argon for 5 s. 

The tissue was ablated in multiple parallel lines for building-up 

maps of elements distribution and for optimizing laser conditions, 

such as intensity (%) and frequency (Hz). Carbon isotopes were 

evaluated as internal standard candidates to normalize the mass 

spectrometry signals and to compensate variations in the ablation 

process due to sample heterogeneity or to laser intensity variations.  

Analyte distributions (12C+, 13C+, 28Si+ and 31P+) were obtained 

through a quadrupole-based ICP-MS (PerkinElmer ELAN DRC-e), 

and the acquisition was carried out after the stabilization of the 

background signal. A solution of Mg, In, Ba and U was used for the 

optimization of operational conditions, checking the double charge  

Table 1. Optimized instrumental operational conditions and 

measurement by LA-ICP-MS. 

Instrument settings 

Nebulizer Meinhard 

Spray chamber Cyclonic 

RF Power (W) 1300 

Nebulizer gas flow (L min-1) 1.0 

Auxiliary gas flow (L min-1) 2.0 

Data acquisition parameters 

Reading mode Peak hopping 

Detector mode Pulse 

Sweeps 3 

Dwell Time (ms) 50 

Integration Time (ms) 477 (for each point) 

Detector dead time (ns) 60 

Lens voltage (V) Automatic mode 

Monitored isotopes 12C, 13C, 28Si and 31P 

Laser conditions 

Wavelength of Nd:YAG laser (nm) 213 

Laser ablation intensity (%) 50 

Frequency (Hz) 20 

Spot size (µm) 65 

Scan speed (µm s-1) 60 

Resolution – X axis (µm) 28.62 

Resolution – Y axis (µm) 80 

Average energy output (mJ);  0.036 – 0.045 

Average Fluence (J cm2) 1.10 – 1.35 

species and production of oxides were monitored. For all 

optimization conditions, the measurements were carried out in 

triplicate. 

2.3. Building-up the image 

Tissues were ablated line by line with a y-offset distance of 80 µm, 

using a spot size of 65 µm, and a scan speed of 60 µm s-1. 

ICP-MS data obtained after the ablation were exported to the 

Microsoft Office Excel 2016 (Microsoft Corporation) for all data 

treatment. The software Matrix Laboratory (MATLAB) version 6.5 

was used to built-up the images of the scanned tissues. Main 

optimized parameters (highlighted in bold) for data acquisition are 

observed in Table 1. 

 

3. Results and discussion 

3.1 General aspects for laser ablation imaging 

3.1.1 Sample preparation 

In the evaluation of elemental distribution, the use of native sample 

preparation conditions is desirable since that the image should 

represent a very close panel of the physiological condition. Thus, the 

main challenge is to avoid the production of artifacts, which they 

may arise due to improper drying of the sample, or the use of 

classical techniques of anatomy and histology. For instance, formalin 

can leach several metal species, and the use of alcoholic solutions for 

fixing tissues in paraffin can lead to a reduction up to 40% of the 

specimen volume.15, 16 

In this way, some choices can be made to minimize these 

problems. For example, the correct type of slide should be chosen 

for use as support of the histological section, which it should provide 

the best adhesion of the material and the lowest increase in the 
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Figure 2 – Optimization of LA system for image acquisition. (a) Background signal for 12C+ (−−−−), 28Si+(−−−−), 31P+ (−−−−), 13C+(−−−−). Mass spectrum 

was smoothed by Savitzky-Golay method, using 2nd polynomial order and 50 points of window. Absolute intensities (cps) for 12C+                 

(      ),13C+(      ) 28Si+(      ) and 31P+ (      ), in relation to (b) laser ablation intensity (%), (c) Frequency (Hz) and (d) Spot size (µm). 

 

background signal. Additionally, the assembly of the histological 

section and sample drying procedures could be other pitfall in 

imaging using LA-ICP-MS, and they have been thoroughly 

presented previously.17 At this moment, frozen section procedures 

(native cryosections) seem the ideal sample preparation. 

3.1.2 Calibration 

In quantitative analysis, the matrix effect is the main pitfall to be 

overcome. Changes in sample compositions lead to an alteration in 

the positive charge density of the ion beam, which affects the 

efficiency of how the ions are guided into the quadrupole. For 

example, matrix effect can be introduced not only in the site of 

ablation, but also during the sample transport phase.18 Then, four 

strategies are showed: (i) the use of Certified Reference Materials 

(CRMs); (ii) laboratory prepared standards; (iii) on-line addition; 

and (iv) isotope dilution. 

CRMs provide a sample with known composition for accurate 

calibration, since they are thoroughly characterized. The analyst can 

use the CRM to obtain an analytical curve, by the addition of a 

standard solution. After homogenization, the CRM are pressed at 7 

psi, producing pellets with different concentrations of the analytes. 

In this way, the analyst can compare the results between the 

quantification using laser ablation, and those ones obtained from a 

traditional determination, using microwave decomposition and liquid 

introduction to validate all the procedure.9 However, some 

limitations can be cited, such as, the lack of information regarding 

the homogeneity in micrometric scale and the absence of suitable 

standards for quantitative purposes.19 

The most commonly application observed for quantitative 

analysis using laser ablation is laboratory prepared standards, using 

the tissue of interest (or analogous), which it is spiked with known 

amounts of elements of interest. For this task, a tissue is 

homogenized with pestle and mortar, and, then, mixed with a 

standard solution, keeping constant the volume of solution. In 
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general, samples with different masses or spiked solutions with 

different concentrations can be used to prepare the standards, for 

obtaining the analytical curve. After this step, slices of the standard 

samples can be obtained from cryo-cutting in a cryostat, or, 

alternatively, like a pellet. This kind of strategy minimizes the 

interferences arising from the sample matrix. 20 Two aspects are still 

important to note: (i) the validation of the results by ICP-MS after 

microwave decomposition is mandatory, in this case, and (ii) 

standards and samples should be placed together in the ablation 

chamber. 

Alternatively, on-line addition of standard solutions have been 

applied for quantification using LA-ICP-MS. Briefly, a nebulizer is 

responsible to introduce a standard solution with different 

concentrations of the analyte. Dressler, et al.,21 proposed a 

quantitative method using a pneumatic nebulization and laser 

ablation in order to arrange matrix-matching. Ablated material was 

introduced by laser, while calibration solution was nebulized. Both 

aerosols were introduced in the injector tube. Several positions for 

the standard solution nebulizer aerosol have been evaluated in the 

literature. The current consensus indicates that the nebulizer must be 

positioned after the ablation chamber, since this geometry reduces 

problems related to the matrix effect.22 Main limitations of this 

strategy are the reduced sensitivity and matrix effects, which can 

occur in conditions of non-equivalent particle size distribution.23 

Isotope dilution (ID) has been considered one of the most precise 

and accurate means for quantification in analytical chemistry. 

Briefly, ID is based on enrichment of a sample with a standard 

where one or more isotopes are spiked in a known ratio. Thus, the 

isotope ratios are measured. Two methods can be used in this 

approach: pressed pellets or on-line addition. Alternatively, Urgast, 

et al.,24 injected saline solutions enriched with stable Zn isotopes in 

animal model for evaluation of the kinetics of essential elements 

within individual animals at microscale level. Authors found 

different isotope ratios were identified among the studied organs, 

such as hippocampus, amygdala, cortex and hypothalamus, 

suggesting that these regions have differential zinc metabolism 

kinetics. The main limitation of ID is necessity of two stable 

isotopes, at least, for carrying out this kind of strategy. However, it is 

need to emphasizes that LA-ICP-MS is the only technique capable to 

provide images concerning the isotopic composition of a sample.24, 25 

3.2. Evaluation of laser parameters 

To this section, the optimization of laser parameters will be focused 

taken into account the laser (Nd:YAG) UP-213 from New Wave. 

However, an elegant discussion about other lasers equipment can be 

found in the review of Becker et al.17 Plasma needs to get stabilized 

over time to obtain reliable results, mainly considering those ones 

for imaging acquisition. In other words, high or low intensity of 

different analytes at the beginning of the analysis are not necessarily 

related to their presences in the sample, but the lack of plasma 

stabilization time. As an example about the variation in the 

background signal over time, we observed an increase for the 12C+, 
13C+ and 28Si+, signals of about 64.3%, 19.4% and 60.7%, 

respectively, during one hour of analysis (Fig. 2a).  

On the other hand, a decrease of ca. 29 times was observed for 
31P+. Furthermore, other elements such as Fe and Ca can undergo the 

same behavior. Therefore, as the sample is introduced into the 

plasma through the sample ablation with the laser, three main 

variables affecting plasma stability were identified as follows: laser 

intensity, laser frequency and laser resolution. 

Laser ablation intensity should be the first parameter evaluated, 

because it is related to its energy and fluence applied over the 

sample. Hence, the laser intensity was varied at 45, 50 or 55%, once 

that below 45% intensity not enough material is ablated to signal 

acquisition, and over 55%, a certain amount of material from the 

sample support is ablated together with the sample material. The 

values of energy obtained were 0.012, 0.025, and 0.107 mJ, for 45, 

50 or 55%, respectively, while the fluence was ranged from 0.42 and 

0.51, from 0.93 and 1.0, and from 4.3 to 4.5 J/cm2 for the same 

parameters. It is important to notice that such laser intensities are 

dependent on the material thickness, needing to optimize in each 

case. As can be seen in Figure 2b, an increase in the values for all 

elements evaluated was observed when the LA intensity was 

increased. When the laser intensity was varied between 45% and 

55% the signals for 12C+, 13C+, 31P+, and 28Si+ were increased by 

29%, 28%, 22% and 36%, respectively. As P and Si are used to 

monitor the ablation over the sample, the intensity for P should be 

the highest and the lowest for Si, since they are, respectively, the 

analyte and the marker used for monitoring the material removal 

from the microscope slide (glass). This compromise is attained at a 

laser intensity of 50%. It is worth to mention that the RSDs for the 

analytical measurements get highly increased when the laser 

intensity was augmented from 45% to 55%. For example the RSD 

values for 28Si+ raised from 1% up to 28%. This trend was observed 

for other elements. However, at an intensity of 50% RSDs have a 

value ca. to 6.3, 6.7, 13.0 and 22.4 for 12C+, 13C+, 28Si+ and 31P+, 

respectively. This was another reason to choose 50% as the reference 

intensity. 

Laser frequency refers to the number of times that the laser is 

fired against the sample per unit of time (s),27 and this was the 

second variable assessed. For this task, the LA intensity, spot size 

and scan rate where settled at 50%, 55 µm and 60 µm s-1, 

respectively. As shown in Figure 2c, three frequency conditions 

were tested (10, 15 and 20 Hz) since lower frequencies were 

incompatible with the scan rate used. The highest frequency tested 

increases the analytical response, for instance a 39% for 31P+. Taking 

into consideration that 20 Hz is the maximum frequency that can be 

used in such equipment, this level was chosen as the best one.  

The spot size is determined by the laser beam diameter (µm) and 

it was the third parameter evaluated. It is necessary to stress out that 

the spot size must be compatible with the scan speed, in order to 

avoid lack of ablation in some spots during the scanning process.25 A 

region of 60 µm was programmed to be scanned every second. If the 

laser resolution becomes too low or too high, then the performance 

becomes far from appropriate. This is because a resolution lowers 

than 60 µm will lead to a fail in spatial resolution. As consequence 

regions of the tissue will not be ablated. A laser resolution higher 

that 60 µm will lead to an excessive ablation in some zones. 

Therefore, three conditions were evaluated to assess the influence of 

laser resolution: 55 µm, 65 µm and 80 µm. The increase on laser 

beam diameter provided the highest analytical signal, as shown in 

Figure 2d. This profile was expected, since the amount of ablated 

material increases with the laser diameter. The 31P+ signal was 

increased a 4000% when the laser resolution was increased from 55 

µm to 65 µm, and a further 4% when it was augmented from 65 µm 

to 80 µm. On the other hand, the 28Si+ signal was increased a 1500% 

when the laser resolution was varied from 55 µm to 80 µm. As the 

method requires maintaining the ratio P-signal to Si-signal as high as 

possible the laser resolution was settled in 65 µm. 

3.3. Evaluation of ICP-MS parameters 

Changes in the composition of the aerosol highly affect the plasma 

dynamics, which may be compensated by the radio frequency, RF, 

power.28 For this reason RF power was the first parameter to be 

evaluated. As shown in Figure 3a, an increase in the signal of all 

elements was observed up to 1300 W. It must be stressed out that the 

use of high RF power can be necessary for the formation of 31P+, 
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Figure 3 – Optimizations of ICP-MS parameters for image 

acquisition. Absolute intensities (cps) for 12C+ (     ),13C+(      ) 28Si+    

(    ) and 31P+ (     ), in relation to (a) RF power (W), (b) nebulizer gas 

flow rate (L min-1) and (c) auxiliary gas flow rate (L min-1).  

 

since this element has a first ionization potential of 10.487 eV mol-1.  

All the elements present a good signal to noise ratio for a RF power 

of 1300 W, and therefore this level was considered optimum for 

further experiments. It is interesting to comment that the RF power 

must be carefully controlled. This is because a high RF power can 

result in an excess of energy that promotes preferential ionization of 

other molecules (such as CO+) or ions present in the matrix, resulting 

in a slight reduction of analytical signals, as observed in the Figure 

3a for 1400 W RF. 

 Figure 4 - Analytical signal for 31P+ previous (−−−−) and after the 

optimization (−−−−). 

 

The nebulizer gas carries the sample aerosol into the ICP and it 

is responsible for the plasma’s toroid shape. Furthermore, it creates a 

channel through the center of the plasma, where the ion formation 

takes place.29 Therefore the flow rates used as carrier gas were 

evaluated to optimize the transport of the ablated material and to 

obtain operational conditions for plasma stability. For this task, 0.9 

to 1.2 L min-1 flow rates were evaluated. As noted in Figure 3b, a 

simple change in the nebulizer gas flow from 0.9 to 1.0 L min-1 was 

responsible for increasing the 31P+ signal a 90%, highlighting the 

importance of this optimization. In fact, the highest signal was 

observed at 1.0 L min-1 for all elements monitored. At this level, the 

Ar used as a carrier gas can minimize the mass ablated deposition 

effect on the surface of the sample, thus improving the analyte 

transport to the ICP, and, as a consequence, the sensitivity.  

The plasma geometry can also be influenced by the auxiliary gas 

flow rate. Then, this parameter was evaluated in a range comprised 

between 1.4 to 2.0 L min-1. As shown in Figure 3c, this parameter 

did not influence the analytical signal, and for all monitored 

elements, the maximum gas flow rate available, 2.0 L min-1, 

provided the highest signal. Further advantages of this flow rate are 

that (i) stability of the plasma is promoted, (ii) plasma extinction is 

avoided and (iii) ICP torch damages are greatly diminished. 

A significant improvement was achieved in terms of ablation 

process when all the instrumental variables were settled in their 

optimum conditions. As shown in Figure 4, sample was partially 

removed by LA before optimization, but completely removed at the 

best-optimized conditions. This can be confirmed by the increase on 

the 31P+ average signal from 1453 to 100000 cps (ca. 69 times). 

Additionally, the precision was improved as well, since RSD values 

decrease from 20.9 % to 7.3 %. At this point it was clear that, the 

proposed method was feasible for the evaluation of P distribution in 

tissue samples. 

The internal standard method is usually used when the LA-ICP-

MS is employed to address qualitative or quantitative studies, for 

overcoming the instrumental oscillations, which in turns can affects 

precision. Thus, the monitoring of one or more elements as internal 

standard is necessary as the normalization allows the differentiation 

between the natural occurrence of an analyte concentration in a 

specific point and its variability as a consequence of artifacts, such 

as local differences in tissue thickness or different interaction 

between the laser and the sample surface.17, 30-31  

Some conditions are needed for an element to be considered as 

internal standard, such as homogeneous distribution, constant 

concentration in the sample, and similar behavior to the analyte. 

Many strategies have been applied regarding the internal standard, 

e.g., the use of multiple standards or elements with low natural 

abundance. In this case, elements, such as 103Rh or 185Re, can be  
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Figure 5 – Evaluation of carbon isotopes as internal standard. (a) 

Analytical signal for ions 12C+ (−−−−), 31P+ (−−−−) and 13C+(−−−−) in tumor 

samples. (b) 31P+ intensities in relation to 12C+ (      ) and 13C+(      ). 

 

monitored, or, alternatively a metal spiked polymer film (101Ru or 
89Y).30 However, in the majority of biological studies, the use of 12C 

and 13C has been the selected alternative, since these isotopes are the 

main components of tissues, and they match the above mentioned 

requisites in terms of homogeneity, concentration and behavior.17, 32 

In our case, 12C and 13C isotopes were monitored, presenting 

21% and 16 % RSD values, respectively. Furthermore, a similar  

profile was obtained for carbon isotopes and 31P+, as shown in Figure 

5a. This can be confirmed by the comparison of the intensities 

between carbon isotopes and P+, since correlation coefficients of 

0.9253 and 0.9361 for 12C and 13C, respectively were obtained, as 

shown in Figure 5b. Thus, both carbon isotopes can be considered as 

effective internal standards. 

3.4. Building-up the image 

A good synchronization between the laser speed and the ICP-MS 

acquisition rates is needed for a correct imaging analysis. In practical 

terms, data were collected by scanning the sample in different lines, 

employing the raster mode of the laser to generate the images. For 

ICP-MS (in this case a DRC-e, supplied by PerkinElmer), the 

acquisition of one line generates one file with format XBLite 

Program File (.xl extension), which provides a data sheet. In this file, 

the first column represents the acquisition time and the following 

columns show the results for all monitored analytes, while each row 

shows the results for each acquisition interval in the ICP-MS. It is 

important to note that other instruments from other manufacturers 

can provide data in several formats of file. However, the users have  

 
 

Figure 6 – Phosphorus distribution in penile cancer tumor sample. In 

this case, 12C+ was used as internal standard. 

 

only to save the data file in a compatible format to Excel for using 

this tutorial. Other softwares can be used to make images for LA-

ICP-MS, such as Origin (Originlab Corporations, Northampton),33 

IMAGENA,34 Pmod (Zurich, Switzerland),35 the Python program 

ISIDAS in conjunction with Maya Vi2 (Enthought Inc.)36 and 

SMAK-package.37 

During the ablation, the distance among the lines was 80 µm, 

providing the y-coordinate resolution for the two-dimensional image 

construction. Scan speed was 60 µm s-1 in the LA system, and the 

acquisition time in the ICP-MS for each point was settled in 0.477 s. 

All LA-ICP-MS instrumental conditions are shown in Table 1. 

For a better comprehension of our strategy, all steps regarding 

data treatment are properly addressed in the supplementary material 

(SM) section. The acquisition of two-dimensional images was 

performed in accordance to the method proposed by Silva & 

Arruda.9 Thus, the files obtained from the ICP-MS acquisition 

(XBLite Program File) were exported as Microsoft Excel (please 

refers to slides 1-8 SM) files. Each line generated through the 

ablation process was exported to different worksheet in the Excel 

(see slide 7 – SM). Thus, if the sample ablation requires 50 lines for 

mapping the entire sample surface, then 50 XBLite files will be 

generated, and each one will be exported to a unique sheet, totaling 

50 Excel worksheets. It is important to mind that each worksheet 

contains the results of all analytes selected for monitoring the 

elemental distribution in the sample (see slide 9 – SM). Thus, the 

next step is to organize the results of each element in a single 

worksheet. This task can be accomplished using the commands 

"copy" and "paste". In this step, the results of one element must be 

copied from the original worksheet, and then, pasted into a new 

worksheet, following the sequence of the ablation process and signal 

acquisition (see the slides from 13 to 16 – SM). Through this 

process, the treatment of the results is easier to perform. Blanks are 

made by acquired data from the argon atmosphere without any 

ablation process (see slides from 17 to 20), and their signals 

subtracted from sample signals. The normalization of results was 

also carried out using an internal standard (see slides from 21 to 22). 

Finally, all the excel files were converted into a text file (tab 

delimited, file format .txt) to make easier the construction of the 

image using MATLAB (see slides from 24 to 27 – SM). 

 

In this software, results made up a matrix data, which was 

responsible for providing the analyte distribution in the sample (see 

slide 26 – SM). A MATLAB routine was used for the building of 

two-dimensional images. This 2D-image was created by a plan with 

coordinates (x, y), where x was obtained from the number of points 

collected by ICP-MS and y was based on the number of lines used to 

generate an image. It is crucial to note that there was a z value for 

each coordinate. Thus, the matrix plane (x, y) was correlated with the 
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data matrix z (intensity for each point), providing the image with the 

analyte distribution in the sample. 

For x-axis definition, the ICP-MS acquisition time was 

considered, as well as the LA system scan speed. Regarding these 

parameters, the data sets were separated by intervals of 31.62 µm, 

thus obtaining an x-axis total size of 5.19 mm (see slide 34 – SM). 

Concerning y-axis, it was just defined by the spacing among the 

lines, which, in our case, was 80 µm, and a y-axis total size of 2.56 

mm was then obtained (see slide 35 – SM). Data were converted into 

a matrix plane (x, y) through the command “[x,y]=meshgrid(x,y)”, in 

the MATLAB (see slide 36 – SM).  

In the case of data acquisition in the horizontal position (laser 

position in the horizontal profile), a transpose function (w=z’) is 

necessary to adjust the image, once that data are storage in the 

program as columns (vertical position). Then, this function rotates 

all data, maintaining the relative intensity of each point (see slide 37 

– SM). 

The image was then obtained by the command “pcolor (x,y,z)” or 

“pcolor (x,y,w)” depending on the position of acquisition data in LA 

system, as previously described (see slide 38 and 39 – SM). All 

treatments concerning on the image smoothing, colormap definition 

and colorbar insertion can be visualized from slide 40 to 51 in the 

SM. For imaging edition, the operator needs to click in Edit, and 

then Figure properties (see slide 40 – SM).  

By clicking on the figure (see slide 41 – SM), the software 

option was selected, and after chosen Edges flap, the option “no 

line” was selected (slide 42 – SM).  

Regarding image smoothing, two different tools are available in 

the MATLAB, which were used in a sequence, in order to improve 

image resolution. The first one was that using the Faces flap, and 

chosen “blended” (see slide 43 – SM). By clicking in More 

properties (see slide 44), following the sequence: lighting – 

facelighting – phong (slide 45 – SM), which the final result is 

visualized in the slide 46 – SM.  

The Colormap (slide 47) is related to the intensity of the image, 

and it can be edited by clicking the sequence (1) Edit and then (2) 

color map. Then, Color map editor flap appears (slide 48), giving the 

possibility to set the minimum and maximum color data levels (in 

our case, 0.0004 and 0.15, respectively). The final figure can present 

the Colorbar, which shelters the interval data defined in the 

Colormap. For this task, goes to command window and click in 

Insert and then in Colorbar (see slide 49 – SM). MATLAB software 

allows data storage in several file formats compatible with different 

platforms for text edition. In our case, the image was saved as a 

Tagged Image File Format (or TIFF) image (see slide 51 – SM). 

The definition of some parameters, such as blended, facelighting, 

phong, among others, can be found in the tutorial of the MATLAB 

program. The image of penile cancer sample is shown in Figure 6. 

Finally, it is worth to mention that in this work images were 

obtained for the qualitative elemental distribution in a tissue, for 

example, once that for establishing the actual concentration of each 

element and at each image point, it would be necessary data 

validation, which was not covered in this work.  

 

4.Conclusions 

The objective of this tutorial was to provide the analytical basis for 

handling LA-ICP-MS imaging technique. The main instrumental 

parameters involving both, laser and ICP were evaluated and 

properly discussed, thus producing a guide for experts and non-

experts that helps the analyst in the acquisition of reliable data. The 

laser parameters that greatly influence the results are (i) ablation 

intensity, (ii) frequency and (iii) spot size. Considering the ICP-MS 

those parameters that mostly influence the results were (i) 

radiofrequency, (ii) flow rate gases (auxiliary and nebulizer) and (iii) 

internal standards.  

After optimizing all the above mentioned parameters, those 

necessary steps for building-up the images, such as (i) data 

acquisition, (ii) data exporting, (iii) data treatment, and those 

involved in the creation of the two-dimensional image, through the 

MATLAB program have been explained also.  

Finally, this practical guide makes easier the work with LA-ICP-

MS, opening the window for creating in-house methods for imaging 

any kind of tissue.  
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