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Abstract: In this research we investigate the minor chemical elements contained in the Diesel 

particulate matter (DPM) exhaust emissions, generated by in - use Diesel engine passenger vehicles. 

For this purpose we apply a high resolution optical emission spectroscopy technique, for precise 

spectrochemical analysis of Diesel particulate matter. By means of the Laser Induced Breakdown 

Spectroscopy (LIBS) analytical method we quantify detected minor chemical elements in DPM. 

Particulate matter samples were obtained from in-use Diesel engine passenger vehicles of diverse 

types and models from major brand car producers in Europe. We analysed particulate matter, 

extracted from the exhaust manifold part, from vehicles, that are used in daily life environment. The 

LIBS results have revealed the presence of minor chemical elements in DPM-Silicon, Nickel, Titan, 

Potassium, Strontium and Molybdenum with diverse concentration. 
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1. Introduction 

Diesel engine emissions and Diesel vehicles emission monitoring [1,2] are important topics 

nowadays. This is because its real state reflects on current quality of air flow in the cities, city-suburbs, 

industrial or rural areas. Thus influence the number of inhalant nanoparticles within the particulate 

matter in air, and form the current air pollution of our “modern” civilisation. To breathe the non-

polluted clean air is very important for our human health–not only for lungs and cardiovascular 

system, but also for the brain and central nervous system [3,4]. Nowadays, PM and metallic 

nanoparticles are the key sources of many diseases and illnesses or deaths. Therefore, it should be 

among our highest priorities to rigorously explore and understand the chemical composition of 

particulate matter. The knowledge of this information can help to find new techniques to precisely 

measure and quantify the content of different chemical elements adsorbed inside the small PM and 

hence minimise the vehicle's emissions. 

In this study we used high resolution Laser Induced Breakdown Spectroscopy technique [5] for 

qualitative and quantitative spectrochemical analysis of Diesel Particulate Matter (DPM) collected 

from in-use Diesel engine passenger vehicles. We analysed particulate matter from different vehicles 

of major EU car producers, used in daily life environment.  
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2. Methodology 

2.1. LIBS Setup 

Laser induced breakdown spectroscopy (LIBS) is a contact-less optical measurement technique 

for qualitative and quantitative elemental composition analysis of various forms of materials [6,7]. 

The results from the analytical measurements are the recorded spectra of atomic, ionic and molecular 

spectral lines. From LIBS spectra, the elemental chemical composition of the examined sample can be 

obtained. The qualitative spectral information can be further calibrated, to obtain quantitative results. 

The LIBS technique provides very sensitive and rapid analytical measurements, without sample pre-

treatment, in the range of ppm levels. Experimental setup for LIBS measurement, consists of high 

intensity pulsed laser system, experimental chamber, collection optics and high precision optical 

spectrometer. Laser beam is guided via optical mirrors into the focusing lens. Plasma is generated by 

focusing of high power laser radiation into the material.  

As the laser source for plasma generation we have used solid state Nd:YAG laser from Quantel, 

with pulse duration 8.5 ns, wavelength 1064 nm and laser pulse energy 300 mJ. Optical emission from 

plasma were detected with high resolution Echelle spectrograph, Aryelle Butterfly, LTB Berlin and 

ICCD detector. Spectrometer provide measurements with spectral resolution from 3 pm–7 pm (pm = 

picometre) for VUV and 4 pm–8 pm for VIS range. The delay time was set to 1 s and gate width to 

2 s.  

2.2. Diesel Particulate Matter Collection and Sample Preparation 

More than seventy different samples collected from in-use Diesel engine passenger vehicles of 

major brand car producers in Europe have been analysed by LIBS. Vehicles selected for the DPM 

sample collection were from our daily life environment. Diesel Particulate Matter was collected and 

extracted directly from the tail pipe at the end of the exhaust system. The collected particulate matter 

from vehicles tail pipe deposits has been mechanically pressed into small pellets with 6 mm diameter 

and with a flat, disc-like shape.  

3. Results and Discussion 

3.1. Qualitative Characterisation of DPM 

In Laser Induced Breakdown Spectroscopy signal recorded from different Diesel Particulate 

Matter samples are dominating spectral lines from Carbon, Iron, Magnesium, Aluminium, 

Chromium, Zinc, Sodium and Calcium. These lines were identified as major chemical elements of 

Diesel Particulate Matter, further details related to this topic are discussed in the reference [8,9].  

High resolution optical emission spectra were also used to identify the minor chemical elements 

of DPM. For this case we focus our attention to minor chemical elements, particularly to dominant 

spectral lines from atomic and ionic emission from: Silicon, Nickel, Titan, Potassium, Strontium and 

Molybdenum. 

In Table 1 are summarised measured analytes, the spectral atomic or ionic lines used for 

analytical LIBS measurements and number of samples where the minor element has been successfully 

detected. The spectral lines data included in the Table 1 are obtained from the National Institute of 

Standards and Technology (NIST) atomic spectra database. 

Table 1. Spectral lines used for analytical LIBS measurements and number of DPM samples 

with detected minor chemical element. 

Analyte 
Spectral 

line 

Wavelength 

(nm) 

Detected 

in/Total Number 

of Samples 

Si Si I 288.16 63/67 

Ni Ni II 221.64 43/67 

Ti Ti II 334.94 32/67 
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K K I 766.48 50/67 

Sr Sr II 407.77 35/67 

Mo Mo I 390.29 55/67 

3.2. Calibration Procedure 

For the quantification of the LIBS signal, internal laboratory calibration standards with different 

concentrations of selected major and minor chemical elements in the particulate matter were 

prepared. Based on our previous qualitative and quantitative analytical LIBS measurements of 

different types of DPM matrices performed by high resolution LIBS technique, similar particulate 

matter matrices were produced as internal standards in our laboratory.  

Calculated calibration curves with regression parameter R2, 95% confidence limits and 

prediction bands for: Silicon, Nickel, Titan, Potassium, Strontium and Molybdenum are shown in 

Figure 1. For the calibration purposes we used either the linear fitting or the nonlinear allometric 

fitting procedures, depending on measured and calculated data from the LIBS analyses. The 

concentrations and calibration curves of individual chemical elements are shown in weight percent 

(wt %) units. 

3.3. Quantitative Characterisation of DPM 

By using calibration function for each minor element and signal from DPM samples it was 

possible to extract the quantitative information about the concentration of chemical elements by LIBS. 

In Table 2 are summarised the results from quantitative determination of minor chemical elements 

in DPM collected from different in-use Diesel engine passenger vehicles. In particular, obtained 

maximum, minimum, mean value and median concentrations of minor elements in (wt %). For 

statistic reasons summary Table 2, only include these DPM samples, where the minor chemical 

element concentration was within the accepted calibration interval. 

Table 2. Summary of quantitative determination of minor chemical elements in DPM obtained by 

high resolution LIBS technique. Calculated maximum, minimum, mean value and median 

concentrations of minor elements in different DPM from in-use Diesel engine passenger vehicles. 

Values are in (wt %). 

Analyte 

Max. 

Concent

ration 

(wt %) 

Min. 

Concent

ration 

(wt %) 

Mean 

Value 

(wt %) 

Median 

Value 

(wt %) 

Number of DPM 

Samples Used 

for Statistics 

Si 2.33 0.22 0.94 0.81 37 

Ni 6.36 0.57 2.22 1.76 37 

Ti 3.95 0.36 1.21 0.95 29 

K 2.23 0.1 0.48 0.37 50 

Sr 0.99 0.01 0.09 0.04 35 

Mo 5.9 0.16 1.32 0.72 52 
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Figure 1. Calibration curves (red line) including regression parameter R2, 95% confidence limits (green 

dashed line) and prediction bands (blue line) for: (a) Silicon, (b) Nickel, (c) Titan, (d) Potassium, (e) 

Strontium, (f) Molybdenum obtained from laboratory prepared PM calibration standards. 

Concentrations of elements are in weight percent (wt %). 

4. Conclusions 

In this proceeding, we have shown the qualitative results and quantitative procedure for 

characterisation of the minor chemical elements in the Diesel particulate matter collected from in-use 

Diesel engine passenger vehicles. Particulate matter samples have been analysed spectrochemicaly 

by means of a high resolution laser induced breakdown spectroscopy. The LIBS analytical results 
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have shown the presence of minor chemical elements: Si, Ni, Ti, K, Sr, Mo. Special emphases were 

given to the quantification of the LIBS spectral signal and to the calibration curves from selected 

minor chemical elements of DPM. Measured minor elements Si, Ni, Ti, K, Sr, Mo together with major 

elements C, Fe, Mg, Al, Cr, Zn, Na and Ca are forming  important part of the Diesel particulate 

matter composition. All these chemical elements are contributing to overall DPM exhaust emissions 

from Diesel engine passenger vehicles.  
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