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Abstract 

Laser ablation aerosol particle-time of flight mass spectrometer (LAAP-ToF-MS) measures 

the size number of particles, and chemical composition of individual particles in real-time. 

LAAP-ToF-MS measurements of chemical composition are difficult to quantify, mostly 

because the instrument sensitivities to various chemical species in the multicomponent 

atmospheric aerosol particles are unknown. In this study, we investigate a field-based 

approach for quantitative measurements of ammonium, nitrate, sulfate, OC, and EC, in size-

segregated atmospheric aerosols, by LAAP-ToF-MS using concurrent measurements from 
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high-resolution time-of-flight aerosol mass spectrometer (HR-ToF-AMS), and multi-angle 

absorption photometer (MAAP). An optical particle counter (OPC) and a high-resolution 

nanoparticle sizer (scanning mobility particle sizer, or SMPS), were used to measure the 

particle size distributions of the particles in order to correct the number concentrations. The 

intercomparison reveals that the degree of agreement of the mass concentrations of each 

compound measured with LAAP-ToF-MS and HR-ToF-AMS/MAAP increases in the 

following order NH4
+
 <SO4

2-
 <NO3

-
 <EC <OC <Cl

-
 with r

2
 values in the range of 0.4-0.95 

and linear regression slopes ranging between 0.62 and 1.2. The factors that affect the mass 

concentrations measured by LAAP-ToF-MS are also discussed in details. Yet, the matrix 

effect remains one of the strongest limiting factor to achieve an absolute quantification of the 

aerosol chemical composition.  

In the future we suggest the development of a methodology based on the calculation of the 

response factors generated by different types of particles, which could possibly resolve certain 

difficulties associated with the matrix effect. 

Keywords: single aerosol; laser ablation, LAAP-ToF-MS; matrix effect; quantification. 

  



 

Introduction 

Atmospheric aerosol particles largely influence the air quality in urban and semi urban 

environments. It is known that high particle mass concentrations can induce hazardous 

respiratory health effects [1]. Adverse health effects are associated with particles having 

aerodynamic diameters smaller than 2.5 µm (PM 2.5). Namely, the size range of particles 

inferior of 2.5 µm is well correlated with the human mortality rates [2]. A recently performed 

global atmospheric chemistry model [3] aimed to calculate the concentrations of pollutants, 

reported that 3.3 million people die prematurely every year as a result of air pollution, mostly 

associated with PM 2.5. These authors [3] predicted that by 2050 the number of particles-

induced deaths worldwide could rise to 6.6 million per year. 

Also, aerosol particles have a large impact on Earth's climate by scattering and absorbing 

radiation and by serving as nuclei for cloud formation [4].  

Comprehensive knowledge about the physical and chemical properties of aerosols is crucial 

for properly evaluating the effects of aerosols on human health, air quality and climate 

changes [5]. Therefore, long-term monitoring of atmospheric particles and quantification of 

chemically resolved composition in ambient particles is of paramount importance for 

developing legislative tools and creating clean air action plans. Recently, Gemayel et al. 

(2016) [6] presented the ability of a recently launched commercial single particle mass 

spectrometer, the laser ablation aerosol particle-time of flight mass spectrometer (LAAP-ToF-

MS; Aeromegt GmbH) to detect and analyze atmospheric particles. However, the 

quantification of the chemical composition by laser desorption ionization (LDI) technique 

appears to be a challenging task due to inhomogeneous laser beam profile [7] (the effects of 

the shot-to-shot single particle ion signal fluctuations), size-dependent particle transmission 

efficiency and matrix effect on detection and ionization [8]. There is an important number of 

studies [9][10][11][12][13][14] which demonstrates that quantification of the chemical 



composition by LDI techniques is feasible by mathematical and comparative methods. The 

comparative approach consist to converts the ion intensity produced by LDI into mass 

concentration. The conversion is based on comparison to another techniques for particle 

analysis [15][10][8] [16] [17][18][19].  

It has been questioned as to whether laser desorption ionization (LDI) analysis of aerosols can 

be used to quantitatively assess the amounts of specific chemical species such as organic 

compounds (OC) and elemental carbon (EC) in ambient particles. . Healy et al. (2013) and 

Jeong et al. (2011) developed the idea of quantifying aerosol chemical composition based on 

the specific ion intensities response factors using concurrent quantitative measurements 

including an Organic/Elemental carbon analyser and a high resolution time-of-flight aerosol 

mass spectrometer (HR-ToF-AMS) [18,19]. 

For example, aerosol time of flight mass spectrometer (ATOFMS) has been used in a number 

of atmospheric measurement campaigns and provides complementary information on aerosol 

chemistry and particle variability in the environment [16,17]. Single particle mass 

spectrometers such as ATOFMS provide information on the number concentrations of 

chemically distinct particle types, showing how these concentrations change over time 

[18,19]. The same methodology [9,11] was also adopted in this study with an additional step 

based on the calculation of a response factor of the LAAP-ToF-MS for different size ranges in 

order to quantify several chemical compounds.  

In this study we compared the performances of LAAP-ToF-MS against another well-

established commercial mass spectrometer, high resolution-time of flight-aerosol mass 

spectrometer (HR-ToF-AMS) (Aerodyne research Inc.,) with the aim of quantitative 

determination of chemical compounds within the atmospheric aerosol particles. In addition, a 

multi-angle absorption photometer (MAAP, Thermo Sci., model 5012) was also employed to 

analyze the elemental carbon. An optical particle counter (OPC) and a high-resolution 



nanoparticle sizer (scanning mobility particle sizer, or SMPS), were measuring the particle 

size distributions of the aerosol particles for the purpose of correcting the number 

concentrations as measured by the LAAP-ToF-MS. The emerging outcomes of these 

comprehensive measurements together with the developed methodology to quantify the 

chemical composition of the atmospheric particles are described below.  

Methodology 

Sampling sites and instruments 

The measurements were performed from 19 January until 29 January 2015 at the 

campus of Aix Marseille University situated in the city center of Marseille (43.30⁰ N, 

5.38⁰ E). The site is influenced by many aerosol sources since the sampling point was 

located about 300 m from the railway station, 500 m from the highway and 1.3 km 

from the harbor. For these measurements a single particle laser ablation mass 

spectrometer, LAAP-ToF-MS [6], was applied for on-line and continuous monitoring 

of single aerosol particles. The working principle of LAAP-ToF-MS is detailed by 

Gemayel et al. (2016) [6]. Briefly, LAAP-ToF-MS is equipped with aerodynamic 

lenses which focus particles in the range between 80 nm and 700 nm into a narrow 

beam. The particle beam passes through a nozzle where the particles are accelerated 

depending on their size (vacuum aerodynamic diameter, dva). Then the particle beam 

travels through two light scattering detection stages (laser diodes, wavelength: 405 

nm). The vacuum aerodynamic diameter is calculated from the time of flight of the 

particle between the two detection stages [6]. The second detection stage triggers an 

excimer laser (λ=193 nm; irradiance: approx. 10
9
 W cm

-2
) (EX 5, GAM Laser, Inc) to 

pulse and ablate the particles. The Gaussian profile of the laser beam, hot spots in the 

laser beam and shot-to-shot variation in laser pulse characteristics [7] [8]), are three 

parameters that strongly affect the ionization and detection of the particles. Therefore, 

two mathematical quantities are introduced to quantify the detection efficiency, i) the 



scattering efficiency which corresponds to the ratio between the number of particles 

detected by the laser diodes and the number of particles entering the instrument and ii) 

the hit rate which is defined as a ratio between the number of particles ionized by the 

ionization laser and the number of particles detected by the laser diode ([6][24][25]). 

The generated ions are analyzed in a bipolar time of flight mass spectrometer with the 

resolution m/m>600.  

In this study, LAAP-ToF-MS was used to measure the size-resolved chemical 

composition of single particles in the size range between 150 nm and 1µm. The dual 

ion mass spectrum was treated subsequently in MATLAB (R2013b). A HR-ToF-

AMS[20,21] was used for real-time measurements of size resolved aerosol chemical 

composition. A Multi-Angle Absorption Photometer (MAAP, Thermo Sci., model 

5012) [28] was used to measure elemental carbon, an Optical Particle Counter (OPC 

1.109, Grimm) and a high resolution nanoparticle sizer Scanning Mobility Particle 

Sizer (TSI, SMPS 3936) were used to measure the particle size distributions to correct 

the number concentrations measured by LAAP-ToF-MS. All instruments were 

connected to the same sampling system consisting of a TSP (Total suspended 

particulates) inlet located approximately 3 m above the ground level. The sampled air 

was dried using an aerosol diffusion dryer system maintaining the relative humidity in 

the line below 30%. The sample air flow was then split and diverted to each of the 

instruments using a custom built flow splitter. In order to allow a direct comparison 

between the HR-ToF-AMS the LAAP-ToF-MS and the MAAP, a PM1 cyclone was 

installed at the inlet of the MAAP.  

Comparison of the analyzed data  

In a very recent study, Gemayel et al. (2016) reported the low detection efficiency of 

2.5 % for the laser scattering diodes with respect to the particles having a diameter of 

450 nm and even lower detection efficiency for smaller particles. Therefore, it is 



essential to scale the LAAP-ToF-MS data with those obtained by OPC and SMPS. 

Then, the next step would be the comparison of the data obtained by LAAP-ToF-MS 

with the data obtained by HR-ToF-AMS and MAAP. Hence, it is crucial that HR-ToF-

AMS and MAAP are able to detect the total particle mass concentrations. SMPS and 

OPC detect particles in the range 14 nm - 650 nm and 250 nm - 30 µm, respectively. 

Therefore, for comparison purpose and scaling the data of LAAP-ToF-MS the particle 

concentrations in the range between 150 nm and 250 nm measured by SMPS were 

used in this study. Then for the other size ranges, the particle concentrations measured 

by the OPC are used.   

Different types of diameters are measured by the instruments applied in this study, i.e. 

electrical-mobility diameter for SMPS, geometrical diameter for OPC and 

aerodynamic diameter for LAAP-ToF-MS. Therefore, the determination of the 

detection efficiency requires a homogeneity between the three types of diameters. 

DeCarlo et al. (2004) reported that geometrical diameter (dg) is equal to the electrical-

mobility diameter (dme) in case of spherical particles (shape factor =1). In this study, 

the particles are considered as spherical which implies an equivalence between 

geometrical and electrical-mobility diameter [29]. Thereby, to convert these two 

diameters to vacuum aerodynamic diameter (dva) the Eq-1 is applied  

 

                                                                                            Eq-1 

In this case, the factor shape is also considered equal to 1 and the particle density is 

assumed to be 1.5 g·cm-3 [1]. However, one should be aware that use of these values 

for density and shape factor could induce errors to the quantification. The average of 

shape factor and the average of density is different even for different periods of the 

day[24,25]. On the other hand, Liu et al. (1999) demonstrated that OPC underestimates 



the size of ambient particles because they have a refractive index (n) lower than the 

refractive index of the model particles (in this case polystyrene latex n= 1.6) used to 

calibrate the OPC [32]. The maximum underestimation of the particle size occurs for 

particles size comparable to the wavelength (λ=655 nm) used for the OPC.  

 

Scaling of the LAAP-ToF-MS data 

For data analysis, approximately 112 000 dual-ion single-particle mass spectra (Figure 

1) have been collected for particles in the range between dva= 225 nm (dme= 150nm)  

and dva= 1.5µm (dme= 1µm). 

 

 A representative spectrum of the total ionised particles is presented in the Figure 1. In 

this figure, the standard deviation between the intensities of each m/z during the whole 

duration of the field campaign is presented in function of m/z for positive and negative 

ions. The choice of the standard deviation is based on the aim of this study, to present a 

maximum of detected ions and to emphasize the ions that change during the 

measurements. These ions correspond mostly to the typical compounds observed in the 

urban aerosols: sulfate, nitrate, potassium, ammonium, organic compounds (OC), 

elemental carbon (EC). Other ions correspond to metals such as iron and lead  and ions 

corresponding to chloride and sodium. The presence of such ions is reasonable 

considering that the experimental campaign was held near the highway and the 

harbour. The chloride can be derived from different chemical combinations such as 

NaCl (sea salt) or ammonium chloride (industrial aerosol). The discussion about the 

presence of these ions is further elaborated in section “Discussion”. All the collected 

data are normalized in function of particles size.  

Figure 2 shows the repartition of the number of particles in different size ranges as detected 

by OPC/SMPS and the number of particles ionised by the LAAP-ToF-MS during all the 



campaign, for particle size ranges corresponding to the one detected by OPC/SMPS. The 

number of ionised particles by LAAP-ToF-MS is considered as the number of exploitable 

spectra. The detection efficiency (D %) of LAAP-ToF-MS is defined as the ratio between the 

number of particles sized and ionised by LAAP-ToF-MS and the number of particles 

measured by OPC/SMPS.  

 

The detection efficiency of LAAP-ToF-MS varies in function of particle size ranges. For 

example, it is very low ca. 0.01 % for particle size ranges below 400 nm. Then, starting from 

400 nm it increases stepwise reaching about 1% for the size range 580-650 nm, and it remains 

constant up to 1µm.  

The relative standard deviation (RSD) for the detection efficiency calculated for each 5 min 

measurements widely varies depending on the number of detected particles. For example, the 

number of detected particles is very high for the particle range 500-580 nm, and consequently 

the RSD on the detection efficiency is about 50 %. However, the uncertainty of the detection 

efficiency is more than 200% for particles size ranges below 400 nm and over 1000 nm. 

To reduce the uncertainty of the quantification, the detection efficiency was averaged every 

60 min as described in the section below and the totality of the spectra is grouped into eight 

different size ranges  expressed as dme, as follows: 150-250 nm, 250-400 nm, 400-450 nm, 

450-500 nm, 500-580 nm, 580-650 nm, 650-1000 nm. The corresponding RSD are listed as 

follows 103; 106; 57; 51; 50; 45 and 73 %, respectively. The first range (150-250 nm) 

corresponds to the size range as detected by the SMPS while the others correspond to the size 

range detected by the OPC. 

Methodology 

Table 1 lists the ion markers chosen to monitor main particle components by the LAAP-ToF-

MS. As previously used by single particle mass spectrometer studies (i.e. ATOFMS) 



[15,27,9,28,29,30], the list includes sulfate, ammonium, nitrate, chloride, organic compounds 

(OC) and elemental carbon (EC).  

 

The first step in reducing uncertainties on detection efficiency consists of reducing the shot-

to-shot effect due to the inhomogeneity in the laser beam by normalizing the intensities of the 

specific marker ions produced by the LAAP-ToF-MS (as listed in table 1) to the total ion 

current (TIC) of the corresponding dual ion spectrum (Ii). As a second step, the mean value of 

the intensity of TIC-normalised marker ions (
1
Ii,t) is calculated for each hour and assigned to 

different size ranges (different n) (
1
Ii,n,t). 

Then the corresponding intensities of different ions (
1
Ii,n,t) measured by LAAP-ToF-MS are 

divided by the corresponding size-specific detection efficiency (D) calculated for each hour: 

1
I
/D

i,n,t. 

For each particle component and in each particle size range, an average response factor over 

the whole campaign (     ) is determined as  

      
 
 
 ̅   
  

 ̅   
                                                                                           Eq-2 

        

where 
 
 
  ̅  
  

is the LAAP-ToF-MS averaged scaled ion intensity and   ̅   is the mean mass 

concentration derived from the HR-ToF-AMS data acquired in the P-tof mode [37]. 

The hourly LAAP-ToF-MS reconstructed mass concentrations were then calculated by 

dividing the TIC–normalised marker ion intensities scaled by the corresponding size-specific 

detection efficiency, 
 
 
      
  

 , by the mean size-specific response factor RFi,n and by summing 

over the whole size range:  

       
 
 
      
  

     
                                                                                        Eq-3     



The sum of the mass concentrations calculated over the whole size ranges are defined by 

Mi,∑n,t.  

The Mi,∑n,t are compared to the hourly averaged mass concentrations measured by HR-ToF-

AMS for the same chemical moieties listed in Table 1 (Ci,∑n,t). During this campaign, 

ammonium concentrations were insufficient to work with the P-ToF mode and thus to express 

these concentrations in function of size range. On the other hand, the MAAP measurements 

provide a total concentration of EC for particles ranging between 1 nm and 1000 nm. For the 

analysis of these two compounds, ammonium and EC an additional step was used to calculate 

the response factor. The developed methodology is given in the supplementary information. 

Results  

Response factor  

The obtained response factors (RFi,n) from this study were compared to those obtained by 

Healy et al. (2013) [18] using an ATOFMS which operational principle (laser ablation) is 

similar to the one by LAAP-ToF-MS. However, the comparison was not an easy task because 

the characteristics of the ionisation laser are not the same (ATOFMS: λ= 266 nm, E= 1.3 mJ; 

LAAP-ToF-MS: λ= 193 nm, E= 4mJ). For this reason we compared only the ranking. 

Another major difference is that the RF in this study were calculated for each size range while 

the RF in Healy et al. (2013) were estimated for a bulk particle ranging between 150 nm and 

1067 nm. For this reason, the RF of the most abundant size range (500–580 nm) has been 

chosen for comparison. The relative importance of the RF obtained by the two instruments 

(LAAP-ToF-MS and ATOFMS) were equivalent as shown in Figure 3 B. The RF of the 

compounds is presented in a decreasing order as follows: EC > sulfate ~ nitrate > organic > 

ammonium. As a result, in spite of the difference between the two wavelengths used by the 

two compared instruments (i.e. 193 nm for LAAP-ToF-MS and 266 nm for ATOFMS), both 

instruments give the same result, i.e., the highest signal is obtained for EC and the lowest for 



OC and ammonium. Although the amount of chloride ions generated per mass unit is in the 

same order of magnitude as those of nitrate and sulfate, the chloride was not included in this 

comparison because it was not measured by ATOFMS [18].  

 

As a second step, the influence of particle size on the absolute RF was examined. As the RF is 

the ratio between the signal intensity and the mass concentration, a decrease in RF implies 

that for the same mass concentration the quantity of generated ions decreases. Figure 3 A 

shows the behavior of the response factor of each chemical compound for different particle 

sizes. It can be noticed that the RF decreases considerably when the size range increases. As a 

result, the quantity of generated ions decreases with the particle size but this depends on the 

considered compound. This result is surprising because the bigger particles should contain 

higher amount of compounds. Two phenomena could explain this result. First, the light 

emerging from the excimer laser is independent of the particle size so that, the quantity of 

energy available per mass unit decreases when the particle size increases [32, 11]. The second 

reason is linked to the particle composition which depends on the size. The composition of the 

smaller particle facilitates the ionization mechanism [8, 32]. This effect of the matrix will be 

discussed more in details below. 

Evolution of the mass concentration  

The results of the comparison between the housrly averaged mass concentrations obtained by 

the HR-ToF-AMS and MAAP with those derived from the LAAP-ToF-MS are presented in 

Figure 4 and Figure 5. The time series of the reconstructed mass concentrations from the three 

instruments are in good agreement.  

 

 



The difference between the mass concentrations derived from the LAAP-ToF-MS and those 

given by the HR-ToF-AMS and the MAAP is expressed as an “error” and is calculated 

according to Eq-4: 

      
                        

          
                                     Eq-4 

An error equal to zero signifies an excellent agreement between LAAP-ToF-MS and HR-

ToF-AMS/MAAP. An overestimation by the LAAP-ToF-MS is translated by an error above 

zero, while an underestimation by the LAAP-ToF-MS is interpreted by an error below zero.   

To interpret statistically the good agreement between the two instruments, the concentrations 

of each compound measured with LAAP-ToF-MS versus HR-ToF-AMS/MAAP are reported 

on Figure 6. The degree of the agreement increases in the following order NH4
+
 <SO4

2-
 <NO3

-
 

<EC <OC <Cl
-
 with r

2
 values in the range of 0.4-0.95 and slopes extrapolated from the linear 

regressions range between 0.6 and 1.2. This result is satisfying given: i) the uncertainties and 

assumptions associated to the conversion of ion intensity to mass concentration of chemical 

species i.e., the factor shape was assumed equal to 1 (spherical particles), the density was 

considered constant (1.5 g·cm
-3

) and the detection efficiency was based on the particle 

detection instead on the detection of the given compound considered in this study, ii) the 

limitations generally attributed to single laser mass spectrometers in association with the 

matrix effect on desorption and ionisation processes. 

 

Three parameters could explain different results obtained during the comparison between 

LAAP-ToF-MS and HR-ToF-AMS/MAAP: 1) the matrix effect influencing the results using 

LDI techniques, 2) the detection limit in size (LAAP-ToF-MS: 150 nm-1000 nm; MAAP: 



PM1) and 3) the effect of relative humidity. In this study, the sampled air was dried using an 

aerosol diffusion dryer system, which considerably reduces the effect of the relative humidity. 

Yet, in comparison to the HR-ToF-AMS/MAAP, LAAP-ToF-MS underestimate the mass 

concentrations of ammonium, EC, sulfate, OC and nitrate (Figure 6). Nevertheless, a 

statistical test (correlation coefficient) carried out on the errors calculated for the various 

species, indicates that moderate correlations exist between nitrate-sulfate (0.50) and nitrate–

OC (0.48), suggesting that these errors are linked mostly to the matrix effect. 

Discussion 

The matrix could have an impact on particles detection by mean of the scattering laser and the 

ionisation rate. Since the effect of the scattering laser is already included in the detection 

efficiencies values, the attention was focused on the matrix effect on the ionisation rate.  

This matrix effect in the laser desorption studies is still misinterpreted and under discussion 

[8,33]. Thomson et al (1997) suggested that the energetic level necessary to obtain an ion 

production of a constituent strongly depends on other compounds present within the particle 

under analysis [38]. These authors demonstrated that the ion formation threshold for NH4NO3 

with a 193 nm ionisation laser, presents the lowest value (4.2-5.6 MW cm
-2

) compared to the 

combination of other species  such as ammonium sulfate (23-57 MW cm
-2

). On the other 

hand, Reinard et al (2008) have shown that numerous interactions exist in the plasma between 

the ions produced. According to these authors two cases have to be considered:  

In plasma with low ion density, few collisions occur between ions, as a result, ions having low 

electronic affinity will survive and will be dominant. On the other hand, ions with high 

electronic affinity constitute the lower fraction of the total ion signal [36]. In plasma with high 

ion density many collisions occur and ions with low electronic affinity are deactivated; the 

high electronic affinity ions are dominant [36]. 



In this work, because field experiments were performed and because the analytical results 

represent hourly averaged values, it is difficult to evaluate the individual relative importance 

of each phenomenon (the effect of a dense plasma and the effect of the threshold ionisation 

energy that is, the minimum energy required to produce a detectable ion signal). 

Therefore, the interactions between mass concentration of one species and the intensity of 

other species’ signal, were evaluated. For this purpose, the correlations between concentration 

levels of each species (EC, OC, chloride, ammonium, nitrate and sulfate), and the individual 

errors of other species were assessed. Errors were calculated based on Eq-4.  

These calculations lead to 36 possible combinations for the six considered compounds in this 

study including the effect of each compound on its own. On a first glance (Figure 7), it can be 

noticed, for each species, the absence of a systematic correlation between the mass 

concentration (µg m
-3

) and its own error (%). This observation immediately discard the 

possibility of an error associated with the concentrations of the compounds in the sample. 

Among the 30 remaining combinations, only 8 exhibits statistically relevant correlation 

coefficients (>0.4) which are shown in Figure 7.  

 

Factors influencing the error on the mass concentrations of OC 

One of the limitations of the single aerosol mass spectrometers based on laser ablation is the 

variation of the ablation efficiency in function of particle size and chemical composition 

[34,35]. Kane and Johnston (2000) evaluated the ablation efficiency with respect to simple 

laboratory-generated oleic acid particles. However, when ablating polydisperse 

multicomponent aerosols, such as that found in a real atmosphere, the measurements can be 

influenced greatly by the presence of additional chemical species in the particle. Therefore, 

they also measured the ablation efficiency of mixed oleic acid and ammonium nitrate in a 

ratio of about 10:1 by mass. They demonstrated that for each size, ablation efficiencies of the 



mixed particles are greater than pure oleic acid by a factor of 3 and smaller than pure 

ammonium nitrate [40].  

Even though the average ratio between OC and nitrates is about 3 in this study, it is clear that 

the presence of ammonium and nitrates has improved the ionization of the OC (figure 7).  

Since nitrate and ammonium are simultaneously present in both studies, it is impossible to 

identify which species (nitrate or ammonium) is responsible for the variation of the signal.  

In this study a dependence of the OC signal (the same order as the one for nitrates) with 

respect to the concentration of sulfate was observed. Kane and Johnston (2000) did not 

evaluated this influence because they followed only positive ions which does not allow sulfate 

analysis.  

 

Considering that atmospheric aerosols contain nitrate and sulfate in the form of ammonium 

nitrate and ammonium sulfate, it can be envisaged that the variation of OC signal is associated 

with the ammonium rather than nitrate or sulfate. To confirm this hypothesis, additional 

measurements are necessary with other types of ammonium salts. The ammonium chloride 

could be a good choice because chloride concentrations does not affect the OC signal. 

Factors influencing the error on the mass concentrations of sulfate 

The signal of sulfate is largely influnced by the nitrates, the OC, and EC (Figure 7). To the 

best of authors knowledge, the influence of nitrate and EC on the sulfate, as observed in this 

study, was not previously evaluated in laboratory experiments. Kane and Johnston (2001) 

have studied the influence of OC on the signal of sulfate. These authors have shown that 

coatings of 1-naphthyl acetate applied on an aerosol of ammonium sulfate, in a volume ratio 

3:1, resulted in a 20 % increase in the detection of sulfate. In the present study, the ratio OC/ 

sulfate that is 10:1, is expressed in mass concentration; thus cannot be directly compared to 



the study by Kane and Johnston (2001). The error of the OC signal varies between -100 and + 

200 % which results in a total variation of 300 %. This dependence with respect to the sulfate 

exhibits the same trend as the study by Kane and Johnston, (2001) with much bigger values in 

this study (300 %) against 20 % [41]. The reason for such a big discrepancy is not clear yet. 

Factors influencing the error on the mass concentrations of nitrates  

The EC is the only species affecting the error on nitrates signal. This correlation, to the best of 

authors knowledge was not studied before. On the other hand, in the present study no 

influence of OC was observed on the nitrates as was also the case in the study by Kane and 

Johnston (2001) [34].   

Factors influencing the error on the mass concentrations of EC  

In a very recent study, Ahern et al. (2106) have demonstrated that the ionization of organics 

leads to the formation of ion C
+
 which interferes with one of the fragments used to follow the 

signal of EC [42]. Figure 7 shows that the error on EC is mostly positive ranging between -

80% and 380% and that this error is well correlated with the concentration of the organics (R
2
 

= 0.42). Thus, it seems that the presence of organics leads to an overestimation of EC. 

On the other hand the specific ions which were chosen for the quantification of EC, are 

exclusively of type Cx
+ 

and Cx
-
 where x ranges between 1 and 4. The fragments Cx (x>4) were 

not considered, neither positive nor negative, because the signal/noise was too low. Thus, 

these Cx (x>4) ions could affect the quantitative measurements of EC. Figure 7 shows that OC 

affects the error of EC which origin could be the modification in the ionization mode of EC, 

in presence of organic species. Several studies [28,29,37,38] observed such influence of OC 

on EC, and they even used the fragmentation mode of EC to identify their sources. 

In the present study, the response factors of EC are calculated from the Cx
+ 

fragments, where 

x ranges between 1 and 4. Nevertheless, the presence of organics favors the fragmentation of 

EC in a sense that x in the produced ions of EC, (Cx
+/-

), ranges between 1 and 3. Under such 



conditions, all the ions emerged from the ionization of EC were considered, which is not the 

case for the particles poor in organic material, where EC is less fragmented (Cx
+/-

 with 

1<x<8). 

MAAP measurements do not cause fragmentation of the atmospheric aerosols in function of 

particles diameter. Thus, it gives the average mass concentrations for the ensemble of PM1 

(all the particles with diameter inferior than 1 µm). On the other hand, LAAP-ToF-MS detects 

only the particles with diameter > 150 nm. Consequently, the presence of strong concentration 

of particles with diameter inferior than 150 nm containing EC would induce an 

underestimation of EC by LAAP-ToF-MS. This phenomenon was clearly observed during the 

field campaign on 21
st
 and 26

th
 of January (red square on Figure 5). In this figure it can be 

seen the concomitance between the high concentrations of particles with diameter < 150 nm 

as measured by SMPS and the underestimation of the EC concentrations by LAAP-ToF-MS 

in comparison to the MAAP measurements.     

The correlations emerged from the concurrent measurements 

Figure 6 shows the mass concentrations of each of the considered species (sulfate, 

ammonium, nitrate, chloride, OC, and EC) measured by LAAP-ToF-MS in function of those 

obtained by concurrent reference measurements by MAAP for EC, and HR-ToF-AMS for 

sulfate, OC, nitrate, chloride, and ammonium. The slopes of the regression lines for all the 

species except chloride are in the range between 0.61 and 0.95. This implies that a bigger 

fraction of these species is detected by HR-ToF-AMS.    

Contrary, the slope of the regression line 1.2, obtained for chloride signifies that LAAP-ToF-

MS detects better this species than HR-ToF-AMS. This compound can be present in form of 

NaCl in atmospheric aerosols which are considered to emerge from marine sources [39, 40]. 

In this form the chloride represent refractory species; hence, they cannot be detected by HR-

ToF-AMS. The field campaign was held in a place situated only 1 km from the Mediterranean 



Sea which explains the presence of NaCl in the detected aerosols by LAAP-ToF-MS. During 

this campaign, 45% of the particles containing chloride were containing sodium as well. The 

relative standard deviation obtained on the average value of chloride was 43% which explain 

a high variability in the percentage of chloride in the form of NaCl. Therefore, this variability 

in the percentage of chloride detected by the LAAP-ToF-MS is responsible of the 

overestimation of these ions since the HR-ToF-AMS showed less variability.  

Conclusion 

LAAP-ToF-MS as a single aerosol mass spectrometer based on laser desorption ionization 

technique is capable of measuring the time evolution of mass concentrations. This study 

revealed the importance of four points (described below) which need to be optimized in order 

to quantify the chemical composition of aerosol particles by LAAP-ToF-MS. 

1: An absolute quantification of chemical species during a field campaign is a complex issue 

due to matrix effects, especially if the measurement site is affected by different sources of 

aerosols, as was the case in this study. However, a semi-quantification allowing to monitor the 

evolution of a chemical composition in function of time is possible. Therefore, detected 

particles should be classified in different classes depending on their composition, i.e. particles 

containing sulfate and nitrate are considered as one class while those containing only sulfate 

represents another class. By this, the matrix effect would be surmounted. Then the next point 

should be applied. 

2: The determination of the mass concentration of a chemical composition should respect 

three important points. First of all, it is important to consider the sum of all the specific ions 

of each chemical composition. Second, the corresponding intensities of these ions have to be 

normalized to the detection efficiency. And at last but not least, one have to choose a suitable 

time interval leading to an overall chemical composition statistically sufficient to overcome 



the shot-to-shot effect of lasers variability. In this study a time interval including 15 particles 

was found to be suitable for quantification of mass concentrations.  

3: An absolute qquantification would be possible in the case of measurements at the source. In 

this case the chemical composition within the aerosol is stable (not influenced by various 

sources) and the effect of matrix would not significantly affect the quantification.  

4: In the present study, the HR-ToF-AMS used as a reference instrument does not detect 

chloride present as NaCl, explaining the overestimation of chloride obtained from the LAAP-

ToF-MS measurements. Therefore, the quantification of chloride using the LAAP-ToF-MS 

needs to be compared to an instrument capable of measuring all the possible states of chloride 

possibly present in an aerosol. In the future, development of a methodology based on 

laboratory studies and calculation of the response factors by type of particles, would resolve 

certain difficulties associated with the matrix effect.  
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Figure captions 

 

Figure 1: Average of all the measured spectra during the field campaign  

Figure 2: Comparison between the number of particles ionised by LAAP-ToF-MS and the 

number of particles detected by OPC during the field campaign and the average detection 

efficiencies of the LAAP-ToF-MS for different size ranges (dme).  

Figure 3 : A) The calculated response factors for LAAP-ToF-MS as a function of particle 

size range. B) Relative response factors of some ion markers obtained with ATOFMS 

measurements of bulk particles between 150 et 1067 nm (Healy et al.2013) and LAAP-ToF-

MS measurements of particles in the size range 500-580 nm (this study). 

Figure 4 : Comparison of the mass concentrations determined by LAAP-ToF-MS and HR-

ToF-AMS and the consecutive errors for OC, sulfate, nitrate and chloride  

Figure 5: A) Comparison of the mass concentrations determined by LAAP-ToF-MS and HR-

ToF-AMS/ MAAP and the corresponding errors for ammonium and EC B) The number 

concentration of different size range detected by SMPS.  

Figure 6: Intercomparison of mass concentrations determined by LAAP-ToF-MS and HR-

ToF-AMS/MAAP for EC, chloride, ammonium, nitrate, sulfate, and OC. 

Figure 7: Influence of some mass species concentrations on other species’ errors.  



 

 

 

Table 1: The list of specific ions for ammonium, EC, chloride, nitrate, OC, and sulfate. 

N
0
 of the 

chemical 

composition, 

i 

Chemical 

composition 

Specific ions for the 
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highlights 

 A new analytical method is developed for quantitative measurements by LAAP-ToF-

MS  

 A good agreement exists for the mass concentrations by LAAP-ToF-MS and HR-ToF-

AMS 

 Factors that affect the mass concentrations measured by LAAP-ToF-MS are illustrated 

 Matrix effect remains a strong  limiting factor for an absolute quantification  
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