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ATOFMS speciation estimates 

In order to estimate the mass fraction of each chemical species in each single particle, 

ATOFMS measurements were constrained using concurrent HR-ToF-AMS and MAAP mass 

concentrations at hourly resolution. It is assumed that the summed relative peak area of 

marker ions associated with BC, OA, ammonium, nitrate and sulfate detected in the 

ATOFMS mass spectrum for a single particle are representative of the relative ratios of those 

species present in that single particle (Gross et al., 2000; Jeong et al., 2011). The following 

marker ions were chosen for OA: m/z 27 [C2H3]
+
, 29 [C2H5]

+
, 37 [C3H]

+
, 43 [C2H3O]

+
, and 

BC: m/z 12, 24, 36, 48, 60, 72, 84 [C1-7]
+
 and m/z -12, -24, -36, -48, -60, -72, -84 [C1-7]

-
. The 

following ions were chosen to represent ammonium, sulfate, and nitrate: m/z 18 [NH4]
+
, -97 

[HSO4]
-
, and -62 [NO3]

-
, respectively. The ions selected are consistent with previous studies 

(Spencer and Prather, 2006; Ferge et al., 2006; Jeong et al., 2011; Healy et al., 2013). 

Quantification of sodium and chloride was also explored, but the agreement observed with 

the concurrent measurements was poor. The average contribution of sodium and chloride to 

the measured PM2.5 mass concentration was relatively low and therefore these species were 

omitted from the quantification procedure (Healy et al., 2013). Thus, for the mass 

reconstruction calculations, it is assumed that all particles are composed entirely of OA, BC, 

ammonium, sulphate and nitrate. These species have been demonstrated to account for more 

than 90% of annual average PM2.5 mass concentrations in Paris (Bressi et al., 2013). 

The ATOFMS relative peak area (RPA) for the marker ions in the number-weighted average 

mass spectrum collected for each hour of the campaign were compared directly to the average 

mass fractions of each chemical species present in the bulk aerosol for that same hour, as 

determined by concurrent HR-ToF-AMS/MAAP measurements. RPA was chosen for 

quantification because it is less sensitive to the variability in ion intensity associated with 
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particle-laser interactions when compared to absolute peak area (Gross et al., 2000; Healy et 

al., 2013). RPA was calculated separately for positive ion and negative ion mass spectra. 

Comparison between the ATOFMS RPA values and the mass fraction data from the other 

instruments enabled the determination of arbitrary relative sensitivity factors (RSFs) for each 

species for each hour of the campaign. The ATOFMS is subject to different sensitivities for 

chemical species due to differences in their ionization energies, and matrix effects associated 

with different internal mixing states (Reilly et al., 2000; Reinard and Johnston, 2008; Pratt 

and Prather, 2009; Gross et al., 2000). The RSF values determined for each chemical species 

for each hour of the measurement period are shown in Fig. S1. It is important to note that 

relative sensitivity factors will vary depending upon the marker ions chosen to represent each 

species. 

 

Fig. S1. Relative sensitivity factors derived every hour as the direct ratio of the relative peak 

area (summed for selected marker ions) in the average ATOFMS single particle mass 

spectrum for that hour with concurrent HR-ToF-AMS and MAAP measurements of the mass 

fraction of each species in the bulk aerosol (n = 610). Median, 75
th

 percentile and 90
th

 

percentile are denoted by the solid line, box and whisker respectively.  
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The RSF values determined for each chemical species were observed to be relatively stable 

throughout the campaign. Changes in these values are expected to arise from changes in 

ATOFMS sensitivity to each chemical species depending on the particle matrix, or differing 

desorption/ionization efficiencies for different chemical mixing states (Gross et al., 2000; 

Wenzel et al., 2003; Kane and Johnston, 2000). Error will also be introduced by any size-

dependence of desorption/ionization efficiency, instrument busy time and any potential effect 

of relative humidity upon mass spectral ion relative intensities (Neubauer et al., 1998; Kane 

and Johnston, 2000; Qin et al., 2006). The uncertainty (1σ) associated with hourly scaling 

factors derived for BC, OA, NH4, SO4 and NO3 is 40%, 44%, 76%, 41% and 41%, 

respectively. The highest uncertainty is associated with ammonium, the species for which the 

ATOFMS also exhibits the poorest sensitivity. This uncertainty, however, is simply a 

measure of the suitability of the marker ion approach, and is not a direct measure of the 

uncertainty of speciation at the single particle level, which is not possible to confirm for field 

data.  

Hourly RSF values are applied to each single particle mass spectrum to estimate the mass 

fractions of all five chemical species present in each single particle. The mass fraction of 

species i in particle j (mfi,j), is calculated as follows:  

      
               

∑                 
 

Where RPAi,j is the summed relative peak area of the marker ions for species i in particle j, 

and RSF is the relative sensitivity factor for species i for a particular hour of the campaign. 

Thus the sum of the mass fractions of all five species equal unity for each particle.  

ATOFMS particle number concentrations in eight size bins were scaled at hourly resolution 

using simultaneous TDMPS data as described elsewhere (Healy et al., 2012). The uncertainty 
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associated with the TDMPS is estimated to be <2% (Birmili et al., 1999). The total ATOFMS 

reconstructed mass concentration (assuming spherical shape and a particle density of 1.5 g 

cm
-3

) in the size range 150-1067 nm is compared with the total HR-ToF-AMS/MAAP mass 

concentrations for BC, OA, NH4, NO3 and SO4 in Figs. S2 and S3. Good agreement is 

observed, although the ATOFMS reconstructed mass is consistently lower. This is expected 

to be at least partly due to the fact that the ATOFMS does not detect particles smaller than 

150 nm (dva). 

 

Fig. S2. Scaled ATOFMS mass concentration (150-1067 nm) and sum of total HR-ToF-AMS 

and MAAP mass concentrations for OA, BC, NH4, NO3 and SO4. The dashed black line 

(right panel) represents the 1:1 fit. The red line (right panel) represents the orthogonal 

distance regression fit.   

 

The estimated single particle mass fractions for each chemical species were summed across 

all particles and scaled to produce bulk aerosol mass concentration estimates. The ATOFMS-

derived bulk aerosol mass fractions and the measured HR-ToF-AMS/MAAP bulk aerosol 

mass fractions for each hour of the measurement period are shown in Fig. S3. Good 

agreement is observed, although some discrepancy is apparent between the ATOFMS-

derived bulk mass fractions and the HR-ToF-AMS/MAAP bulk mass fractions. This is 
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expected to arise from the uncertainties associated with the ATOFMS measurements 

discussed earlier. 

 

Fig. S3. Comparison of ATOFMS-derived bulk aerosol species mass fractions and HR-ToF-

AMS/MAAP bulk aerosol species mass fractions. 

 

When examining each species individually, good agreement is again observed between the 

ATOFMS-derived reconstructed mass concentrations and the HR-ToF-AMS/MAAP 

measured mass concentrations, as shown in Fig S4. Correlation coefficients (R
2
) range from  

0.84-0.93 and slopes range from 0.73 and 1.23. It is important to note that although the 

reconstructed mass concentrations track the measured mass concentrations well, there is no 

means by which to confirm whether the mass fraction species distributions at the single 

particle level are accurate. Thus, single particle speciation estimates should be interpreted 

with care, although those reported here are the best estimates available from the 

instrumentation deployed. A further improvement to the technique described here could 

involve the calculation of size-dependent scaling factors for each species using simultaneous 
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PTOF measurements of BC, OA, ammonium, nitrate and sulfate provided by a co-located 

soot particle aerosol mass spectrometer (Onasch et al., 2012). Size-resolved BC 

measurements were not available for the MEGAPOLI winter campaign. 

 

Fig. S4. Comparison of ATOFMS-derived and HR-ToF-AMS/MAAP measured mass 

concentrations for BC, OA, ammonium, nitrate and sulfate for each hour of the measurement 

period (n = 610). Black dashed lines represent the 1:1 fit, red lines represent the orthogonal 

distance regression fit. ATOFMS reconstructed mass concentrations have been multiplied by 

a factor of 1.2 (inverse of 0.83) to account for the underestimation of scaled ATOFMS mass 

concentrations relative to the total mass concentrations determined using the AMS/MAAP 

instruments (Fig. S2). 
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Dependence of ammonium nitrate mass concentrations upon temperature 

As shown in Fig. S5, maximum diurnal ammonium and nitrate mass concentrations are 

observed when ambient temperatures are lowest between 02:00 and 10:00. 

 

Fig. S5. Diurnal dependence of HR-ToF-AMS mass concentrations for nitrate and 

ammonium and ambient temperature. 
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