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1. ClearfLo field site, Detling, UK 

 
 
Figure S 1: Map of the location of Detling UK, with southeastern UK, the English Channel and northwestern continental 

Europe. The wind rose in the upper right corner shows the wind directions and wind speeds during the ClearfLo 

campaign. 

 

 

Figure S 2: Development of the kilotonnes of PM10 emitted by domestic wood burning activities since 1970 (a) and the 

spatial distribution of PM10 (kilotonnes) in 2010 from commercial, institutional, residential and agriculture sectors, 

excluding point sources (b). Data source: http://naei.defra.gov.uk.
1
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2. Declustering conditions 

The average E/N (electric field divided by the number density) between the CDC and the back Q2 

regime was 390 Td, the mean acetate dimer (CH3C(O)OH).(CH3C(O)O
-
) to monomer (CH3C(O)O

-
) ratio 

was 0.07, the acetic anhydride flow was 50 sccm and the total IMR flow was 4.5 l m
-1

 during the 

ClearfLo campaign.  

3. Measurement cycles during ClearfLo and gas phase calibrations 

 

Figure S 3: Measurement cycle, negative mode only, of the MOVI during the ClearfLo measurements in Detling, UK. 

Zero air was generated with a  Zero air generator (Teledyne, USA) for blanks. Calibration gas (formic 

acid) was added during the sampling and blank phases for 2 minutes at random instants of time at 

the top of the inlet (not shown). We used a permeation tube of formic acid kept at 70 °C, with an 

emission rate of 120 ng min
-1

. 

4. Quantifications of nitrated phenols 

The sensitivity of the MOVI-HRToF-CIMS to nitrated phenols was determined in the laboratory after 

the campaign by injecting known quantities (in solution) into the MOVI, within 1 mm of the 

impaction post using a microliter syringe (Hamilton, USA). The MOVI and IMR conditions were 

identical to those in the campaign. Solutions of 4-Methyl-2-nitrophenol (4M2NP, 99%), 4-

Nitrocatechol (4NC, 97%), 2-Nitrophenol (2NP, 98%), and 4-Nitrophenol (4NP, not specified) were 

prepared in acetone with concentrations in the range of µmol/l for all compounds except 4NP 

(nmol/l). Nitroaromatics were purchased from Sigma Aldrich and used without further purification. 



S4 

 

Acetone was chosen as the solvent primarily because of its aprotic nature to avoid hydrolysis or 

other solution chemistry. Amounts of 2 µl, 5 µl, 10 µl, 15 µl, and 20 µl were delivered to the MOVI 

using a syringe (Hamilton, USA).The resulting data peaks were integrated, yielding a total ion counts 

signal per injection, which was plotted versus the amount of compound delivered in ng per injection, 

showing a linear relation. The signal pulses arising from injections were time integrated and 

demonstrated linearity (R
2
 ≥ 0.95) and reproducibility across the concentration range used (see 

Figure S4). 

 

 

Figure S 4: Calibration curves of 4-Methyl-2-nitrophenol, 4-Nitrocatechol (a), and 4-Nitrophenol (b). The slopes represent 

the sensitivities in counts ng
-1

 used for the quantification of the NAs measured in Detling. The skeletal formulas depict 

tentative structures of the nitrated phenols compounds measured and quantified with the CIMS in Detling: (1) 

Methylnitrophenol, (2) nitrocatechol, (3) nitrophenol, (4) dinitrophenol, and (5) methylnitrocatechol. The error bars 

represent ± 1 standard deviation. 
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5. ClearfLo mean diurnal pattern of NOx and CO 

 

Figure S 5: Campaign average diurnal pattern of CO and NOx as measured in Detling, UK during the ClearfLo campaign. 

The shaded grey areas represent ± the standard error of the mean. 

6. Positive Matric Factorization PMF 

Pretreatment of data. Positive Matrix Factorization (PMF) was performed on unit mass resolution 

(UMR) organics spectra. The PMF2 executable version 4.2 in the roust mode
2
) and PMF Evaluation 

Toolkit (PET) introduced by Ulbrich et al.
3
 were used to process the data. Organic mass spectra matrix 

was generated using the “fragmentation table” technique 
4
 and errors matrix was generated 

following the procedures described by Ulbrich et al.
3
 Any m/z’s with 0.2 < signal-to-noise (SNR) < 2 

are considered “weak” and downweighted by a factor of 2, and m/z’s with SNR smaller than 0.2 are 

considered “bad” and removed to reduce disproportionate effects on the fitting outcome. In order to 

prevent excessive weighting of the m/z = 44 variable, the signals at m/z = 16,17,18,44 were 

downweighted before PMF.  

Choice of number of factors. PMF was run under a range of number of factors (P). The three factor 

solution was chosen after carefully examining the total sum of the squares of the scaled residual 

(Q_value), factor correlation with external tracers (including CH3CN, NOx, NO3
-
), and signs of “split” of 

factors, which were described by Zhang et al.
5
  

Rotational ambiguity or numerical stability.The rotational ambiguity was checked by changing 

the parameter FPEAK. Improved correlations with external tracers were not found for FPEAK values 

different from 0. Therefore, a FPEAK value of 0 was used for the solution. The robustness of the 

solution was examined by running PMF with different initial conditions (SEED parameter, 

pseudorandom value from which to start the PMF algorithm to explore possible local minima of the 

Q_value), and all three factors were remarkably stable across different solutions.  
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7. MOVI-HRToF-CIMS mass spectrum 

 

Figure S 6: Mass spectrum (organic compounds only) from February 4 shortly after midnight, integrated over one 

heating cycle and background subtracted. Mass concentrations are calculated based on gas phase formic acid sensitivity 

(8.9 x 10
6
 counts nmol

-1
). The nitrated phenols are highlighted in red; their mass concentrations have been calculated 

based on NA calibrations in the laboratory. The inset shows a zoom of the m/Q region of the nitrated phenols. 

8. Correlation coefficient of individual NA compounds and AMS-PMF factors 

Table S 1: Correlation coefficients of the five individual NA compounds and the AMS-PMF factors. The highest values per 

compound are highlighted 

Pearson’s r(293), 

p < 0.05 

NP MNP NC MNC DNP 

BBOA 0.52 0.56 0.66 0.53 0.40 

HOA 0.30 0.31 0.47 0.29 0.21 

OOA 0.42 0.25 0.46 0.17 0.60 
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9. CO background determination 

 

Figure S 7: ΔCO equals CO minus a CO background, which was determined to be 100 ppb for this dataset based on the x-

axis intercept of the (HOA + BBOA) to CO regression analysis. 

10. Diurnal pattern of dinitrophenol/nitrophenol 

 
Figure S 8: ClearfLo campaign average diurnal pattern of the ratio of dinitrophenol (ng m

-3
) and nitrophenol (ng m

-3
). The 

shaded grey areas represent ± the standard error of the mean. 

11. Separation of babs into OC/BC and wood burning/traffic fractions  

Figure S9 shows the average babs per λ measured with the aethalometer for Detling (red dots). The 

power law fit yields an α of 1.7. Kirchstetter et al.
6
 recently used data from the 7-wavelength 
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aethalometer to estimate the contribution to light absorption from OC and BC. The BC fraction was 

calculated using α = 0.86, and the difference of total attenuation and BC attenuation was assigned to 

OC attenuation. Values close to 1 have been shown to represent well the light-absorbing behavior of 

freshly emitted BC,
7-9

 whereas α values for wood burning generated particulate matter exhibit a 

broader range greater than 1
6, 7, 10

 and are usually assigned to non-BC or light absorbing organic 

matter termed brown carbon. The same concept applied to the aethalometer data from Detling and 

using α = 1 for the BC fraction yielded an α value of 2.2 for the organic (brown carbon) fraction 

(Figure S9). A similar concept, based on the Beer-Lambert’s law, aethalometer babs measurements at 

two different wavelengths, and different α values for traffic and wood burning (WB) carbonaceous 

matter absorption, respectively, was used by Sandradewi et al.
10

 to quantify the mass fractions of 

total carbonaceous matter from wood burning and traffic emissions at a certain wavelength. 

Applying this model to the lowest aethalometer wavelength measured in Detling (370 nm), using the 

biggest wavelength (950 nm), α = 1 and α = 2.2 for traffic and wood burning, respectively, yields the 

following formula for babs at 370 nm due to wood burning carbonaceous matter (S1):  
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	         (S1) 

Figure S9 (hashed bar)shows the classification of the mean babs at 370 nm into the wood burning and 

traffic fraction.  

 

 

Figure S 9: ClearfLo campaign mean values of babs as a function of wavelength λ measured by an aethalometer (red 4 

point stars). The fraction of babs by black carbon (BC) was estimated using the power law relationship between babs and λ, 

and an Angström exponent α = 1 (grey); the fraction of babs by organic carbon (green) is the difference between total babs 

and babs(BC), yielding α = 2.2. The apportionment of babs at 370 nm to wood burning (WB) and traffic carbonaceous 

matter is based on the model developed by Sandradewi et al.,
10

 with α = 1 for traffic and α = 2.2 for WB. 
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12. Comparison of absorption measured by the aethalometer and PASS-3 

 

Figure S 10: Comparison of aethalometer and three-wavelength photo-acoustic soot photometer (PASS-3, Droplet 

Measurement Technologies, USA) light absorption measurements in Detling. 
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