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1. Mixing Ratio and Uncertainty Calculation 

Mixing ratios were calculated, in the absence of suitable reference materials, according to Equation S1, using the 

reaction kinetics quantification method.  

 

𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝 =
𝑅𝑅𝑅𝑅+×109×𝑈𝑈×2.8×22400×10132×𝑇𝑇2×𝑇𝑇𝑇𝑇(𝐻𝐻3 𝑂𝑂+ 18 )

𝑘𝑘×9.22×𝐻𝐻3 𝑂𝑂+ 18 ×500×𝑃𝑃2×6.02×1023×273.152×𝑇𝑇𝑇𝑇(𝑅𝑅𝑅𝑅+)
                                                 (S1) 5 

 

Where Rppb is the mixing ratio of the analyte ion R, RH+ is the raw signal of the protonated analyte in cps, 109 is the 

conversion to ppb, U is the voltage of the drift tube in volts, 2.8 is the reduced ion mobility (which has been 

experimentally determined) in cm2/Vs, 22400 is the molar volume in moles per cm3, 1013 is standard pressure in 

mbar, T is the temperature of the drift tube in K, Tr(H318O+) is the transmission of the primary ion isotope (H3
18O+), k 10 

is the rate reaction coefficient of the analyte ion with the hydronium ion, 9.2 is the length of the drift tube in cm,  

H3
18O+ is the raw signal of the isotope of the primary ion, 500 is the isotopic ratio correction factor, P is the pressure 

of the drift tube in mbar, 6.02×1023 is Avogadro’s number in molecules per mole, 273.15 is standard temperature, and 

Tr(RH+) is the transmission of the protonated analyte ion. The isotope of the primary ion is used to avoid detector 

saturation. It must be noted that due to the backreaction of formaldehyde with water vapor in the drift tube, mixing 15 
ratios of formaldehyde are likely a lower limit (Holzinger et al., 2019; Hansel et al., 1997). However, due to the low 

absolute humidity levels in the Arctic, this reaction is negligible, furthermore, no correlation was observed between 

humidity (absolute or relative) and formaldehyde.   

 In the absence of suitable reference materials, an uncertainty budget was created based on the formula for 

kinetic calibration Eq. (S1). There are terms in Eq. (S1) that are assumed negligible including drift temperature, drift 20 
pressure, and ion transmission. These components are deemed negligible because they either are measured with high 

accuracy (temperature and pressure) or are lacking empirical error analysis (ion transmission). The greatest sources 

of uncertainty in this equation are the rate reaction coefficient and the counts of the primary ion and the analyte ion. 

According to Cappellin et al. (2010), the relative uncertainty of their rate reaction coefficients is stated at 15 %. The 

uncertainty from the raw ion cps was determined from the counting statistics by assuming a Poisson distribution 25 
(Hayward et al., 2002). The standard uncertainty for the ion counts is, therefore, the square root of the cps multiplied 

by the signal integration time (5 s). The analyte signal was blank corrected before uncertainty analysis. The expanded 

uncertainty is then calculated according to Eq. (S2), using a coverage factor of two.  

 

𝑈𝑈 = 2 × 𝑉𝑉𝑉𝑉𝑉𝑉 × �0.152 + (�𝐼𝐼𝑃𝑃
𝐼𝐼𝑃𝑃

)2 + (�𝐼𝐼𝑆𝑆−𝑏𝑏
𝐼𝐼𝑆𝑆−𝑏𝑏

)2                                                       (S2) 30 

 

Where U is the expanded uncertainty, VMR is the volume-mixing ratio, Ip is the raw counts of the primary ion, IS-b is 

the blank corrected counts of the analyte ion.  

 

2. Quality Control Procedure 35 



Data were quality controlled by analysis of PNSD, ozone, wind direction and speed, and internal activity logs. Local 

pollution at Villum can arise from activity around the measurement site (e.g., passenger vehicles, all-terrain vehicles, 

snowmobiles, and heavy machinery) as well as from activities from Station Nord (e.g., waste incineration, vehicular 

activity, and aircraft landing, idling, and take off). Internal activity logs of visits to the measurement building were 

used to highlight periods when human activity could affect the measurements, periods where VOC levels were 40 
elevated over background levels for the duration of the visit to the station were removed. Measurements of PNSD and 

ozone were analyzed, in tandem, for sharp and sudden increases in the ultrafine mode (< 100 nm) aerosol particles 

and concurrent sharp and sudden decreases in ozone, increases in ultrafine mode particles are indications of vehicular 

emissions while decreases in ozone results from its titration with nitrogen oxides. These periods were further inspected 

for wind direction and speed, with winds coming from due north at low speeds indicative of local pollution from 45 
Station Nord. All periods where local pollution was suspected of influencing the measurements were visually 

inspected by a panel of three persons, a consensus was required before data were removed. Data were also quality 

controlled for abnormal levels of instrumental parameters (i.e., E/N ratio, drift tube temperature, pressure, and 

voltage), periods with large deviations from nominal values were removed. Certain compounds (DMS, formic acid, 

and acetic acid) exhibited a slow return to nominal values after a blank than before, this issue was especially evident 50 
in the summer, these periods were removed.  All quality control was performed on VOCs at a 5 s time resolution, data 

was removed before averaging to 30-minute means.   



Table S1. Statistics for meteorological parameters (mean ± s.d.) for all seasons, spring (April 4 – June 8), summer 
(June 9 – August 6), and autumn (August 7 – October 25). During the campaign, there were several large gaps in the 
data, most noticeably one in July and one in August, as seen in Fig. 1. The seasons are therefore divided based on the 55 
continuous collection of data uninterrupted by large missing gaps. The seasons roughly correspond to the conventional 
definition of seasons.  
 

 All Seasons Spring Summer Autumn 
Wind Direction, ° 207.5 ± 89.0 202.4 ± 91.8 189.3 ± 2.6 223.8 ± 81.2 
Wind Speed, m s-1 3.3 ± 2.6 3.1 ± 2.4 3.5 ± 2.4 3.4 ± 2.7 
Temperature, °C -6.5 ± 9.6 -13.8 ± 9.0 2.2 ± 4.1 -7.0 ± 7.9 
RH, % 77.4 ± 12.6 74.6 ± 10.6 78.0 ± 15.6 79.1 ± 11.4 
Radiation, W m-2 174.9 ± 163.9 222.3 ± 146.3 295.9 ±  4.2 57.0 ± 97.4 
Pressure, hPa 1010.6 ± 9.0 1014.8 ± 8.6 1007.5 ±  6.5 1009.6 ± 9.5 
Snow Depth, m 0.9 ± 0.6 1.4 ± 0.1 1.1 ± 0.4 0.3 ± 0.4 

 
  60 



Table S2. Total hours of operation of the PTR-ToF-MS for each month of the campaign and for each compound. 
Periods removed through the QC procedure are not included.  
 

 April May June July August September October 
Formaldehyde 374 601 288 661 417 443 403 
Acetonitrile 229 601 288 661 417 443 403 
Formic Acid 349 601 288 641 417 443 403 
Acetone 376 601 288 661 417 443 403 
Acetic Acid 375 577 288 661 417 411 359 
DMS 300 577 169 391 357 443 377 
MEK 376 601 288 661 417 443 403 
C3H6O2 327 601 288 661 417 443 403 
Benzene 376 601 288 661 417 443 403 
C5H8O 376 601 288 661 417 443 403 
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Table S3: Pearson correlation coefficients a for chemical species, temperature and sun radiation measured during 
April at Villum.  
 

April 
2018 

Formaldehyde Acetonitrile Formic Acid Acetone Acetic Acid DMS MEK Benzene C3H6O2 Temperature Radiation Ozone 

Formaldehyde 1.00            

Acetonitrile 0.70 1.00           

Formic Acid 0.76 0.45 1.00          

Acetone 0.40 0.30 -0.03 1.00         

Acetic Acid -0.63 -0.74 -0.45 -0.32 1.00        

DMS -0.47 -0.67 -0.16 -0.55 0.84 1.00       

MEK 0.52 0.20 0.76 0.03 -0.27 -0.07 1.00      

Benzene 0.27 0.04 0.70 -0.43 -0.07 0.24 0.84 1.00     

C3H6O2 -0.52 -0.66 -0.25 -0.41 0.90 0.94 -0.15 0.11 1.00    

Temperature -0.47 -0.34 -0.75 0.16 0.54 0.23 -0.74 -0.77 0.46 1.00   

Radiation -0.26 -0.26 -0.38 0.28 0.20 0.06 -0.25 -0.34 0.21 0.34 1.00  

Ozone -0.52 -0.48 -0.21 -0.83 0.56 0.64 -0.26 0.15 0.59 0.17 -0.12 1.00 

a All correlations, apart from the numbers typed in italics, have linear regression p-values below 0.01. 
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Table S4: Pearson correlation coefficients a for chemical species, temperature and sun radiation measured during 
July at Villum.  
 

July  
2018  

Formaldehyde Acetonitrile Formic Acid Acetone Acetic Acid DMS MEK Benzene C3H6O2 Temperature Radiation Ozone 

Formaldehyde 1.00                       

Acetonitrile 0.71 1.00                     

Formic Acid 0.88 0.57 1.00                   

Acetone 0.86 0.89 0.82 1.00                 

Acetic Acid 0.85 0.58 0.95 0.85 1.00               

DMS 0.36 0.01 0.50 0.23 0.42 1.00             

MEK 0.85 0.55 0.93 0.81 0.97 0.41 1.00           

Benzene 0.57 0.50 0.50 0.61 0.59 0.26 0.60 1.00         

C3H6O2 0.83 0.57 0.95 0.82 0.97 0.39 0.95 0.50 1.00       

Temperature 0.65 0.85 0.54 0.82 0.58 0.08 0.54 0.45 0.54 1.00     

Radiation 0.49 0.23 0.59 0.40 0.51 0.26 0.53 0.15 0.56 0.31 1.00   

Ozone 0.54 0.82 0.39 0.69 0.39 0.18 0.33 0.43 0.33 0.76 0.07 1.00 
a All correlations, apart from the numbers typed in italics, have linear regression p-values below 0.01. 75 
 
  



Table S5: Pearson correlation coefficients a for chemical species, temperature and sun radiation measured during 
September at Villum.  
 80 

September 
2018  

Formaldehyde Acetonitrile Formic Acid Acetone Acetic Acid DMS MEK Benzene C3H6O2 Temperature Radiation Ozone 

Formaldehyde 1.00                       

Acetonitrile 0.61 1.00                     

Formic Acid 0.76 0.45 1.00                   

Acetone 0.72 0.96 0.57 1.00                 

Acetic Acid 0.06 0.29 0.07 0.28 1.00               

DMS -0.29 -0.76 -0.18 -0.68 -0.10 1.00             

MEK 0.82 0.71 0.64 0.79 0.43 -0.35 1.00           

Benzene 0.50 0.15 0.42 0.19 0.21 0.25 0.61 1.00         

C3H6O2 0.76 0.35 0.62 0.43 0.12 -0.03 0.69 0.64 1.00       

Temperature -0.81 -0.35 -0.77 -0.53 0.26 0.10 -0.58 -0.40 -0.68 1.00     

Radiation -0.07 -0.04 -0.09 -0.06 0.29 -0.07 0.01 -0.11 -0.10 0.33 1.00   

Ozone 0.74 0.70 0.63 0.79 0.14 -0.26 0.72 0.31 0.56 -0.64 -0.23 1.00 
a All correlations, apart from the numbers typed in italics, have linear regression p-values below 0.01. 
 
  



 
Fig. S1. Wind Rose for mean wind speed at 5 min time resolution for (a) all seasons, (b) spring, (c) summer, and (d) 85 
autumn. The y-axis represents the percent frequency of wind direction in percent and the colors indicate mean wind 
speed in m s-1. The seasons follow the selection outlined in Table S1.   
 
  



 90 
Fig. S2. Time series meteorological parameters (a) snow depth, (b) radiation, (c) relative humidity (RH), (d) 
temperature, (e) wind speed, and (f) wind direction during the entire measurement period.  
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Fig. S3. Diurnal profile for the spring (April–May) of (a) formaldehyde, (b) acetonitrile, (c) formic acid, (d) acetone, 
(e) acetic acid, (f) DMS, (g) MEK, (h) C3H6O2, (i) benzene, (j) C5H8O. Data were averaged to hourly medians. The 
blue dotted lines represent the 95 % confidence interval.  
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Fig. S4. Diurnal profile for the summer (June–August) of (a) formaldehyde, (b) acetonitrile, (c) formic acid, (d) 
acetone, (e) acetic acid, (f) DMS, (g) MEK, (h) C3H6O2, (i) benzene, (j) C5H8O. Data were averaged to hourly medians. 
The blue dotted lines represent the 95 % confidence interval.  
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Fig. S5. Diurnal profile for the autumn (September–October) of (a) formaldehyde, (b) acetonitrile, (c) formic acid, 
(d) acetone, (e) acetic acid, (f) DMS, (g) MEK, (h) C3H6O2, (i) benzene, (j) C5H8O. Data were averaged to hourly 
medians. The blue dotted lines represent the 95 % confidence interval. 
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Fig. S6. HYSPLIT back trajectory analysis for (a) May 2nd– 6th (b) May 16th–20th arriving at 100 m above ground 
level extending 72 hours backward in time. The colored trajectories represent a new trajectory started every 24 hours 120 
after the last day of each period until the first day, in descending order the trajectories are red (last day), blue (fourth 
day), green (third day), light blue (second day), and purple (first day).   
 
  



 125 
Fig. S7. The ratio of Qtrue to Qtheo versus the number of factors for the PMF analysis.  
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Fig. S8. Conditional probability function roses for (a) Biomass Burning Factor, (b) Marine Cryosphere Factor, (c) 
Background Factor, and (d) Arctic Haze Factor.  
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