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Figure S1. Correlation between average value and standard deviation of the 250 negative ion signal intensities (corresponding to 250 m/z
values) of each spectrum. The color-code shows the ion signal intensity at m/z -97 (sulfate).

1 Potential reasons for the lack of negative ions

To describe the lack of anion signals in mass spectra, we calculated for each spectrum an average value and standard deviation of
the 250 negative signal intensities (corresponding to 250 m/z values). Small mean values along with small standard deviations
indicate mass spectra lack negative ions. Figure S1 demonstrates the distribution of average value and standard deviation
of negative ion signals for each spectrum. The colored sulfate ion signals in Fig. S1 further show that the lack of anions
corresponds with decreasing sulfate signals. Two main reasons for the lack of negative ions are conceivable. First, negative
high-voltages had been temporally switched off. The ALABAMA high-voltages are automatically switched off if the pressure
in the mass spectrometer exceeds 5 x 10-6 mbar. However, the pressure in the ALABAMA mass spectrometer was always above
this critical pressure value during NETCARE 2014. Second, measurements in high relative humidity (RH) environments, in
particular marine environments, could explain the lack of anion signals as earlier reported by Neubauer et al. (1998), Spencer
et al. (2008) and Guasco et al. (2014). Figure S2 shows the averaged negative ion signal for each spectrum compared to the
measured ambient RH and the color-coded ion signal intensity at m/z +39 (potassium). Obviously, averaged negative ion signals
at small potassium ion signals (yellow to red colors, Fig. S2) slightly decrease with increasing RH. According to measurements
of Neubauer et al. (1998), Spencer et al. (2008) and Guasco et al. (2014), a lack of negative ions in SPMS measurements is
likely due to particle water suppression of anion formation. A reason for this observation is not known. However, we further
observed anion spectra with enhanced averaged ion signals at high RH, but with the concurrent existence of increased potassium
ion signals (red to black colors, Fig. S2). This observation indicates that an internal mixing of particles with potassium may
positively affect the intensity of anion signals, although RH is high. Thus far, it is not known if matrix effects may favor
the formation of negative ions in the laser ablation and ionization process. To conclude, low potassium ion signals together
with high RH environments may negatively affect negative ion formation. This conclusion would further explain the lack of
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Figure S2. Average value of the 250 negative ion signal intensities (corresponding to 250 m/z values) of each spectrum (see Fig. S1)
compared with values of relative humidity (RH). The color-code shows ion signal intensities at m/z +39 (potassium).

negative ions observed in the laboratory mass spectra of TMA-containing particles (even though sulfuric acid was added) (see
Supplement Sect. 2).

2 Laboratory measurements of TMA-containing particles

To identify distinct ion markers of TMA in single-particle mass spectra, we conducted laboratory measurements with the
ALABAMA. A mixture of TMA dissolved in water, additional milli-q water and sulfuric acid was nebulized with an aerosol
generator (PALAS model AGK2000). Afterwards, these droplets passed through a diffusion dryer filled with silica gel to
remove water. The particles were size selected with a Differential Mobility Analyzer (TSI model 3080) (set to 300 nm) and
then guided into the ALABAMA and an optical particle counter (GRIMM model 1.129).
As can be seen in Fig. S3, the most common mass spectral ion pattern shows peaks at m/z +59 ((CH3)3N

+) (molecular
ion of TMA) and m/z +58 (C3H8N

+). These measurements confirm previous laboratory observations using 266 nm laser
desorption/ionization single-particle mass spectrometry (Angelino et al., 2001). Based on the study of Angelino et al. (2001),
particulate TMA have been detected in ambient air using SPMS (e.g., Roth et al., 2016; Healy et al., 2015; Rehbein et al., 2011).
Further ion signals at m/z +60 and m/z +76 in Fig. S3 could be explained by protonation and oxidation of TMA (Angelino et al.,
2001). Despite the addition of sulfuric acid, negative ion mass spectra show poor signals (not shown here). Potential reasons are
discussed in the Supplement Sect. 1. The energy of the ablation laser was around 1 mJ/pulse during laboratory measurements.
The ablation laser energy deployed during the NETCARE 2014 campaign was between 3 and 4 mJ/pulse. Despite the higher
laser ablation energy deployed during NETCARE 2014 compared to lab measurements, the molecular ion of TMA (m/z +59
((CH3)3N

+)) together with ion signals at m/z +58 (C3H8N
+) were produced during laser desorption/ionization process.
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Figure S3. Mean cation spectrum of 88 single particle spectra analyzed within the TMA laboratory measurements.
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Figure S4. Cumulative probability density functions of signal intensities from different m/z values: m/z +58 and +58 (yellow), m/z -2 to -11
and m/z -245 to -250 (black lines) and m/z +2 to +11 and m/z +245 to +250 (red lines). The vertical red and black lines depict the cation
peak area threshold of 10 mV and the anion peak area threshold of 25 mV, respectively.

3 Ion peak area thresholds

The ion peak area threshold describes a certain intensity value in mass spectra that the ion signals have to exceed to be further
analyzed. To determine this threshold, we used all ambient single particle mass spectra (in total: 18387) analyzed by the
ALABAMA during NETCARE 2014. We further assumed that certain m/z values in single particle mass spectra are likely not
occupied by ions produced during laser desorption/ionization, such as m/z (positive and negative) 2-11 and 245-250. Figure
S4 presents the cumulative probability of signal intensities belonging to these non-occupied m/z values (black and red lines).
At cumulative probabilities between 99 % and 100 % signal intensities reach 10 mV for positive ions and 25 mV for negative
ions (vertical red and black lines). These values are defined as ion peak area thresholds in the analyis.
The cumulative probabilities of the measured ion signals at m/z +59 and +58 (considered as ion markers for TMA in single
particle spectra) are further given in Fig. S4. We can use it to estimate the range of uncertainty of the relative fraction of
particulate TMA. For example, by shifting the ion peak area threshold - or + 5 mV, 13 % more or 7 % less spectra with signals
at m/z +59 would be analyzed.
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Table S1. Ion markers and assigned species (with acronyms) used to study the presence of other alkylamines (besides TMA) and amino acid
in ambient ALABAMA single particle spectra.

Ion markers Assigned species (acronyms) References

m/z +46 Dimethylamine (DMA) Angelino et al. (2001)
m/z +74 Diethylamine (DEA)
m/z +86 DEA, Triethylamine (TEA) and/or dipropylamine (DPA)
m/z +101 TEA
m/z +102 DPA
m/z +114 DPA and/or tripropylamine (TPA)
m/z +143 TPA

m/z +76 Glycine Silva and Prather (2000)
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Figure S5. Cumulative probability density functions of signal intensities from different alkylamines and amino acid marker ions (compare
to Tab. S1).

4 Identification of other alkylamines and amino acid in single particle mass spectra

Angelino et al. (2001) and Silva and Prather (2000) identified ion markers for several alkylamine and amino acid species
using SPMS in the laboratory (Tab. S1). Based on the literature outline above, these substances had been detected in ambient
single particle mass spectra as reported in Healy et al. (2015). Healy et al. (2015) further used m/z +46 as ion marker for
the identification of dimethylamine (DMA). According to these results, we investigated the occurrence of substances listed in
Tab. S1 in ambient single particle mass spectra analyzed by the ALABAMA during NETCARE 2014. Figure S5 demonstrates
that none of the ion marker signals for other alkylamines and glycine exceed remarkably the cation ion peak area threshold
of 10 mV, except signals at m/z +46. DMA and Na2

+ show an isobaric interference at m/z +46. To analyze, which of the two
compounds produced the ion signals at m/z +46, we compared ion signal intensities at m/z +23 (Na+) and m/z +46 (DMA
and/or Na2

+) in Fig. S6. It appears that high signal intensities at m/z +46 are accompanied with high signal intensities at
m/z +23. Thus, we can infer that ion signals at m/z +46 can be assigned to Na2

+ rather than DMA+. Together, none of the
alkylamines and amino acid previously identified in SPMS laboratory studies and subsequently detected in ambient aerosol
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Figure S6. Comparison between m/z +23 and m/z +46 ion signal intensities.

particles can be find in ALABAMA single particle mass spectra sampled in the Arctic during NETCARE 2014 (besides TMA).
According to Ge et al. (2011), Gibb et al. (1999), Schade and Crutzen (1995) and Van Neste et al. (1987), it is conceivable
that marine-biogenic influenced aerosol particles include different methylamines (such as MA, DMA and TMA). However, the
highest emission rates from the ocean were measured for TMA, compared to MA and DMA (e.g., Schade and Crutzen, 1995;
Ge et al., 2011). In addition, Van Neste et al. (1987) reported the ocean act as a net sink for DMA. Ge et al. (2011) and Healy
et al. (2015) further stated that TMA is the most abundant amine in the atmosphere. Further, previously conducted ALABAMA
measurements at mountain Schmücke in Germany showed the occurrence of TMA but no other alkylamines (Roth et al., 2016).

5 Bipolar mean mass spectrum of “others”
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Figure S7. Bipolar mean spectrum of the remaining 736 particles (10 % of mass spectra analyzed by the ALABAMA) that could not be
classified into one of the five distinct particle groups. These particles are therefore summarized as “others”.
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6 Size- and vertically resolved distribution of TMA-containing particles
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Figure S8. Size- and vertically resolved profiles of: (a) TMA-containing particle fraction and (b) total number of particles analyzed by the
ALABAMA. For statistical reasons, the vertical bin size is 200 m. Grid cells with less than 20 particles in total are not considered.

7 Case study 8 July 2014: Wind speed along the flight track
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Figure S9. Spatially resolved wind speed (color-coded) below 340 m during the flight on 8 July 2014.
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