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Table S1. List of target mass fragments for molecules linked to glyoxal reactivity used in the assignment 
of the SFE/GC-MS mass spectra. The table consists of three columns: the first column shows the 
masses of the fragments derived from molecules produced by the reactivity of glyoxal and mineral dust 
which are not present in the NIST library, the second column shows the expected molecular formulas of 
the fragments, and the third column describes the hypothesized molecular fragmentation pattern. 

 

m/z Fragment Assignment 

73 [Si(CH3)3]+ Fragment from compounds with 1 TMS functionality 

117 [COO=Si(CH3)3]+ Fragment from compounds with 1 TMS caboxylic functionality 

131 [(CH3)2SiO-C=O-HC=O]+ Glyoxylic acid fragment 

147 [(CH3)2Si=OSi(CH3)3]+ Fragment from compounds with 2 TMS functionalities 

205 [(CH3)3SiO-C=O-CH2-OSi(CH3)2]+ Glycolic acid fragment 

221 [SiH(CH3)2-C4H4O5-SiH2]+ Glyoxal dimer fragment  – 3*CH3 + 3H 

235 [Si(CH3)3-C4H4O5-SiH2]+ Glyoxal dimer fragment – 2*CH3 + 2H 

263 [Si(CH3)3-C4H4O5-Si(CH3)2]+ 
Glyoxal dimer fragment from Gly hydrated (C2H4O3) + Gly 

dihydrated (C2H6O4) = C4H6O5 

281 
[Si(CH3)3-OSi(CH3)2-OSi(CH3)2-

OSi(CH3)H]+ 
Fragment from siloxane like compounds -> peak generated by 

GC column residues 
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Table S2. List of filter samples collected for SFE and Orbitrap analyses and the experimental conditions 
associated. 
 

Conditions ID Date RH Light Ox Orbitrap SFE 

D D1 31/01/2022 Dry 
dark --- X X 

light --- X X 

D D2 03/02/2022 75% 
dark --- X X 

light --- X X 

D + GL 

D3 04/02/2022 Dry 
dark --- X X 

light --- X X 

D4 08/02/2023 32% dark ---  X 

D5 09/02/2023 31% light --- X X 

D6 10/02/2023 35% dark --- --- X 

D7 13/02/2023 34% light --- --- X 

D8 30/04/2021 76% light --- --- --- 

D9 03/05/2021 79% light --- --- --- 

D10 04/05/2021 81% light --- X --- 

D11 05/05/2021 78% dark --- X --- 

D12 06/05/2021 82% dark --- X --- 

D13 08/02/2022 81% 
dark 

O3 
X X 

light X X 

D14 09/02/2022 78% 
dark 

O3 
--- --- 

light X X 

D15 10/02/2022 75% 
dark --- --- --- 

light --- X X 

D16 14/02/2023 83% dark --- X X 

D17 15/02/2023 75% light --- --- X 
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Figure S1. Result of XPS analysis of a filter sample collected during one ageing experiment of Gobi 
dust with glyoxal, at 80% RH (experiment D15 in Table S1). Left: XPS spectrum and derived atomic 
percentages. Right: zoomed view of the most prominent peaks, adn their attribution. From top to bottom, 
and left to right: Si2p attributed to quartz in mineral dust, C1s from the C-F bond of the Teflon filter (297 
eV) and from carbon in the aerosols, O1, and F1s from the C-F bond of the Teflon filter. 
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Figure S2. Comparison of the time series of the logarithm of POM concentration (normalised to the 
initial value POM0), upper panel, and the total volume concentration (normalised to the initial value Vol0), 
lower panel. Time is calculated since the end of the dust injection. The slope of the linear decrease 
during the evaporation phase (straight solid lines) is indicated.  

. 
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Figure S3. NO and NO2 concentrations measured during the injection of water vapour in experiment 
D15. The shaded area corresponds to the injection of dust into the chamber, during which the 
instruments were disconnected. The yellow-highlighted portions indicate the interval where irradiation 
takes place. Wang et al. (2011) have shown that the chamber walls may act as a reservoir of a NO and 
HONO, that can be rapidly desorbed during the injection of water vapour. Upon irradiation, the desorbed 
HONO may act as a source of OH radicals, which in turn facilitate the rapid conversion of NO to NO2. 
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Figure S4. Time series of O/C ratio measured by the ACSM (black line) during ageing with glyoxal in 
dry conditions (top, experiment D3) and at 30% RH (bottom, experiment D7). The black arrows show the 
duration of filter sampling and the corresponding O/C values obtained by XPS analysis. The yellow-
highlighted portion of the graph indicates the interval where irradiation takes place, while the green 
vertical dashed lines indicate the moment of glyoxal injection in the chamber. 

 

 

 

  



8 

 

Text S1. New particle formation from water irradiation 

Water vapor used for ageing experiments is produced by heating water from an 

ultrapure water generation system (Milli-Q IQ 7000, Merk™), which contains a certain 

level of organic carbon contamination, typically in the range of 2-3 µg L-1 (measured 

from the ultrapure water generation system). This gaseous organic carbon introduced 

with the water vapor might oxidize and form new particles, adding to the background 

organic aerosol concentration and affecting the measurements of aerosol growth and 

transformation. The consequence of this contamination is the potential formation of 

additional particles that could interfere with the experimental results. This could lead to 

an overestimation of particle formation from the intended experimental reactions, 

complicating the interpretation of the number and mass concentration and the 

molecular composition data. Therefore, it is crucial to characterize this potential 

contamination to ensure the accuracy and reliability of the experimental findings.  

To assess the potential oxidation and formation of new organic aerosol particles, the 

system was irradiated immediately after water vapor injection. This process 

consistently led to the generation of new particles, detected solely by the CPC, as the 

SMPS, with a lower detection limit of 19.5 nm, was unable to register them. 

Consequently, these particles stem from the oxidation of organics present in the water 

vapor and are notably smaller, with diameters typically below 20 nm. Before introducing 

the dust, sufficient time was allowed for the removal of those particles from the 

simulation chamber (Figure S1.1). 

 

Figure S1.1. Total particle number concentration (black line) measured by the CPC instrument following 
the injection water vapour, indicated by a vertical blue bar, for one experiment conducted at 80% RH 
(blue line). The irradiation is indicated by the vertical yellow bars. The vertical orange bar indicates the 
time of injection of mineral dust particles. The vertical green bar indicates the time of injection of glyoxal. 
The grey area indicates the time interval where the instruments were disconnected for dust injection. 
The TOC of the ultrapure water injected for this experiment was 2.2 µg L-1. 
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However, to assess the impact of this contamination and explore the hypothesis of its 

origin from the total organic carbon (TOC) content of the injected water, we calculated 

its mass contribution with two approaches and compared the results:  

The maximum total organic carbon concentration (TOCmax) that can be found in the 

chamber as a result of the water vapor injection can be estimated as  

 

𝑇𝑂𝐶௫ ൌ ቀ
௪ಹమೀ

௪ೌೝ
ቁ ൈ ൬

ఘೌೝ

ఘಹమೀ
൰ ൈ 𝑇𝑂𝐶ுమை    (S1.1) 

 

where the ratio wH2O/wair is the percent mass fraction of water vapour introduced in 

CESAM at the maximum inner relative humidity and corresponding temperature (in this 

example 88%RH and 17°C, respectively), air and H2O are the corresponding air and 

the water densities (1.225 kg m-3 and 1 g cm-3, respectively; (Jung and Schindler, 

2019)), and TOCH2O is the total organic carbon measured by the ultrapure water 

generation system (average of 2.2 µg L-1). The calculation of the wH2O/wair ratio is done 

with the Humidity calculator application (https://humiditycalculator.vaisala.com/). 

Figure S1.1 shows that the injection of water vapour is followed by a rapid and 

significant increase in the total number of particles, reaching a maximum value of about 

27000 cm-3. Upon reaching this maximum value, concentration decreases quickly due 

to the combined effect of dilution but mostly coagulation, down to a plateau value of 

approximately 5000 cm-3. At this moment, lights are turned on and the particle 

concentration increases again up to approximately 20000 cm-3, indicating that new 

particle formation due to photochemistry of the residual organic content in the gas 

phase is occurring. No particles are observed by the SMPS (lower sizing limit of 19.5 

nm). At this moment, the maximum mass particle concentration observed in the 

chamber can be calculated assuming a monodispersed particle distribution centered 

at an average diameter dp of 10 nm as 

 

 𝑁௪ ൌ ସ

ଷ
𝜋 𝑑

ଷ 𝜌  𝑁            (S1.2) 
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Where NCPC is the total number concentration measured by the CPC and p is the 

particle density, assumed equal to 1.2 (Kostenidou et al., 2007).  

Finally, Figure S1.1 shows that the particle concentration starts decreasing after 

approximately 10 minutes, despite irradiation is ongoing, suggesting that all the organic 

gas phase had undergone oxidation, and that coagulation and dilution are overtaking 

production. At this moment, approximately 5000 particles cm-3 are observed by the 

SMPS below 100 nm diameter, and a total mass concentration of 160 ng m-3 (not 

shown). The mixing volume is further diluted to perform the dust injection (grey bar in 

Figure S1.1.). By this procedure, the mass concentration finally measured by the 

SMPS in the size range smaller than 100 nm is 70 ng m-3. For comparison, the dust 

mass concentration injected during this experiment is 102 µg m-3 (Table 1, assuming 

a density of 2.65 g cm-3), for a minimum diameter of 150 nm.  

Figure S1.2 summarizes the comparison of the calculations of TOCmax and Nnew.  

 

Figure S1.2. Results of Mass Concentration Calculations for 11 Experiments Post Water Injection and 
Irradiation including experiments with glyoxal only (experiment type GL), dust only and dust aged with 
glyoxal (D). The blue bars represent the organic masses calculated based on the relative humidity (RH) 
in the chamber from TOCmax calculated by Eq. 3.1, while the green bars indicate the masses calculated 
from the measured particle concentration measured by the CPC as SOANPF from Eq. 3.2.  

 

The good agreement between the organic mass calculations supports the hypothesis 

that the aerosol originates from the oxidation of the TOC in the ultrapure water. The 

calculated mass concentration of organic particles is approximately one thousand time 

lower than the mass concentration of dust injected into the chamber, and the size 

distributions are not overlapping. 
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Text S2. Correction for the dilution, wall loss and particle loss 

S2.1 Dilution correction 

The dilution of the gas-phase compounds and aerosol particles in the chamber during 

the experiments is due to the injection of particle-free nitrogen flow, which is needed 

to equalise the flow extracted by the instruments and keep the pressure constant in 

the chamber. The differential decrease in concentration due to dilution (∆𝐶ௗ௨௧
) in 

a generic time interval from tn-1 to tn is calculated according to the procedure described 

in Denjean et al. (2015) as:  

 

∆𝐶ௗ௨௧
ൌ 𝐶௧షభ

∙ ቀെ
ொషభ

 ೌ್ೝ
ቁ ∙ 𝑒

ି൬
ೂషభ

 ೇೌ್ೝ
൰∙ሺ௧ି௧షభሻ

∙ ሺ𝑡 െ 𝑡ିଵሻ      (S2.1) 

 

where 𝐶௧షభ
 is the concentration measured at time tn-1, 

ொ

 ೌ್ೝ
 is the dilution rate 

constant in the chamber (s-1), with Q being the compensation air flow (L s-1) and Vchamber 

the inner volume of CESAM (4200 L).  

S2.2 Particle losses 

Beside dilution, aerosol particles undergo size-dependent losses due to interactions 

with the chamber walls (wall losses) and the connecting tubes to the instruments 

(particle losses). The corrected particle concentration within the chamber can be 

estimated as  

 

𝐶ሺ𝐷ሻ௧ௗ
ൌ  ቀ𝐶ሺ𝐷ሻ௦௨ௗ

െ 𝐶ሺ𝐷ሻ௦௨ௗషభ
ቁ െ ∆𝐶ሺ𝐷ሻௗ௨௧&௪ ௦௦

 

(S2.2) 

S2.2.1 Wall losses 

The size-dependent particle wall losses are caused by the collisions of the particles 

with the chamber walls. The differential increase in concentration due to wall loss 

(∆𝐶௪ ௦௦
) in a generic time interval tn-1 to tn can be calculated as: 

 

∆𝐶ሺ𝐷ሻ௪ ௦௦
ൌ   𝑊௧షభ

ሺ𝐷ሻ ∙ ൫െ𝑤𝑙𝑟ሺ𝐷ሻ൯ ∙ 𝑒ି௪ሺሻ∙ሺ௧ି௧షభሻ ∙ ሺ𝑡െ𝑡ିଵሻ            (S2.3) 
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where wlr(D) indicates the size-dependent wall loss rate constant (s-1). Figure S2.1 

shows wlr(D) calculated for mineral dust particles (mass density 2.65 g m-3) adapting 

the model of Lai and Nazaroff (2000) to the CESAM chamber, as discussed in 

Lamkaddam (2017).  

 

 

Figure S0.3. Size-dependent wall loss calculated of mineral dust particles (density of 2.65 g cm-3) in 
CESAM. 

 

For instruments that provide size-integrated concentrations (e.g., ACSM), the wall loss 

correction was calculated by as the ratio between the calculated size-integrated 

concentration estimated on their working range from SMPS/Sky-GRIMM OPC 

measurements, and the measured concentration as  

 

%ሺ𝑤𝑎𝑙𝑙 𝑙𝑜𝑠𝑠ሻ௧
ൌ

ೝೝ ೢೌ ೞೞ

ೌೞೠೝ

                           (S2.4) 
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S2.2.2 Aspiration and transmission losses 

The size-dependent losses (L(Di)) of aerosol particles between the chamber and the 

instruments are due to losses in the connection tubes when the particles are aspirated 

from the chamber (sampling losses) and while the particles within the tubes 

(transmission losses). These can be corrected using the Particle Loss Calculator (PLC; 

Von der Weiden et al., 2009) using as input the geometry of the sampling line, the 

sampling flow rate, the particle shape factor, and the particle density. The particle loss 

functions for the sampling lines of the SMPS, Sky-GRIMM, CPC and ACSM are 

illustrated in Figure S2.2.  

 

 

Figure S0.4. Size dependent Particle Loss (PL; %) calculated for mineral dust aerosols for the sampling 
lines connecting the simulation chamber atmosphere to ACSM (red line), OPC (green line), SMPS (black 
line), and CPC (black like). For mineral dust, the density used for calculations is 2.65 g cm-3. 

 

Figure S2.2 shows the on the size range of interest of this work (0.1 – 1 µm), the 

particle losses are minor (within 6%) and most important almost equal from one 

instrument to the other, which makes the various measurements comparable. For 

these reasons, particle loss corrections were not applied to the measured particle 

concentrations.  
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Text S3. Control experiments of glyoxal with ammonium sulphate particles  

Five control experiments using ammonium sulphate as seeds were conducted at 30 

and 80% RH to validate the experimental protocol. Table S3.1 summarizes the control 

experiments and the associated conditions. 

 

Table S3.1. Control experiments using ammonium sulphate seed particles at 30% and 80% RH to 
validate the experimental protocols of glyoxal-dust interaction. Conditions include date, experiment ID, 
relative humidity (RH), light conditions, initial ozone ([O3]i) and glyoxal ([Gly]i) concentrations in parts per 
billion volume (ppbv), temperature (Temp (K)), and initial volume concentration of seed particles 
(Vseedi) in cubic micrometers per cubic centimeter (µm³ cm⁻³). Initial concentrations ([O3]i, [Gly]i and 
Vseedi) are referred to the maximum concentrations recorded after the injection. 

 
Conditions Date ID RH Light [O3]i 

ppbv 

TempK [Gly]i 
ppbv 

Vseedi µm3 

cm-3 

AS+GL 21/02/2023 AS1 38% dark --- 298 527 50.13 

AS+GL 23/02/2023a AS2 35% dark --- 298 516 48.34 

AS+GL 23/02/2023b AS3 32% light --- 298 445 64.81 
         

AS+GL 07/02/2023 AS4 81% light --- 301 2000 304.09 

AS+GL 08/02/2023 AS5 83% light --- 300 1000 161.17 

 

Ammonium sulphate particles were generated by vaporizing a solution of 0.1 M high-

purity ammonium sulphate (Sigma-Aldrich, 99.99%) using a constant-output atomizer 

(model 3076, TSI Inc., Shoreview, MN, USA) with at a nitrogen flow of 2 L min-1. Prior 

entering the chamber, the solution was dried using a diffusion dryer (model 3062, TSI 

Inc., Shoreview, MN, USA) and size-selected using the AAC (Dm = 400 nm, k = 1770 

kg m-3, f = 3) with a sheath flow of 8 L min-1. Unlike the dust injection protocol, it was 

not necessary to modify the internal chamber pressure to achieve a sufficient inflow of 

ammonium sulphate particles.  

The timeline of the experiments is shown in Figure S3.1, presenting a time series of 

normalized intensities for various organic fragments detected by the ACSM, 

specifically m/z 58, 68, 105, 44, and total organic, normalized against the sulphate 

signal. These specific signals are chosen because they serve as key markers for 

different aspects of glyoxal chemistry: m/z 58 is a marker for glyoxal itself, m/z 105 

indicates glyoxal oligomers, m/z 68 represents imidazole-like CHNO structures formed 

through the glyoxal-ammonium sulphate reaction, and m/z 44 is commonly associated 

with secondary organic aerosol formation.  
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Figure S3.5. The time series of total organic, m/z 58, 105, and 68 fragment ions normalized by the 
sulphate ion signal for glyoxal uptake experiments. They mimic the graphical representation of the 
dilution experiments conducted in the study of Galloway et al., 2009. In our study, dilution begins almost 
instantaneously after glyoxal injection, as it is quantitatively lost on the walls of the chamber within a few 
minutes. (a) glyoxal uptake on AS at 30% RH in dark conditions, (b) glyoxal uptake on AS at 30% RH 
in dark conditions, (c) glyoxal uptake on AS at 30% RH under irradiated conditions after, (d) glyoxal 
uptake on AS at 80% RH under irradiated conditions, (e) glyoxal uptake on AS at 80% RH under 
irradiated conditions. 

 

This graphical representation mirrors the dilution experiments described by Galloway 

et al. (2009) to track the dynamics and transformations of glyoxal and its reaction 

products in the aerosol phase. Galloway et al. (2009) examined the behaviour of 

glyoxal (GL) uptake and secondary organic aerosol (SOA) formation by monitoring the 

time traces of total organics and specific fragment ions (m/z 58, 105, and 68) 

normalized by the sulphate ion signal. Their experimental protocol consisted in 

injecting glyoxal continuous until reaching the equilibrium with the walls, when the seed 
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aerosols are injected. As a consequence, the formation of SOA occurs on a longer 

time scale, and reaches a maximum after approximately 10 hours. Figure S3.2 

presents the time traces of glyoxal concentration, total organics, and specific fragment 

ions from two experiments in dark and irradiated conditions. At the point of glyoxal 

dilution, indicated by a black vertical line, the normalized signals for total organics and 

GL marker ions (m/z 58 and 105) decreased by 30% and 17%, respectively, suggesting 

that the uptake of glyoxal is reversible. 

 

 

Figure S3.6. Time traces of glyoxal concentration, total organics, and specific fragment ions from 
Galloway et al. (2009). (Top) Figure 6 shows the time traces of glyoxal concentration, total organics, 
and specific fragment ions (m/z 58, 105, and 68) normalized by the sulphate ion signal in a dark 
experiment. (Bottom) Figure 7 displays the time traces of fragment ions (m/z 44, 58, 105, and 68) 
normalized by the sulphate ion signal in an experiment under irradiated conditions. 

 

Figure S3.2 shows that the behaviour of the m/z 68 marker, associated with imidazole, 

is different as its uptake is irreversible. This is also true for m/z 44 under irradiation 

conditions, suggesting that the organic fraction of the aerosol continues to be oxidised 

with time. This is observed in our experiments too, in particular at 80%, when irradiation 
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promote the 44 m/z signal with respect to the dark conditions. This effect is observed 

at 30%, but less pronounced. This suggests that irradiation od the AS/glyoxal system 

increases upon irradiation.  

Similar to what observed in Galloway et al. (2009), in our experiments, after the peak 

of glyoxal uptake, the normalized organic concentration and tracer signals of glyoxal 

and its oligomers (58 and 105 m/z) decreases over time, suggesting that the uptake is 

reversible. The behaviour of imidazole is different from that observed by Galloway, as 

in our experiment this compound shows a reversible uptake, albeit at a slower rate 

than fragments 58 and 105. We attribute this difference to the fact that, in our study, 

we performed a single injection of glyoxal, which is then rapidly lost from exchanges 

with the walls, particularly at 80%RH.  

In addition to m/z= 44, 58, 68 and 105, Galloway et al. (2009) observed significant 

fragments at 29, 77, 88, 117, 135, 145, and 175 m/z. These fragments are associated 

with precursor structures originating from glyoxal, along with its hydration and 

oligomerization products, which aligns with the findings from Liggio et al. (2005a).  

Figure S3.3 illustrates the ACSM organic fraction mass spectra recorded at maximum 

glyoxal uptake on ammonium sulphate experiments. 



18 

 

 

Figure S3.7. ACSM organic fraction mass spectra recorded at maximum glyoxal uptake on ammonium 
sulphate experiments: (a) glyoxal uptake on AS at 30% RH in dark conditions, (b) glyoxal uptake on AS 
at 30% RH in dark conditions, (c) glyoxal uptake on AS at 30% RH under irradiated conditions after, (d) 
glyoxal uptake on AS at 80% RH under irradiated conditions, (e) glyoxal uptake on AS at 80% RH under 
irradiated conditions. 
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Beside the major fragments 29, 58, 30 and 44 m/z, the 79 m/z fragment is observed 

during 3 out of 5 experiments, and attributed to organosulphates by Galloway et al. 

(2009). No significant differences are observed at different relative humidity nor 

according to irradiation.  

S3.1. Conclusions 

Five control experiments using size-selected ammonium sulfate particles at relative 

humidity between 30% and 80% were conducted to validate the experimental protocol 

for glyoxal-particle interactions. The results showed that the glyoxal uptake dynamics 

on AS align with previous studies, providing strong support for the reliability of our 

experimental setup. 

We observed a rapid uptake process that reached its maximum within less than 10 

minutes. This is notably faster than what was reported in the studies we used for 

comparison, such as those by Galloway et al. (2009) and Liggio et al. (2005a). The 

difference in interaction time stems from the shorter lifetime of glyoxal in our 

experimental chamber, as it is quickly lost to chamber walls.  

Despite this, the overall organic aerosol composition we observed were comparable to 

what has been previously reported. 

Our findings parallel those of Galloway et al. (2009), especially in terms of the formation 

of imidazole-like structures (m/z 68) and organosulphates (m/z 79). Additionally, as in 

the reference study, we observed that the imidazole-like structures (m/z 68) exhibited 

reversible uptake compared to glyoxal and its oligomers (m/z 58 and 105). The overall 

composition of organics recorded by the ACSM, especially the presence of key 

fragments like m/z 44 under irradiated conditions at higher humidity, confirmed the 

continuous oxidation processes occurring in line with what has been reported in similar 

studies. 
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Text S4. Content and composition of the organic fraction in the native Gobi dust 

aerosols  

Control experiments on monodisperse submicron dust aerosol particles without 

chemical interaction were conducted in dry conditions, at 50% and 80 RH% to evaluate 

the quantity and the composition of native organic fraction.  

S4.1. Organic content  

The average ratio of the organic mass with respect to the total dust mass (Forg) is 5.1 

± 0.4 for RH < 12%, and 5.4 ± 0.8 for RH at 80%. These percentage values align well 

with values reported in the literature for soils and windblown dust samples. It should 

be noted that references mostly concern ambient measurements and the organic 

content measured there also be affected by atmospheric ageing. O’Sullivan et al. 

(2014) reported a mass fraction of organic carbon (OC) ranging from 2.5% to 2.9% in 

agricultural soils. For soil samples sieved to less than 63 µm from Asia and Europe the 

percent OC content range from 0.7% to 12% (Conen et al. 2011). For soil samples 

from the US in the submicron fraction, Tobo et al. (2014) reported a higher 

concentrations of organic compounds (37%). For airborne aerosols, Lepple and Brine 

(1976) measured an average mass fraction of the sum of C, H, and O atoms of 4.1% 

in samples from North Africa. Gonçalves et al. (2014) reported that the percent fraction 

of OC represented less than 2% of the total PM10 mass for dust events measured in 

Cape Verde Islands, downwind the northern and western African source areas. In the 

Azorean Island, Alves et al. (2007) reported a percent mass concentration of total 

carbon (sum of organic elemental carbon) with respect to the PM10 mass is in the range 

1-3% during dust episodes. The OC mass fraction is higher in aerosols produced by 

agricultural soils, as reported by Pereira et al. (2022) who estimated it in the range 5-

17% of the total PM10 mass in Mexico and Chili. Simoneit (1980) found that between 

0.5% and 2.2% of the mass of aeolian dust is represented by humic substances, 

associated with primary biogenic residues such as n-alkanes, n-fatty acids, and n-

alcohols. The results of a one-year source apportionment conducted by Srivastava et 

al. (2018) indicate that mineral dust contributes to 13% of the annual average OC, 

composed of 17-26% humid-like substances, some of which from primary emissions. 

Aymoz (2004) detected the presence of carboxylic acids on Saharan dust, including 

oxalate, formate, succinate, and malonate, while Griffin (2007) reviews the presence 

of organic constituents of microbiological origin in dust from various regions. 
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S4.2. Organic composition 

Figure S4.1 compares the mass spectra measured by the ACSM in dry and humid 

conditions (50% and 80%), with and without irradiation. 

 

 
Figure S4.1. Organic mass spectra measured by the ACSM depicting the composition of the organic fraction of 
Gobi dust under different experimental conditions. The spectra are shown for (a) Gobi dust measured outside the 
chamber under three different relative humidity (RH) conditions, (b) Gobi dust within the chamber under dry 
conditions, comparing dark and irradiated states, and (c) Gobi dust within the chamber at 80% RH, also comparing 
dark (black bars) and irradiated states (light gray bars). The x-axis represents the mass-to-charge ratio (m/z) and 
the y-axis shows the normalized intensity of detected organic fragments.  

 

The most intense peaks consistently appear at m/z = 18, 28, and 44, across all 

conditions. The peak at m/z = 18 corresponds to water (H₂O), a known fragment in 

mass spectrometry that can increase under higher RH conditions. Peaks at m/z = 28 

and m/z = 44 represent oxygenated organic compounds. Overall the organic 

composition of Gobi dust appears to be remarkably consistent in terms of oxidation 

state. Whether the dust is subjected to different levels of relative humidity or to light 

exposure, no noticeable changes in the organic fraction is observed in dry conditions. 

In addition, the stability of the m/z 18 fragment across different relative humidity 
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conditions suggests that Gobi dust particles maintain limited but measurable 

hygroscopicity. The comparison also shows that the chamber conditions do not affect 

the organic composition of the dust, as the measurements compare very well with 

those performed with the simplified setup. 

S4.2. ESI Orbitrap 

Table S4.1 presents the quantity of particulate organic matter (POM) estimated by 

integrating the mass concentration measured by the ACMS over the time period of the 

filter collection, alongside the number of signals detected through ESI Orbitrap 

analysis. 

 

Table S4.1. Particulate organic matter (POM) collected on filters and the number of ESI Orbitrap peaks detected 
under varying conditions of Gobi dust, including dry and humid (80% RH) environments, with exposure to light or 
dark. 

Conditions POM (µg) Number of ESI Orbitrap 
peaks detected 

Gobi dust, dry, dark 0.4 270 
Gobi dust, dry, light 0.3 145 

Gobi dust, 80% RH, dark 0.9 102 
Gobi dust, 80% RH, light 0.8 86 

 

The POM concentration is low regardless of the collected on the filters varies across 

different conditions, with the highest POM observed under dark, humid conditions (0.9 

µg) and the lowest under dry, light conditions (0.3 µg). In particular, POM decreases 

in light conditions because the filters were collected later on the same day, following 

the dark condition experiments, which resulted in the chamber containing a lower mass 

of aerosol. Additionally, the POM values are at the lower limit of the working range for 

ESI-MS analysis, which could affect the sensitivity and reliability of peak detection. 

The Orbitrap mass spectra collected in dry conditions and at 80%RH, with and without 

irradiation are shown in Figure S4.2.  
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Figure S4.2. Orbitrap mass spectra and van Krevelen diagrams illustrating the organic content of aerosols collected 
under four distinct conditions: dry conditions without and with light exposure and at 80% RH without and with light 
exposure. The left panels display the mass spectra; the right panels are the corresponding van Krevelen diagrams. 
In these spectra, different colours correspond to specific classes of compounds: black for CHO (carbon, hydrogen, 
oxygen), red for CHON (carbon, hydrogen, oxygen, nitrogen), blue for CHOS (carbon, hydrogen, oxygen, sulphur), 
purple for CHNS (carbon, hydrogen, nitrogen, sulphur), and green for CHONS (carbon, hydrogen, oxygen, nitrogen, 
sulphur). These colour code is consistent across both the mass spectra and the van Krevelen diagrams. 

 

The molecular composition of the native dust from the ESI Orbitrap measurements 

show a low number of peaks (Table S4.1) due to the low organic load on the filters 

(Table S4.1) and a possible signal suppression due to matrix effects. The mass spectra 

under dry conditions reveal a complex mixture of compounds, particularly with 

prominent peaks in the lower m/z range (<500 m/z), with a predominance of CHON 

and CHONS compounds, while CHO compounds are less represented. When exposed 

to light under dry conditions, there is a noticeable decrease in peak intensity and a shift 
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of CHOS signals towards higher oxidation states in the Van Krevelen diagram 

suggesting possible oxidation and photolysis of the native organic matter. The fact that 

the ACSM showed an invariant oxidation state suggests that the changes may involve 

a minor fraction of the native organic matter with higher ionisation potential in ESI 

Orbitrap. Under humid conditions, no appreciable changes in oxidation state or peak 

number have been observed by ESI  

The bulk composition analysed by ESI Orbitrap probably consists predominantly of 

lipidic and proteinaceous compounds, as indicated by the presence of signals from 

molecules containing C, H, O, N, and S. In particular, the O/C ratio measured with the 

highest frequency remains in fact relatively stable across the four conditions (dark and 

irradiated, in both dry and 80% relative humidity environments). In the dry condition, 

the dark samples show a peak O/C ratio around 0.2, indicating that the most common 

compounds have a relatively low level of oxidation. When these samples are irradiated, 

the O/C ratio with the highest frequency shifts slightly higher, peaking around 0.3 to 

0.4. At 80% RH condition, the dark samples maintain a similar O/C ratio peak near 0.2, 

comparable to the dry dark samples. Under irradiation at 80% RH, the O/C ratio at 

maximum frequency remains stable, with values between 0.1 and 0.2, showing 

consistency across the different conditions.  

Finally, and most importantly, the analysis does not detect any glyoxal-related organic 

compounds, which is the necessary baseline for interpreting the results of the uptake 

experiments.  

To the best of our knowledge, to date there is only one publication presenting the 

characterization of the native particulate dust organic fraction on a laboratory scale. In 

this study (Marsden et al. 2018), the observation of CN- and CNO+ signals in mass 

spectra from individual dust particles originating from Sahel and Morocco revealed an 

internally mixed biological content before emission. The presence of CN and CNO 

signals in dust mass spectra is a significant indicator of nitrogen-containing organic 

compounds, which are often of biological origin. This mixing of biological material with 

dust is of particular interest because it can affect not only the chemical composition of 

dust but also its environmental and health implications. For instance, the transport of 

dust particles containing microorganisms has been linked to human health concerns, 

as highlighted by studies on the transport of bacteria through dust storms (Yamaguchi 

et al., 2012).  
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S4.3. SFE-GC-MS 

Figure S4.3 shows the chromatograms from the SFE-GC-MS analysis of Gobi dust's 

organic fraction. 

 
Figure S4.3. Chromatograms from SFE-GC-MS analysis of Gobi dust under four different conditions, from top to bottom: (1) 
dry, dark; (2) dry, light; (3) RH 80%, dark; (4) RH 80%, light. The retention time interval between 34 and 38 minutes was 
selected for analysis due to the absence of significant peaks before 34 minutes and the presence of internal standards after 38 
minutes. The peaks marked with asterisks are those that remained unassigned. 

 

In Figure S4.3, the chromatograms display a retention time interval between 34 and 

38 minutes. This specific interval is chosen because no significant peaks are detected 

before 34 minutes, while after 38 minutes, the chromatograms are dominated by the 

signals from the two added internal standards. Beside, they become too noisy, making 

it difficult to extract reliable chemical information. 
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In the temporal window under analysis, the chromatograms exhibit poor reproducibility 

across different experimental conditions. 

Some compounds are identified. Lactic acid is found in three out of the four 

chromatograms, but not in dry and dark conditions. Other compounds, such as 3,3,5-

trimethylcyclohexanone, n-octanol, and benzyl alcohol, were only detected in the 

sample processed under irradiation at 80% RH. We exclude the possibility that these 

compounds originate from a photochemical transformation of the organic material in 

the dust, as the corresponding chromatogram of the sample collected in dark 

conditions does not show the precursor products that we observe under irradiation. 

This suggests that compounds are part of the dust's organic content but are not 

consistently detected across all conditions. Several peaks marked with asterisks 

remain unassigned, as the corresponding mass spectra did not match reference 

spectra in the NIST library with sufficient probability (≥80%). 

Despite the observed variability, the key finding is that none of the detected compounds 

are related to glyoxal. In summary, the results indicate that the organic composition of 

dust aerosols is shaped less by experimental conditions (humidity, light) and more by 

the inherent variability of the dust itself. Crucially, no glyoxal-related compounds were 

detected, reinforcing the reliability of glyoxal-related findings in subsequent analyses. 

The compounds detected in our GC-MS analysis, such as levulinic acid and lactic acid, 

could share a biological origin with the CN and CNO signals already observed in dust 

particle mass spectra. Both results suggest that biological material or its degradation 

products are mixed with the dust aerosol, contributing to the complexity of the organic 

fraction (Carr et al., 2002; Kim et al., 2024). ln prior investigations concerning organic 

acids in dust samples, a variety of linear (C1-C10), branched chain, and hydroxy (lactic 

and glycolic) monoacids in dust samples was observed. Notably, lactic acid was 

abundant in aerosol samples collected from North East China, attributed to microbial 

and plant sources (Mochizuki et al., 2018). Kawamura et al. (2000) analysed urban 

dust and soil samples from the atmosphere of Los Angeles and detected carboxylic 

acids in the dust organic fraction. Organic acids were not detected in the soils, but only 

in the dust samples at concentrations ranging from 200-770 nmol g-1. Benzoic acid 

was detected in dust samples, while we detect its reduced form (benzylic alcohol).  
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Furthermore, GC analysis from Gobi dust samples (< 10 μm) from Mt. Tateyama 

(Japan) indicates the presence of lactic and glycolic acids (Mochizuki et al., 2016). The 

authors suggest that these organic acids are adsorbed onto dust particles during 

transport, making dust particles carriers of volatile and semi-volatile organic acids.  
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