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the molecular characterization of DOS by ESI-FTICR MS. 100% MeOH as spray solvent was
found for the first time to remarkably enhance the ionization efficiency of the majority of
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CHOS-molecules in NOM, which facilitated a total of 1473 CHOS-molecular formulas with
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one sulfur atom to be detected. The number of CHOS-molecular formulas obtained using

Fourier transform ion cyclotron

100%MeOH as spray solvent increased notably over 740 in comparison with those using

resonance mass spectrometry

50% MeOH aqueous solution (731) or 50% ACN aqueous solution (653). Moreover, due to the

Spray solvent

enhancement of ionization efficiency of DOS during ESI processes, the tandem mass spectra

Dissolved organic sulfur

of the NOM CHOS-molecules could be easily obtained using 100% MeOH as spray solvent,
which were hardly obtained using 50% MeOH aqueous solution as spray solvent. The results
of the tandem mass spectra suggested the first discovery of organosulfates or sulfonic acids
in Suwannee River NOM sample. A simple method based on 100% MeOH as ESI spray solvent
for advanced molecular characterization of DOS by ESI-FTICR MS was proposed and applied,
and the results revealed more molecular information of DOS in sea DOM samples.
© 2020 The Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences. Published by Elsevier B.V.

Introduction
DOS is an important form of organic sulfur (OS) and comprises a substantial portion of the total dissolved sulfur in

∗

Corresponding author.
E-mail: yhkang@rcees.ac.cn (Y. Kang).

ecosystems (Homann et al., 1990; David and Mitchell, 1985).
More and more studies have shown that DOS plays a critical
role in many fundamental environmental processes. For example, in climate processes, some DOS compounds can promote the formation of secondary organic aerosols (SOA) by increasing aerosol acidity (Surratt et al., 2007). Some volatile sulfur compounds of climate relevance may originate from DOS
(Cutter et al., 2004). In soil environments, reduced DOS moi-
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eties are capable of complexing many pollutants such as Hg(II)
and As(III) to alter the speciation and mobility of those pollutants (Xia et al., 1999; Langner et al., 2012). In the sediments
and the waters, DOS can act as an important energy source
for some bacterias and microorganisms via dissimilatory reduction or enzymatic cleavage (Bunemann, 2008). Due to the
great environmental impact of DOS, comprehensive molecular level characterization of DOS is necessary for further understanding of the role that DOS plays in sulfur biogeochemical processes.
In previous studies, molecular characterization of DOS was
mainly based on negative electrospray ionization (ESI) coupled to ultrahigh resolution FTICR MS owing to the acidity
of DOS (Pohlabeln and Dittmar, 2015; D’Andrilli et al., 2010;
Ksionzek et al., 2016; Mead et al., 2015; Lin et al., 2012). However, DOS compounds, as a part of dissolved organic matter
(DOM), are typically present at the lower concentration than
CHO compounds in DOM (Manceau and Nagy, 2012). Furthermore, during ESI process of DOS, the majority of CHO compounds with predominately highly polar carboxylic functional
groups can simultaneously be ionized by negative ESI, which
may suppress the ionization of the DOS compounds on account of competition effect. All of these lead to the challenge
of comprehensive molecular characterization of DOS by ESFTICR MS. On the basis of our knowledge, selective enhancement of the ionization efficiency of DOS compounds during
ESI process is one of the best ways to obtain more molecular
information of DOS. However, until now, no reports have focused on this topic.
Spray solvent plays an important role in ESI process since
the ESI process involves the formation of highly charged small
droplets, solvent of the charged droplets evaporation to form
ions, and ions transfer to the mass spectrometer (Cole, 2000).
Previous studies have found that spray solvents with different gas-phase proton affinity (Amad et al., 2000) and polarity
(Cole and Harrata, 1993) have a great effect on the charge state,
intensity and stability of analytes detected by ESI-MS. However, for DOS detected by ESI-FTICR MS, the effect of spray solvent on the ionization efficiency of DOS compounds remains
unknown.
In this work, different spray solvents used for DOS detection by ESI-FTICR MS were optimized to enhance the ionization efficiency of DOS compounds in DOM originated from different water sources. A simple method for advanced molecular characterization of DOS components in DOM was developed based on the optimization of the spray solvents. We also
proposed the possible mechanism accounting for the influence of different spray solvents on the DOS detection by ESIFTICR MS.

1.

Materials and methods

1.1.

Chemicals and samples preparation

Suwannee river natural organic matter (SuwNOM, 2R101N)
was purchased from the International Humic Substances Society. Ultrapure water was prepared using a Milli-Q system
(Millipore, Milford, MA, USA). Acetonitile (ACN) and methanol
(HPLC grade) were purchased from Fisher Scientific (Fair Lawn,
NJ, USA). Other chemicals were analytical grade.
Sea dissolved organic matter (DOM) sample was extracted
from the Bohai sea water using BondElute PPL solid phase
extraction (SPE) cartridge. Briefly, 500 mL of sea water was
filtered through 0.45 μm cellulose acetate membrane filters,
then the filtered sample was acidified to pH 2 with HCl (32%,
ultrapure) and passed through the BondElute PPL SPE cartridge (6 mL, 1 g, Agilent Technologies, Folsom, CA) which was

rinsed with 6 mL of methanol prior to use. The cartridge was
rinsed with three volumes of 0.01 mol/L HCl for complete removal of salt, and the sorbents were dried with nitrogen gas.
Subsequently, the cartridge was eluted with three volumes of
methanol, and the eluate was freezing-dried with lyophilizer
and stored at -20°C in the dark for later analysis. The method
for DOM extraction used here is an optimum method reported
by Dittmar et al. (2008) who has demonstrated PPL-SPE cartridge with the highest extraction efficiency of dissolved organic carbon (DOC) and around 62% of DOC was recovered by
this method. In our experiment, the extraction efficiency of
this SPE method for sea water DOM compounds was on average 58% ± 10% (repeated three times).
SuwNOM was separately dissolved in 50% MeOH aqueous
solution, 50% ACN aqueous solution, and 100% MeOH to form
0.1 mg/mL of NOM solution; the extracted sea DOM was redissolved in 1 mL of 100% MeOH to form DOM solution. 0.5 mL
of the DOM solution was diluted with water to form 1 mL of
50% MeOH aqueous solution, and the residual 0.5 mL of DOM
methanol solution was diluted with methanol to form 1 mL of
100% MeOH solution. For ESI-FTICR MS analysis, the prepared
sample solutions were directly infused into the ESI source unit
at a flow rate of 120 μL/hr.

1.2.

ESI-FTICR MS analysis

High-field FTICR mass spectra were acquired using a Bruker
Solarix Fourier transform ion cyclotron resonance (FTICR)
mass spectrometer (Bruker Daltonik, GmbH, Bremen, Germany) equipped with a 15.0 T superconducting magnet and a
dual-mode ESI/MALDI ion source in negative ionization mode
with broadband detection. For ESI analysis, except for spray
solvent, all the instrumental parameters were set as the commonly used values in our laboratory since we mainly focused
on the effect of spray solvent on the molecular characterization of DOS by ESI-FTICR MS. Samples were directly injected
into the ESI source by syringe infusion at a flow rate of 120
μL/hr. ESI needle voltage was set to 4.0 kV. Ions were accumulated in a hexapole collision cell for 0.1 s before being introduced into the ICR cell. 4 M 32-bit data points were recorded
per broadband mass scan. The mass range of m/z was set
to 180-1000 amu. 300 scans were accumulated for each mass
spectrum. An average resolving power (m/m50%) of over 600
000 at m/z˜400 was achieved. The spectra were externally calibrated based on clusters of sodium formate (10 mmol/L) in
50% isopropyl alcohol and then internally recalibrated using
an in-house reference mass list. After internal calibration the
mass error was less than 200 ppb. Peaks were identified with
Bruker Data Analysis software.
For collision-induced dissociation in quadrupole (q-CID),
the precursor ions were selected in the quadrupole with isolation window of 2 amu, and then the selected precursor ions
were accumulated for 6 s and fragmented in the collision cell.

1.3.

Molecular formula assignment

All possible formulas were calculated with Formula Calculator software based on the requirement that the mass error between the measured mass and the calculated mass for a given
chemical formula was less than 0.2 ppm, and the signal-tonoise ratio (S/N) of assigned peaks was above 5. Only C, H, O
and S elements were considered in the calculation: 12 C (1-100),
1 H (1-200), 16 O (0-50), 32 S (0-1) and 13 C (0-1). The elemental ratios of H/C<2.5 and O/C<1.5 were used as further restrictions
for formula calculation. Once formulas had been assigned, the
obtained mass lists were transformed into Excel format and
divided into different categories for interpretation.
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Fig. 1 – The scale-expanded FTICR mass spectra of NOM at nominal m/z 409 with different spray solvents, (A) 50% MeOH
aqueous solution, (B) 50% ACN aqueous solution, (C) 100% MeOH. Inserted figures on top right are the full scale FTICR mass
spectra with m/z ranged from 185 to 1000. The empirical formulas for each peak are denoted as Cn Hm Oq Sx .

2.

Results and discussion

2.1.

Effect of spray solvents on the S/N of DOS

For DOS detection by ESI-FTICR MS in previous studies, the
commonly used spray solvents were 50% MeOH aqueous solution (Pohlabeln and Dittmar,2015; D’Andrilli et al., 2010;
Hawkes et al., 2016), 100% MeOH (Ksionzek et al., 2016;
Hertkorn et al., 2016), or 50% ACN aqueous solution (Mazzoleni
et al., 2012). However, no study focused on the effect of different spray solvents on the molecular characterization of DOS
in DOM by ESI-FTICR MS. Since DOS is a complex mixture that
contains a lot of organic components with different properties, we infer that different spray solvents influence the ionization efficiency of DOS components.
In order to test our hypothesis, 50% MeOH aqueous solution, 100% MeOH, and 50% ACN aqueous solution were separately taken as spray solvent for DOS characterization by ESIFTICR MS. SuwNOM was used as standard sample since it contains a certain level of DOS (Sulfur is present in SuwNOM at
1.78% by weight reported by IHSS). The obtained mass spectra were shown in Fig. 1. The results revealed that all peaks of
the FTICR mass spectra obtained with different spray solvents
followed similar, approximate Gaussian distributions within
m/z range from 200 to 700 (inserted figures on the top right of
Fig. 1), which was a remarkable feature of FTICR mass spectra of NOM widely reported in previous studies (Brown and
Rice, 2000). There seemed to be no difference between the
full scale FTICR mass spectra obtained with different spray
solvents. However, when the mass spectra were extended in
scale at each nominal m/z and compared, notable difference
between the mass spectra obtained with different spray solvents was observed. An example of the extended mass spectra
at nominal m/z 409 was shown in Fig. 1A, B and C. Although
there was no remarkable difference between the mass spectra obtained using 50% MeOH aqueous solution and 50% ACN

aqueous solution as spray solvents (Fig. 1A, B), much higher
number of CHOS-molecules (molecular formulas denoted as
blue or pink color in Fig. 1C) in NOM could be observed obviously with 100% MeOH as spray solvent compared to those
observed with 50% MeOH aqueous solution or 50% ACN aqueous solution as spray solvent. In addition, it was worth to
note that the peak intensities of CHOS-molecules observed
with 100% MeOH as spray solvent were distinctly higher than
those observed with 50% MeOH or 50% ACN aqueous solutions as spray solvents. For example, for the commonly observed CHOS-molecules (C13 H14 O13 S1 , C14 H18 O12 S1 ), the S/N
was observed over 10-fold higher with 100% MeOH than those
with the others as spray solvent. These results indicated that
100% MeOH as spray solvent could selectively improve the ionization efficiency of CHOS-molecules in NOM. The enhancement of peak intensities of CHOS-molecules with 100% MeOH
as spray solvent could be attributed to several factors including solvation energy (Tang and Kebarle, 1993a, 1993b), affinity for electrospray droplet surface (Cech and Enke, 2001), and
hydrophobicity (Null et al., 2003). Null and co-workers have
investigated the contributions of hydrophobicity and free energy of solvation to relative signal intensities of nucleic acids
in ESI-MS spectra. The results indicated that the more hydrophilic guanine (G) with larger absolute value of free energy
of solvation in aqueous solution required more desolvation
energy to transfer itself from solution to the gas phase during ESI process, which resulted in the lower MS relative intensity of guanine compared to other nucleobases (Null et al.,
2003). Based on the previous reports, we infer that the majority of CHOS-molecules belong to highly hydrophilic compounds (D’Andrilli et al., 2010; Stenson, 2008; Lv et al., 2016)
which could be more strongly solvated in 50% MeOH aqueous solution and 50% ACN aqueous solution than 100% MeOH
solvent. Therefore, when 50% MeOH aqueous solution or 50%
ACN aqueous solution was used as spray solvent, the solvation energy needed to be overcome to transfer these high hy-
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Fig. 2 – Comparison of the ion intensities of the CHOS-molecules (A) and the number of molecular formulas (B) obtained
with different spray solvents observed by FTICR-MS with different spray solvents.

drophilic molecules from solution to the gas phase was higher
than that needed with 100% MeOH as spray solvent. All of
these finally resulted in the higher MS response of these high
CHOS-molecules with 100% MeOH as spray solvent.

CHOS-molecules with 100% MeOH as spray solvent. These results indicate that 100% MeOH could be used as a distinctive
spray solvent for comprehensive molecular characterization
of CHOS-molecules in NOM by ESI-FTICR-MS.

2.2.
Effect of spray solvents on the ion intensities and
number of obtained formulas of DOS

2.3.

In order to further compare the ion intensities of the CHOSmolecules observed across the entire ESI mass spectrum obtained with different spray solvents, all possible formulas
were calculated with Formula Calculator software based on
the requirement mentioned as Materials and methods section description. The compared results were shown in Fig. 2A.
It should be noted that only the CHOS-molecules containing
one sulfur atom were considered since only a small quantity of the CHOS-molecules containing more than one sulfur
atom were observed in our experiment, which might be attributed to their low concertration levels. Obviously, nearly all
of the CHOS-molecules observed with 100% MeOH as spray
solvent had much higher ion intensities than those observed
with 50% MeOH or 50% ACN aqueous solutions. Moreover, the
number of the identified CHOS-molecules observed with 100%
MeOH was much higher than that with 50% MeOH or 50%
ACN aqueous solutions as spray solvents, which was further
supported by the comparison of the number of the identified
molecular formulas obtained with different spray solvents (as
shown in Fig. 2B). Collectively, using 100% MeOH as spray solvent, a total of 1473 CHOS-molecular formulas could be obtained, which was remarkablly higher than those obtained
using 50% ACN aqueous solution (653 CHOS-molecular formulas) or 50% MeOH aqueous solution (731 CHOS-molecular
formulas). In addition, 998 unique CHOS-molecular formulas
were obtained with 100% MeOH as spray solvent, while only 92
or 157 unique CHOS-molecular formulas were obtained with
50% ACN aqueous solution and 50% MeOH aqueous solution,
respectively. We inferred that some of the uniquely identified
CHOS-molecules with 100% MeOH as spray solvent belonged
to highly hydrophilic compounds which could only be ionized
with 100% MeOH as spray solvent, or to the compounds at low
concertration levels which could generate MS signals beyond
the detection limit only when 100% MeOH was taken as spray
solvent. All of these leaded to the higher number of identified

For purpose of visual resolution and identification of CHOScompound classes, Van Krevelen diagrams were constructed
for each identified formula using the molar ratio of hydrogen to carbon (H/C ratio) as the ordinate and the molar oxygen to carbon ratio (O/C ratio) as the abscissa. Fig. 3A to C
showed the Van Krevelen diagrams of the formulas observed
by ESI-FTICR MS using different spray solvents. The results
suggested that mainly two groups of CHOS molecules were
differentiated based on their positioning in van Krevelen diagrams. On the basis of the previous report on molecular characterization of DOS from subtropical wetlands (Hertkorn et al.,
2016), we believed that the first group of CHOS-molecules with
O/C ratio<0.6 and H/C ratio<1.2 belonged to aromatic black
sulfur compounds, and the second group of CHOS-molecules
with O/C ratio ranged from 0.6 to 1.4 and H/C ranged from
0.6 to 1.7 belonged to sulfonated carboxylic-rich alicyclic compounds. By comparison of the CHOS-molecular formulas obtained with different spray solvents (Fig. 3A to C), we could
judge that most of the CHOS-molecules uniquely observed
with 100% MeOH as spray solvent obviously belonged to sulfonated carboxylic-rich alicyclic compounds.
Since most oxygen atoms in NOM molecules are a part of
carboxyl group which is counted as one double bond equivalent (DBE), the double bond equivalents minus oxygen (DBEO) have been described as a better parameter for indicating
the unsaturation of the carbon skeleton (Corté s-Francisco and
Caixach, 2013). For purpose of visible comparison of the unsaturation of DOS molecules observed with different spray solvents, histograms of DBE-O values of the formulas observed
were shown in Fig. 3D. The results indicated that a larger
number of the more saturated CHOS-molecules (low DBE-O)
were preferentially identified with 100% MeOH as spray solvent in comparison with those obtained with 50% MeOH aqueous solution and 50% ACN aqueous solution. All of these results indicated that the majority of DOS in NOM might have
high hydrophility since these molecules were more saturated

Van Krevelen diagrams and the unsaturation of DOS
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Fig. 3 – Van Krevelen diagrams for molecular formulas obtained in NOM by ESI-FTICR-MS using different spray solvents; (A)
100% MeOH as spray solvent; (B) 50% MeOH aqueous solution as spray solvent; (C) 50% ACN aqueous solution as spray
solvent; Number of formulas as a function of DBE-O value for NOM CHOS-molecules (D).

and contained sulfonated carboxylic groups. These results further validated our inference to why the number of identified CHOS-molecules was higher with 100% MeOH as spray
solvent. Besides CHOS-molecules, NOM CHO-molecules were
also analyzed for better clarification of the mechanism for
the enhanced performance of 100% MeOH as spray solvent.
The results were shown in Appendix A Fig. S1. As expected,
the NOM CHO-molecules with low O/C ratio (O/C ratio<0.4)
were preferentially identified with 50% MeOH aqueous solution or 50% ACN aqueous solution as spray solvent. But the
CHO-molecules with high O/C ratio (O/C ratio>0.8) were preferentially identified with 100% MeOH as spray solvent. CHOmolecules with low O/C ratio may were thought highly hydrophobic while those with higher O/C ratio were highly hydrophili (Stenson, 2008; Lv et al., 2004). These results further
indicated that highly hydrophilic compounds could be preferentially ionized with 100% MeOH as spray solvent, which
directly supported our hypothesis for the mechanism for the
enhanced performance of 100% MeOH as spray solvent.

2.4.

Tandem mass spectra of DOS

In addition, it is worth to note that 100% MeOH as spray solvent not only enhanced the number of CHOS-molecular formulas observation, but also facilitated the achievement of the
tandem mass spectra of the CHOS-molecules. It is of critical
importance for molecular characterization of DOS since more
detailed structural information of CHOS-molecules could be
obtained by the tandem mass spectra. An example of the tandem mass spectra of the NOM CHOS-molecules was shown
in Fig. 4. The results using 50% MeOH aqueous solution as
spray solvent was similar to that using 50% ACN aqueous solution as spray solvent (the data not shown), in which the
common product ions of CHO-molecules (Stenson et al., 2003;
Witt et al., 2009) including [M-H2 O-H]− , [M-CO2 -H]− , [M-H2 OCO2 -H]− , [M-2H2 O-CO2 -H]− and [M-2CO2 -H]− were mainly observed (Fig. 4A), whereas the peaks of the product ions of
the CHOS-molecules including [M-H2 O-H]− , [M-CO2 -H]− , [MSO3 -H]− and [M-H2 SO4 -H]− were too low or even disappeared
(Fig. 4D to G). However, when 100% MeOH was used as spray
solvent, besides the product ions of CHO-molecules, the product ions of CHOS-molecules including [M-H2 O-H]− , [M-CO2 -
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Fig. 4 – Tandem mass spectra of NOM molecules at nominal m/z 409 obtained with 50% MeOH aqueous solution (A) or 100%
MeOH (B) as spray solvent; The scale-expanded mass spectra of the precursor ions (C) and the product ions, (D) [M-H2 O-H]− ,
(E) [M-CO2 -H]− , (F) [M-CO2 -2H2 O-H]− or [M-SO3 -H]− , (G) [M- H2 SO4 -H]− .

H]− , [M-SO3 -H]− and [M-H2 SO4 -H]− could also be obviously observed (Fig. 4B to G). In particular, the peak intensity of the [MH2 SO4 -H]− product ions observed with 100% MeOH as spray
solvent was much higher than that with 50% MeOH aqueous
solution. These results suggested that the tandem mass spectra of the CHOS-molecules in NOM could be easily obtained
using 100% MeOH as spray solvent due to the enhancement
of ionization efficiency of these molecules in ESI-FTICR MS.
Moreover, some previous studies have reported that the indicator neutral losses (-SO3 and -H2 SO4 ) of CHOS-molecules
in marine DOM and secondary organic aerosol (SOA) samples were found by collision-induced fragmentation of these
molecules, which suggested the presence of sulfonic acids
(or their respective salts) and organosulfates in these environmental samples (Pohlabeln and Dittmar, 2015; Riva et al.,
2015). In our experiment, the used NOM sample was extracted
from Suwannee River water by the International Humic Substances Society (IHSS). Although the compositions and structures of CHOS-molecules from different sources might be
different, the indicator neutral losses (-SO3 and -H2 SO4 ) of
CHOS-molecules in Suwannee River water NOM sample were
also observed. In addition, carboxyl group and hydroxyl group
should be parts of CHOS-molecules since the neutral losses (CO2 , -H2 O) of CHOS-molecules were also observed in the tandem mass spectra. This result demonstrated for the first time
the existence of organosulfates or sulfonic acids in Suwannee
River water NOM sample. On the other hand, this result also

provideed a direct evidence for our hypothesis that the identified CHOS-molecules in Suwannee River water NOM sample could be highly hydrophilic owing to the discovery of hydrophilic groups in these CHOS-molecules, such as sulfonic
group and carboxyl group.

2.5.

Analysis of the real environmental samples

On the basis of the above results, a simple method using 100%
MeOH as ESI spray solvent for selective ionization of DOS by
ESI-FTICR MS was proposed for comprehensive characterization of DOS. In order to demonstrate the feasibility of this
method, DOS in DOM extracted from sea water was used as a
real environmental sample and characterized by this method.
The results were shown in Fig.5. An example of the extended
mass spectra at nominal m/z 379 was shown in Fig. 5A and
B. Similarly, the result indicateed that the S/N values of all
sea DOS ion peaks observed with 100% MeOH as spray solvent were higher than those with 50% MeOH aqueous solutions as spray solvents. Meanwhile, the number of identified CHOS-molecules with 100% MeOH as spray solvent (9
identified CHOS-molecules) was also beyond that with 50%
MeOH aqueous solutions as spray solvents (5 identified CHOSmolecules). Across the entire mass spectrum, a total of 1532
sea DOS molecules were identified with 100% MeOH as spray
solvent, whereas, only 958 CHOS-molecules were observed
with 50% MeOH aqueous solutions. Van Krevelen diagrams of
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Fig. 5 – The scale-expanded FTICR mass spectra of sea marine DOM at nominal m/z 379 observed with different spray
solvents. (A) 50% MeOH aqueous solution; (B) 100% MeOH. Inserted figures on top left are the Van Krevelen diagrams for
CHOS-molecules in sea marine DOM detected by ESI-FTICR-MS. “Sn ” denotes the peaks of CHOS-molecules.

all the DOS formulas observed in sea DOM were shown on
the top left of Fig. 5. The results indicated that DOS in sea
DOM mainly belonged to the CHOS-compounds with O/C ratio ranged from 0.1 to 1.1 and H/C ratio ranged from 0.6 to 2.1.
However, DOS in SuwNOM (as shown in Fig. 3A) were mainly
the CHOS-molecules with O/C ratio ranged from 0.2 to 1.4 and
H/C ratio ranged from 0.4 to 1.6. This result demonstrated
the different CHOS-molecular composition between SuwNOM
and sea DOM. But the reason for this difference is complicated
and needs further study. Nonetheless, the data presented here
manifest that the method based on 100% MeOH as ESI spray
solvent for advanced characterization of DOS in environmental sample by ESI-FTICR MS is simple and practical, which
leads to the achievement of more molecular information of
DOS in DOM.

3.

Conclusions

The data reported here highlight the importance of spray solvent for comprehensive molecular characterization of DOS
by ESI-FTICR MS. Pure MeOH could be used as a distinctive

spray solvent for selective ionization of the majority of CHOSmolecules in NOM by ESI-FTICR MS. The number of CHOSmolecular formulas obtained (1473 in total) using 100% MeOH
as spray solvent increased notably over 740 compared to those
with 50% MeOH aqueous solution (731) and 50% ACN aqueous solution (653) Furthermore, the difficulty of obtaining the
tandem mass spectra of DOS molecules could be overcomed
using 100% MeOH instead of 50% MeOH aqueous solution as
spray solvent due to the enhancement of ionization efficiency
of these molecules in ESI-FTICR-MS. The results of the tandem
mass spectra suggested the first discovery of organosulfates or
sulfonic acids in Suwannee River water NOM sample, which is
of critical importance for us to achieve more structural knowledge on DOS in the waters. The application of pure MeOH as
spray solvent pushes forward the ESI combined with ultrahigh resolution mass spectrometry as an efficient tool not only
for obtaining more molecular information of DOS but also for
tracking specific DOS molecules during their environmental
cycles.
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