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Desorption electrospray ionization mass spectrometry (DESI-MS) was applied for the first time
to the analysis of semivolatile organic compounds (SVOC) in atmospheric aerosols. We took
polycyclic aromatic hydrocarbons (PAHs) as representatives of SVOCs. The DESI-MS condi-
tions were optimized and the limit of detection for PAHs was about 10 pg with 5 s sampling
time. PAHs from both laboratory-made biomass burning aerosols and ambient aerosols
were selectively and rapidly analyzed without extraction or preconcentration. The
observed PAH species and their relative ion intensities are discussed. This work demon-
strates that DESI-MS is a promising method for rapid semiquantitative analysis of SVOC
in atmospheric aerosols. (J Am Soc Mass Spectrom 2008, 19, 450–454) © 2008 American
Society for Mass Spectrometry

Semi-volatile organic compounds (SVOC) include a
number of high molecular weight alkanes, poly-
cyclic aromatic hydrocarbons (PAHs), organo-

chlorine compounds, phthalic acid esters, aldehydes,
ketones, and organic acids. They comprise major
components in aerosols and play important roles in
atmospheric chemistry [1–4]. Some of them, in parti-
cular PAHs, have been studied extensively [5–17] by
scientists from different research fields because of their
strong carcinogenic and mutagenic effects [6, 11, 12].
The traditional methods for the analysis of SVOC in
aerosol samples, such as GC-MS, HPLC, capillary su-
percritical fluid chromatography, thin-layer chromatog-
raphy, and capillary electrophoresis usually involve
pretreatment procedures such as extraction, preconcen-
tration and preseparation [4, 13, 17]. These procedures
are labor intensive and time consuming. Moreover, they
may cause the change or loss of certain components
during analysis (for example, due to low extraction
efficiency). As a result, alternative methods have been
developed to analyze SVOC in aerosol samples such as
thermal desorption and thermal extraction [18, 19].
Recently, Cooks et al. [20–23] reported a new soft

ionization technique for the analysis of samples under
ambient conditions: desorption electrospray ionization
(DESI). The analyte surface is targeted directly by
charged micro-droplets ejected from the electrospray
nozzle under ambient pressure. Molecular ions are
desorbed from the analyte surface and picked up by the
micro-droplets and the auxiliary gas flow, and then

vacuumed to the inlet of the mass spectrometer [23].
The DESI phenomenon was observed for compounds
ranging from nonpolar, small molecules such as lyco-
pene [22], to larger biomolecules such as peptides and
proteins at sensitivities as low as several pg in mass
[24]. This simple and rapid analysis method has been
applied to high-throughput metabolomics [25], explo-
sives detection [26], and biological tissue imaging [27].
Here, we report the application of DESI-MS to the

analysis of PAHs (as representatives of SVOCs) in
atmospheric aerosols for the first time. PAHs from
biomass burning aerosols and ambient aerosols were
selectively and rapidly analyzed by DESI-MS without
extraction or preconcentration. The limit of detection
(LOD) for PAHs, the PAH species observed in the two
types of samples, and their relative signal intensities are
discussed.

Experimental

Experimental Conditions of DESI

DESI-MS analyses were carried out using a commercial
ThermoFinnigan (San Jose, CA) LCQ Advantage ion
trap mass spectrometer equipped with a DESI ion
source, which was modified from the original ESI
source by adding a 3D moving sample stage to the ESI
manifold [21]. The sample stage includes a sample
holder, a horizontal rotating stage, and a 3D linear
moving stage to manually control the sprayer-sample-
mass spectrometer distance and the impact angles.
Experimental parameters for DESI-MS were carefully
optimized to enhance the signal intensity by using a
standard PAH solution, with 16 EPA priority pollutants
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in methanol (EPA 610/525/550 PAH mixture, 100
�g/mL for each PAH, lot 323-55A), which was pur-�
chased from ChemService (West Chester, PA). The
diluted standard PAH solution was deposited on the
glass surface of microscope slide. The optimized oper-
ating parameters of DESI-MS are listed in Table 1. We
tested methanol, hexane, cyclohexane, acetonitrile, acetic
acid, ammonia/water, and their combinations as the
spray solution and compared the signals in both posi-
tive ion and negative ion mass spectra. Methanol with
1% acetic acid gave the strongest signal for PAHs in
positive ion mass spectra. The experiments were con-
ducted in a fume hood with sufficient ventilation, and a
respirator was used by the operator considering the
toxicity of PAHs.

Biomass Burning Aerosols

Biomass burning aerosols were generated by the com-
bustion of rice straw in a homemade burner in which
the amount of the biomass material and the burning
condition (flaming/smoldering) can be controlled. In
this experiment, 20 g rice straw was burned under
flaming conditions. The low ratio of CO/CO2 in the gas
phase by GC analysis indicated that the rice straw was
burned completely. The rice straw was collected from
the rural areas of Shanghai. The moisture content of the
rice straw was around 11%. Total suspended particu-
lates (TSP) of the generated aerosols were collected on
quartz fiber filters with a 90 mm diameter (Whatman
Inc., Maidstone, UK) by a medium-volume aerosol
sampler (Beijing Geological Instrument Factory, Beijing,
China) at a flow rate of 100 L/min. After 5 min
sampling duration, the filter was taken out. A 15 mm �
15 mm piece was cut out and attached to the sample
stage for DESI-MS analysis without extraction or pre-
concentration. For comparison, the rest of the sample
was analyzed by GC-MS coupled with supercritical
fluid extraction (SFE) [6, 17]. Typically, each DESI
sampling spot in this analysis was about 1 mm2 in area
and the sampling duration for each spot was 5 to 10 s.
DESI mass spectra were taken by scanning the whole
sample surface and averaging the results for all spots.

Ambient Aerosols

The ambient aerosols were collected on a building roof
(�15 m high) in Fudan University. The sampling site is
representative of urban Shanghai, with mixing of resi-
dential, traffic, and construction sources [28]. Particu-
late matter with a diameter less than or equal to 2.5 �m��
(PM2.5) samples were collected on quartz filters (What-
man Inc., Maidstone, UK) by the same medium-volume
sampler as used in biomass burning aerosol sampling at
a flow rate of 77.54 L/min. These ambient aerosols were
collected from 9:09 AM January 18, 2007 to 9:36 AM
January 19, 2007. The sample was transported to our
laboratory in sealed plastic bags immediately after
sampling and stored at �18 °C for later analysis.

Results and Discussion

LOD and Dynamic Range for PAHs

Under the optimized operating condition, all the 16
PAHs were observed in the DESI-MS spectra of stan-
dard samples although some of them are isomers and
thus overlapped. All the PAH ion signals are in the
forms of molecular ions (M�) or protonated molecular
ions ([M � H]�), making the spectral assignment rather
straightforward. The mass to charge ratio (m/z) for each
PAH ion detected in the DESI-MS spectra is described
below. To test the LOD and the dynamic range for this
method, calibration was carried out between the total
PAH signal intensity and the amount of PAHs depos-
ited. As shown in Figure 1, a dynamic range of three
orders of magnitude was observed. The LOD is about
10 pg with 5 s sampling time using this particular mass
spectrometer.

PAHs in Biomass Burning Aerosols

PAHs can be generated by natural or anthropogenic
sources. Biomass burning of agricultural residue dis-
posal produces different types of PAHs and is regarded
as one of the major anthropogenic sources [29–31]. In

Table 1. Optimum conditions for the DESI-MS analysis of
PAHs

Solvent infusion rate 2.5�12.5 �L · min�1

Electrospray voltage 4.0�7.0 kV
Sheath gas flow 20�60 (Arb.)
Auxiliary gas flow 3�6 (Arb.)
Incident angle (�) 35°
Distance from sample to ESI tip 4�6 mm
Collection angle (�) 55°
Distance from sample to MS inlet 1�3 mm
Heating capillary temperature 200�350 °C
Capillary voltage 20�50 V
Tube lens voltage 10�60 V
Sampling spot size �1 mm2

Single spot sampling time 5�10 s

Figure 1. Signal intensity versus amount of total PAHs deposited.
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this work, we used laboratory-made aerosols from rice
straw burning as the biomass burning samples. Figure
2a shows a typical positive ion DESI spectrum of PAHs
from such laboratory-made aerosols. Only the 16 U.S.
EPA priority PAH pollutants were studied in this
experiment. Each possible molecular ion or protonated
molecular ion was confirmed by further MS/MS frag-
mentation analysis. The identities for m/z � 153, 155,
167, 279 ions are [M � H]� of acenaphthylene (Acy),
acenaphthene (Ace), fluorene (Flo), dibenzo[a,h]anthra-
cene (DbA), respectively. Them/z � 179 ion is due to the
overlap of the [M � H]� of anthracene (Ant) and
phenanthrene (Phe). Similarly, the m/z � 203 ion is due

to the overlap of [M � H]� of fluoranthene (Flu) and
pyrene (Pyr). The m/z � 229 ion is due to the overlap of
[M � H]� of benzo[a]anthracene (BaA) and chrysene
(Chry). The m/z � 277 ion is due to the overlap of [M �
H]� of indeno[1,2,3cd]pyrene (InP) and benzo[g,h,i]p-
erylene (BgP). For these overlapped ion signals, the
contribution for each species can be estimated from the
MS/MS fragmentation spectra. For example, the m/z for
themolecular ions of benzofluoranthene (BbF), benzo[k]
fluoranthene (BkF), and benzo[a]pyrene (BaP) are all
252. However, the abundant product ion at m/z � 111 in
the MS/MS spectrum suggested that BkF may make a
major contribution to the 252 peak in this sample [32].

Figure 2. (a) A typical DESI mass spectrum of PAHs from biomass burning aerosol, using 1% acetic
acid in methanol as the spray solution. Only ions representing the molecules among 16 U.S. EPA
“priority PAH pollutants” were marked. The inset shows the MS/MS of the m/z � 252 ion. (b) DESI
mass spectrum of PAHs from ambient aerosol.
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We did not observe the naphthalene (Nap) molecular
ion here, probably because of its relatively high vapor
pressure and extremely low concentration in the parti-
cle phase [33]. The dominant PAH peaks in Figure 2a
clearly show that the optimum DESI method can selec-
tively analyze PAHs in aerosol samples without extrac-
tion or preconcentration. This is important for trace
analysis of complex environmental samples.
For the cases of natural surfaces samples, such as

aerosol samples, use of internal standards does not give
strictly quantitative results [22]. Here, we used a stan-
dard PAH solution deposited on the glass surface of the
microscope slide for calibration (Figure 1) and at-
tempted to gain a semiquantitative estimation of the
total PAH concentrations from the ion signal intensities.
The differences between the glass surface and the
sample surface as well as the matrix effect of the aerosol
sample could influence the quantitative accuracy of the
DESI measurements of analytes. The total mass con-
centrations of PAHs (mPAH/mTSP) in biomass burn-
ing aerosols measured by DESI-MS and SFE/GC-MS
method are listed in Table 2. The DESI-MS measure-
ments are in reasonable agreement with those by the
GC-MS.
In Figure 2a, the intensities of ions due to 5- and

6-ring PAHs (252, 277, and 279) are much stronger than
those of the 3-ring PAHs (153, 155, 167, 179). Comparing
the relative responses factors of PAHs with known
concentrations in the DESI mass spectra, we conclude
that the mass concentrations of large PAHs are higher
than those of small PAHs in aerosols from rice straw
burning. Again, the DESI-MS observations agree well
with those from the GC-MS measurements: Mass con-
centrations of the 5- and 6-ring PAHs are about three
times those of 3-ring PAHs.

PAHs in Ambient Aerosols

The PAHs in ambient aerosol were also sampled and
analyzed by DESI-MS, as shown in Figure 2b. The
compositions of ambient aerosols are relatively com-
plex, so for clarity, only the histogram is presented here.
The total PAHs concentration was estimated at 17 �g/g�
in PM2.5 or 5.5 ng/m

3 in air from the DESI-MS analysis,
which agrees well with the GC-MS measurement (6.6
ng/m3). The PAH species observed in biomass burning

and ambient aerosol samples have different relative ion
intensities. In ambient sample, the ion signal intensities
for the observed PAHs are close to one another except
for the strong 179 (Ant and Phe) ion. The differences
between the two types of samples could be due to
different pollutant sources and evolution pathways as
well as the degradation of larger PAHs in the ambient
aerosols.

Conclusions

This study demonstrates that DESI-MS is a powerful
tool for the rapid analysis of SVOC in atmospheric
aerosols, at least for PAHs. The optimized experimental
conditions can selectively detect target components in a
complex system. Because of the high sensitivity and
selectivity, samples can be directly analyzed without
extraction or preconcentration, which prevents analyte
loss or change and thus yields more accurate aerosol
composition. Since DESI is a soft ionization method,
most of the components in the analyte samples can
retain their molecular structures with little or no frag-
mentation, making the mass spectrum interpretation
relatively easy. The small sampling areas required can
be useful for trace analysis. These results render
DESI-MS a promising method for the analysis of other
SVOC, especially those compounds that are prone to
loss or chemical change in the pretreatment procedures.
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