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Abstract. A novel method for the simultaneous detection of ingredients in pharma-
ceutical applications such as creams and lotions was developed. An ultrasonic
atomizer has been used to produce a mist containing ingredients. The analyte
molecules in the mist can be ionized by using direct analysis in real time (DART) at
lower temperature than traditionally used, and we thus solved the problem of normal
DART-MS measurement using a high-temperature gas. Thereby, molecular-related
ions of heat-unstable components and nonvolatile components became detectable.
The deprotonated molecular ion of glycyrrhizic acid (m/z 821), which is unstable at
high temperatures, was detected without pyrolysis by ultrasonic mist–DART-MS
using unheated helium gas, although it was not detected by normal DART-MS using

heated helium gas. The cationized molecular ions of derivatives of polyethylene glycol fatty acid monoesters,
which are nonvolatile compounds, were also detected as m/z peaks observed from 800 to 2300. Although the
protonated molecular ion of tocopherol acetate was not detected in ionization by ultrasonic mist, it was detected
by ultrasonic mist–DART-MS even in the emulsion. It was not necessary to dissolve a sample completely to
detect its ions. This method enabled us to obtain the composition of pharmaceutical applications simply and
rapidly.
Keywords: DART-MS, Ultrasonic mist, Cosmetics, Emulsion, Multicomponent identification

Received: 6 May 2017/Revised: 18 June 2017/Accepted: 18 June 2017/Published Online: 11 July 2017

Introduction

The high-throughput compound analysis of mixtures is
important in the chemical industry. Rapid and simple

analysis techniques are required not only to increase the effi-
ciency of product development and cost performance but also
for quality control management. During the development of
topical pharmaceutical and cosmetic products such as creams
and lotions, unexpected phenomena that affect the product
quality sometimes occur in long-term storage, such as precip-
itation by the aggregation and segregation of polar components
and nonpolar components, and the syneresis of creams. To
identify the causes of such phenomena and to check whether
the designed materials are blended correctly, it is important to
develop a method that clarifies the composition of materials in
products rapidly and efficiently. In the last decade, novel

methods for the rapid analysis of pharmaceutical and cosmetic
formulations have been reported [1–4]. Among the many anal-
ysis methods used, only mass spectrometry (MS) has the
benefit of obtaining information on mass number, which is
inherent to individual molecules, even in a mixture. Liquid
chromatography/mass spectrometry (LC/MS) and gas
chromatography/mass spectrometry (GC/MS) are widely used
for the analysis of complex mixtures. Although these methods
are beneficial not only for identification but also for quantita-
tive analysis, they require several tedious and time-consuming
processes, including sample pretreatment and optimization of
the analysis conditions for each compound, such as the selec-
tion of the mixed solvent as the mobile phase for separation and
the detection conditions. Creams and lotions are used as phar-
maceutical and cosmetic formulations. They consist of oil
parts, water parts, and active surfactants, and they form semi-
solids and liquids, respectively. When an analyte contained in a
cream is subjected to LC/MS or GC/MS, the matrix compo-
nents in the creammust be dispersed in the solvent. The analyteCorrespondence to: Haruo Shimada; e-mail: haruo.shimada@to.shiseido.co.jp
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must also be completely dissolved in the solvent. The insoluble
matrix components must also be removed by filtration or
centrifugation [5]. Research to establish suitable conditions
for separating target compounds and other elements requires
several experiments based on trial and error. Although ESI and
MALDI techniques have been widely used for soft ionization,
they do not enable the rapid simultaneous analysis of mixtures
consisting of a wide variety of components because of their
weakness in detecting low-polarity compounds [6] and low-
molecular-weight compounds [7], respectively.

The direct analysis in real time (DART) ionization tech-
nique was developed for mass spectrometry and reported in
2005 by Cody et al. [8]. DART ionization is a simple and rapid
detection method for the analysis of compounds because the
analyte can be ionized directly under ambient conditions with-
out any separation process. The mechanism of DART ioniza-
tion has been reported [8–10]. The ionization is considered to
occur under processes including the Penning ionization of
water caused by the reaction of metastable helium atoms with
atmospheric moisture [8]. Because the ionization occurs in
front of the ion introduction orifice of the mass detector under
an open-air condition, DART-MS has been applied to a variety
of materials, e.g., biological fluids and homogenized tissues
[11], the surface of the skin [12, 13], whole organisms such as
bacterial cells [14] and a whole fly [15], psychotropic plants
[16], explosive substances [8], and various forms of food
materials such as red wine [17], margarine [18], and chewing
gum [19]. Since molecular-related ions can be detected, it is
also suitable for mixture analysis to obtain molecular informa-
tion from a complex mixture sample. DART-MS has also been
used for rapid confirmation of the molecular weight of final
products in drug discovery [20]. However, when DART ioni-
zation is performed, the sample is exposed to a high tempera-
ture environment by the heated helium gas because the analyte
must be desorbed from the sample surface before it is delivered
into the mass detector. Therefore, it is difficult to detect non-
volatile compounds and heat-unstable compounds. Some in-
gredients in creams and lotions are heat-unstable and nonvol-
atile. Because some of the active surfactants used as key
components for emulsification are difficult to vaporize owing
to their amphiphilic property [21], those with a molecular
weight exceeding 800 are particularly difficult to detect by
DART-MS [6]. Furthermore, some active surfactants consist
of many analogues that are widely distributed in the material
products [21], which also makes identification by DART-MS
difficult. In such a case, it is difficult to speculate on the
composition even if the decomposition components are detect-
ed by using heated helium gas because the ions consist of many
complicated pyrolysis products.

An ultrasonication-assisted spray ionization (UASI) tech-
nique was reported in 2010 by Chen et al. [22] and Wu et al.
[23]. Ultrasonication was performed at frequencies of 40 kHz
and 1.7 MHz using a tapered capillary. This method is suitable
for the analysis of a wide mass range of biomolecules. An
ultrasonic atomization technique can generate a mist of
submicrometer-size droplets [24]. Since the mist droplets

generated by an ultrasonic mist generator can include solvent-
soluble substances such as active surfactants [25], nonvolatile
and heat-unstable compounds can be delivered into the mass
detector without heating. If the mist is mixed with ionized
water clusters from the metastable helium gas followed by
the vaporization of the solvent in mist of droplets, the compo-
nents in the solvent should be ionized, and DART-MS analysis
under an unheated condition should be possible. Consequently,
it should be feasible to easily and rapidly detect many compo-
nents in topical pharmaceutical products by DART-MS.

Our aim is to develop a rapid and simple analysis method in
which many components in creams and lotions can be deter-
mined in fewer experimental steps. In this study, we combined
the use of an ultrasonic mist generator with DART ionization
and we attempted to detect the nonvolatile and heat-unstable
components in a cream and a lotion.

Experimental
Materials

HPLC-grade acetonitrile and reagent grade polyethylene glycol
(PEG) 200, 400, 600, and 1000 were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). Glycyrrhizic
acid was purchased from Iwaki Seiyaku Co. Ltd. (Tokyo,
Japan). Polyethylene glycol (40) monostearate [PEG(40)MS]
(the number in the parentheses indicates the chain length of
PEG) was purchased from Nikko Chemicals Co. Ltd. (Tokyo,
Japan). All other chemicals were of analytical grade. The cream
sample used in this study consisted of tocopherol acetate (2%),
glycyrrhizic acid (0.3%), methyl-p-hydroxybenzoate (0.1%),
ethyl-p-hydroxybenzoate (0.1%), palmitic acid (1%), stearic
acid (2%), glycerol (10%), PEG(40)MS (3%), stearyl alcohol
(5%), liquid paraffin (10%), and water (66.5%). The lotion
sample used in this study consisted of tocopherol acetate
(2%), glycyrrhizic acid (0.3%), methyl-p-hydroxybenzoate
(0.1%), ethyl-p-hydroxybenzoate (0.1%), glycerol (10%),
PEG(40)MS (3%), stearyl alcohol (0.2%), and water (84.3%),
whose numbers in parenthesis indicate weight percentages.

Apparatus

All experiments were performed using a MicrOTOFQII mass
spectrometer (Bruker Daltonics, Billerica, MA, USA). The
glass capillary tube in the inlet of the mass spectrometer was
used with voltages of +1500 V and –2500 V for the negative
and positive ion modes, respectively. The dry gas flow rate and
temperature were set to 8 L/min and 180 °C, respectively. A
DART SVP (IonSense, Inc., Saugus, MA, USA) was used as
the DART ionization source. The DART ionization conditions
were modified from those described previously by Cody et al.
[8]. In the normal DART-MS measurement, a melting-point
tube was dipped in a sample solution followed by its exposure
to excited helium gas. The excited helium gas was exhausted at
a rate of 3 L/min and the gas temperature was set to 450 °C. The
discharged needle potential was +4 kV. Calibration of the
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positive ion mode was performed using a mixture solution of 1
mg/ml PEG 200, 400, 600, and 1000. Calibration of the neg-
ative ion mode was performed using a mixture solution of 1
mg/mL saturated fatty acids with even numbers of carbons
from 8 to 24 and glycyrrhetinic acid.

The ultrasonic mist–DART-MS system is shown in Fig-
ure 1. An HM-2412 (Honda Electronics Co. Ltd., Aichi,
Japan) ultrasonic mist generator operating at 2.4 MHz and
12 W was used. The mist generator (Figure 1a) was placed
on the bottom of the water vessel (Figure 1b), which was
30 mm below the water surface. A sample bottle made of
polypropylene containing 3 mL of a sample solution (Fig-
ure 1d) was installed on the sample holder (Figure 1c). The
atomized liquid droplets (Figure 1e) were transported to the
part for mixing (Figure 1g) through the hole in the plastic
tube (Figure 1f) by air supplied by compressor 2 at a rate of
500 mL/min (NON-NOISE s-100; JPD Co. Ltd., Tokyo,
Japan). The liquid droplets were mixed with metastable
helium gas, which was released from the DART orifice.
The mixed gas was transported to the MicrOTOFQIImass
spectrometer (Figure 1j) through the ceramic tube (Fig-
ure 1i). Excess mist was discarded by compressor 1
(VAC-U1; AMR Inc., Tokyo, Japan) at an exhaust pressure
of –10 kPa through the rubber tube (8 mm o.d., 6 mm i.d. ×
1.6 m length). A current of about 4 A was passed through a
heater made from a 0.3-mm-diameter kanthal wire placed
around the ceramic tube (Figure 1h) to heat its inner wall to
150 °C. The sampling time was 10 s.

Sample Preparation

A 500 μg/mL solution of glycyrrhizic acid was prepared in
acetonitrile/water (2/1). One hundred μg/mL solutions of to-
copherol acetate and PEG(40)MS were also prepared in
acetonitrile/water (2/1). The cream sample and lotion sample
(7.5 mg each) were dispersed in 3 mL of distilled water,
respectively, for ultrasonic mist–DART-MS analysis.

Results and Discussion
Optimization for the Detection of Glycyrrhizic Acid
Using the Ultrasonic Mist–DART-MS System

Glycyrrhizic acid is an anti-inflammatory agent widely used in
pharmaceutical creams. Since it decomposes at 200 °C [26], it
is difficult to vaporize and its molecular ions are not detected
by normal DART-MS. Glycyrrhizic acid was therefore used for
the optimization of this system as a typical compound that is
unstable at high temperatures and difficult to detect by normal
DART-MS. The mist density was adjusted by controlling the
air flow speed using compressor 2 (Figure 1), so that a large
amount of the sample was introduced gradually into the mass
detector to prevent sample contamination to the next analysis
run. The helium gas temperature was optimized for the detec-
tion of molecular-related ions without the decomposition of
glycyrrhizic acid. Three mL of glycyrrhizic acid (500 μg/mL)
was set in the sample cup (Figure 1d). The sample mist droplets
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Figure 1. Ultrasonicmist–DART-MS system. (a) Ultrasonic mist generator. (b) Water. (c) Sample bottle holder. (d) Sample bottle. (e)
Liquid droplets. (f) Hole in gas tube. (g) Mixing part. (h) Kanthal wire (0.3mmdiameter). (i) Ceramic tube (6mmo.d., 5mm i.d. × 93mm
length). (j) Glass capillary of mass detector. Excess mist was discarded by compressor 1 at an exhaust pressure of –10 kPa through
the rubber tube (8mmo.d., 6 mm i.d. × 1.6m length). The air speed transported from compressor 2 was 500mL/min. Ultrasonicmist
generation was carried out at 2.4 MHz and 12 W. The gas flow (air and helium) is indicated by arrows
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generated by the ultrasonicator were transported to the front of
the DART orifice by the air flow from compressor 2 (Fig-
ure 1g), where they were mixed with metastable helium gas.
The consumption speed of the sample by atomization was 0.15
mL/min. The minimum amount of sample required for atomi-
zation was 0.7 mL. The mixed gas was then transported to the
mass detector (Figure 1j) through the ceramic tube (Figure 1i).
To prevent the adhesion of the analyte to the inside of the
ceramic tube, the tube was heated to 150 °C by the kanthal
heater (Figure 1h). When the helium gas temperature was set to
450 °C, a deprotonated molecular ion ofm/z 821 was observed
along with ions of m/z 469 and 645, which were considered to
be the pyrolysis products of the analyte (Figure 2a and c). Since
the ions of m/z 449 and 529 shown in Figure 2a were detected
in a blank solvent, they are considered to be substances eluted
from the sample bottle made of polypropylene. When the
helium gas temperature was set to 50 °C, pyrolysis did not
occur and only the deprotonated molecular ion of glycyrrhizic
acid ([M – H]– 821) was observed (Figure 2b).

Effect of Ultrasonic Mist Combined with DART
Ionization

In addition to glycyrrhizic acid, tocopherol acetate and
PEG(40)MS were used to investigate the effect of ultrasonic
mist–DART ionization, as typical heat-unstable, low-polarity,
and nonvolatile components, respectively. Figure 3a, d, and g
show the normal DART-MS spectra of glycyrrhizic acid, to-
copherol acetate, and PEG(40)MS, respectively. The ions of
m/z 469 and 645 in Figure 3a were considered to be the heat
degradation products of glycyrrhizic acid (Figure 2c). It has
been difficult to detect the molecular ion of unstable com-
pounds such as glycyrrhizic acid under the high-temperature
condition (He, 450 °C) in normal DART-MS analysis. The ion
of m/z 469 was also assigned to glycyrrhetinic acid, which is
known as the aglycon of glycyrrhizic acid as well as its

pyrolysis product. To distinguish between the two components
(glycyrrhizic acid and glycyrrhetinic acid), it is necessary to
detect the molecular-related ions. The effect of using only the
ultrasonic mist for ionization without DART ionization was
then investigated with the electrode voltage for DART ioniza-
tion set to zero (Figure 3b, e, and h). The deprotonated molec-
ular ion (m/z 821) was detected in the ultrasonic mist-MS
spectrum (Figure 3b). Although the ultrasonic mist was used
in order to perform the DART-MS analysis under unheated
conditions, several ions were also detected in the ultrasonic
atomization without DART ionization. Ultrasonication-
assisted spray ionization (UASI) was reported by Chen et al.
in 2010 [22], for which only a low-frequency ultrasonicator
(ca. 40 kHz) and a tapered capillary are required, and the
sample solution is emitted at the outlet of the tapered capillary.
Ultrasound ionization was also reported by Wu et al. in 2010
[23]. They used a piezoelectric device to produce ultrasound of
1.7 MHz. Many biomolecule samples (e.g., amino acids, pep-
tides, and proteins) have been detected by the abovemethods as
singly charged and multiply charged gas-phase ions. In this
study, a high-frequency ultrasonicator (2.4 MHz) was used for
ultrasonic atomization to produce smaller particles (the particle
size was approximately 2.8 μm as a mean number of diameter).

The deprotonated molecular ion (m/z 821) was also detected
in the ultrasonic mist–DART-MS (Figure 3c), which combines
the DART ionization with the ultrasonic mist–DART-MS.

The molecular-related ions ([M + H]+ 473 and [M + NH4]
+

490) of tocopherol acetate were detected by normal DART-MS
(Figure 3d) instead of ultrasonic mist-MS (Figure 3e). Al-
though the deprotonated molecular ion of glycyrrhizic acid
was detected in the ultrasonic mist-MS spectrum (Figure 3b),
no molecular-related ions of tocopherol acetate were detected
(Figure 3e). They were also detected in the ultrasonic mist–
DART-MS spectrum (Figure 3f). These results show that the
disadvantage of ultrasonic mist-MS was thought to be the
difficulty to detect low polarity components such as tocopherol
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Figure 2. Ultrasonic mist–DART-MS spectra of glycyrrhizic acid. A solution of glycyrrhizic acid (0.5 mg/mL) was measured in the
negative ion mode. (a) The helium gas temperature was set to 450 °C. Them/z peaks of 469 and 645 were assigned to the pyrolysis
products of glycyrrhizic acid shown in Figure 2c. (b) The helium gas temperature was set to 50 °C. Them/z peak of 821 was assigned
to a deprotonated molecular ion of glycyrrhizic acid. (c) Structure of glycyrrhizic acid
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acetate, and the sensitivity of it was enhanced by DART
ionization.

The protonated molecular ion of PEG(40)MS (theoreti-
cal [M + H]+ 2045) was also not detected in the normal
DART-MS measurement (Figure 3g), although the singly
and doubly charged sodium adduct ions of PEG(40)MS
derivatives were also detected in the ultrasonic mist-MS
spectrum (Figure 3h) and ultrasonic mist–DART-MS spec-
trum (Figure 3i). The m/z peaks observed below a mass
number of 1000 in Figure 3g were the pyrolysis products
of the analyte, which included polyethylene glycols. The
disadvantage of DART-MS measurement, which is the
difficulty of detecting nonvolatile or unstable components
by exposing a sample to high-temperature environments,

was improved by using ultrasonic atomization. An enlarge-
ment of Figure 3i near the molecular-related ion of
PEG(40)MS is shown in Figure 3j. The ion of m/z 2068
was the cationized molecular ion ([M + Na]+) of
PEG(40)MS, which is a monoester consisting of PEG(40)
and stearic acid, as shown in Figure 3j. However, the
material of PEG(40)MS used in this study was a mixture
consisting of many analogues and impurities. The ana-
logues imply that the PEG moiety in the PEG(40)MS
material consists of several polyethylene glycol chains
with carbon numbers from 25 to 45. The ions of m/z
2024 and 2112 in Figure 3j were assigned to PEG(39)MS
and PEG 41)MS, respectively. The impurities imply that
the fatty acid moiety in the material consists of palmitic
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Figure 3. Effect of ultrasonic mist–DART ionization. Normal DART-MS spectra of (a) glycyrrhizic acid (500 μg/mL) in the negative
ion mode, (d) tocopherol acetate (100 μg/mL) in the positive ion mode, and (g) PEG(40)MS (100 μg/mL) in the positive ion mode
measured with the helium gas temperature set to 450 °C. Ultrasonic mist–MS spectra of (b) glycyrrhizic acid (500 μg/mL) in the
negative ion mode, (e) tocopherol acetate (100 μg/mL) in the positive ion mode, and (h) PEG(40)MS (100 μg/mL) in the positive ion
mode measured with the helium gas temperature set to 50 °C. [M + Na]+ and [M + 2Na]2+ show single- and double-charged sodium
adduct ions, respectively. Ultrasonic mist–DART-MS spectra of (c) glycyrrhizic acid (500 μg/mL) in the negative ion mode, (f)
tocopherol acetate (100 μg/mL) in the positive ion mode, and (i) PEG(40)MS (100 μg/mL) in the positive ion mode measured with the
helium gas temperature set to 50 °C. An enlargement of (i) in the range ofm/z 2020–2120 is shown in (j)
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acid. The ions of m/z 2040 and 2084 were assigned to
PEG(40) palmitic acid monoester [PEG(40)MP] and
PEG(41)MP, respectively.

It is considered that ultrasonic mist atomization is advanta-
geous for the analysis of large-molecular-weight compounds
such as PEG(40)MS as well as heat-unstable compounds such
as glycyrrhizic acid. While the molecular ion of glycyrrhizic
acid was detected in ultrasonic mist-MS, that of tocopherol
acetate was not detected (Figure 3e), although it was detected
in normal DART-MS analysis (Figure 3d). It is considered that
normal DART-MS is suitable for the analysis of low-polarity
compounds such as tocopherol acetate. Although ultrasonic
mist-MS is not suitable for the detection of low-polarity com-
ponents, it is suitable for the detection of polar and nonvolatile

components. Undesirable properties of these ionization tech-
niques were improved by using the combination of the DART
ionization with the ultrasonic mist atomization. This technique
was found to be advantageous for the detection of a wide
variety of compounds because all the ions in this chapter were
conclusively detected (Figure 3c, f, and i).

Ultrasonic Mist–DART-MS of Cream and Lotion

The cream sample was dispersed in water (2.5 mg/mL).
The sample solution was cloudy (the particle size of the
emulsion was approximately 0.50 μm as a mean number of
diameter). The mass spectra in the negative and positive
ion modes measured by ultrasonic mist–DART-MS are

91.0391

91.0381

Negative ion mode

Cream

Lotion

Positive ion mode

Cream

Lotion

[M+2Na] 2+

[M+Na] +

(a)

(b)

(c)

(d)

Figure 4. Ultrasonic mist–DART-MS spectra of cream and lotion. The cream sample (2.5 mg/mL) was measured in the (a) negative
ionmode and (c) positive ionmodewith the helium gas temperature set to 50 °C. The lotion sample (2.5mg/mL) wasmeasured in the
(b) negative ion mode and (d) positive ion mode with the helium gas temperature set to 50 °C. Them/z peaks of 91, 151, 165, 255,
283, and 821 of the cream in the negative ion mode were assigned to glycerol, methyl-p-hydroxybenzoate, ethyl-p-
hydroxybenzoate, palmitic acid, stearic acid, and glycyrrhizic acid, respectively. The m/z peaks observed in the lotion except for
those of 255 and 283 were the same as those observed in the cream. Them/z peak of 473 of the cream and lotion in the positive ion
mode was assigned to tocopherol acetate. The m/z peaks of the cream and lotion observed from 800 to 2300 in the positive ion
mode were assigned to derivatives of polyethylene glycol fatty acid monoesters
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shown in Figure 4a and c, respectively. Deprotonated mo-
lecular ions of glycerol, methyl-p-hydroxybenzoate,
ethyl-p-hydroxybenzoate, palmitic acid, stearic acid, and
glycyrrhizic acid were detected in the negative ion mode
(Figure 4a). Protonated molecular ions of tocopherol ace-
tate and m/z peaks derived from PEG(40)MS derivatives
were detected in the positive ion mode (Figure 4c). Among
these components, tocopherol acetate, stearyl alcohol, par-
affin, PEG(40)MS, palmitic acid, and stearic acid were
considered to be contained in the emulsified particles since
tocopherol acetate, stearyl alcohol, and paraffin are not
soluble in water but are soluble in oil and PEG(40)MS,
palmitic acid, and stearic acid are active surfactants for
inducing emulsification. The lotion sample was also dis-
persed in water (2.5 mg/mL) and analyzed by ultrasonic
mist–DART-MS as in the above experiments. The sample
was also slightly cloudy (the average particle size of the
emulsion was approximately 0.06 μm as a mean number of
diameter). Deprotonated molecular ions of glycerol,
methyl-p-hydroxybenzoate, ethyl-p-hydroxybenzoate, and
glycyrrhizic acid were detected in the negative ion mode
(Figure 4b). Protonated molecular ions of tocopherol ace-
tate and m/z peaks derived from PEG(40)MS derivatives
were also detected in the positive ion mode (Figure 4d).

Since tocopherol acetate did not dissolve in water because
of its low polarity, it is thought to have dissolved in the
emulsification particles in the sample solution. Surprisingly,
the protonated molecular ion of tocopherol acetate was ob-
served in the emulsion (Figure 4c). This ion was detected as a
result of DART ionization because no signal was observed in
the tocopherol acetate solution in ultrasonic mist-MS
(Figure 3e).

Contamination of the mass detector with the analyte did not
occur, since the excess analyte was discarded through com-
pressor 1 shown in Figure 1. Many ingredients were detected in
the negative/positive ion mode through the additive effect of
ultrasonic mist and DART ionization. However, paraffin and
stearyl alcohol, which were particularly low polarity compo-
nents, were not detected. The detection of such nonpolar com-
ponents has not yet been realized.

Direct analysis by mass spectrometry such as by DART-
MS is a powerful method for the rapid and simple identi-
fication of compounds because it does not require sample
preparation before analysis. However, two factors have
delayed its practical application: (1) the difficulty of de-
tecting heat-unstable compounds because of exposure to a
high-temperature environment owing to the heated helium
gas, and (2) the difficulty of detecting nonvolatile com-
pounds such as high-molecular-weight materials because
of the lack of desorption. Therefore, we have developed a
simple and unique system to avoid the disadvantages of
DART-MS and to maximize its advantages. The system
consists of an ultrasonic mist generator and a DART-MS
system. The samples in this study did not need to be
completely dissolved; the cream sample could be analyzed
as a dispersion in water.

Conclusion
A novel method has been developed by combining ultrasonic
atomization and DART ionization. The molecular-related ions
of a wide variety of components such as heat-unstable compo-
nents, nonvolatile components, and low-polarity components
in a cream and lotion became detectable simultaneously. It was
not necessary to dissolve the sample completely. This method
enabled us to obtain their composition information simply and
rapidly.
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