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Combination of Dynamic Hollow Fiber Liquid-phase Microextraction
with a Hitachi L-2000 HPLC for the Determination of UV Filters

in Cosmetic Products

Hongyun Yang'?, Haifang Li2, Masahito Ito®, Jin-Ming Lin?, Guangsheng Guo' and Mingyu Ding?

1. Introduction

Sunscreen cosmetic products are widely used
in the world to prevent radiations emitted by solar
radiation, and especially UV radiation (UVR) which
lead to sunburns and carcinogenesis . Sunscreen
cosmetic products generally are prepared as creams,
lotions, emulsions or sprays. A variety of UV filters
are added into the cosmetics as strong absorbers,
reflectors or scatters of UVR B¢, It has been docu-
mented that organic UV filters can result in some
dermatological reactions during exposure to the sun-
light ™, and become environmental pollutants when
they are discharged into the living waste water 10,
Lists of those approved UV filters with their maxi-
mum allowed concentrations in commercial products
have been set by regulatory authorities in USA,
Europe and Japan M3, Therefore, it is necessary
and urgent to establish convenient quantification
methods for determination of UV filters in cosmetic
products.

In recent years, various pretreatment and ana-
lytical methods have been used to determine UV
filters "4 15/, Based on the literature, liquid-liquid
extraction (LLE) 1617 and solid-phase extraction
(SPE) [8-20) 35 the most commonly sample pretreat-
ment methods have been used to extract UV filters.
Other extraction techniques such as cloud-point
extraction?", supercritical fluid extraction, micro-
wave assisted extraction ¥ have also been pro-
posed for concentration of UV filters. The extraction
pretreatments always combine with high per-
formance liquid chromatography (HPLC) [1-27)
liquid or gas chromatography coupled to mass-
spectrometry (GC-MS) [16 2. 2830 or gjze-exclusion
liquid chromatography BY.

With recent development of microextraction

1 School of Science, Beijing University of Chemical Technology, Beijing 100029,
China

2 Beijing Key Laboratory of Microanalytical Methods and Instrument,
Department of Chemistry, Tsinghua University, Beijing 100084, China

3 Naka Division, Hitachi High-Technologies Corporation, Hitachinaka 312-8504,
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Prof. Jin-Ming Lin Dr. Haifang Li

techniques, solid phase microextraction (SPME) (32
and liquid phase microextraction ¥ in terms of
high speed, high sensitivity and convenient have
been recommended to be more convenient tech-
niques than LLE and SPE. The most widely used
extraction materials of SPME are fragile and expen-
sive. Furthermore, carry-over of sample is some-
times difficult to be eliminated for extraction and
injection performed in different steps. Single-drop
LPME (SDME) methods ?¥ based on a droplet
of a few microliters of organic solvent at the tip of
a syringe needle have become the most extended
approaches. However, the droplet easily dislodges
from the needle tip of the syringe during extraction,
especially in the case of vigorous stirring.

Hollow fiber liquid-phase microextraction (HF-
LPME) technique based on the principle of mem-
brane liquid microextraction ®¥, is employed as an
alternative liquid microextraction. The micropores
of hollow fiber can confine organic liquid solvent
inside of the hollow fiber, which prevent solvent loss
during extraction. The large molecules and extra-
neous materials in sample can be prevented due to
the selective transmission of the micropore mem-
brane. Furthermore, micropore structure increases
a large specific surface and supports a more amount
of extraction phase volume. HF-LPME is an efficient
sampling pretreatment method with many advan-
tages such as simplify, high efficiency and low cost.
The HF-LPME can be classified into static HF-LPME
and dynamic HF-LPME. The static HF-LPME is per-
formed by jointing a hollow fiber on a microsyringe
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needle and immerging into a stirred sample solu-
tion 5. Dynamic HF-LPME was developed by con-
tinuous injection of sample solution into the extractor
to well contact with the acceptor phase, which con-
tribute to high extraction efficiency and shorten
extraction time. Ouyang et al #% has introduced the
kinetic calibration for automated HF-LPME.

In the present study, we developed a simple
dynamic HF-LPME device for pretreatment of five
UV filters in cosmetic products, which followed by
HPLC analysis. The cannular extractor was assem-
bled to realize continuous-flow microextraction. The
sheath structure of the extractor made the sufficient
contact between the acceptor phase and aqueous
sample and led to high extraction efficiency. The
main parameters of dynamic HF-LPME were investi-
gated and optimized. Under the optimized HF-LPME
conditions, the proposed dynamic HF-LPME pre-
sented good extraction efficiency for five UV filters
in cosmetic products.

2. Experimental
2.1 Reagents and materials
2-Hydroxy-4-methoxybenzophenone-5-sulphonic
acid (BZ4, >96 %), oxybenzone (BZ3, >98 %), 2-eth-
ylhexyl-4-dimethyl aminobenzoate (ODP, >98 %),
2-ethylhexyl-4-methoxy-cinnamate (OMC, >99 %),
2-ethylhexyl salicylate (ES, >99 %) were purchased
from Sigma-Aldrich (Steinheim, Germany) and were
used as standards. The chemical properties of the
standards are listed in Table 1.

The solvents of toluene, n-hexane, propylene
glycol monomethyl ether acetate (PMA), and dichlo-
romethane were of HPLC grade and were obtained
from Sigma-Aldrich (Phillipsburg, NJ, USA). HPLC-
grade methanol from J.T. Baker (Phillipsburg, NJ,
USA) and de-ionized water purified by a Milli-Q
ultrapure purification system (Millipore, Bedford,
MA, USA) were used as mobile phase in HF-LPME.
Acetone and other reagents were purchased from
Beijing Chemical Works at analytical grade.

The Q3/2 Accurel polypropylene (pp) hollow
fiber membrane (600 um id. 200 um wall thickness,
and 0.2 um pore size) was purchased from Membrane
GmbH (Wuppertal, Germany). Disposable flow con-
trol valve lines for the visiprep™-DL (1.0 mm i.d.,
500 um wall thickness, and 50 mm length) from
Supelco (Bellefonte, USA) were used as external
tube. The 10 uL syringe (Shanghai, China) was
attached with the hollow fiber to fill in and recover

4 S.I.LNEWS 2013 Vol.56 No.1

Table 1 Analyte abbreviations, Structures,
Log K., and pK, of five UV filters

Name® Structure Log  pK.
K(\\\h

Benzophenone-4 HO 0.89 -0.7
(BZ4) %

OC OCHg

0=$=0
OH

Benzophenone-3 OHO 3.79  7.56
(BZ3) |

Qc OCHj
2-Ethylhexyl-4-d H3\C Q 6.15 239
imethyl l,\l C‘O/\(\/\
aminobenzoate HaC
(ODP)
2-Ethylhexyl-4- o 5.80 -

. IRUN
meme -y o
innamate

(OMC)

2-Ethylhexyl C{%A(\A 597 813
salicylate (ES) OH

#Name: International Nomenclature for Cosmetic Ingredient
(INCI) elaborated by CTFA and COLIPA.

® Values obtained from SciFinder Scholar Database,
http://www.cas.org/products/sfacad/.

the acceptor phase. The 1.0 mL syringe was used to
continuously introduce the sample into the extractor.
Two micro syringe pumps (Baoding, China) were
used to inject the solutions during extraction.

2.2 Chromatography

A Hitachi L-2000 HPLC system, supplied by
Hitachi High-Technologies (Tokyo, Japan), consisted
of a wavelength UV detector (Hitachi L-2400) with
a standard flow cell, a quaternary pump with online
degasser (Hitachi L-2130), an autosampler (Hitachi
L-2200) and a column oven (Hitachi L-2300). The sep-
aration was performed on a reversed phase C ; HPLC
column (Lichirospher ODS, 5.0 um, 4.6 mm X 250 mm,
Merck Millipore, China). The mobile phase was a
mixture of methanol-pure water (80:20, v/v). The
five filters were separated within 25 min at flow rate
of 0.8 mL min~'. The column oven was controlled at
40 C and UV detector was set at 310 nm.

2.3 Preparation of standard solutions

and cosmetic samples

The stock solution was prepared in methanol
weekly. The concentrations of BZ4, BZ3, ODP and
OMC were 1000 mg L, while ES was 5000 mg L},
respectively. And the stock solution was stored in the
dark at -15 C to minimize photodegradation of the
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UV filters. The working standard solution (0.1-500 mg
L™!) was prepared daily with appropriate dilution of
the stock solution with methanol.

All of the cosmetic samples were purchased from
local markets. Sample of about 0.010 g was dissolved
in 20 mL n-hexane completely through ultrasonic at
ambient temperature for 5 min, then centrifugated at
5000 rpm for 3.0 min. The supernatant was filtered
through a 0.22 um membrane and nitrogen dried at
60 C, and then diluted to 100 mL with de-ionized
water. The prepared sample solution was stocked
for the HF-LPME procedure.

2.4 Dynamic HF-LPME device

The extraction device used in this study con-
sisted of external tuber, hollow fiber and microsy-
ringe pump. Fig.1 shows schematic illustration of
the HF-LPME extraction system. Q3/2 Accurel poly-
propylene hollow fiber was cut into 3.7 cm hollow
fiber segments. Those hollow fiber segments ultra-
sonically cleaned in acetone for 15 min and dried in
the air. A disposable flow control valve line for the
visiprep™-DL as external tube was installed on the
sample injection syringe. Then aqueous sample of
0.6 mL was loaded into the syringe. The hollow fiber
attached onto the microsyringe needle was inserted
into the visiprep™-DL external tube, and then 10 uL
acceptor phase was filled into the hollow fiber. The
sample was continuously injected into the extractor

. Tee connector . External tube .
Microsyringe Hollow fiber ¥ .. . Syringe
! \ Sample injection

. x':-":a‘.lllllﬁ.:!;

Sample Sapl i
outlet _ / inlet

Figure 1 Schematic illustration of HF-LPME method. The can-
nular extractor was assembled by mounting a hollow
fiber inside an external tube with a tee-connector.

by the pump. During the extraction, the analytes in
the aqueous sample were largely extracted into the
organic solvent by diffusion. The analyze-enriched
acceptor phase was directly collected into the micro-
syringe after the extraction. Finally, 5.0 uL accep-
tor phases was used for HPLC analysis. Different
acceptor phases and different flow rates were inves-
tigated. The extraction was preformed at ambient
temperature (25 C).

3. Results and Discussion

This dynamic HF-LPME relying on membrane
liquid microextraction is an excellent technique for
extraction. The organic acceptor phase was immo-
bilized in the micropores of the hollow fiber to form
liquid membrane. The targets were extracted from
the aqueous sample matrix into the organic liquid
membrane on the wall of hollow fiber, and then dif-
fused into the lumen of the hollow fiber. The process
of mass transfer is shown in Fig. 2.

In this study, in order to optimize the dynamic
HF-LPME for the determination of five UV filters
in cosmetic products, several parameters control-
ling extraction efficiency including types of extrac-
tion solvent, sample volume, sample flow rate, pH
values and ionic strength were assessed. A series of
0.6 mL of sample solution spiked with 50 mg L' of
ES and 1.0 mg L! of the other four UV filters were
extracted in triplicate.

Impurity L | Samglesohxhon
&gﬁﬁ) : 7 754 e

Liquid phase

Membrane serving
as support

\ f“s
L

Sample solution

Figure 2 Schematic representation of HF-LPME method. The
analyte diffuses across a microporous membrane while
in contact with an organic accepter. K is defined as the
partion coefficience of the analyte between the aque-
ous and organic phase.
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3.1 Effect of selection of acceptor phase

Organic solvent serving as acceptor phase was
an essential consideration for HF-LPME. The organic
solvent used in HF-LPME must satisfy several cri-
teria. Firstly, the organic solvent should have good
affinity for hollow fiber on which thin liquid mem-
brane can be formed. Secondly, the organic solvent
should possess a high distribution coefficient for the
analytes and be immiscible with water. Thirdly, the
organic solvent should provide appropriate extrac-
tion selectivity and high extraction recovery. Finally,
the organic solvent should be compatible with HPLC
analysis. Given on the above consideration, n-hexane,
toluene, and 1-octanol, which have been the most com-
monly used extraction solvents in LPME, were esti-
mated in our study. Fig. 3 shows the performance of
the organic solvents for extraction of five UV filters
under identical conditions. The results indicated that
toluene was the most suitable as the acceptor phase
with the highest extraction efficiency. However, the
extraction efficiencies of n-hexane, dichloromethane,
l-octanol and PMA were much lower than those of
toluene. The good compatibility of the hollow fiber
and the low solubility in water were contributed to a
high enrichment factor for UV filters. Furthermore,
the hollow fiber could become transparent when
it is filled with toluene, which made the operation
easier. Thus, toluene was chosen for the further
experiments.

Figure 3 Effects of different extraction solvent on HF-LPME
method. Extraction conditions: 0.6 mL of sample con-
taining 25 mg L™ of ES, 5.0 mg L™ of other four target
analytes, extracted by toluene at 3.0 mL h™', ambient
temperature.
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3.2 Effect of sampling volume

HEF-LPME is a process dependent on equilibrium
rather than exhaustive extraction. So extraction effi-
ciency is normally controlled by the distribution coef-
ficient of the analyte between the aqueous phase and
organic acceptor phase. The adsorption capacity of
organic phase was also an important parameter for
10 uL. organic acceptor phase. Sample solution con-
taining 25 mg L' of ES, 5.0 mg L! of the other four
UV filters was extracted. The different sample vol-
umes in the range of 0.5-2.0 mL were performed. As
shown in Fig. 4, the extraction efficiency increases
with sample volume increasing and reaches the
maximum up to 1 mL volume. When the the sample
volume higher than 1 mlL, the extraction efficiency
was not further increased. This is due to that the
extracted amount of UV filters was increased with
the sampled volume increasing until the extraction
reached balance. On the other hand, acceptor phase
slightly percolated through the micropores of hollow
fiber during the sample continuous injection, which
may lead to a little decrease of extraction efficiency.
The adsorption capacities of 10 uL. toluene were
reached to 4.0 ug of BZ4, 45 ug of BZ3, 4.7 ug of
ODP and OMC, and 23 ug of ES, respectively.

7x10°% [ BZ4 7 7 -
[[IIIm BZ3 !
6x10°- ODP
% OMC 7]
5x108-{ EES :
(]
Qo
@ 4x10°- 7
X
[¥] —
[ 1=
2 3x10°- =

.
Il

AT

=
=

i

NIl

4

0.3 0.5

15
Sample volume (mL)

Figure 4 Effect of extraction sample volume on the HF-LPME
method. Extraction conditions: sample containing
25mg L™ of ES, 5.0 mg L 'of other four target ana-
lytes, extracted by toluene at 3.0 mL h™', ambient
temperature.

3.3 Effect of flow rate

Generally speaking, the extraction efficiency
could be enhanced with the increasing extraction
time before the equilibrium reached. The extraction
time could be controlled by the injection flow rate
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of the sample in this study. Therefore, the flow rate
of the sample solution played a significant effect on
the extraction of the dynamic HF-LPME. The flow
rate in the range of 0.5-7.0 mL h™' was considered
and the result showed that the extraction of five UV
filters have no significant fluctuation at the range
of low rate (<20 mL h'). However, the extraction
was curtailed when the flow rate was higher than
20mL h™L This result might be due to the fact that
the extraction equilibrium could not be reached bal-
ance under the very high flow rate condition. Finally,
the flow rate of 20 mL h™! was chosen for subse-
quent experiments.

3.4 Effect of salt concentration

The addition of salt to aqueous sample decreases
the solubility of analytes in the sample B4 and
increases their partition into the organic solvent
through changing solvent environment. In this
study, the effect of ionic strength on the extraction
was evaluated by addition of different concentration
of NaCl (0-20 %, w/v) solutions to the sample. The
best extraction efficiencies were achieved without
addition of the NaCl and the extraction efficiencies of
five UV filters decreased dramatically as more NaCl
was added. The results indicated that the addition of
NaCl had a significant negative effect for extraction.
The extraction efficiency of BZ4 decreased slightly
with the ionic strength increase compared with
other four UV filters. At concentration up to 20 %,
BZ3 can not be extracted. This phenomenon could
be assumed that apart from the “salting-out”, the
physical properties of the organic membrane were
changed with the presence of salt, which reduced
the diffusion rates of the analytes into the acceptor
phase. The viscosity of the sample was also changed
at high concentration of salt, which affected the diffu-
sion rate. Thus, the best conditions for the HF-LPME
were performed without the addition of NaClL

3.5 Effect of pH of sample

The extraction efficiency and selectivity of the
HEF-LPME can be optimized by the pH values of the
sample solution. The effect of sample pH values on
the extractability of the target analytes by HF-LPME
was investigated from 1.0 to 8.0. The result indicates
that the extraction efficiencies of BZ3, BZ4 and
ODP were decreased significantly flowing with pH
values increase. The pH values had positive effects
on the extraction efficiency of OMC and ES. This

phenomenon was in accordance to the pK, and could
be explained by the molecular properties of the five
UV filters. According to the chemical structure of
five UV filters (Table1), most of them have the
hydrophilic groups and the UV filters were proton-
ated at high pH values, which make their partition
much more into the aqueous phase and reduce their
transportation into the organic solvent. Thus, UV
filters display a high affinity for organic solvent in
low pH values and good extraction efficiency was
achieved in acidic pH environment. The chemical
structure of OMC indicates that only hydrophobic
groups exited can not protonated and the molecules
of OMC and ES could hydrolyze easily in acidic pH
environment, leading to low response. Then it was
observed that the better extraction efficiency for five
UV filters were accomplished at pH value of 2 after
taking all factors into consideration. Therefore, pH
value of 2 was maintained throughout all the work.

3.6 Method evaluation

As shown before, the best extraction efficiency
was obtained under the following condition: 0.6 mL
of sample solution at no salt addition in acidic envi-
ronment, acceptor phase of toluene, sample injec-
tion flow rate at 2mL h™'. Under the optimized
conditions, limits of detection (LODs), linearity and
relative standard deviations (RSDs) were investi-
gated. The calibration curves were constructed by
plotting the mean peak areas against respective
concentration (mg L") as listed in the Table 2. Good
correlation coefficients (R?) with excellent linearity
for target analytes were higher than 0.9960.

Table 2 Analytical characteristics of the method

uv Time Range R” LOD RSD F°
filters (min) (mg L") (ng LY (%)"

BZ4 2314001 0.5-500 0.9978 1.00 45 24
BZ3 10.67+0.04 0.5-500 09960  20.00 51 34
ODP  14.994+0.01 0.5-500 09960  15.00 52 57
OMC 17.73+£0.03 0.5-500 0.9970 10.00 48 55

ES  20.924+0.02 2.5-2500 0.9965 100.00 5.0 53

2 §/N=3; ° N=3; © F=Enrichment factor

The LODs (S/N=3) of the five UV filters were
found in the range from 1 to 100 ug L™'. A blank
sample was carried out every time to confirm that
no carryover occurred when determining LODs. The
RSDs (n=3) for the five UV filters were lower than
52 %. All the results were calculated and summa-
rized in Table 2. Compared to the traditional SPE
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method, the proposed method exhibited better selec-
tivity with comparative sensitivity and recovery.
The reason was that the undesirable large molecules
can not cross through the micropores of the hollow
fiber. To investigate the extraction recovery, the
method of standard additions was applied to all sun-
screen cosmetic by spiking with 5mg L' ES and
1mg L' of other analytes, respectively. The rela-
tive recoveries of the five UV filters ranged between
80 % and 102 %.

3.7 Extraction of UV filters in cosmetic products

In order to test the applicability of the HF-LPME
method to real sample, the proposed procedure was
applied to analysis the cosmetics purchased from
local super market. After the pretreatment of origi-
nal cosmetic samples, all the cosmetic products were
extracted under the optimum HF-LPME conditions
and the existent amount of the UV filters in the cos-
metics were determined and listed in Table 3. The
OMC was contained in all the test cosmetic prod-
ucts. BZ3 and ES were presented in most of the test
cosmetic products. Whereas, ODP was not found
in some analyzed samples. The determined results
were in the accordance to the service condition of
the UV filters. Hence, HF-LPME method enables
the precise determination of UV filters in cosmetic
products. Fig. 5 shows a chromatogram of a cream
sample with and without spiking of 5mg L' ES and
1mg L' of the other four filters after HF-LPME
extraction.

4. Conclusions

In the present study, a simple and effective
dynamic HP-LPME method was introduced for
determination of UV filters in cosmetic samples
combined with HPLC analysis. High extraction
efficiency was obtained by continuous injection of
sample into the extractor to accelerate the extrac-
tion. This dynamic HF-LPME method with the
advantages of rapid speed, low cost, and convenient
operation were successfully applied to the investiga-
tion of UV filters in cosmetic products.

8 S.LLNEWS 2013 Vol.56 No.1
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Figure 5 Extraction of a blank cream and a cream spiked with
5.0mg L™ ES and 1.0 mg L™ of other four target ana-
lytes by dynamic HF-LPME with HPLC-UV.

(a) Cream sample analyzed by HF-LPME-HPLC-UV.

(b) Spiked cream sample analyzed by
HF-LPME-HPLC-UV.

(1) Bz4, (2) Bz3, (3) ODP, (4) OMC, (5) ES.

Table 3 Five UV filters found in real cosmetic samples
after applying the proposed HF-LPME method

WX :

Combination of Dynamic Hollow Fiber Liquid-phase Microextraction with a Hitachi L-2000 HPLC for the Determination of UV Filters in Cosmetic Products [4733]

Cosmetic UV filters in cosmetics (g 100g™)

products BZ4  BZ3 ODP OMC ES
Cream’ N.D* 202 N.D 2.36 435
Cream’ 2.56 N.D 4.32 3.28 N.D
Cream’ 279 N.D N.D 1.58 3.12
Cream’ 060 ND ND 442 2.03
Cream’ 0.54 N.D N.D 4.20 N.D
Lotion' N.D 2.35 N.D 2.46 2.82
Lotion’ N.D 342 N.D 242 N.D
Lotion’® 1.42 2.96 N.D 3.62 4.18
Lotion® 232 4.51 N.D 3.88 4.06
Lipstick' N.D N.D 0.8 4.38 N.D
Lipslick: 1.48 N.D N.D 4.39 N.D
Foundation' N.D 4.12 N.D N.D 3.23
Foundation® 2.832 4.34 N.D 4.04 N.D
Home made' 2.43 3.36 4.03 4.16 7.08
Home made® 130 168  1.26 1.54 5.70

#N.D. not detected
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Quantitative analysis of the rat brain dopamine using mass spectrometry.
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Lithium Intercalation Mechanism Analysis in Lithium Iron Phosphate Using TEM-EELS
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+ 5 4 EDNAS 1.02661  0.54562
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(ng/mL)
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nE
STD No. Abs (mgiL)
STD1 0.00005 0.000 WNE
STD2 0.03699 0.050 mmE
STD3 0.07287 0.100 BNE
STD4 0.13907 0.200 BNz
STDS 0.27459 0.400 mME
STD6 0.53358 0.800 BaE
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Introduction of “Twin Injection Technology” for ZA3000 Series
Polarized Zeeman Atomic Absorption Spectrophtometer
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Introduction of the IM4000 optional device
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Introduction of New Ultra Variable-pressure Detector (UVD) for SU3500 VP-SEM
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20Pa

30Pa

40Pa

50Pa

3 RA—EBHERCORMZEEHICH T ZEKLE
(% 2TH#, MEREE :5kv, BHER :2.6X107"" A, BEREE | 5001)

S.I.NEWS 2013 Vol.56 No.1 39



[4764]

THE HITACHI SCIENTIFIC INSTRUMENT NEWS

4, sFAH

41 BEFHRABEOBEZ
BB O B2, SR )EJI20 Pa,
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. BFREEZERHE36EA=(2012/7/14~15 JLiEE)

EE(BINATY /A9 =X) 1 A kfEERAVEED) BFEROERS FRBERE

. Microscopy & Microanalysis 2012(2012/7/30~8/2 XEH)

SIA (BN 77 /83 —X)th : Reduce electron damage in atomic resolved SEM observation using aberration
corrected electron microscope.

HAE(BIL/NT T2 /0T —X)1th 1 A Study of crystal lattice fringe observation using the 30 kV STEM.

B (BN 77 /07 —X) . Application of selected diffraction with STEM to some materials.

. FesOathEFEMFEmE(2012/9/4~5 FTER)

SR (AN T2 /A=)t : FESERFIB/STEMY X7 L% AU =27 Y AR OIS EaET
E# (BN 77 /89 =) b : EACREREFD Y Z 1 AFIBIIL & SEMEIR

. REFIEZEE(RSC)RRTEREIV I 7L yX2012(2012/9/6~7 FHR)

Z(BNA T /83 —X)1th : Cryo transfer observation of vitreous ice-embedded liposomes using 120 kV TEM.
FE (BN 77 /83 —X)tb : Applications of Hitachi tabletop microscope TM3000.

. 201 2FNFEF7ELAYEFER(2012/9/11~14 BRER)

HAX(AZNAT7/8Y—X)th : 30 kV STEMIC L 5MOSHEE D= b5 X MERE D&

. BREYMZE=E76EA=(2012/9/15~17 RER)

FRSE (RN 77 /A9 —2)Mth  IIERERE £ AU 7= D RES OB E SRR

. EMC2012(2012/9/16~21 ZHHE)

BE (BN 77./0Y—X)h 1 30 kV STEM imaging with lattice resolution using a high resolution cold FE-SEM
F (B3N 77 /82 —X)th : Reduce the electron damage in atomic resolved SEM observation using aberration
corrected electron microscope.
®ER(BINT T2 /07 —X) M : Observation of the fine structures of green energy materials by a high resolution
FE-SEM.

. RAAOBFERS FREFR(2012/9/28~29 FHIR)

BF (BN 77/8Y =) 1 BILEBE FIRMEEHT 77007 OHE & ICH

9. E32[MLSITFRAT 4 VIV IRIIL(2012/11/7~9 KBRAT)

% JFA(BAI/NAFT7/02—X)M:30kV STEMZ B /:MOSFRENDE I b7 X MERERD&T
BH =BT T7/00—X)fth: LSI/SE DHIED A 7+ 2%k % AL 7-SEMERE A DRSS

10. BABMBEFRES6EY VRIIAL(2012/11/19~20 ItiEE)

FiE EF(HILNATI7/OT =M 1 F L RAEOEFIEMEISH
Er E(BIIEUERR Mth | EILERE F R EEMEE

®LrEY IR

% EEBINATY/O09-X) 14> #kEERVEED) BRHEOEEEFEMBHE
BARBEFSEI6M AR (2012/7/14~15  dtiEE)

[EB] A ) B3 FHMOWRAHNOFE AR EAL FEETRELZAETERVY, ThETEAR
THPRERMBBEEE T, AETHWM, He&h  FHEMEE(SEM) ICL2BZEIIfTbTuniv, £
BT 5, BAYEICIZ 2 ADHEEZ HVTK CTHA I, BEPTHRIKIRETH S M+ Vififk%
HERCERME, WEEEL TKREICEILSTE HeTeh) EOREMOBE 2 AT, 14 V)
MDY, FEAATHENTHEEZ P LTHEE KA-TFNV-3-AFVAIFVIYTA TEFTTIF
fBITHE S S EDBHHNT WD, FFEMILEH DL TR L — FOFFRIEE25 % K U5 %% Wb LI

oA

S3400N 2.00kV x1.00k SE

1 AACREFEECFEETSIEHAVE 2 5%&HRAFRETRELLEHAYE
HFHES © 60F, MMEBE : 2kv, 85 ZKREF FFHAF 1 90, MFEEIE : 2 kY,
BZMEEE 11,0005, <& I S-3400N 85 ! ZRETF

FE{%5E 1 10,0001, ZEE : S-3400N
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PETAMEIEBEIN(RT, K£H), B2iX
AEZ0EMA L CEMMSBIE LR T, M
HAR DR IR SN T LT Z BN TV D,

43 BHA(AINAT7/00—X)l: 30 kV STEMIC L BAMOSHREINDE I b5 X MEE D%

2012 FEMEFE73MCAMEFS (2012/9/11~14 E1EE)

[BEE] k71 20MM1EIC X Y TEM/STEM
RNt D720 DFREHE, TN AT EMBED LW
2N FICHRAL S 2 0205 5 4%, LIS X
NIy b ANIMETL, SI/SIOFRERNAND 7
Fv Y2 XEY)DONOWE L E DB HEEL 72 5,
e A E R Y G R BN B o 128 o DA IV
ASEM H 372.SU9000(Z T i3 78 30 kV T DSTEM
(Scanning transmission electron microscope :

A R B ) % v TSi(111) d=0.314 nm
¥ F-1% % 8% L 72 (Fig. 1 (a)) o € DFFT A 5Si
(LIDIZHET B EHTARY bAHEOSNT VD, &5
WHTBROE Y N T A MED 720 BRENILE (Cs) K

(a) (b)

Si(111) d=0:314 nm

M

Si(111) d=0.314 nmi S N

Fig. 1 BF-STEM image of the single-crystal silicon
(a) Before Cs reduction, (b) After Cs reduction
Specimen: Single-crystal Si<011>,
Acceleration voltage: 30 kV

WA X G D) F &2 #E L7z, Fig. 1 (b) 1ZCsfk
WHED30kV BF-STEM#% v Cf3 5 72Si (111)
d=0.314 nmO¥ 18 & ZDOFFT# T, CshFimL,
S TG0 ar b A M SEHEL TS, $72,
Z OFFT£1213Si (200) d=0.272 nm® | #7 AR v b
HHERR S, RREDM LA S A& 7572, Fig. 2
EZ D% T L2734 AR (5
JZ30 nm) MOSH i D & 5 R REBIE R R TH 50 R
ILBEDT T A A% E I M T A NTBIETE S LA
(ZSi(111) DR FEAHBRICBIR SN Tnwb, Ih
5 OFERD LT IR Z 7SR RIEIC L 258
BEOUESRETE %,

Poly-Si
(70=F 1245 =)

Fig. 2 BF-STEM image around the gate oxide
Specimen: 3X nm NAND flash memory
Specimen thickness: 30 nm,
Acceleration voltage: 30 kV

1. 825E/\A4F X5 1 DIVAHBZED VRIDL(2012/8/8~10 FRR)

Flll BE(HINAT77/09 =)t . 570~ & BV FEXTF RORIRW A
FE BFEINATI7/00-)Mh: "M AEESZZEHECSIZT7I/BE=2)T
HE BFBHIL/NAIFT7/0Y—X)th : Amino acid analysis of peptide based on the regulation method

2. BiRG - BRZEREEIF—(2012/7/12~13 #%)
Bl ®&(BILNA 77 /00— 1 BILREFRLKLESTOFHEEEDBN

3. F25E (A UX}|E=F—(2012/7/13 R=R)
Rl HBE(BINAT7/OY=X) I HRFBEAOHE~T I /B DR

4. REFIT{EFR(RSC)RFEREIV T 7L rRX2012(2012/9/6~7 FRR)

FR HMN(BILNAS TV /02 —X) i : Analyses of Biopharmaceuticals using Amino Acid Analyzer

[Summary] Quantitative analysis of amino acids
is required in several fields, including biomedical
research, bio-engineering, amino acid metabolism
and food science. Moore and Stein developed the
first automated amino acid analyzer (AAA), com-
bining cation-exchange chromatographic separa-
tion of amino acids with postcolumn ninhydrin
detection™, This method is excellent in stabil-
ity and repeatability. Recently, the production
of biopharmaceuticals, such as immunoglobulins

and erythropoietin, has increased greatly. As the
majority of these biopharmaceuticals are proteins
produced by the cell culture, the control of cell
culture conditions and confirmation of amino acid
components of product, is very important. In
this presentation, we will present several AAA
applications, amino acid monitoring of Cell cul-
ture medium, Amino acid components analysis of
monoclonal antibody often used as a model sample
for biopharmaceutical

FIW #8%F(Bi/NM77/0Y—=X)th: Food Safety and Environmental Safety for Human Health (Introduction for Hitachi

ZA3000 series Polarized Zeeman ASS)

5. F73EICAYEZRFIEEER(2012/9/11~14 FiE)

il BAILINT7/87 )M BEEET I XY E BV ERFRELICS RS HOTHREKFLE

6. (—#)BFRBEAES NS RIFEAERI] Vol.39, No.8

= ME(BINATI7I> bO—ILIXTF L) BFRLEICLIREREFEITLOAH
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S I=IVT— IR ia==. 571 (V2 F ) —BA) .

HIYNA 77 3N BT L CnwAT ) r— a7 —4%3— 1k “TECHNICAL DATA” OZ#i4/iT7,
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Roe FZ(BANAT7/09 =) I HPLC—KF(EMBEE—RFRAXEEC L 2 ERMBRPOERLVOROHEL T
A (BN T7/00 =) PXEKRKEEIC L 2BRAROSEEREICE 2 HAFEFTHES EDOHRET ~5 3@~
NE - BIE (BIEUER) fth 1 RAER T 7 X7 2 AV ERFRAS T OTREMEE & Z OEHAIGH ZA3000%;, ZA370088 YA VA VI T3 VFo JOIDTEN
BE ZRBAMLNTT7IALMO—IRTLZ) M FRBERAEIC ST INN-IXFIVE BT YL HITEORE =k Introduction of Twin-Injection Technology on Model ZA3000 and ZA3700
2#\, S I - 65t =
=H RMR(BEINACFITY FO—ILY 5 LX) 1 SILA=Y MEEAYT S KU BN BE L — MIIEERD S bl ;ﬁggggﬁz‘fgﬁ o VDG .
_ | olarized Zeeman Atomic Absorption Spectrophotometer
L&V 2 EROERHS
[ZE5] KU 73K HLFE B (PAPC) # % R A No128 RATH | 201241273
L MR, SR FSTALEOZCOTR 100% [ ARG IR ZA30003 ) — KIS A RMAIF I B BB [V 4 ¥ 4> Y=oy ay sy iuv] &
%, JROpHBEEA D E VAR TR T X 5 [E A 80 % | gy WALET YALA Ty ay sy )0 IEHBARANTy I TEAS 5 2 LATTETS, GUb & AU
1= . . v B T ! JA(F Xy ) OFMERFE LR T L CHRERE 2z BRI 22, WEHEARZMMSEEEEICHEST S 2 L0
MAEATH L. LaL, ERIRHERNRIDHE B 60%| CEEF. CCCRIAYA VTR STy I TR TN OBRSbO SRR R L £
A, WAL S AT D o 72 2 ool
PAPCEIF L — MEIRICY Va=y 2z HFESE T ool 0As§|l|§
. . S ° As(V . o -
72 (Zr-PAPCH ) TU # 25 2 FkiC e A wp  HT77008 EESEEHEEE STEM OHHSE DA (1)
OWTHE 24TV, AFFEEBREREOSHIC 1 2 3 456 7 8 9 1011 Some applications of STEM instrument on an HT7700 to materials
BH L7z, PH i
Yl HT77007:% & 78 7SR5
1 SERSROpH & BIREQ RS Model HT7700 Transmission Electron Microscope
AsiEE 0.1 mg/L
HFAFE | 50 mL ¥—INo TEM No.140 FATH  20124£10H
120 kVIL B TEM HT77000 & 47 %3 (LT, STEM) T3 (BF) STEM& S X OHEHLEF (DF) STEM %
— . i | gm =0 2 A : - g TSI EDTEFE T STEMBRIZTEME & ik L TRIZEDOFE L 2T I WO R Wik OBZIcHRI Ty . £ 72,
8. FR24FE - F20ERRN - RIFSF—2EAR in Hokkaido(2012/9/20~21 1tiEE) gigy  BE-STEMIRTURHIT> b5 2 b & AWM TEMBE MbkET > 19 X b, DF-STEMRCIIR A2 181 L
LA T (BEALFIaY O—IL S 254X © BEAMETIEE L £ 5 RO SRE AR gﬁg{;;b FAN LI ENTEE S, SOL)ICHT7700CTIITEMARREICHN 2, ZHOE ST X ) % 4102 Bl
B o
ARG TiZ, STEMZBIEOM B~ HBIZHENLE T,
9. #M7 X /ESthiRREsFE2hEiEEER(2012/10/26 FR)
HE BFRINAT7/00 )M N FERZEEEEAND_ERY KRNI LTI /BATEDER
i SU9000F EBE FiEMmEDIFR LA

10. E23EY 0T RIS T 4 —FISa%(2012/11/14~16  IBE) SU9000 : Its characteristics and application data
BRIl BEHINAT7/00 )M F71 L ERIBPOFHEBATICH W ZERIBHE ERI N DT LEOHR Yo SU9000T% H 7.8 1= 53+ B B A T 2 A 7R - B A
Ultra-high Resolution Scanning Electron Microscope SU9000
11. Recent advance in analytical technigues for steelmaking industry(2012/11/19 &F=xR) . S 2012610
IRt FZ (BN 77 /09 —X)fth : Introduction of Model ZA3000 Polarized Zeeman Atomic Absorption Spectrophotometer

—Analysis of Antimony in Steel Samples— i SU9000JE A8 T-BmsE (BLF, SU9000) &, HBIEOBETEA YLy XHF RO WL v A& #3522 LT, HEEik
4 BHEAD DRV E — LB CEE S HIEBIZESTREE 20 F L7z, 4 M, SU000D £ L InHflZ THAL 3,

12. ORI S HRMRE(2012/11/22 &%)

WE CBME (AILEMERR)  RESHE TS XVIC & B TERENDEDRS
BH ZXR(HIALNMT732 R O—ILIXTFLX)f : FEREBEAEICS FBINN-D X FILE KT T U athiEDEE
WA FMF(BIAINA 77> bO=IL I XT LM SEMAEFRNEICLIEROSHREMMT ~KBEIANEEEEHEE~
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s IMAOOORKA Z V=V IREDRREIGE
General features and some applications of IM4000 Ion Milling System
Vet IM4000JEA * > 3 ) v &
Ton Milling System IM4000
¥—IMNo SEM No.149 FATH  20124E10H
A& % EHC IR L CRERR DR T2 ERITT, Whwb 23y 7)) Y IHRZFH L CGREZHI 2443 >~
ZE, IV A= MVt — 5 —DOiEE R BIEEH & F R T & 2 B T WM (SEM) HREMER D E LT, MR TN
34y 2B E, ZHMTHHENTVES, ZOSEMARMEHIA CGER SN ThE A4 I 73R, Fl) > 7 (77
" Y hIYYTOVELBTI Y Y ZED 208 H ) £9. IMA00A + > 3 v ZH#EIR, ThED22o04F ¥ 3 v 7k
BREGLINA T Y NIATDAF I V7B TT, ZI2TiE, ZUDIZ2HEDOAF 2 3I) V7 HEIZOWTIBRN,
KRICAZBEORELE ERMAMBLOA 2 I) Y ZINTHZRBANL 5,
H NB50008 £KUHD-2700IC K BB R DS iR
Structural characterization of magnetic material by NB5000 and HD-2700
HAZSEHA F v /BT ¥ — A LEIE2EE nanoDUE' T® NB5000
Fef BRI R IEBEREAT H 3778 A5 % 8 7 - B S HD - 2700
NB5000 Focused Ion & Electron Beam System
HD-2700 spherical aberration corrected Scanning Transmission Electron Microscope (STEM)
¥—=PMNo FIB No.21 FATH  20124E10H
NA Ty FHBEOE—F 2 S SN T0 5 24 Y ABAM B O BRI, & AR T A4 7 & OB & fEpT
AEEL ), EIHEEEOEHIIEFEINTVYE T,
L2 ARTIE, EHAF 2 E— L0 TBI%%E (FIB : Focused Ion Beam) & #4571 #i##% (SEM : Scanning Electron

Microscope) DA ZEENB5000&, A% B8 F#HMEE (STEM | Scanning Transmission ElectronMicroscope) HD-2700
L RV S VAN 7% SN 6 B L I e 1 o = G S
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