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The value of Electron Microscopy for Endomyocardial Biopsy
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Structural characterization of polymer materials using SEM
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Arsenic speciation with gradient hydride generation
interfacing liquid chromatography
and atomic absorption spectrometry

Yong Tian® Ming-Li Chen® Xu-Wei Chen” Jian-Hua Wang~ Yoshihiro Hirano

This work was published in Journal of Analytical
Atomic Spectrometry, 2010, 25, 48-54.

Introduction:

Arsenic in various sample matrixes causes a multi-
tude of serious health problems.1 Arsenic in drinking
water in South Asia has become one of the biggest
environmental problems of the century.2 Generally,
arsenic in environmental waters is almost exclusively
inorganic,3 however, methylated arsenic species were
frequently identified from biological samples and alga
(Hijiki). Therefore, total amount of arsenic is no
longer sufficient for providing comprehensive infor-
mation about their toxicity or ease of removal among
the various arsenic oxidation states, as both proper-
ties depend strongly on the chemical form of a specif-
ic arsenic species. Thus, the accurate identification of
arsenic species has become one of the most impor-
tant issues when evaluating the toxic effects of
arsenic.’ Although a number of analytical protocols
have been dedicating to arsenic speciation, however,
there are no universal methodologies available, not to
say providing standard procedures for such purposes.
At this juncture, it is highly desirable to develop suit-
able and reliable approaches for arsenic speciation.

So far, extensive efforts have been devoted to the
hyphenation of LC separation with ICP-MS."" LC
provides powerful separation for isolating the
individual arsenic species, while the high sensitivity
of ICP-MS and its flow through feature facilitate
accurate and fast detection. However, in many cir-
cumstances, this approach is not suitable for routine
analysis attributed to the high running cost of the
instrumentation. For this purpose, studies have been
dedicated to coupling LC with hydride generation
and some other atomic spectrometric detectors, e.g.,
atomic absorption spectrometry (AAS) " and atom-
ic fluorescence spectrometry (AFS) """ for arsenic
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speciation.

The hyphenation of hydride
generation with atomic absorp-
tion spectrometry is among the
most frequently used techniques
for the separation and quantifi-

™ b

. . . 18
cation of arsenic species. )
Jian-Hua Wang

There are, however, some
intrinsic shortcomings of this
technique when compared to those with detection by
ICP-MS and AFS, e.g, the sensitivity of AAS can
hardly compete with the latter systems. In order to
be competitive, a significant improvement on the sen-
sitivity is required with AAS as detector.”” When
considering the inherent detection power of AAS lim-
ited by its intrinsic design, one of the most feasible
approaches to improve the sensitivity is to ensure a
complete capture of the analyte of interest at each
single step of reaction. In arsenic speciation by using
hydride generation, the conversion efficiencies of
arsenic species into corresponding arsenic hydrides
generally vary significantly. Although fixed experi-
mental condition might be well suitable for certain
arsenic species, while the conversion efficiencies for
some others could be seriously deteriorated.” " A
pH-gradient hydride generation approach has been
proposed for the improvement of hydride generation
efﬁciency.19 On the other hand, as an indispensable
component in the hyphenation of a hydride genera-
tion unit with an atomic spectrometric detector, the
gas-liquid separator is an extremely important part
when desiring to improve the sensitivity and stability.
Recently, this issue has caught pertinent atten-

17,20-22 . .
Generally, a sufficient chamber volume in

tions.
the gas-liquid separator is required to provide a
buffering for the hydride and the carrier gas in order
to depress the noise signal. On the other hand, how-
ever, the chamber volume should be limited to the
extent possible to minimize the dispersion of the
hydride before it entering the atomization area.” In

this respect, it still deserves more efforts to be
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focused on this issue to further improve the perform-
ance of gas-liquid separation.

This work reports a gradient hydride generation
protocol to improve the conversion efficiency of As
(V), As(II), MMA, DMA and TMAO into their cor-
responding hydrides before AAS detection. In addi-
tion, a novel design of gas-liquid separator with limit-
ed dead volume was used providing minimum disper-
sion of the hydrides during their transportation from
the separator to the detection point and thus facili-
tates high detection sensitivity. Arsenic Speciation in
Hijiki samples was performed by this procedure.

Materials and Methods
Instrumentation

AL-2130 pump and a L-2300 column oven (Hitachi
High-Technologies) with Wakopak Navi C30-5
columns (F6x 250 mm and F6X 150 mm) were used for
chromatographic separation of arsenic species. A
six-port injection valve with a 100 uL sample loop
was used for sample introduction. A Z-2000 atomic
absorption spectrophotometer (Hitachi High-Tech-
nologies) with a quartz atomizer was used for arsenic
detection.

A Minipuls evolution peristaltic pump (Gilson) was
used for delivering HCI and NaBH, solutions in the
hydride generation process. A 60 C water bath was
used to improve the hydride generation efficiency of
the arsenic species, followed by a cooling water bath
to control the temperature of the reaction mixture
before entering the gas-liquid separator. Four types
of gas-liquid separator (Figure 1) were employed

and their separation efficiencies evaluated. The
hydrides after separation were swept by argon to
flow into the T-type quartz atomizer for arsenic
quantification.

Figure 2 illustrated the flow manifold of the liquid
chromatographic separation followed by gradient
hydride generation-AAS detection for arsenic specia-
tion.

Reagents

The chemicals used were at least of analytical-
reagent grade with 182 M Q cm de-ionized water.

Arsenic stock solutions of 1000 mg/L were pre-
pared for sodium arsenite, disodium hydrogen arsen-
ate heptahydrate, monomethylarsonic acid (MMA),
dimethylarsinic acid (DMA) and trimethylarsine
oxide (TMAO).

The mobile phase contains sodium 1-butanesul-
fonate, malonic acid, tetramethylammonium hydrox-
ide, methanol and ammonium tartrate. NaBH,, HCI
and L-cysteine were used for hydride generation.

Sampling and sample pretreatment

Hijiki digestion with nitric acid for total arsenic:
0.5 gram of Hijiki was randomly taken from the
homogenized sample bulk. The sample was trans-
ferred into a 10 mL quartz glass crucible with 5 mL
HNO, (65%) and the mixture was heated gently on
a hot plate by controlling the temperature not to
exceed 100C for about 3 hours until the solution had
nearly dried. After cooling, the mixture was filtered
through a 0.22 um membrane filter and the filtrate

lem
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IO | %
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+
© 0.2cm | o
N 1.2em:
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14.5¢cm

Figure 1. The designs of gas-liquid separators used in the investigations.
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Figure 2. The flow manifold of the LC separation-gradient hydride generation-AAS system. LC: liquid chromatography;
FAAS: quartz atomizer flame atomic absorption spectrometer; P: peristaltic pump; SV: selector valve; RC: reaction coil;

GLS: gas-liquid separator; Ar: argon; W: waste.

Valve position I: 6 mol/L HCI for the hydride generation of As(V), As(lll) and MMA.
Valve position II: 0.6 mol/L HCI for the hydride generation of DMA and TMAO.

was diluted to 50.0 mL.

Ultrasonic-assisted water extraction for arsenic
species: 5 gram of homogenized Hijiki was taken into
a 100 mL vessel with 50 mL water. The mixture was
sonicated for 30 min and the leachate was collected
by filtration which was used for arsenic speciation.

Total arsenic quantification

Electrothermal atomic absorption spectrometry
(ETAAS) was used for quantifying the total arsenic
with 10 uL of Mg(NO,), solution (1000 mg/L) as
matrix modifier. In practice, 50-fold and 500-fold
dilutions with HNO, (1 %, v/v) were made when ana-
lyzing total arsenic in the wet acid digests with HNO,
and the individual arsenic species in the ultrasonic-
assisted water leachate.

LC separation—gradient hydride generation-AAS
system for arsenic speciation

Figure 2 illustrated the flow manifold. The system
was initiated as soon as 100 4L sample solution was
injected into LC. The effluent from the LC system
was directed to meet streams of NaBH, and HCI solu-
tions to initiate hydride generation, which was signifi-
cantly accelerated when the reaction mixture flowing
through the reaction coil in a heated water bath at
60 C. After cooling down in a water bath, the reac-
tion mixture was directed into the gas-liquid separa-
tor where the hydrides were isolated and further
transported into the quartz atomizer for arsenic
quantification. The gradient hydride generation was
performed as such that a flow of 6 mol/L HCI was
used for the hydride generation of As(V), As(III) and
MMA, and when the signal of MMA has been

recorded, the selector valve was switched to intro-
duce a stream of 0.6 mol/L HCI as hydride generation
medium for the other arsenic species, ie, DMA and
TMAO. A fixed NaBH4 concentration of 1.0 % (m/v)
was used.

Results and discussion
The chromatographic separation process

The effect of the mobile phase constitutes on the
absorbance and the retention time for each arsenic
species were investigated, including the concentra-
tions of sodium 1-butanesulfonate, tetramethylammo-
nium hydroxide, methanol, malonic acid, ammonium
tartrate and the acidity of the mobile phase.

The hydride generation process

Gas-liquid separation: The gas-liquid separation
efficiency plays a vital role in the evaluation of
hydride generation process. Four types of gas-liquid
separators were evaluated (Figure 1), which provide
9 possible scenarios for designing the LC-GHG-AAS
flow manifold. Figure 3 illustrated three different flow
manifold designs. Generally, the separators Il, lll, IV
receive the reaction mixture from the hydride gener-
ation process swept by an argon flow, and the argon
stream can be introduced either right after the con-
fluence of the fluidic zones or just before their enter-
ing into the separator (Figure 3B, 3C). In addition,
when separator | was used in the flow manifold B
and C, the bottom argon inlet was sealed. The sepa-
ration of hydrides by separators Il and lll were not
complete, and significant peak broadening was
observed when using Il and IV. Also, obvious fluctu-
ations on the blank were recorded which deteriorate
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the precision and detection limit. On the other hand,
separator | provides an opportunity to introduce the
argon stream into the separator via its bottom gas
inlet. In practice, the liquid-seal above the out-let sig-
nificantly reduced the dead volume for the gas phase
which minimized the dispersion of the separated

hydrides and thus avoided signal tailing, i.e., much
steeper signal peaks were recorded which facilitated
high sensitivity,23 In addition, the introduction of
argon via the bottom of the separator well confined
the fluctuation of the flow and created a much
smoother blank signal which improved the precision.

NaBHs RC FAAS
Sample ¢ /@ ﬁ
Water bath | L w
A HCI Cooling bath
GLS
Ar —'
FAAS
NaBH: RC
Sample —@}—
—] 1 w
HCI Water bath " '
B Cooling bath  Ar p
GLS
FAAS
NaBH; RC
Sample —(@—
b "
C HEI ap WAREDG Cooling bath
GLS

Figure 3. The flow manifolds employed for evaluating the performance of the four types of gas-liquid separators.
FAAS: quartz atomizer flame atomic absorption spectrometer; P: peristaltic pump; RC: reaction coil; GLS: gas-liquid separator;

Ar: argon; W: waste.

Table 1. The performance (characterized by peak height of As(V), peak half-width and relative standard deviation) of the system
by using different designs of gas-liquid separators in various flow manifolds.

Separator | Separator 11 Separator 111 Separator 1V
h Y2 RSD Y,» RSD Y,» RSD h Y2 RSD
(s) (%) (s) (%) ) (%) (s) (%)
Flow
manifold A I 63 23 ) B B ) ) B ) ) )
Flow
. 096 63 34 093 64 34 0.60 11.0 4.6 0.50 179 4.1
manifold B
Flow
; 065 72 54 077 7.0 5.2 055 11.6 7.5 046 17.0 3.6
manifold C

Note: HCI: 6 mol/L (with 2% L-cysteine), NaBH,: 1% (in 0.5% NaOH); A same flow rate of 1.1 mL/min was used for both HCI and NaBH, solutions.
The 100 kL sample solution contains 100 x g/L of As(V) at a sampling flow rate of 1.1 mL/min. The water bath was set at 60 C. h: normalized

peak height; Y,,,: peak half-width.
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The results for As(V) in Table 1 showed favorable
analytical performance by incorporating separator |
into the flow manifold of Figure 3A.

Gradient hydride generation: General conditions
for hydride generation were first scrutinized with
0.5%-3% NaBH, (m/v, 0.5% NaOH) and 0.2-6.0
mol/L HCL.  Within this concentration range of HCI,
substantial increments of the absorbance signals
were recorded for the 5 arsenic species when increas-
ing the NaBH, concentration up to 1 %. Thereafter,
higher concentration of NaBH, not only caused
declines of the signal, but also generated more noise
for the blank.

Figure 4 illustrates the dependences of hydride
generation on HCI concentration. For As(V), As(III)
and MMA, continual increase of the signal was
observed when enhancing the acid concentration
within the whole range of 02-6 mol/L. For DMA
and TMAO, however, a rapid increase of the signal
was first encountered by increasing the acid concen-
tration up to 0.6 mol/L where maximum signals were
achieved, while a further increase leads to decrease
of the signal, especially for TMAO whose signal
sharply dropped to a negligible level. These observa-
tions could be attributed to the protonation of a
methyl-arsine, e.g., (CH,), AsH from DMA and
(CH,); As from TMAO, which can readily occur in
an acid medium and the produced water-soluble

methyl-arsonium species in equilibrium with gaseous
methyl-arsine reduces the hydride generation effi-
ciency,%' “ corresponds to a rapid drop of the signal
arising from DMA and TMAO. The much more sig-
nificant drop of the signal from TMAO is explained
by the favorable protonation of (CH,), As than that
of the (CH,), AsH due to its higher basic nature.
Figure 4 indicated that each arsenic species
requires a specific acid concentration for optimal
efficiencies of hydride generation.%' “ For 6 M HCI at
which maximum signals were recorded for As(V),
As(I) and MMA, the signals from DMA and TMAO
corresponds to only 20 % and 10 % or less of the
signal as obtained from a same amount of As(V).
Thus, it is unable to find a suitable acid concentration
at which an identical or similar response could be
achieved for the 5 arsenic species. In practice, a
compromise acid concentration is generally selected
which might be favorable for the hydride generation
of some arsenic species, but inevitably sacrifices
the hydride conversion efficiency for other
species.” """ Y
generation should be favorable to improve the effi-

In this respect, gradient hydride

ciency of hydride generation for all the arsenic
species. In the present case, gradient hydride gener-
ation is performed such that a 6 M of HCIl was used
for the hydride generation of As(V), As(III) and
MMA, when the MMA signal has been recorded, a
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0.3 I _o— As(lll)
MMA
0.25 | —-O—-DMA
° —— TMAO
© 02}
©
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Figure 4. The dependences of hydride generation efficiencies
on the concentration of HCI.100 pg/L of each arsenic
species was introduced. 2 % L-cysteine (m/v) was
included in the HCI solutions. A flow rate of 1.1 mL/min
was used for both HCI and NaBH, solutions.

Figure 5. The chromatograms recorded for arsenic speciation by

LC separation-hydride generation-AAS detection. A and B were
obtained by conventional hydride generation with a fixed HCI

concentration for the 5 arsenic species, while C was achieved by
a gradient hydride generation, i.e., a 6.0 M HCI was used for
the hydride conversion of As(V), As(lll) and MMA, while a 0.6 M
HCI for those of DMA and TMAO.
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stream of 0.6 mol/L of HCI as hydride generation
medium was introduced for the other two arsenic
species, i.e, DMA and TMAO. Figure 5 clearly
showed that the retention time interval between
MMA and DMA is long enough for performing the
gradient hydride generation. During this process, a
fixed concentration of NaBH, at 1.0 % (m/v) was
used for the 5 arsenic species.

Figure 5 illustrates the chromatograms recorded
by gradient hydride generation employing a gradient
of acid concentration, i.e., 6 M HCIl for As(V),
As(III) and MMA, while 0.6 M HCI for DMA and
TMAO. As a comparison, those results achieved by
a conventional hydride generation protocol with com-
promised HCI concentrations, ie., 0.6 M and 6 M HCI
for all the 5 arsenic species, were included. Much
improved signals for the 5 arsenic species were
recorded, ensuring both favorable hydride generation
efficiency and detection sensitivity for these arsenic
species. It is also worth mentioning that a maximum
of 13-fold improvement on the detection sensitivity of
As(V)was achieved in comparison with the previous
reports.

L-cysteine has been widely used for reducing
arsenic species prior to hydride generation. In this
study, 2% L-cysteine (m/v) in HCI solution further
improves the hydride generation efficiency and the
detection sensitivity for the 5 arsenic species up to
16 %, 19 %, 24 %, 13 %, 32 % for As(V), As(IID),
MMA, DMA, TMAO, respectively. These results
confirmed the previous observations. " A most likely
explanation might be that in aqueous medium the
formation of borane complexes of X-BH, (X = SR),
which are more active than BH, in the hydride trans-
fer to analytical substrates, is possible in the case of
hydrolysis of BH, in the presence of thiols in
L —cysteine.32

The temperature dependence of hydride genera-
tion efficiency: We have also investigated the tem-
perature dependence of hydride generation efficiency
of the 5 arsenic species within 20-100 C. A gradual
increase of the hydride conversion efficiency for As
(V)and As(III) was observed in the whole range
studied. For MMA, DMA and TMAO, however, an
increment was achieved when enhancing the temper-
ature from 20-60 C, while thereafter a decline of the
signal was recorded. The hydride generation was
performed at a compromised temperature of 60 C.

The dimension of the reaction coil: The diameter
and length of the reaction coil should be optimized to

22 S..LNEWS 2010 Vol.53 No.2

achieve maximum signal. 1.0 mm id. PTFE tubing
well facilitates the conversion of arsenic species into
hydrides when fixing the other parameters. When
evaluating the effect of the reaction coil length, a
slight improvement of the signal was observed by
increasing its length within a certain range. Howev-
er, an excessive long reaction coil created unexpected
flow impedance, causing unstable flow rates for the
acid and NaBH, zones during hydride generation
which produced an exaggerated noise on the blank
signal. Finally, a reaction coil length of 3500 mm was
used.

Analytical performance

By using a 100 4L sample volume, a complete ana-
lytical run could be finished within 13.5 min. The lim-
its of detection for the 5 arsenic species, ie, As(V),
As(IID) , MMA, DMA and TMAO, were 09, 14, 14,
16 and 15 ug/L (As), respectively. In addition, RSD
of less than 3% and 6 % were obtained at 100 ug/L
and 20 ug/L.

Table 2 compares the characteristic performance
data of the present system with some of the relevant
procedures based on LC separation hyphenated with
detection by mass spectrometry and atomic
spectrometry. A significant improvement on the
overall sensitivities for the 5 arsenic species was
achieved by the present system incorporating gradi-
ent hydride generation when compared to the report-
ed similar procedures with detection by AAS™" and
ICPAES"” Although the limits of detection of this
procedure cannot compete with those achieved by
ICPMS"®, it is sufficient for routine arsenic specia-
tion in environmental water and seafood or seaweed
samples.

Arsenic speciation in real samples

Total arsenic concentrations in the wet acid digest
with HNO, and the ultrasonic-assisted water leachate
of Hijiki were quantified by ETAAS after appropri-
ate dilution (Table 3). The ultrasonic-assisted water
extraction efficiencies of total arsenic in Hijiki 1 and
Hijiki 2 were ca. 76.1 % and 82.2 % respectively. A
longer extraction time has been used but no signifi-
cant improvement on the extraction efficiencies was
obtained. Thus, the low extraction efficiency might
be attributed to the presence of some unleachable
arsenic species in the Hijiki samples.

The speciation of the 5 arsenic species in Hijiki was
performed by employing the present LC separation-
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Table 2. Comparisons of the performance data of the present procedure with some of the arsenic speciation protocols using LC separation
coupled to ICPMS, HG-AFS, HG-ICPAES and HG-AAS.

Method e RSD (%) mPle Ref.
As(V) As(Ill MMA DMA TMAO volume (uL)
LC-ICPMS 0.1 0.02 0.04 006 - 10 200 1
0.3 0.1 0.2 0.1 2 27 50 33
LC-HG-AFS 0.2 0.1 0.2 0.1 i 103 200 16
8.5 1.0 22 2.3 - 2.2 20 17
LC-HG-ICPAES 20 5 10 20 - 4.8 100 29
15 10 30 65 5.9 200 30
LC-HG-AAS 2.6 2.4 2.4 2.3 1.1 6.4 100 12
8.4 1.5 3.3 43 - 3.7 100 13
42 2.0 2.9 2.4 - 8.7 100 14
120 738 - - 12.1 200 15
0.9 1.4 1.4 1.6 1.5 2.8 100 This work

Table 3. The results of arsenic speciation in Hijiki samples and the corresponding spiking recoveries.

Speci Found Found Spiked Spiking Recov. Spiking Recov.
ecies
2 Hijiki 1 (ng/g) Hijiki 2 (ng/g) (pg/L)  Hijiki 1 (%) Hijiki 2 (%)
As(V) 53.6+9.2 60.81+13.2 50 107.4 111.2
As(111) n.d.* n.d. 50 97.9 97.1
MMA n.d.* n.d. 50 106.9 104.9
DMA 2.7+04 2.4x0.5 50 112.5 105.7
TMAO 0.34£0.12 0.15£0.03 50 104.6 102.2
S f the arseni
HmOTREAENe 566497  63.4%13.7
species determined
Total arsenic
63.9+3.5 63.8+1.9
(water leachates)
Total arsenic
84.0+8.2 77.6£4.2

(wet acid digest)

Mean value F95 % confidence interval (number of replicates = 3)

* n.d.: not detected.
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Hijiki 1 As(v),
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01 ¢
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Hijiki 2
0.7 v

0.5

Absorbance

01

0.1

Figure 6. The chromatograms for arsenic speciation in Hijiki.
The ultrasonic-assisted water leachates were 5-fold
diluted.

gradient hydride generation-AAS system. After
appropriate dilutions of the ultrasonic-assisted water
leachates, large amounts of As(V) were found from
both Hijiki samples. The chromatograms were illus-
trated in Figure 6 and the speciation results were
given in Table 3. For Hijiki 2, a reasonable agree-
ment was achieved between the sum of the three
individual arsenic species identified (As(V), DMA
and TMAO), ie., 634 ug/g and the total arsenic con-
centration quantified by ETAAS, ie., 638 ug/g.
However, a discrepancy was observed for Hijiki 1,
which attributed probably to the presence of some
other arsenic species, e.g., arsenosugars, except for
those investigated in the present work.”" Tn addition,
favorable recoveries were obtained for both samples
by spiking appropriate amount of the arsenic species.
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Analysis of environmental samples by atomic absorption spectrometry with pretreatment
using polyamino-polycarboxylic acid type chelating resin

1. IIUBHIC

BREHTIC BT 2 MERNRIIKE, KA, TEOA
B O HEYREREN LR E A L ONH Y, £ OR
FHIRTLEEASLEETH 5o HEREIHTIC BT A AT LHE
F & UTRIRIC X 2680, wuibafrbhT
W5 SR o HRYICE DOMIEE MR WAL, i
D728 APDC-MIBKE#ERDDTC- B 7 F v ik &
DOEBAHEIFIH SN TE 72, L LBRE~NO AN
IR DB B BT 2E b B H R 53-ifa Por
LT, LA EI A SN D L9125 TE
720

HYNA 727 7 1Y — X TlE20044E 12 H 37 [E A 7o 1
HTHIET AV =A% IR, e BBk
AT ZRIH N2 72w T & 72,

ZZTIE/ET AR L — b xR W BRER P i
TEEHTIZOWTHIANT 5,

2. JE7Z*¥L— FOBE

JETAF L — bORERFRIZOVTIIERER E
CEELLMBASRTwa A Y, o Tl ¥
T AF L — b OBEIZOWTHANT 5o

JE7Z*¥L— FOBE
JETAFL— MEMAEES T 23 HHEFL— b
TR, RUTI ORI HINVKUBAE, oFhFL
VYT IVEREREA I R ORARE R
MEIRICHEG LS 2o Twb, KT3I R
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TR7NVAYERE, TLVh) HHESEEY 5724
WITHZ LR, £ OERSER, E4BREZH
WTE D, KRR FOMBEESE I CEOMI -
MO R L, JETOE, ICPROE, ICP-MS
FORIMHEL L TAHTHL, R1IZ/7ET A
Chelate-PA1®pH 6 fEIZ BT 2 iR 2R T,
BATRENTWAEF L — MilkD% {13, BiAME
FHEMBIRICA 3 7 ZREBAIEREILZEA L7250 TH
D, L 01 F Y EBBEE LM LigHT 52 L
DEMLETTTICHE STV, 4 3 7 TREHgH

* REHHINAF27ay ba—L Y AF LK
SNTkgERRETE TS =Y a v -7
ok REHOVHINA T2 /0T =X Fu—NLV7 T ) r—yartrs

wWE M7 R BT OAE ®E

HRIEZIT VA VSR, 7Tuh) HEEREICN LET
DR ZFio720, WAKEFEO LS IIT VA IR,
TIVAY) TEER RS EICEDTERNCET LA,
BAHRICH TR L LD ICT VISR, 7TVh)+
HERIGRAEL, EEME FoRalET 2w,
A3 THEEM L - MR TIZEME I Y TV ) &
&, 7)) TEEE AR B 21, RRhEm
EAHZ FERR 7 > B =7 AR TS 2 HEEAI s
TWwhb, JETAFL—=F TV A)ERE, 7TVhY
THEEZHR L i, B E D EOMK
THRIHFTLDOATINSDILHE L 5L iET
Hbo

JET A% L— MEMFE A 5 2121 Chelate-PA1,
Chelate-PB1® 2 ffi¥i5% %, Chelate-PALIZBIKME:
DRV AZ 7)) L— M BIRETH Y, Kbhos&R
JCEOHH - BHEICH WSS, Chelate-PBlLIZ A F
LY/ A% 7)) L— MEESKRPEMEETH), F
L — MEfefIXChelate-PALE 6] UTdh 5 720 IEAN
M - PRAFAFYEIZFIBETH Ao Chelate-PA1E D
Wi, FERBIIR OBOKTEC X BIAKPELE Y b Rk
W TE D720, Pk, EWMOER AR E &
WEHIRIRIN T D 5

JETAFL— MEMFTEA T AT Y URF
La<IEM, L, WeH A AHRRLLLD05H D,
K% 2 @ ISRIB T RETH %o

JEF7ZXFL— b OEREE
O FEHHBHOa Yy T4y a =y 7279,

T b r5mLZE LT 5 4 ME UEHIE % i
X/2t%, #iAK10mL, 3 MAYER10 mL % it LER
DWEHEAT) o € DHMMAKI0 mLTHHIEZ PEiF L,
O.IMPFERE 7 v E= 7 MBS mLEm LTI 74
Yan v rERRE T b

@  FHE250 mLICHEB T Y E= A%01IMIC R 5 X
AMA 72, WEEE 72137 =7 /K TpH 6413
2% 5 L) RET 2, GRENE R IZIREMTRE ZE L
TEFfE,)

@ [EAHM AN AR 2 E KT B o GEIKHEEE
10 mL /457 PAF)

@ HEIK10 mL% BEAHNCHE L CTEHIR I - 723k &
VeVt T, pH6fHETIR T VA Y HHEEE X &
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H He
Li |Be B|[C|N F | Ne
Na [ Mg Al |Si|P|S]|cClI|Ar
K|Ca|[Sc|Ti|V |Cr|{Mn|Fe|Co|Ni|[Cu|Zn|Ga|Ge|As |Se|Br|Kr
Rb|Sr|Y |Zr [Nb[Mo|Tc|Ru|Rh|Pd|[Ag |Cd|In |Sn|Sb|[Te| | | Xe
Cs|Ba|La|Hf |Ta| W |[Re|Os| Ir | Pt [Au|Hg| Tl | Pb| Bi | Po| At | Rn
Th u
Ce|Pr Nd|Pm|{Sm|Eu|Gd|Tb |Dy [Ho | Er [ Tm|Yb | Lu
- >90% : 90%-10% TEShLG W

AETREIN WD, CasZEd 5 7-0M)E

X1

YLk Ry REQE AT A =G A

® R 3MMBR3ImLEi L, fiiRIh-&R%z

B S E D,

® GOFEHWEAZI0mLIZERL, WEREET 5,
(25M5 AR 72 5 0)

/ E7 ZChelate-PA1DpH 6 1L IC & | 5 HltRE

3. RIEKDAESH

REKhO [£8#R ]| ORAIE
BRI OB T AR & L AT AT

ENTVEHDIXTEA LRV, BEKTO [40

lOWEDLE L TREALSREA =512,

F L — MEAE AR & L TR S Tw

%o

REF
a.2a
Ak R S ?13
JAC 0032 a.05
g.0a
FAKIZERH BAKEESH
JAC 0031 ‘ CASS-3
¥ o S L O I O ALV L L
T | T T T 1
500 1000
RS (s)
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B LKAEAY RRET B 720, WIRMARICE
FNAHHSHCERBSE SR T ONTB Y, WilkE
PRI T30 ug/L, W TIZ10-20 ug/LEED SN
TWbo CERTHAET— A A O BREA S RET =1+
=)

7 €7 A (NOBIAS) Chelate-PAIF% F\VifJIIAK -
AT OS5 2 A LZ-20100 7 L — & 507
FHEFTHMEL72, JETAF L — MidpH 6443k
THERZ90 2% LL LI LIS TRECTH B & & b1

TNA) &g, TV TEER IR S N vz,
HAROIHIZTIVAY S|, TVvh) THSGRZ %S =
WZEGHREBOS M) v 7 ABREZEEIIT) T LT
&5, ¥ L — MIREAHMLANS CGRMET 52 L2
DEBRBEIMEDI0H5D 1 OFSH (1 ug/L) 237 L — Lk
THIEWREE %2 B T 72, F L — MEIREAIHHANC
TRMT A LIZLD, v~ MY v 7 ZD5RL: LK
EART O EFH UMBEMRTHET S LATE
%o

®1 ENOAEER (HF20855RHE)

Bf7 1 ug/L(N=3)

Bk SE AERER ZEHE
759 0.060.01 =
FAKIBEESF JAC0031 0.78+0.01 0.7920.05
AINIKIBERS JAC0032 11.59+0.11 11304
HwAKIZEERY CASS-3 1.35+0.03 1.24+0.25

H A KRR, BARERABOEREIBlankiE L 51 & & H

RIBKPOA IV LOAIE

BRI ADNEHEBENELY 7 ug/kg RE/H L&
T % SIS R OMBANIHE Y, FRi224F 4 AHtifTo [KE
IS 54| TH K3 20FEHEfEA0.003 mg/L
b X EH R LD TV 5,

J €7 A (NOBIAS) Chelate-PAIW % H vy, i)I|
KD A ¥ 37 2% e LZ-2010/E 8 KL s 1

WGEERTCHlE L7z BURH 1 LA FEAHSNH Ui i
Z10mL& § 5 2 & TI00R IR 293 T Eng/LL X
VO FITARRZELTHMET S ENRETH -
720 ILERBEEDLZVWHETLHIEEDSZ W
Chelate-PAIWZ W5 Z & TREHTOMES F I
LA ERFEEDHILTE %,

0.3000

1.5ug/L

1.0ue/L

05ueg/L

0,000

P L

e L oz it

A 7K
+0.01 g/l

ANIK

3/ E7 ZChelate-PA1 A DERIMAEFRIEXEES

S.LNEWS 2010 Vol.53 No.2 27



[4544] THE HITACHI SCIENTIFIC INSTRUMENT NEWS

£2 HRFIVLOBIFERER(GEE001LBHE)
BT T g/L(N=3)

A4 RIEER(ne/L) EIEVES
b 0.000240.00007 —
ALK 0.00229+0.0001 1 —
ATNIK+0.01 pg/L 0.01217=0.00011 98.9 %

*ANIK, ANKA0.01 pg/LDEZFEIFBlankiE L 5| & E A

BKDAIE

KR OMEICHRIL, WK OBREETE iR A Wy it
ERILFET A 72 VICET AR ICBWTHllE S Tw
5o WEAKIZIIHE 4 OICE DG 2 =% D o TIAE
LTBY, ERSIEHETHSHNa, Mg, K, CaZe &
MEICEENET S EokE 2 THEsI&ERIL, B
OB WINEE 45 S F 72T 0 %,

VAR, HAEICHE L OB X S RITE O E 1T
A2, TIVHVERE - TIVHY HHEERZHRL %

W U7 AF L— NI X B M A RTLE TR L L
THWBHERA SRS ShTws” "7,

J ¥ 7 A (NOBIAS) Chelate-PA1F % H\WNRC -
CNRC NASS-5 AL SR 2 3l - Jefitk, 2o
I 2 MIP/MS% H W CHlSE L 720 3808100 mL %
FEARSIH LA 2 10 mL & 3 2 & & Clof5 239
BITE, METHEELELTHET LI E2ETH

D 7‘:0

x3 FEFKOAERER (EF0ERNHE)

BT g/l (N=3)

BIE m/z| 55 56 ... 59 . 60 63
TTEE Mn Fe Co Ni Cu
Blank 0.007 0.066 0.000 0.014 0.052

+0.001 +0.012 +0.000 +0.003 +0.009

NASS-5 0.938 0.199 0.009 0.278 0.309

+0.023 +0.015 +0.001 +0.012 +0.014
EPEE{E [0.919+0.057|0.207+0.035/0.011£0.003|0.253+0.028|0.297+0.046

BAIFE m/z| 64 98 L - - 208 238
THEA Zn Mo Cd Pb U
Blank 0.131 0.013 0.000 0.011 0.019

+0.000 +0.006 +0.000 +0.003 +0.006

NASS-5 0.143 8.555 0.024 0.013 2.613

+0.016 +0.123 +0.001 +0.002 +0.167

EREHE [0.102+0.039] 9.6+1.0

0.023+0.003{0.008+0.005 2.6

*NASS-5DE £ 1EBlankiE L 5| & & #4
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4. FOfthDRFAF O BES
BAHGOAE

AOHEFOFIZE, BREVIEWERIIHY, A
DO ELHIEEERTRELL LoTWn D, A
OB R MR ORI L 72 5,

NIES CRM No.22 HA DR % / ¥ 7 A (NOBIAS)
Chelate-PB1F % fl\» it e = it LZ-2010
TSN TR R Tl L 72,

FL— MIBOFEIZIRIRTEBY) Th b, Rk
BRI, EEESEINIES CRM No.22H £41.0 gl
SMANEES mLEMZ, WMLWHREIHKT L, EED
Wil o BERE220 mLICER L7z, HA G
10 mLICO2MEERE 7 ~ B = A W10 mLA A, 7
YEZTKZEMAZ TpHLO6MILIZHE L & L — Ml
HRKEE L VT4 Y a3 v ZEADIET A
Chelate-PBIFICpHF 4 L 72 H A B M#120 mL % [E4H
WL, &Ra BAICHE S 2. BAHZ MK

10 mLIZ T L72#%, 3 MAYEE 1 mL% it LA &
Nz EmL-%eE25mLE Lz,

R~ ) v 7 ADOBREMNR AR T 5720, BhA
5 % e/ €7 AF L — FPBLEAHHE T ONa,
Mg, K, Ca, Sr, BaigEz g L7, fErF4
2R, FEAHHIE#H TldNa, Mg, K, Ca, Sr, Ba
DVFTIUIZBWTHRERIT99 %W ETH o720 2
NEYW JETAFL—MNEITVAVERE - TLVHY)+
HEROBRENRIENTHWDLZ b7,

H A OCu, Zn, Cd, PbzZ-2010E KN
B TR CIE L7z R Z2R S ITRT, [
AHIIE O E R AEIZZE D100 + 10 2% DN OfE & 7
D, KEOHEREIFERTE /2,

HADIMZH B EHRRA NV 7 A& FRET
LRI L/ ETAFL— Ml ZRITY) S LI X
D, W~ M) v 7 AORBEEZTEI LR, B
&, BEBOMMASTHETH D",

x4 ERIN) Y7 AOBREDR

352 . s
axa | SEONRR iiria R
Na 112 5.00 100.00 %
Mg 1 0.42 99.96 %
K 14 2.77 99.98 %
Ca 19400 127.33 100.00 %
Sr 118 0.65 100.00 %
Ba 0.14 0.37 99.74 %
*®5 HADAEHZR
BT © ug/kg(N=3)
SRA | BA (ugke | BEBuske) | RRiE BEE
Cu 6905 =10 740 93.3%
Zn 4622 +25 470 98.3%
Cd 2.90+0.01 28 103.6%
Pb 22.95%+0.21 23 99.8%
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Rare metal - Analysis of rare metal in Neodymium magnet
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HITACHI HD-2700 Dedicated STEM with Spherical Aberration Corrected System
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4. KoSFoST(EBERmIF*=)2010(2010/6/17 &BH)

H.Nakagawa (B3I /\{ 5% / O — X)) : Post-column labeling using HPLC for food analysis

[Summary] Post-column labeling using high
performance liquid chromatography (HPLC) is
powerful method for analyses of samples containing
contaminants, such as foodstuff, or components
without a specific UV absorbance or fluorescence.
The analytical system is shown in Figure 1.
Ultra-HPLC (UHPLC) combines high-speed
analysis with high separation efficiency through

the use of fine silica particles and tubes. It was

believed that the post-column method, in which
another pump is connected after separation by the
column, is incompatible with high-separation by
UHPLC. We realized a post-column method using
UHPLC for organic acid analysis at the first in the
world. Here we improved post-column labeling
by UHPLC for amino acid analysis using OPA as a
labeling reagent.

Autosampler Detector
Column oven  Reaction unit
—— @D
I
Pump Pump
Eluent Labeling reagent Waste

Figure 1. Analytical system of post-column method

5. 8178203 IS5 T74—YViRIDL(2010/6/3~5 [LER)
FRAALZNAT7/78 )b BEERE 7O TS T7EBVWERI NS LFTEMMEEICLET7 I VBHF

6. 58th ASMS Conference on Mass Spectrometry and Allied Topics(2010/5/22~29 USA)

M. Watanabe (H3Z/\ 1 77 / O — X))t : Peptide identification using electroncapture dissociation combined with subsequent
radical-ion/molecule reactions on a chromatographic time scale

7. BRSHEEEERZSBEFTRE(R2010/7/2~3 HEER)
W (BYNA 77 /89 —X) tHPLCERFHAKXES 2HMAEDOEERRU L > OFEST
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Low voltage FE-SEM observation of mesoporous silica
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Ultra-high Resolution Scanning Electron Microscope S-4800
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FEATURES OF DUO-STEM FUNCTION IN S-5500 AND ITS APPLICATION TO NANO-MATERIALS
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Ultra-high Resolution Scanning Electron Microscope S-5500
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ANALYSIS OF ELECTRONIC COMPONENT PACKAGED AREA BY ARGON ION MILLING
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Flat milling system IM-3000, Scanning Electron Microscope S-3400N
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Observation using low vacuum Cryo-SEM and analysis by EDX of hydrated specimen
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Scanning Electron Microscope S-3400N
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Spherical Aberration Corrected Scanning Transmission Electron Microscope HD-2700
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STEM observation and EELS analysis of atomic column using the HD — 2700 spherical aberration corrected STEM
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Spherical Aberration Corrected Scanning Transmission Electron Microscope HD-2700
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Three-dimensional high resolution TEM analysis of platinum particles supported graphite catalyst
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Transmission Electron Microscope H-9500
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Application of TEM observation to pathological diagnoses of kidney diseases
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Transmission Electron Microscope H-7650
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