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Review

Application of pyrolysis gas chromatography/mass spectrometry in the research of

lacquer: A review

Xiao-Ming Ma, Rong Lu, Tetsuo Miyakoshi
Department of Applied Chemistry, School of Science and Technology, Meiji University,
1-1-1 Higashi-mita, Tama-ku, Kawasaki-shi, 214-8571, Japan

Highlights

» Progress in lacquer pyrolysis. » Summarize the characteristics pyrolysis
products for different kinds of lacquer tree. » Identify types of binding
medium. P Guide a significant restoration and protection for ancient

lacquerwares.

Abstract

The thermal degradation of natural and synthetic lacquer films examined by
pyrolysis gas chromatography with mass spectrometry (Py-GC/MS) detection
is reviewed. Due to the instantaneous heating decomposition, the side
reaction of internal and/or between samples is hardly occurred, and the
pyrolysis products can be retrieved with no any change. Py-GC/MS has been
used in the composition analysis of the solvent insoluble polymers and
Iinvestigation on degradation of resin materials. Lacquer film is a
cross-linkage polymer that almost insoluble in any solvents. The aim of this
review is to describe the successful application of Py-GC/MS on the analysis
of lacquer, including natural lacquer sap, synthetic lacquer derivatives, and
both of there films. After analyzing the chemical structure of the specific

pyrolysis products from the mass spectrometry, the lacquer tree species and



grown region can be detected. These results have great guiding significance

for the protection and restoration of the lacquer coating cultural treasures.

Keywords: Py-GC/MS; Lacquer film; Composition analysis; Chemical

structure

1. Introduction

The oriental lacquer known as Shengqgi in China and Urushr in Japan 1s the sap
collected from Rhus vermicifera lacquer tree, the main hpid component 1s urushiol.
Vietnamese and Chinese Taiwan lacquer 1s the sap from Rhus succedanea and the main
lipitd component 1s laccol. Myanmar and Thailand lacquer 1s the sap from
Melanorrhonea (Gulta) usitata and the main lipid component is thitsiol. All the three lipid
components are composed mainly of substituted catechol in 3- or 4-position which have
long unsaturated side chain with 178 olefins. These saps have been utilized for coating
materials because of peculiar beauty and high durability.

The lacquer wares have been used and valued highly due to the
toughness and the beauty for a long time. In recent years, the use of
renewable resources in the production of various industrial materials has
been revived because of the environmental concerns. Lacquer is dried in
natural conditions firstly for the enzymatic oxidation of its lipid component
by laccase and subsequently auto-oxidation of the unsaturated side chains in
the open air. The research on lacquer chemistry can be traced back to early
in 1878 [1], and the combining pyrolysis method with gas chromatography
and/or a mass spectrometry also have been reported for near 60 years. In
1983, Burmester [2] had first reported a classification of far Eastern lacquer
by pyrolysis combined with mass spectrometry (Py-MS). In 1989, Shedrinsky
[3] reported the application of pyrolysis-GC in art and archaeology. However,

due to the complex chemical and physical features of the polymeric lacquer



film, a satisfactory analyzed result had not been obtained. After doing a full
literature review, we believe that the first successful use of Py-GC/MS to
analyze lacquer films was Niimura et. al [4]. They used urushiol, plant gum,
and glycoprotein which are isolated from the same lacquer sap as a pyrolysis
controlled substance to study the pyrolytic behavior of lacquer film. Although
the pyrolysis results showed a very complex pyrogram, almost all peaks were
assigned according to the mass spectrometry analyzed. Subsequently, the
authors reported the characterization of laccol [5] and thitsiol [6] lacquer
films by pyrolysis GC/MS, and alkenes, alkanes, alkenylphenols,
alkylphenols, alkenylbenzenes, and alkylbenzenes were detected. In order to
clear distinguish the characteristic pyrolysis products of lacquer film, the
urushiol, laccol, and thitsiol derivatives were synthesized, and the
synthesized lacquer film were analyzed compared with the natural lacquer.
In addition, the application of Py-GC/MS in the important traditional
lacquerware, our experiences on using this method, and how to effective and

improve to use this method in lacquer chemistry also were discussed.

2. Pyrolysis gas chromatography mass spectrometry (Py-GC/MS)

Py-GC/MS is a chemical analysis method first thermal degradation of
sample to produce smaller and more analytically useful fragment that
separated by GC column and detected in MS instrument (Figure 1). Because
pyrolysis GC/MS 1is instant heating decomposition, the aggregate of
pyrolysates and other side effects are difficult to occur. The pyrolysates can
be detected without any chemical change. Pyrolysis GC/MS can be used to
the composition analysis of polymer materials that difficult to dissolve in
solvent, resin deterioration investigation, and analysis of volatile additives.
However, because a lot of specimens cannot be deployed into the sample

tube, it is difficult to analyze trace components. It is useful for polymer,



polymer blends, and copolymers that are difficult to analyze with other

methods.

Figure 1. Configuration of pyrolysis-GC/MS system.

The analyzed method involves putting the sample in the inactivated
sample holder of the microfurnace, dropping it into the reactor core wrapped
with high frequency coils, which is filled with helium as the carrier gas using
a switch, and then pyrolysiszed. The pyrolysis results are rather stability

due to comparatively lower temperature dispersion because of small capacity

[7].

2.1. Single-shot Py-GC/MS

The easiest Py-GC/MS is a method in which only one heating performs
the thermal decomposition, called single shot. The range of temperatures for
thermal decomposition is 50-1000°C. After the sample being thermal
decomposition, it was gasified and introduced into a gas chromatography.
The gas separated by GC is measured by MS. The advantage of this
technique 1s being able to analyze all components in the original sample by
one measurement. This means that the ratio of components in the original

solid can be measured.
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2.2. Evolved gas analysis
Evolved gas analysis (EGA) is a method used to analyze the gas emitted

during heated sample that undergoes decomposition or desorption [8-11].
The mechanical configuration characteristically uses a short column and
detected by evolved gas detection (EGD). Because many organic
macromolecules are decomposed at less than 1000°C, a set of unstring
temperatures in the range of 50-1000°C is used. In the research of lacquer
films, the temperature range is always set in 50 — 650°C according to our

results.

2.3. Double-shot pyrolysis

Double-shot pyrolysis is an analysis method that can be performed using
the results of EGA. Because volatile and non-volatile compounds can be
analyzed separately, simple chromatograms are obtained. Double-shot
pyrolysis applies heat to the same sample gradually and analyzes only the
gas generated in a certain range. This method is a strong tool for
characterization of plastics and rubber. There are two kind pyrolysis GC/MS
measurements, direct and derivative methods. Because high polarity
materials such as urushiol tend to adhere to a GC column and make down
the analytical sensitivity, using thermal desorption additives such as
tetramethyl-ammonium hydroxide (TMAH) can be analyzed separately and
with pyrolysis the polymer can be determined [12-14]. This technique is
convenient to remove only a plasticizer previously added to a sample or to
remove a solvent that remains in very small quantity and very effective
when components with clearly different heat decomposition points. However,
this method cannot be used when a sample reacts with the energy of heating.
In the case of a lacquer sap, various additive admixtures, such as tung oil,
rosin and tar, may be present. The methylation of hydroxyl groups of

urushiol is shown in Figure 2. The lacquer film and TMAH were combined in

11



the sample cup, and then pyrolysis at 500°C.

OH
@)

H,C
~o (|3H3
H (|3H3 0
+ CHy— | > _CH; —2 3
R CH3 R

Figure 2. Methylation reaction of urushiol hydroxyl group with TMAH.

The history and scope of pyrolysis-GC and pyrolysis-GC/MS have been
reviewed by Wampler [15], Sobeih [16], and Tsuge [17]. This review is mainly

focus on the use in lacquer chemistry.

3. Mechanism of lacquer drying

Lacquer is a natural polymer tapped from lacquer trees and used for
coating and adhesive materials. Lacquer drying is carried out under specific
condition over 70% of relative humidity (RH) at room temperature overnight.
Mechanism of drying progresses by oxidizing the main lipid compositions
such as urushiol, laccol, and thitsiol by laccase has been revealed [18-20].
When the concentration of lipid composition monomer decreased to a certain
concentration such as less than 30%, the unsaturated side-chain
auto-oxidation reaction occurs, and then formed a very dense network
lacquer film [21-23]. Once lacquer sap drys to form a lacquer film, this film
will become very sturdy and cannot be melting in any solvent, as showed in
Figure 3. This is a wonderful property as paint but would be severely
impacted in its scientific analysis, because scientific analysis is usually

dissolved in solvent.

12



Figure 3. Image of lacquer polymerization.

4. Identification of lacquer species by Py-GC/MS

Lacquer film is a very hard material with a hardness of approximately 6
H of pencil hardness, and analysis of such a hardness lacquer film is very
difficult. FT-IR and solid state NMR have been employed to analyze.
However, FT-IR is difficult to make the distinctions which has a structure
similar to the lacquer, and also cannot identification of various organic
and/or inorganic materials that blended in the lacquer sap [24,25]. Of course,
FTIR also cannot distinguish species of lacquer tree. The peaks appeared at
solid state NMR is very complex to analyze, and it is difficult to obtain clear
results [26]. In order to analyze lacquer sample, pyrolysis GC/MS was
employed. After heated by high temperature gasification and analyzed the
gas productions, lacquer sample structure could be inferred. There are three
steps in the process. The first is thermal decomposition of lacquer film,
second 1s separating the gasification of lacquer, and third is weighing the
weight of gas molecules. Based on the mass results, the lacquer film
structure and the original liquid component was estimated.

In order to identify different lacquer tree species and reveal the chemical

change during the polymerization process, we have synthesized three kind
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lacquer liquid component derivatives and make film. The synthesized and
natural lacquer films were analyzed by pyrolysis GC/MS, and the respective
characteristic of pyrolysis products were summarized. After assigned the
each mass chromatogram peak and each mass spectrum, the results showed
that the characteristic pyrolysis products at m/z=108 are 3-heptylphenol (C7)
for urushiol; 3-nonylphenol (C9) for laccol; 3-heptylphenol (C7),
2-(10-phenyldecyl)phenol (C16), and 3-(10-phenyldecyl)phenol (C16) for
thitsiol; while, at m/z=123 are 3-heptylcatecol (C7) for urushiol;
3-nonylcatechol (C9) for laccol; 3-heptylcatecol (C7), 4-heptylcatecol (C7),
3-(10-phenyldecyl)catechol, and 4-(10-phenyldecyl)catechol for thitsiol,
respectively [27,28]. Because liquid component (urushiol, laccol, and thitsiol)
is a catechol structure with two hydroxyl groups (-OH) at a benzene ring, in
the pyrolysis GC/MS products, phenol structure with one hydroxyl group at
benzene ring was usually detected. This is because when lacquer hardens,
the hydroxyl group is involved in the polymerization reaction (Figure 3), and
the —OH bond is easily broken during the pyrolysis. In generally, the left
thermal decomposition reaction progress is easier than that in the right [29],

as showed in Figure 4.

7>+, Thermal decomposition
- “
. i
< HO 4 R
< K

Ar

(RCbl)E (R = Carbon chain)

e U“ o}

Phenol structure Catecol structure
m/z =108 m/z =123

Figure 4. Phenol and catechol structures produced from thermal

decomposition.
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The results from the synthesized lacquer films showed that during the
laccase-catalytic polymerization process, nucleus-nucleus (C-C) and
nucleus-side chain (C-C, C-O-C) coupling were first occurred in urushiol
derivatives, subsequently autoxidation side chain-side chain (C-C) occurred,
like the natural urushiol lacquer [30]. These results also were confirmed by
Niimura et al. used two-stage pyrolysis GC/MS and X-ray photoelectron
spectroscopy [31]. Laccol derivatives showed a similar polymerization
mechanism to the natural laccol lacquer [29, 32]. However, in the
3-(10-phenyldecyl)catechol of thitsiol derivative, quinone produced by laccase
formed an ether bond not with the phenyl group but with catechol ring, and
3-(10-phenyldecyl)catechol is polymerized by only laccase catalyst without
autoxidation, differ from the natural thitsiol lacquer [33]. In addition, it also
confirmed that neither w-phenylalkylcatechol nor w-phenylalkylphenol were

present in the natural urushiol or laccol lacquer saps [28, 34].

5. Application of Py-GC/MS in ancient lacquerwares

Lacquer has been used as an advanced coating material in Asian
countries for thousands of years, and also is used appliances of modern daily
life in furniture, decorative objects, architectural, and so on. A red lacquer
vertical comb dating to 5500 years ago has been excavated from an early
Jomon period in Japan. A Hemudu vermilion lacquer wooden bowl dating to
be manufactured 7000 years ago also was found in 1977 in China. Lacquer
has been used in human history and inextricably linked with people life due
to its special properties, however, how the ancient people to get natural
lacquer sap and make lacquerwares are not still clear. Addressing these
questions requires scientific analysis. Chiavari and Mazzeo analyzed the

paint layers in Chinese archaeological relics with pyrolysis GC/MS in 1999.
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The results showed that Py-GC/MS technique offered a rapid means of
differentiating between wax and proteinacious binders [35]. Niimura et al.
also reported identification of ancient lacquer film by two-stage Py-GC/MS in
1999 [36]. There first pyrolysis at 400°C to detect fatty acid and then raise to
500°C to detect alkenes, alkanes, alkenylphenols, alkylphenols,
alkenylcatechols, and alkylcatechols.

In the early pyrolysis analysis method, in order to obtain a good result,
TMAH was usually used as a derivatizing reagent for the structure
elucidation of alkyd, unsaturated polyester, epoxy, and phenol formaldehyde
resins [37]. However, as the pyrolysis technology advances, lacquer can be
analyzed by pyrolysis GC/MS directly without any derivatization. Because of
these advance properties, pyrolysis GC/MS 1is widely used in the
1dentification of lacquer spices of ancient lacquerwares, and the results are
very important for conservation and restoration of lacquerwares for
historical and cultural carrier. In 2005, Raffaelly et al. reported the analysis
of lacquer flakes excavated from a necropolis belong to early era in Mongolia
by SEM, FT'IR, X-ray, GC/MS, and Py-GC/MS measurements [38]. The
results showed that the Mongolia lacquerware coating with the sap tapped
from Rhus vernicifera lacquer tree.

In order to improve the performance of lacquer or prepared color lacquer,
some binding medium, such as tung oil, linseed oil, animal glue, colophon,
plant gum, and inorganic minerals are usually mixed into lacquer sap during
the lacquer process. Py-GC/MS method is one of the best methods to identify
these added substances [39-41], especially for cinnabar, which is usually
used for red pigment, showed a sharp peak at m/z = 202 for Hg obtained in
mass spectrometry (Figure 5A, our unpublished data). In the pyrolysis
GC/MS measurement, HgS broken down into Hg and S by heating, and Hg

was detected. Like HgS, As2Ss also is usually used for yellow-green pigment
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and As element can be detected at m/z=74.9 for 1xAs, m/z=149.8 for 2xAs,
m/z=224.7 for 3XAs, and m/z=299.6 for 4XAs in the mass spectrometry from a

green ancient lacquerware (Figure 5B, our unpublished data).

165 170 175 180 185 190 195 200 205 210 215 220 225 230 235

B 299.6

149.8

M9 247

50 100 150 200 250 300 350 400 450 500

Figure 5. Mass spectrometry of (A) Hg and (B) As elements belong to

vermilion and green lacquerwares, respectively.

As described in introduction section, there are three kinds of lacquer tree
in the world, and main lipid component are different. Pyrolysis GC/MS also
was used to identify the species of lacquer tree. In general, Chinese lacquer
trees are belong to Rhus vernicifera family, however, the lacquer tree in
Donglan area of Guangxi province of China was identified to be Rhus
succedanea species by analyzing its characteristic pyrolysis products [42]. In
the identification of lacquer trees, pyrolysis is an alternative and efficient

technique [43]. Furthermore, we applied pyrolysis GC/MS on analysis of
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ancient lacquer film that obtained from the surface of a wooden dish
extracted from an excavation site that dates back to the 17-18th century A.D.
at Kinenkanmae Iseki (the ruins in the front of museum) on the Meiji
University campus in Tokyo, Japan; a Nanban lacquer film from the 17th
century A.D.; an old lacquer film obtained from the surface of wooden crafts
imported from an Asian country during the 17-18th century A.D.; and
Baroque and FRococo lacquer films obtained from the wood surfaces of the
Rococo church St. Alto in Altomunster, Munich, Germany. After comparing
with the characteristic pyrolysis products of urushiol, laccol, and thitsiol, the
ancient lacquer film and Nanban lacquer film were assigned to Rhus
vernicifera, the old lacquerware imported from an Asian country that was
assigned to Melanorrhoea usitata. However, although they were also called
“lacquer,” the Baroque and Rococo lacquer films were identified as being
made from a natural resin [44]. Meanwhile, the pyrolysis results of the six
pieces of lacquer that obtained from Ryukyu lacquerware belonging to
Urasoe Art Museum of Japan showed that some lacquerware were made
from lacquer sap of Rhus vernicifera and some were made from lacquer sap
of Rhus succedanea [45]. Furthermore, after analysis of a “four-eared”
pottery container that was designated an important National Cultural
Property in the 16-17th century ruins in Kyoto City of Japan with a pyrolysis
GC-MS, the results showed that the lacquer fragment was Melanorrhoea
usitata [46].

With the successful application of pyrolysis analysis in lacquer and
lacquer film, many important cultural heritage significance lacquerwares
that scattered in museums around the world were for analysis and
1dentification by pyrolysis. The resin and oil components of period lacquer
belong to the J Paul Getty Museum from both Asian and European sources

were analyzed, and being built the database [47]. Frade et al. analyzed two
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lacquer shields imported from Asia in the sixteenth century in Portugal, the
results showed that the sample from Soares dos Reis National Museum was
coating with FRhus succedanea lacquer sap and oil was used as binding
medium; the other sample from the private collection showed characteristic
pyrolysis products of Melanorrhoea usitata [48]. A lacquered wooden dish
belong to Ryukyu kingdom [49], lacquer cabinet belong to ‘Hofmobiliendepot
Mobel Museum Wien’ in Austria [50], and lacquer objects excavated from a
Chu tomb in China [51] were analyzed by pyrolysis. The results showed that
both lacquerwares are coating with lacquer sap tapped from Rhus
vernicifera lacquer trees and linseed oil was found as a binding medium for
drying oil. Recently, Le Ho et al. reported lacquerwares of 18-19th Japanese
Buddhistic altar (muse Georges-Labit, Toulouse, France) and an
archaeological Mongolian coated wooden sample from a chariot provided by
the Mission archeologique francaise en Mongolie (MAFM) which dated
between the 1st century B.C. and the 1st century A.D. [52]. After compared
with the standard characteristic pyrolysis products, the results showed that
MAFM was coated with lacquer sap from Rhus vernicifera lacquer tree, and
it 1s surprising that the Japanese Buddhistic altar was used of lacquer sap
from Melanorrhoea usitata, implying a commercial behavior between Japan
and Southwest Asian. This result also agrees with the “four-eared” pottery
container from Kyoto City of Japan [46].

The enzyme-catalyzed polymerization of lacquer sap process is also call
lacquer drying hardening process. Because it is very important to investigate
the process of functional expression in coating material science, Niimura and
Miyakoshi reported the functional expression of oriental lacquer film by
pyrolysis GC/MS during the hardening process and found that oriental
lacquer expresses the functions as an extreme hardness and insolubility,

accelerating nucleus-side chain (C-C, C-O-C) and side chain-side chain (C-C)

19



cross-linkages [53]. Pyrolysis GC/MS also was used to confirm the product
structure of laccase catalyzed reaction [54-55]. Recently, on-line micro
ultraviolet pyrolysis GC/MS [56], evolved gas analysis-ion [57], and
Thermogravimetry-linked scan mass spectrometry [58] were used to
analyzed and ancient lacquerwares and then compared the results with the
standard lacquer film. These improved methods give a good result during the
analyzed process and proved that pyrolysis GC/MS is a most effective to
characterize the natural lacquer film and identify the organic coating of

ancient lacquerwares.

6. Conclusions

Lacquer is a natural coating polymer drying by laccase catalyzed.
Because laccase contained in the lacquer sap, lacquer is called drying by
itself. The special drying mechanism and di-hydroxy phenol structure of
lacquer liquid component (urushiol, laccol, thitsiol) make the lacquer film
formed a dense network structure and almost insoluble in any solvent. In the
primary lacquer research, although many existing methods of analysis, such
as FT-IR, NMR, XPS are used for the lacquer film study, but the result is not
satisfactory. With the progress of technology, pyrolysis GC/MS becomes an
effective method for analyzing lacquer sap and lacquer film because there
are characteristic pyrolysis products to discriminate a lacquer sample and
that of other natural resins. After analyzing the structure of the specific
pyrolysis products from the mass spectrometry, the lacquer tree species and
grown region can be detected. These results can be used to guide the

conservation and restoration of important ancient lacquerwares.
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B 144 (1609 4F), bR OBERIZIEIC X 0 A EGE 5 IXpEER O HiE
mkﬁéo%%%@%%@Wﬁﬁ\ﬁ%bt%@%ﬁﬁ@ﬁfﬁb:ﬁ%&ﬁ
#a R Uic, BIRLIRRIE, 1PHRERELRE O K EHR N (1945~53) Wi AR
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ERERE 25,

FEHFBITIX, / nOEGEE OB A D IHES K HIZE D,

R P C R RN (AT 5L RARERHE) 1. REFIHEIRE 2%
DIAELFE DRI T, KBOEmITHE 47(1523)F, FKBLOWRM / 7l -
TeBRIZ G- 2 DITSRGLE & DIRAD B D,

[ EVE PR A LIE ) (MTHEE B RE « MR NIT S A - A8 1AE) 1,
MEHEE o7 v 4 Gil) THOLWSRTE 72, HERILA A EERER
UM (EF NETSEEAE - B0 EAH) 130K - RO s, NESRE A R
TR ) WT NETSE AR - FEE) X ETF L E BT, B - BEO
B Th D, o, BENHEMAE L, 1BFn 30 SRR &R E SO 1
WFGTESUUE LT [RBFHC RIS IME ) & TR A L EBER AL
) ZRE LTV D0, INEMOREILZTE TR,

BED /v O — RO B ESLEMEE IS TR S TV S, BEERE - X
(IBfE : KFn, 1875 AEtHEME) FEbA Y /v (FikEo / a) BRERE L
TESCHAY . KRES 26 ERFW N, TD D 3HENIMET, [RRIES
e AR, TREBAEBILK ATERE ) (34~ & Jidh, ©— X/ ExiEn

TEEY DZ T NEARE X AXTORGE L THOWOZ, AEDS 5 1 A
TRV EZEE D DY WED R EFRH D,

REAC Ry TL & AU KRB P E IR L S LA AL AL IR TR LA
(HOR [E LI EE) (A S 7 PR B B ) (T ER)



TR BUSVEL PHE & AU % LK A -G B R L {8 o 7 B T AR U
GRS PNT N2 EAR - A8 1A) ( IF] ) ( IF] )

4) FEE7R & OIUEIEM O FMEIZ- DN T

BTG 12 4F (1879) FDOHIERL M IT T D | BREKEENTARE LiP#RIR & L CTRA
HNEBUMICHAAE N D, BLER ERFOMRIT, ki & A8 7@ -1 10
Wt 5, o TMEKE] b, BEF KN T T A X— MMl %
WO L7200 L7050, WD ) oG EESCHM 20 L1372 5 6 O
O, EFITIERPERVFESE L CGIFEE TR I T 7,

— 7 ERUBRIIE AT O 2 RO THIT 2 BN 2 E % <. AT
LFEEOGHE LTORIE LI ITI 2 E BRI | BEER ELRER
MR DOBRENEL L ThoTe,

Z D X5 BT T, At BJEIT I O EMEEC A REENSIUERE L, R
BERCTEER L L TFIECERICIERA SN TWD, £, LEHFOEN,
Bam DOIUMEZ: SIIEM & L CoRME S &< BEER EOF LR TENS O
AR MRS DR LTV A,

VRPN G E R VA S S B N T BB ZE SRS LA g . 2
oy M A o TR B i BURVE sURHE TR U ) L TREE MG BRI
7 E RS Do THIRTTRINAEIZIE TR B E SRS FILe R TR RS
VrHEFERIL & HUME] 2T L TV,

EATIE, RETEMEE D B ILAEH P ARG TR S AUME ) 12, oA
W OE Iy IITE R E AV 16-1TC DIREDA L TH D, FE - TRINK S,
BT HMEE TREV IS T LI DR TH D,
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TR BVELSE RS - T B LA PR F VAR AURME UL RS R U

(PP [ i T B 2 o PR ) ( il ) ( [Fl )
TR BV SE RUARHRS - T B LA RPN ERRTE G FRERILE PRS- D U
CERARES YY) ( IFl ) (R EH)

5. ABOIE

FUHEI, BRERSTALIE D N\ 2 OFEFIER O kL & 2 DESTEEAL ORI L 72 58
REHREZMDLBRETIIDH D2, PHE KL T LML S s
RSN TE e, HitHRiE, EENDOALIZEEZRTA ™7 b0 b D ERE
WEE Dk ThoTzDEA D,

ARIT. BN TROEAD SBREEANCEIT, B2 21 R0 BRI
AL, SOIBEHERBOERDERZHLREDOEMAEL TV Z &5,
FEEOBESAUL DRI IR D b D LHIET 5,

[ 3CHK]
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[EEREATITEIfR) [RE R ERE (40 ] 1989 AR i/ i S bR =2
IHEk E T % Z BAR BB A i ] S9N 250 2003 A% i i B S BB IE 58
g

WHESR TBREROIES—ETNEDEE L H <> T—J 2001 MO A EAiTfE
BTN TACKD & T 2] FEBIERKIER [AKD & B2 1 EFE~0EH R
I B OS] 2001 FFACK B HIRUbE v # —

IHORE SR B 8k — BREKE VR D PRk 14 45 5 A 156 A BURE S AE
PR R 2] 1983 4R 1R & 1 b A4t

[t 777 A - EERG RGN A IREE] 2011 4 3 AMRBEZES
MEFICFE D - BREKERSUEER] — 3 —w v X 7 XU BRARFRL 4 4F R A -
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\
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Ly

BRIEORZSITNOHBT-T v F U BORHEBICETIHE - F5E

WA, A&, MAXSE % BERES, =ZEEH
VER R R TR S AR

P E =R
SEBERFREERERAN IR & —

=

JER R R BRGSO PEO WG ERFZIN T 5L AARLTEHO Y VDR
(Toxicodendron vernicifuum) 7> 5 HNDHEK E & HITX M F LD E /% (Toxicodendron
succedanea) MNHIFHID T T UVBIEBMEDITWD b DR R boTe, TILh DB
DHER B HE-GC/ MS HA v~ N7 T 7 ¢ — EEHETHIT L, 2@ ED 7
AR ayEBETLIL T, A RAAERS D 2 ERBO LN, £ IITET Y
FUBORHEERTE D LICR TR ED MTOh TV Z L NG0 - TeD TRBICE & DT,

XL ®IT

BRIE. BRHMEY) Anacardiaceae O 5 BHEJE Toxicodendron O 7V DA Toxicodendron
vernicifuum Stokes 7> HERIL DK T 5, BRK DR TE O TR, PEHIIS L OZRHIIC
LV R D, ARERRITIZ VLA =L (60~65%), TLHE (ZHE) (5~T%). T h
—EEEE (0.1%FE), K 25~30%) BLOEERY HEr¥ 7)) 3~5%) BEEN
TEY, W0 B (GhdkERA) =< g 2R LTWS, BOIRERS TR
Toxicodendron DFEFEIC XV K7L GNP B> T 5, BAR, HEFR X ORIfEEEIC
BT D UV DA Toxicodendron vernicifuum Stokes D EB IR RE X7 V3 A — /LT 3-~X
BFw =)L Ta—VETHDL, XM TLAONE X Toxicodendron succedanea L. T. %
DIEEILT v a— )L EFETN, 3-~T 2T =BT a—VEHTHDH, ZOBT, XML
DPDTOHNET MO ER LI ENDT T VEEMEER TV T, AT
bUTT7 U eERET 5, 2ARI v ~—DUNATDORITENY UIVVIE Gluta
usitata Wall T 5, TOREILTFF A=V EMEITIN, 4-~TZT 8=V T a— L, 3-
BXOG-E -7 == VT ANV DT a— VEOREWM THD (K1) 2,
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Laccol Thitsiol

Urushiol
OH
OH OH
L__oH _L_oH &\IOH
[T [T “
CisHz1~25 7 Cq7Has~2e .
CiyHas~29

X 1 BEOERIRE Ry &

AA - HEPEDAEBEDKIFIT25~30% L £ < LABA~#ERBELZ LTV T, W/ 0llxr<
g ThY, TORTFEITENEW0DI0umE K&V, 2 CAEBZREMHEEL W/
OMlm~ vy a Vo HULER U TRy 28R SE3~5%I27 2 L BRITEREO & 2 R
WZED S, ZOERNRTIRZ 7200 ) (R RS 280F) . 1< AD1 IEBAKS
HEME) L, TORBRMTRAR TRIIBEMEIN D, ZHUT K V155123 R
EFEEZI, FORFRIIBE I Z1umc/e . BB AoBEBEHIEDILA 2,

ZOX I REREEH N CHEST-BED 7 0 At 7 v a U EBET D LS ORMEMM
BAL TV LKL FITERO OGN THEA TR TH LD (M2), ZHITH LT I LpER
MOAESTZBIED 7 v 2 7 ¥ 3 IKTRIOMKL N2 E ENTEY . SERNIZHE
TWCTEBHE R (3),

X2 HAFHIZHEFEOBEEO I/ aAE 7> g

B3 EEIKLTF R8O BN DN N T LAEROBEBEO 7 n Ak 7 va v
(=R (LJE) Ik 2380 61 5)

ZOZ LKL TEEDOE Y Th D B ITBLERER R O B4 OAF FRICER Y #Te o T,

Ty a—VaEERTETLT T BEOBEOWEIIIMAL T AR ICam L TR, B
AKOBE LB FBIEE SN D B & XBER2EVNHD 2 &2 mEL TN DY,
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Fex T 2N E CHEERRELEMORE R 20 H-GC/MS (HAZu~ 7T 7 14—
SEE) kL BEO v Ak s v a VEER LB L CELR, TR ERA
L7EBED 7 v A v 7 v ailid, ZOXIICESTBRERZERO bNlZ b, #
ORIMZE L, BEEMZ IO THET D49,

2.7V F VBRORHE

TIT O 3 FHOBR DT ML DA R 2R 1R Uiz, T ORI, BIROERIR
B Z OFEHIC L VBT OEORH D L OO0, WFNOEMICKNTH RS IE vy
F—I, Ty a—nHbrNETFTFA— LR EORER S TH Y, TOEHEIT 66~T1%%
EHTWD, —h, T hrilid, LB EKRDNEL . YA FERITIILE EGERZTY
D IRWNERNC B o7 (F 1) 129,

® 1 EHBPIBIR D RS RERRK

B RS (%) Kar (%) TL2E (%) BLERY (%)
Toxicodendron vernicifuum

B AP 71.5 18.3 7.5 2.6

o = 66.0 24.6 6.0 0.3

i [E PE 70.7 20.4 6.2 2.7

Toxicodendron succedanea
TVUFVE 47.2 34.9 15.0 2.8
Gluta usitata

ZABE 67.2 29.5 2.2 1.1

ElTrFume . AARL PEPERK O WM 2 TR 2K 2 IR LT 129,

—RIZ, BAR L PEEBR ORI RS, 7 T UVEOZUTEBWMEM 2D 5 129,
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£2 TUTUVBRLEAR PEHEROEBREOZR
B WEE (C) BB (% RH) Ewtk (R, B)

2h 4h 6h 24nh 2D 3D XWK
Tl UB 30 80 ND DF DF TF HD HD 1)
20 70 ND ND ND DF HD 6B 1)
HE 30 80 TF HD 3D F F H 1)
20 70 DF DF TF 5B B 6B 1)
H A 20 70 DF DF DF TF 5B B 2)

B&3E ND:RELHR. DF: SRR, TH: FE B2, HD:FE{L
T UL, BAROBKOWIRSIMETH 5D 20°C, 70%RH TiX 1 H2ho TR L,
2 BUL ED o TE O R #EET 523, 30°C, 80%RH DORZESA: T Clx 4 FEfH] CEFZE L .
1 B2 o TIREBEERET 5, 20X 2R T v VRO 2 W B4 5 72O IR E LR E %
MO DMEND D, D WIFFIRIED B A AREREZT T RZBML T L %
L THBMARD DL Z LN TED, TORRERI LRAITRLETY,

#3 TUFUBEHREERRKRO T LV FOEIE

F 4 T v NEROHLIRRFR] & R

T B BARERK E 30%RERML, TV RT5 2 & THBENRMNRVEEY
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HADWHRSIETH 5 20°C, T0%RH OBELT T, —Ipld ¥ Tl - BL S5 2 LAV ATeE
Z72%, ZOXI T v UBROEBIENKIFICKHFES L 2 N TE2HAIE, £TY
NYF— AT o H— BRI LV RILEAT 52 L TT VS VO T v a—LORIEY
FAMICHERT L. RERAOICRERBILOIEN T v 2 — LD GRS E - 122 Eicb 5, 20
W SRIICRIROERBREY | 7o h —ERRIC LD 7= ) ¥ VT ONLOBEEE
FED I BATOHNNT U AT 7 —BUSHEIT LTV D 2 L 2 HRA RS MORED
M52 L8 TE D (M 4~6) 7Y,

120, 1] [0 \ Ho R Ho R
soed { Y

0
/M g Ao A_oH e P o
(T L | [ — ([ -~ {)L Ho{ = /o1 Ho i~ "_(—R
Ao ) MR | Y% ey { n HO oM
N, -
Ny o, o ) Ko o
0 o O !
"
A

R Gy,

K4 U A—NDT v h—VEERIC L DL EAENE

I\
HO  OH

X5 WAL F—INETya—nNDIIHNENT AT 7 —EHAYMD FD-MS A7 kL
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K6 DN A—NETya—LdDra AT T h VGO

U EDROSENTT T e BA - PEREOEK ZEEG L TR LIS E OIS A I =
ALTIHD Y,

FT T B L PERERRIED T T AR R & PRT (IR D FIRENERE) T2 L 2 A,
T Ul UEED Te X, FEEREOZNL VK- (K 7)), —KICED HeEmoES
WHRRGROL CREICET & Tgldm< b, ORI R L HEERFEIIRE CTH Y |
T T OBEL, AU AR TRONS R THD EWVWr D (£S5 120, BEEOM S35
DI CTBIEA LT TROBIEOHMG M - BREMEICHET 22 L0, T 2BKOM
ENEETHDLEERD, TORICBWTT VULl LEEMEZ2 - T0WD EE 25D,

X 7 HFEERO RPT A< L
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£5 FHEEEEO Tg i

FT Ul UBERAR FEEROAK () ZHR-EZA. TUFTUVBEOENEA -
HEEEL Y QEETHY, ZOT Ly RELREBETHDH 1120,

#£6 7L REEOR, A=

BIROEELRT a* OBENPREI NV EHBARPE 2D LD, BA - FEERIZP
REBOTHDLIDICK L TT T URTRAKEZ A LT\ D, £72 b* HFENRE VLR
PR 72D 2 b, BAR - PEFERITOCOCEBETHY . 7T UBITD LREER L
TW5, £ LMIHET, L*=0 138 A%Z, L* =100 FAAEZET LN, BA - PEE
BITORCEBOARTHY, TR TT U BRI ERRRICR D, T TV BED
Gloss DR E NI EMBIHRITOCE W R EORMAER LTS (& 6) 129,

3. T U UBROFRE

T BEFIALEBELERORERRZENIEEI NS M AICRLT, Bk, F
EH. GEOBRYHNRZBEIEMTRODLZ LB TE D,

Z ORI, BIEHOBENS 7 uR s va B2 ERL, EHMET CBET L
TRL2ZLENTED,

Ty a—)VEkERS LT LT T RO BIEOKIE I IR AR I L T Y,
AAROEE LA EBE S 2 BRI & XBEE 28V N 5, Fx 1T R-GC/ MSSy



BHECT o BB SN B 2R T EMORE F OBEO 7 v Ak v a U EAE
oL, BlIEELTEk,

TUFT OO n Ak va VBIERT. IO EBLRNEED b 2 BRI & RO
KO EL, ZNHICBLEE MR,

1) 7Yy F VRO EHER UE hEEG (RERE %)

2) Tyl UEE FBICHEA LA FEES (REMR)

3)) Tl UBE TREICHEA L PEERS (M ScR i) sk RE ke -
i

4) TUTUVREBRERALUTCHA LS AKEO THE)
UTTrFrEnruzxtrsra 2206 4 DO LT, £hEnai i
ATz TITTIER M T AUAOTREG, TEOBESGBS LOHEOBRGD 7 n At 7 v =

YTCHLNDT T CBEORHEE LU IZRE Lz,

3-1. T o BDIHZ L4

BERRF & (TERER)
BHIZEE B AS TEBVEROEIENSIH DWW TWSIREXZT 5, EEOEES R T, #rd

LDy L7 W DI ETZHIZHD FilnE <72 (X 8) .
EE N ASTZER D HGABESL D BN ORRE B TBELAH 23T, sBHIZ 2B E L
#L7- (X 9),

8 HERGA  (FM) X 9 BRIUER 3 LK
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X 10 FEESBOHFE R 3 @G 2T T B

R AR R OBRL T 233 L TD, FHED ISR 732 VBB 1 8, D7V i
JEH 2 J@Es 05 (K 10),

T U UVBIEAR M AOBERIT TR ROk, PERER. SEEOR
BCHEER L LTlbNTE 7, ZHULT v B0 Eb#k. A DOR S S0BhE#
DM RN Z ERBE L T D afRetEnH 5 EE 2 TV D,

3-2. T g Aa BRI L p

B A (P ERRER)?

PURCKH D BB O/ (X 11), FESIXZ 21 45.5g, 50.0g, 51.0g, 51.5g THReH WS D& feh
HWHDOET 6g DENDD, JfT (LM EZSFAT CHEA TS & O) Ja TR OB A S AL TWDHH3
FAEDHEA TEY  JANZ L > U ASIEE RLTWDEY 235D, EE/REITIA->TELT2E
HIZHTRE 7278, Bl DR AT 01T B LD AL TRV ZIMBLBIENH 23 TVDE DR BT,
REHTZZ bR EE LT (K 12),

11 BEEMA 12 BlwbE a3y O
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X 13 HFEBEGRORBERFO I axv s g v

THIOD RIZERIEAS 2 BB OV THY, T OBEILA 25um T, OB ITK 65um DEXTK
TR DOBRL - DSEED RN LTS (K 13), £ EORBIZIEE FIZRWHEWERHD A3,
W6 T IR e o7,

T U VBROBBIIRATHREDHVE LW Ens, FEERO BBV ICFA LD
TIEHRWNEEZEZ TN D,

3-3. T ima T LB

BEXRTE (TEER)

BOOWERGE (K 14), WRITREBY THEIY BdH 5, NERH D | #ie TREDR
TN TN D, AMANZII R ICHE & B OSCEENS T, EEFDNRETEIN TS, %
L2 L <, HBERBL (K 15), FHPE LIZEFT ST FHCide S ERA R Z TV 5,
HVER ZREE LT,

X 14 HE&EREGH X 15 F%ER

47



X 16 HEBEGRORBERIO I/ axv s g v

THEOD RIZERIEAS 2 JE RO TR, T OB IZIT KR OO 1 23BIE D T DOERS351
LCWD, 7o EORIZHILDT=D0 fit i m D (ke L Bbind) B A->TH5 (K 16),

T T BITHEN BN Z LD RB Y N THY . EFO FTHIEZES 20
CRA LIz TIE WM EBE X b D, BARESCHERIIGES IR RN Wik %
JESBD &, BIIIFRE D DR T DT OEBN A L SO RBEIZR BV, T0D
72 AAPFERCHEERIIER Y N TET, MIREZEBY BERDOLERD DL, £D XD
RIEMBT T BT THELZER L, €0 Ed AARESLHERTE AW EBY Lz
DOTIF VN EEZEZ TS,

MEFHH»SHELE TREDREY - %) 7 v B EFIHA LEFY

MG OBEY - #5) GUEF No.196—2) : MRESFBROHELE 2O H - L7 & BT, T4t
(THFE & RO DR AL BT SRR DAL, D BICRERE LTz (K 17),
TR OWNANEITRAE TR E L, SO IS ITR GRS DEFT 5. O TI38
AR L, RO TR CTEE CTH Y . MR ZRAPRITIE & A E R A TR A XidfHi> T
77

K17 #EEn- T8EOREY - ) GRUEF No.196—2)
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X 18 [#E OB - 4 F

Aagd> VN (K18) 2B E-GC/MS I THMT LTz, OREREN T O v LA —
WEASMNEGIR L TELND 3TN 7 = ) —)L (5T 304) & 3-~TFL7
S (GrfE 198) DMERINTZ, ETBEFOT v a— VEAHBESHEL TR LR
L3 ANTETUNT 2 )= (G 332) L3 =T )= (G FE 226) DR
Nz ZNHOZ ENBA/NMEIZIZAARSLCHED VY T vernicifluum DOEHRTZNT T <o
Y X T succedanea DRI DMEDLINTND Z ERg0oT- (K19, ZOBKED 18
B2 2R L CHEEL, BV MF—GC/ MS IETHlTLizE 2 AU v Ad — L iiskofbs

MBSO LT &b, ZHITIEAARRLHTE DB T vernicifluum 73MEH] ST Z &3
Gyinote (K20) Y,
P1 Pl
77 » 77
pg! Pl pg P8 9
P o ]|
\
246 810121416182 22 2426 28 [min] 246 8101214161820 22 24 26 28 [min]
X 19 BREOENiE-GC/MS 74T Dk R X 20 @®HE1EED

B R-GC/MS 3BT Dk 5

FEFI =D THEOBEY - &) Foraitssarhb, 3EHETEESAA -
HEERETHD Z ENbhrolz (X 21) 9,
—1JEH

X 21 REBEO7razxv s g
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ZOREDBBEDOBERHI, X ook (Hg) &8k (Fe) B@BOOLNT-Z &b
ERVITTIMHANLN TN EEZBND, T XM TEE (As)E~> > (Mn) 2
ROLATZ Lt A HidkeFE) LMt UEBME=%) bHnbhTneLEZT
AV IRUR

ZOFIT T VBT THBAEY . 20 LEE BAESCHERTERWIC EBY Lz
EEZOLND,

34 Ty viRE AA - PEPERARG L CH L 26

AR B DREZfE DI 7o Y

DK BT ITE RO K 2O T\ Efikshd (R A2y ) DRE M EREL
e/ME] (422, LTFIRLT/MEE WD) b2, TIAEY ] LITEETT kg &
EAKETIE TRAEF] L OIFATND, IMEIZIL&OEETH T & FERD N
THEY . AEQE I S NI &I THRE TH L0, RERILIZHEPHMLL,
TeEOBES, SURPHBIL OB UVREE L o> TN D,

422 REALPHEELIL &/ MEOMEL, K OILERERS L OREORT

A UNME] OREER 2 BFROFRFHT TRET LToRER ., /MBS D 7o R IE B AR
EZAF T D UV DA Toxicodendron vernicifluum DEHRIZNT TR X ML EICAE
T %8 /X Toxicodendron succedanea DEIE b HbIL Tz,

A /ME) DR GUEH 1~2) 2B F-GC/ MS ETHMNT LTz, £ORRER:T DD
N F—=VOBEEMPEBGHR L THROND 3 X F T T7 =/ —)b (5= 304, Cl5)
E3ATTFAT )= (TR 198, C7) PERINT, FREEYFDOT v a— LOEE
MBI L TR DD 3-~T XTI 7 =/ —)v (5F& 332, C17) & 3/ =7
—/b (5378 226, C9) DHERI N, ThHDZ ENLA/MEICITAARLHEO 7LD
K Toxicodendron (Rhus) vernicifluum O BE 725 T7e < /~E / % Toxicodendron (Rhus)
succedanea DRI MBMFEHOINTND Z N gmoT- (K23), TOBEBIEZOKITT LV A —

Vi T va—)L=2~1:1Tbhb-oT,
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X 23 A/ MBI DB iE-GC,/MS 53 M1 Dk F
(f£:TIC, A :m/ 218 EE&/ n~ hJ T L)

IMED RN R 2 TG #E-GC/MS ot LT & 2 AU L DK Toxicodendron
vernicifluum DOERNEDESFRERM) & ~E /7 F Toxicodendron succedanea DENEDEN; iR/
& G OREROMBENE LI, TNORE T LB 2 OBED 7 v 2t 7 v a &[] 24
LB 25 1R LTe, W OBIEDO W (& & b 123 0 L Tz,

X24 WO/ AEI g v X125 HAER2OI/7vnxvr g

T UBRITHREN RN LD HIROBWARESCHERE T LY RTHI LT,
HLEME A B TR M Z @ . BEED PMThNTZ LB TWD, BROEWT ) iR
(R D RN A A PESC T EEREZIRG T 5 L, RICRBR LI e ATV T AT 7
IS E . BEROWHENAIREL 70D, FANDORER & FMENOAEEINTFIETH D,
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UEOXSCT v @ HWERTELOBEDO 7 a A7 va U BB LI E 2 A,
ROEHITT) ~4) ITHETHILNRTE,

1) 7o BOREHEA LA PERZ: (REETR)
2) TUFUBE ERICHERLE P (R R)
3) TS UBE TRICHEME hEES (S SCRH) LEkEEs TIE O BEY - A
4) TUFUREBERA LR LS ACkEBD THE)

ZNHIENTN ST T VBORHEEZTEN L2 b D2 D B3¥MTRbi TN T, ZDJHEE
REENRGPERVENS, AIE L LRORNTHEENLHIFLEETHA 9,

BV

AARSHEEOBIED 7 v Ak ) v a VA BT 5 LB TRIBECTH D, ZhITXLT
N NFLERED 7 0 2k 7 ¥ a 3KER ORI 2505 T CRERrIZHE > T
WCEB IR, 7 2 RO B OB IR T S R EIC A E L TR Y . AARDR
TACEFE B SN2 BIENTm & XEEREVRDH D, THUXT T RO R R H
KU, BRSHEERKO T £ Mo X\w g — (FICTLE L EERY) OFHENK 10%
FREICHT LT, 7o BT ITHIERED 20% &£ TWD 2 L35, RIS 2 B
THIET L THoTRAD) REREATHAI LEZXTND,
ZOT T UVBROFBIE, MURT U RO BREMEH LI FFIN S, JE S AR BRERR
. PEOBEGH 5 WITHREOBRGOFIZ G T v Ul e EEICHER L7eploT o U3
ZTRRBIHEH LA LR NG, £7-7 0B BAREZIFFEEORKZIRE L T
FIALTEEI S &5, HEEGRIZT o WA HW O HE, BIROE(LEDORA DRSS S
OMEHE Ok 72 E LB L TS REER B D, SH S DT U REFIH L #E )
EEO L, TORMICEREZRHEST 22 LT 7T F U BORAENOREEZ 2 L)
EEZTND,

EE

AHWFFED &R, TRk 25 FFEEBROBRS ORFIE M kB3 (BFEEE - B i) &
Rk 24 FEEREIEEAME &V (B) (WFZERFES - BETH) OBkE2Z 0750 TH
BHe ZIZAZRLUTHEGHR L EiFEd,

2% 3K
LR, KR, HHFE BOBEOMES  — [AA AR ~—EORES ] (2000),
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2. Rong Lu, Takashi Yoshida, and Tetsuo Miyakoshi, Review Oriental lacquer: A Natural Polymer,
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HERBEHROLFEDTT (BEFEAM)

IR RGBT 2 5e Rt
oM =—R8 A% H

1. (LI
ﬁ%ﬁﬁl%%\é%éﬂfcﬂjiuﬂu (% ﬁm“‘lﬁg'vﬂa] %
HiEY) O, ZhE CTEIC <

SCHRIH A MR Ic ko ¢ ERAJEL(15004F) - PRES
1T Tz, LrL, ZThboo
I FEITIEFEDIALAH TH - -
DREFOEBNAND Z LN H
D, LT LHIEMEITE AR,
Z ZCARMZE TR, BEEMN S
B L7-MER 2 Hv» ¥
WrairH) Z ik vamic iy
LN TWDOMEZFRIE L TV 5,
TR Y BRI A R 2 BIELSEN(1265~12744F)
& THER DWFFEDIE M2 /i 6 1 ZhE CHZEAT - 7 Sk

L ORI 26 % EHHICH S &

RADMTEEATIR > TN D, TIVE T, HEEOIETEA LTV D BREK EERARIZ
SWTHET 570, HRLE S Ph (1265~1274 ) » BHEFE (1500 4E) O
ARG, DU TR ST 25 UHE (1469 F~) |, Y v F D~ (1650~1750 4F)
F 0B S T hE & Vo T FRER EEE R O BB BT 2 0 24T o TE 72 (K
Do AENE. 2O THREIIRIITT — 2 D35 H AT HHE R B DO AR DN T
DOFHEREZ WL D,

2. RBORE
4 SR A R AR E T B B O R 72 5 T, R AT
DALHTD. ORI B AEEBERFIFI LTI TVS, [E ik icinsn
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TWBNEED, 16 A LARTEARTO L HIR A 1708 7] (S518) B2 U NEED— D
HThHEEZLN TS, BIEEF 5 AR RENTEY, WIIIZZME 748, A —Jy
—J5f -~ RN T RN L ILIZ SO N R DD TS AR
DOMITIEFIE T SEANCLE STV 3 EROAREDHIBHD 1 # (1 BAM) O
PRYR R L D R B S U T R 23k e LTk L7,

lcm

2 HIEFE15AEE 3 STt L7cRER

3. DT HE
3.1. WriE AT

AEHT, =ARFUMHED 53 A (katt =k HHE) 2 VW ClIE R T -7, &
D% FEHE 2D ICEIWIL , ATARA T A%, B EWMF R CHFEE 217\ ekt
TG — MEER LT, 227 BeE (== 44 ECLIPSE LV100POL)
EHWTEEEZITo T,

F7-. ERLET LT — e HWT, EDX & GRUABUYERT 4L (o TRk
BENDILHRE N LIz, 1 AHTZVERR 100 pm DT 10 RHEZIT-7,

X512, FT/IR #:1& (Thermo Fisher SCIENTIFIC ## Nicolet iN10) Z T,
ATRIEICEVEEHE iR O FT/IR A7 MVARIE LTz, JIETX, 1 A 40 X 40pm O HiFH
T, FEE M 128 [T TIT-72,

BSMR-H A< W75 TIERSH
?ﬂ/\ﬁ”“ X7ar T 7 TR T v ay o a T A —JP-2020iD, HAY
n<h7'771% Agilent ffi%ab 2rm~ 775 HP6890, B &/ T4 13 Agilent t14d
HPG5975A . & v V71U — 4585 < A% UltraAlloy-PY1(HT/MS) (30m. E £
0.25mm, fE/E 0.25 pm) &AW TotrziT-o72,
BN HRIEE L 500°C, A4 ALEIEIL 70 eV, HAZu~ T A1 E L 40°C (2 5
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LRFF) -12°C/ 4y H-1E-320°C (10 23 PRFF) . Ao v =r > a il E L 280°C, /X —T =
AZIRSEIT 280°C., B EOWEFENIEEIT 180°C. vt 7V —H A% He., hT7 ALK
#1X 1.0 mL/4y OFETHNTEITo72,

4, DHTRER
4.1. Wrm ot

SR OB P O W T A Y6 F BB 12 Lo TR AT o T e 2 A BHIO ARZ 118122
ENTEE 10 B (a~)) OFBEIHER X (X 4), Z0obixFE R LY 3 B H £ TILR
BRI OIFIEDHER TET= (a~c J& (X 5) D EGERSY) . 728, e, &, g, h &, 1, j @i
BEHE L T8 O 2 UIEE L7 > Tz,

Surface
v

| |

-0 QeTN

L~ ]

5 /muRxkErvarBRE REWIEKR (K& x500)

a~c JBICHERR SNIORAER OB ZRFET 5700, ERLET LT — %
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HAWTEDX (XY ehE ot ziT -7, sEEREH 2513 Hg, S, Ca, Fe, ALK @
KoENER SN (K 6), BHEMICHW LD REFEHTIZAKELR (HgS) .
0 (Fe203). 071 (Pbs0s) DREMTH DN, BHONTZAT MG X He
DE—2 Z RELERTELOT HEHFICHW O N ARAERHIKEIERTH D Z
EMFFETE T,

Fo. FRICT VN7 — R 2 W CAEBEm O FT/IR JlEZ 7728 2 A, &
BHZHW LT D BEHIE TH D ERFE LT, FHUE 137 A FRIESEM T EA
THANXT MABELNTZ(H ),

0.00keV 40.96keV

X6 FREREEEDO XRF X7 v

X7 FRBHSTE D IR A7 hv

4.2. BOR-HAR < 7T 7 IBESH
BEBEELTHWONLTWAEIET, BAR-PEH- -BEHICEBELTWD
Toxicodendron vernicifluum. X+ L+« BEIZAFTL TWD  Toxicodendron
succedaneum, X~ — HZAIAER LTS Gluta usitata © 3 FEFETHY, Fhk
53 ChHHMAREL 7 DM ENENEIR D, ZOREEFIHL T, B0 fR-TA7a~k
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JT7 VTR VBRI CHLBD B DR EEIT o7, fFbNIzh—2L A rnm
~r7Z L (TILC.) L0, DO EE SR 5 T D Alkylphenol (m/z 108) &
Alkylbenzene (m/z 91) OffitHA A4 7a<r7 I A (1.C.) #X 8 1T T,

Akt 1.C(m/z 108). TiZ, 3-Pentadecylphenol (P15) & 3-Heptadecylphen
ol(P17) DY —UMfEFRTET-, LrL, TN OE —71EL Metylphenol (P1) OF
— 7 L AT R EE DTN E ZVFABI OB EA TWDZEN RIS, £/, 3
-Propylphenol ~ 3-Decylphenol (P3~10) £ TOYE —Z7Tid, Fuli H OBERPEDHE R
IZRBNDID RO — IR DR TE 72 -7, L)L, Alkylbenzene (m/z 91)

@ 1.C. T, Toluene (B1l) Dt —7 73 Ethylbenzene ~ Decylbenzene (B1~10)
EHEATHRI SR EE SRV & XD | BB O BFEIL Gluta usitata Ti372< Toxicodendr

on vernicifluum F7-1% Toxicodendron succedaneum T#hHIZENRHEESNT-,

B8 HELEBERBEDA A7 v~ b7 T A(w/z 108, 91)
REHZ WO NI OWT E HITEBAT D720, Tablel (-7 K5 RE &L
DO E 72D EER (Toxicodendron vernicifluum) &~ F LPER (Toxicodendron
succedaneum) DIEEBEZVERL URIER D 5t 21T > 72,
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Table 1 Film deposition conditions

Mixing ratio [wt]

Entry Sample]) o > - » Creation Date
inese lacquer Vietnamese lacquer
1 Chinese lacquer 1 0 2009/5/22
2 Mixture lacquer A 3 1 2008/10/16
3 Mixture lacquer B 1 1 2008/10/16
4 Mixture lacquer C 1 3 2008/10/16
5 Vietnamese lacquer 0 1 2009/5/25

1)Drying conditions : 20°C,70%RH, Film thickness : 76 um  2)Bought at Minowashikko 3)Bought at Dohichusyoten

HFonlz 1L.C. ZXITRd, 2MEDOEDIEA IZ)IS U T 3-Heptadecylphenol
(P7) & 3-Nonylphenol (P9) ™Y — 27 OFRFRENE(L L TV Z & MR
T& 72, TitDfERNSEZ 5L Entry3 & Entry4 OHEffITOEENRT P7
& P9 OMEXIRENFRRIC A Z LR THETE L, ZOME LY Toxicodendron
vernicifluum & Toxicodendron succedaneum 35 WSV TNDIEIIRIBII
7

K9 BABBEDAAF7a< 75 A(m/z 108)

5. &8
AHWFFE TIL LT ZEO AR DOFE %, Wrin#igs, FT/IR, EDX, -7 A7 na
<~ T E BT L0 DT UM B O EE 1T -T2, TORER. 1 KA OB, O
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IR 10 EEE CHOARBIZEFIZTEIT/ELNTONAZE, O EmIV 3EEFT
AR AEB O KR (HegS) R WVWSLNR TWVWEZE,. @B EIZETHY .,
Toxicodendron vernicifluum & Toxicodendron succedaneum 37 FHGIL TV

LT @ T HUITABREIN THDHZL, D 4 REHRTHILNTE,
6. & Bk

D RASIR A BB LZRS DEROTHEME~ T FE - Kt~ (2012)
2) MRS RN BELZAES [HRFIEAEERREE) (2004 XV 5IH
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i
v v —TELN B BIREREGICET DR

B 5
(HUGBSIATEE N BORIRSLE BT E e v 2 — BT 7 2 7% il - (k3o —7)

1. 1ZU®IT

BIIRRDE G TMETHY | B OHRMSN DB TH D, VLB D41
Anacardiaceae £\ M\ 80 J& 600~750 FEIZ EFEL TWD D, ZOHO LV EIL
Toxicodendron (7> Tl Rhus &&Kit) &I, HARENTIL 6 HEOFIELHER SN
T 2, HRAFIZESAERT LTV D VLT ROMY TH S0, Bz it LTHHTE
DO T U7 IO S 3T L Snd, BARHE - wEICA ﬁ#é&wy/
X (%4 : Toxicodendron vernicifluum (%721 Rhus vernicifera)), X FF LB
BT 58/ F (%4 : Toxicodendron succedaneum (F7-1% Rhus succedanea)]). <
V=R EADT Ty 7YY — (4 Glute usitata (H>> TlX Melanorrhoea usitata
LR THD Y, FRBILERST DY . ThENEBE L L ToREEZ Lo, TDT
DERT D@ ORI Z L ICHEZ 5 £ <FIH LD 6 | ARSI B OB LS80l
TR L TET,

AT Iv v —lCBI B —IHa & L 572010, I v o~ —OEHRRTE
PEMIOD—>TH 535 (Bagan) TELNTBERERICEH L2\, BB T4
MOHEERTE DL O, BOFEZMEH L CEMIEY 21707200 TH D, ZOEEOFEMIT
NI TEL OB, Ix B LEOREBO 2L b E XD,

2. I ¥ U —ERICHVSNLMEHZ DN T
2-1. X ¥~ —OBK &R
AA - F[E - #EOMIIZE R LT\ % Toxicodendron
vernicifluum L. VIV A —IVE TR ELTNWE, UL A
— IV EPHINDRREIL 8- X TR =N T a— NV EHITH
b= X ¥ v —TORLEZEMTHH S5 Glute usitata
T~ UL E RS, FFA NSRRI D NEE & Fhk
T D, FFA—ML, 4T X TRV T 3= VER 8-
EHBL O 4ER -7 == VT IVXVh T a— VEOIREY ?
T %, B TIX K A BRET 2 DI i 2 T g (K1), X1 MR OB T
T PEREREEE ARA LD LA &b, By 02010
HERSIFNEEOBKRETEKRT S, AATITERABREEZG L7720, — I TRE %
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BAT LT LSBT0 D, BEOEY FITEEHY 9, BIHEIL A6 TW DO, #57
(BoKB bR A ) & U A — a2 b7
IS S, BOOBRICIN T T2 5ETHD,
YU —FEOBRKIE, O XD RO T TS
179287, BRED 0)753‘?);%#7\T@NE@72% L
TWo, ¥ r~—ENICRT SBEOEREID
*4%&&%ﬂﬁbfwéiﬁﬂ§<ﬁ%ﬂéo@
HRIT 22U T L E 5 ERIEDETT 5720, H
ARENTITRERL T v 7R ETHEEZ LTEMAL, 7
71— B DTG RO T DM ITRE 325 Z &M
HD, Lr v —TITEOKEFEEZ S S TEDOEDY & LTV | KEE-> TLER A HERT
L7 LT, ZOFFFHRERREICRE SN T (X2), —HELEIRZ Y H3 BRI
X, B Z LA TEROBIEZZE LI BEORIEZ D o720 35, /NIl 450 6
AT ITIEE U720 Al 2 A7z 0 LT S 3 <Sikh e LTI & 2RI
T 5, EOHOHRE L LTL, RO ENnGKEANL, KERESTEEFIZTHZ ENZNE
(AR
PR L 72, B D B OENZ L D KRl s T %, BETRmiliciiisnizb o
THROMEIZR S, - Az LRI —RICRERE RN E St Tng 9, Koy
BNV WVNEE TR & & Tk Y. OBlack Lacquer (3#) —@Brown Lacquer
(Z#) —©@Red Lacquer (RE) W IHJlEIC, B
WO SE L &I LT %, Black Lacquer 1%
KGR Do Y LT D - OICEEHEA
L7=BEOBEED T 45 BV, Red Lacquer (352 X 23
RN ITi{b L7 RBIEOAITREA L 70 D, IBRA
LR OREITES R 200 TR RV
W Lk S Tuw%, Lacquerware Techology

College DT < \ZALE T AWK OIEIETH, —F
BUWRIIKD BOD I OEEKR & LTItk 12722 % >

JT T, EHIT, BHEOXHNIAK S EIZT Tlde

VBT DHA I T >THIT TGS Lt

LTWe, IEE L LTI, ROICEB LI TE
WEPREOMECHREAZ LBV, 2025 11

A< WD E KA LTCBIR E 72D, T DR

4O IE Brown Lacquer T, 3 OB OBEIK & 4 BIEOWGE
W3, (34 1 2010 4F)

HAENTIE, B ORI IZAREZ B L LT DRBICT D 720I, ot (X

2 BIHDHEE (7 1 2010 48)

3 BHROKERE (v 1 2010 4)
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L) &Mk (K AD) EEE1TH, RAEZFIALTANTITY HikbdH03, BIETIEE )
ZRH LSRN TR TH D, AT RO TEEDWL ST, T 2z 7o
ZENTER (K3), K4 L L THEEOIEIFEEL RT, ZORIIRREEZLE->T, 7V
— L F—RIZAMND L D) RRREIZ 72 D5 FTROL - ADETHTEBREFMT 5729, [
R TEBRIRICER 2 AN TREHOE BEHE LT IS X 91/ Tl 417> T
WS EWIBATH T2, WHEANDREIDOL ADHB ST @IEE RETH D o772, kit
DX D IRIRREDE &S TH o7z, FAEOIEEIZONT, B (7L - < A®) Z AT TIT-
TWDEUHTLERY bd b, TOXHICEMTIHALHDL VS, LovL, BED
RAEE B2 DRERIOMK TRERZ U8 5 i Cld/e < | BRI EZERF 720 CTHEEITTH &3
HT2MESH Y BEEROMIIZOW TR HIB AL D £ 0 X0 RIS 2% T2, [F
FRIZ BRI O RN X 2 BE O KBS0 L 723K O35S THE 2 S AZHPBIE00 R e - T
V72, Red Lacquer @7k 73 &% I8 51, Black Lacquer (272> TWH W) THEHH Y |
BRE U 72 BT - FEBRUIN T L 72 8IR, & W o 7o flix OBIRO KBNTITB®R SR 5 5 &b b,
THEIEICAHWLNR TV D EFERIEOK S BEORE L2 AT, L0 IR & B 7
EMEL TW MEEZRE LT,

2-2. RERODFEH -6

Iy v —IIBIT LB OFRMOM BT, MR bE RIS, <M< Fl> TR
KT ATHEIZRIZ LY (M 5~6), HT — 7RI LI 28 & 7003 B SLRI 22 TR D
FHEE-TNS (KT)., THLOHETHRIESN-RIUE, WiEaEh, %k
FES, ZDMMOMELE LTIEAM, BE, @B, MEHWIEHIED NI Tnd, BiE
L7 tIEnzh, Aha. BER. @k, R E I Tns,

ERRCBIR e EICHY BN, Sy r—dtE oL ORE L T MO L Hio &
L 60cm IEEDHLDONREZNE NS, NH L FETOERIIZNEZF->TEBY, KENEL,
JMNOFN L 72 D720, NAOBEE [T—VT v 7 v h—] TIERBILE L O &M
TEATLDEDZ LIEoTz, BTN OKEDNDRNTZOFIVUTELS DL DX
HoBEIZMIUIL <o TWA =D, ERICKE N X 5% 572,

5 MEEIIMLTLTWDEET 6 M CHENT-EIRTEM 7 MEBWT-HEIEER
(v r~—:2010 4F) (3 v r=—:20104F) (3 v r~—:20104F)
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3. HERBEEO ST
3-1. Srtratet

2010 4F/ 30 AR L
IS EREGR A 8 ITRT, s
O~FEEE &K 80mm, [EHE 98.5
mm DR =TT EXE0
1.2mm TH 5, BHOEEIZ Y
TR ZHEL TR, A&, H, k&
O3B0 (B30 Mk L
JE AN AL S v, HOCHE A VT
P A D 5, ek EEIZIE, — AT 2H0N %6 & BARAIZEA I TN D,

8 pfralkhiEm (Z2). Em ()

3-2. BOEFTOMKEIC X5 RmBEIER \
9O CRYEA A CREAE, A, T B (ki) A

DRHEOIRAEICOWT, BAMBIBIZE LI R 2K 10 10 F

LT, BMEIE AW TIERBIEICIE, AU o 3Zx B T\

DA REEE (BX51TRF-6(D)) 124U v /8 ARk &4t

RPAMEET o # v A Z (DP73-CUDD)) Z#i L. X

B

St EMWTITR o7,
BEEPT A CR) 1%, BEEFT A GF) CBIEEHT B X9 BsEH

(%) K0, DS <HDRRLF-IER L TND LD
ol BERFTA OR) LHEgTd 2L, BEE A ) CEEEH B () XMoo
LWERHEZIRZ LTED, LMo X ENE T bivie, BIERT A OR) 13REDOKRLTF DI
DEIEDR LN S OO MR E AR OFE RS T 7o, EBIEERT A () 13RIk~
IRRE SOWBDORANERE 72> TRV ORI LV b/ S7eRERT 257 < L
TWD LbipoTe, BIEREATB 2R T 5 L, BlIEET A (7)) THSShmEk X
DHRERBDPRIELTND LB TE T,

FrA (R) BLERGEPT A (57) BIEGEET B (7%)
B 10 EEfEpTORERE

B
B

Bz
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3-3. HEEITERE O E 4815

3-2 THIE LIRS, S AOEIICL > TR DRV A XOMENRH Y, RmikiEIZ
TERNDH D EbhoTz, & I CEEAEFTICOW CREMIZ T2 720, EAME 7B
BEERWIBIELERT D 2L L Uis, BB, EEREFIEMEE (HAE Fiath
JSM-6610LV) Zffif L7z, #UEH 1, X9 TRTEAT A CREE, &EE) ., B (&
@) LVEIY Ly HEED—R T —FICTREEICEE LT, BRSO E FIRE 2R
Be (IEFEE 15kV) THEIZELT-,

KRR (BER) wmeEpT (BEK) ESENETINC TSN
X 11 EAEET O O S i

(11 & LT, 3-2 TR L72BIZEREIT A (OF) . BIEEIT A GE) . BIZETT B (f) DK
WETHBETRT, K110 FEIE, ERaETTEIR LA ThD, BIEETTA R |
TN E IR TS i L, BLERERT B (b)) ITIX BRI R & 2R T8 AE L T
DT LR KT TOBIERREGB2 LY UM T,

3-4.  BAETTOEMES T

BRI 2 EBAE THEBS R L 3, o3 VX — B0 X o E (EDX,
V=7 4= AT 47 4y 7HRASF NSS 312E) & MW TEM ST 21772
Sf, K12 L LT, MiREEL DD, BINEETIT 150k V & L, BAEETHON LI,
OINEE IS E TG EcD, @, @& LTORLE, EWOHT oML, AR F#E
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LbEoZ o fTorEs Lz,
ETEDHT OFERIZLL T O®EY THh 5,

10000

8000

6000

4000

2000

14000 —
12000 —
10000
8000
6000 - 11g
4000
2000 —

10000 —

8000 —
G

6000 — s

4000 —

2000 — Al Cl

12 AT O E M AT 5

35. BGR-TTA v~ vTT T 40— EESHE (Py-GC/MS) % HW 24347 79

BRI DIE O SHTEEZHI D B . Py-GC/MS TRIEZ1To 72, TicHvz
BEE X, SRS TV g b oM e T A P —Py-2020iD(7 2 > TF 4 T - TR,
GC/MS v A7 A1% 6890 / 5973(Agilent #EE) TH 5, WL 7 L%, BRFYET U —
717 2 Ultra ALLOY-1(0.25 mmIL.D. X 30 m, 0.25 1 m)Z i L7z, BREMEIT~Y 7 4
KA T, 500CE L CREHER 0.7Tmg IE W, A —7 51340 °C T2 0L T
225 12°C/min T 820 °C £ THIE L, 104 FA—/ FL7=,

f—=FnAFrr7a~ 775 (TIC) b, BOERSFHOBRCFIHIND T L F L
Tz ) —IVHKDA L a~ b T A (m/z108) ZHH LZEREZX 18 & LTRT,

83



72 B 13 IR AEFATZ DWW T ORI A A v Z R LIz, SEHEAEITER L ORaEim» S b
Heptylphenol, Pentadecylphenol, 10-Phenyldecyl phenol, 12-Phenyldodecyl phenol &
W o Te BV R AE R AR ICHERR S LTe, 2D OB R AL, FF A — & FRlisr &
T 5 ¥ v —EREREO PyGC/MS IZ L > TSN b DO THD, LIEn-T, BE

BRI SN TW D BEHI T F A — & Epksr &35 Glute usitata Th % LHIWITE 5,

13 REEFTOTAFNLT = ) — VKD~ A7~ k77 A (m/z 108)

KEBED DT RAARY ML ERMLIRLE (/2 202 = 100%)

201.9 2 FIRLREE
BEE | XEME
199.9 T9% | 0.531 | 0.502
197 0.0 syn
198 36.2 3.4
199 56.9 56.5
. — | ™ 200 | 798 | 774
203.9 [ 201 1.4 441
202 100.0 | 100.0
‘ ‘ ‘ 203 0.0 syn
56500 50 204 23.3 23.0
_ N u _m/z 202
T 4 A TI(} A
5.00 10. 00 15. 00 20.00 25.00 [min]

14 RAEFTO TIC S HiH L 72 KSR [EIL AR b

W2, BEBREBZGRICHWTWAEEHI W THON LR 2 T, X 141213, RKEafiz



M LTefER D TIC & m/z202 D~ A7 v~ ~7TJ LEkard, TIC DB —27 16| m/z 202
EELTD 6 RKORNAKE —7 Bt SNz Enb, KERICHKT S KBOE—2 T
bbLEETD, ZTNOLORMAE— 2713, 3-2 TOBIZEFT A () B L OBIZEHT A ()
LU S, BIEET B () 22bl3mH S nieotz,

B 15 121%, HEMROBEITEZ o8 LIRS Svic~v A AT MLVERT, HAaETTo
TIC DE—7 1 Hld, WINLRNIERZR-720 m/z 75 & m/z 32 DAEDOENLR D
V'— 7 %8370, m/z 75 13#tFE . m/z 32 1TMiKICH KT o8 —2 LB bbb, 34 =xL
X — W X RO L D EVESHT OFER NS | R EMEDOIFENR > TS T2,
HOFRE L CbEEZ TV D b o L RS D,

Asq AsS
AS4 83

As As, As3S;

AS3

50 100 150 200 250 300 350 m/z 60 100 140 180 220 260 300 340 380 m/z

15 HERHFNOBRHINIZ~v AT b v

4. BbVIZ

b, Svr~—BLEOFEO—2LbEXLEERERIER L, HINDIHEHT
DWTHE L T&E 72, BARERNTIIEE, LR 2R THEEE LTHWS Z &3tk s
NTVWDEN, Iy v—EHRNTEESNL T DERGICIIEH ST D Lotz £E
NEPTFTHEEND Z LR ERT DIEEREGOFIRIILEE LH DN ATITHER
T BT T, kM Z R < RO Glute usitata DWHFLBIED RS %+ /32 LIz O
ThbEEZOLND, Toxicodendron vernicifluum TRIBRDIGERBEERAZHINEL TH, £
DB LB 2 DT, FIBNBET LD E TET L, ZOXHIZLTEER
B a o & MMT 2B ORHEZ AN T DO DEAMIC L > THESEN TN D L T
BELEHELN5,

Eirzd

AWFFEO—EBIL, JSPS BHFE: (kB : AFJEUERE  Ma5E3e) 25282076 DB A
I C i L7z, Py-GC/MS JIE TIEIARFZE T4 AS 82 STEIIIC 2 K 5 348 %
2T, FTEARAOI v o~—IZB T 2B E 0 1%, JSPSEMFE (G5 F A @ WFZE(R
RE MEFEE) 22680057 DI AT, BAERY: Fii7 oo T THESEE (e
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=7 MUGE BEEEHEER) BLO v v LN ESEE (Tny =7 MK
Pl & < SFHERER) IZ[AAT L7CBRORRATRENC RS <, DRV IRSBEHH LET,

(23 3CiK]
1) “Phylogenetic analysis of Toxicodendron (Anacardiaceae) and biogeographic
implications on the evolution of north temperate and tropical intercontinental
disjunctions” Ze-Long NIE, Hang SUN, Ying MENG, Jun WEN : Journal of
Systematics and Evolution, 47(5), pp.416-430 (2009)
2) féﬁ)ﬁ1té:$+ﬁ4/\®?J ENETTHE - 55 18 Ml o T oo iTatim s 5 5. pp.15-19 (2013)

3) v ~—ZAFT 28RO EEE | ARWUA : BAERZE: i 7 a7 4« 7
¥ Fﬁkﬂiftﬁkab$i*4 ) O ER BT 2 FERFsE] A2, 35, pp.54-58
(2010)

4) 8722 Ty CIER U 72 BABBIEI R 2 MR B a8 2 W - B (ko b
W) PR EEE. EIEVTRE - BNA R T v T o T HEE S TR HABERER B T
O RN BT 2 FEa05E] A2, 15, pp.36-41 (2008)
5) TEMPFELT VT OXAb—I v o ~—OBL T — ) IEEL b1 FHERFHE
FIACE, 59 5. pp.63-75 (2009)
6) [ v ~—0Eli HAESIRES WINRHENE#E L % — (1999)
7) 12 A4 TAFLIERNIR T 4 RABERORFEONT ) GIRER, RKEEs, BEGHE. 6
18 [Al& 4 oo Hratama il 2 H4E. pp.37-38 (2013)

8) IBREKEEKRHUAE S B ORE T IR —BS, AL, THIETF, % 18
5] 5 53F  Hratimassi i 22 546, pp.119-120 (2013)

9) [Py-GC/MS T X5 T8Ok BRI ORI T A EE, REEZ, BIETHE,
%5 18 [Elm oy oo atim a2 5 4E. pp.163-164 (2013)
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AN T AFEBEIR D Ry BT 3 L O ) SO

LZVRE—BRR  BEtA R IEETIE
BAVE R RSB B T 52nF 2R AL 55

1. ¥=

BIERORLVERSNDIBEETHY . BERZN T v I —EBEERIZL - T
BHE LT bR 5, ZOBBRITMAVEICENL., SOITITEBLRWI &2
LENOEBE LTHWLNTELED, BIZZ V=7 I AN =0 RO LI
LBRICBNVTHLAHRMEITHD LER D,

INOLDORI BRWEEZRTETH DN, MTEICRT OTICEET L 3 FllH
DEIANLERREN D7D, FHEICL > THENRERD, EHITIERAMTH
LIRS N DRI Lo THOMENRR L Z ERMbN TN D

Toxicodendron vernicifluum ¥k C & % H ARFEBK OEREUT 6 ﬂ 510 HiZ

T TAT O D, %@¢T6HW%7H’ﬁ@éﬁé@ﬁﬁ@@@&@ﬁﬂ\
KGENEL | HERBRWE S TWD, 72, 8 TSN 2EKIT%
WER L METI, IBER R E N T2 @ﬁ@%ﬁ%L%ﬁﬁEWOCME@E
WIFERIFH O KU IS K > T OABT R ELZIT TV LD ThH L EX
HiILD, T XD ICEIRITEREUIIC K > THEN R v W po b BUEIT b
BHTh O Zzoffitksbm< 725,

— 5 C Toxicodendron succedaneum it T 5 N F AFERIR DEEUT—4F
% H LT?bej/b ZOEEELEOFTIEZNESbIL TS, LirL, Xk

(B EMOKBED AT H D b D DRI S ALIZEIRIZ— DD R E BRI

%‘ﬁ,ﬁ\ é?]“b“(l/\ <Ted, BEREHIZ L 2HEEOENII LN TWRY, £
Toxicodendron succedaneum FfiEI% H ARSLH E OEHK T 5 Toxicodendron
vernicifluum BHE XV HRZBICER - MIBERNLZET L2 bl T
BEZFHL TWD ARTOFHANDROCORBIRTH L, b EMTHD
EEDLNTNDR N T AFERICOWT HAERKO X ORI Z & 1T R
DITEATO TN TENTHEARBEZRINWIFIHT 2 EnTE, XA
DFFEEDFEBRICERTE D LE 2D,
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ARAFZETIEAR b LERK B Z S 20T TOr 2T WO
ROKES T 21T o272, T X VFAHA LT WEE T 572010 b AERK
WCARDGHERTFIETHD (7200 - < A0 Zhi LWE %1772,

2. FEBREAER
2. 1. &kt

BRI 2 & O HTIZIEA B A OAEERICALE L, N AERIR O R E
#1-C % % Pho Tho 44 Tho Van #f &% U Di Nau #1(2T 2011 4F 6 A 75 2012 4F 3
AFETIZ1» A ZEICEIL =ik % W= (Table 1),

F7o, WHEICHWZEKIE Tho Van #112T 2011 4 9 A IZEHR S L7238k T
» D,

Pho Tho &

Fig. 1 Sampling place of Vietnamese lacquer sap
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Table 1 Information of sample

Sample Date of sampling Sampling place

T6 Jun. 2011

T7 Jul. 2011

T8 Aug. 2011

T9 Sep. 2011

T10 Oct. 2011 Tho Van Commune Tam Nong, Phu Tho
T11 Nov. 2011

T12 Dec. 2011

T1 Jan. 2012

T2 Feb. 2012

T3 Mar. 2012

D6 Jun. 2011

D7 Jul. 2011

D8 Aug. 2011

D9 Sep. 2011

Bi(l) S(C):/ 22(())1111 Di Nau Commune Tam Nong, Phu Tho
D12 Dec. 2011

D1 Jan. 2012

D2 Feb. 2012

D3 Mar. 2012

22_&FfA@@ﬁ®ﬁ@ﬁ%’i5%ﬁd
PRI = & OUSROFISI T, HRO BRI, BRIEEIE, B
WA BEHRIE - TR, ﬁ%ﬁ@ YHTIC L DT 72

BT R AT IR 2 7 s TR D & TR Th D IRE R
ERBRDTHDH T XU X — (AP) 2oL ZNZEnOEEEZRD L Z
ETITo T, KEILT & b AERR T OBUKLEEZ1T\, Z O &L DR
D, FIBREOREEITHEFHC L VREZIT o 7o, SR ORI & G
% Table 2 |2, X5 & B0tk O BfR % Fig. 2 12”7,

BEGATNC LV EENE D500, 6 ADH 9 AL 2 H, 3 HICERE
BRIR DK Gy B O AT AT MEM SRR S 47z, K EIZHAEI LT AP
DEGLEEMLTWVD Z LR SN, KoEd AP ELIREMRIICR LT
FEPHEMLTWDLHEDD KGEICKHLTO AP BT —ETHDH Z L NHERS
iz, Flo. BEKOREIZ K ENENT 213 E EHT 2 2 ERMER I,

NEFATIES AND 10 AIZBENENZHETH Y, 11 A6 3 Aldk
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BNV RN OEZE L SN TW5, Fig. 3 ICHAERIROHEL IERTH D H
FROFHE, XM AT TH DN A ODRET —F R L-EB =
NEVN N T LOKBEOENIZIARDZEAL L FBBEUTWDZ ERbd, &
52, 2 A, S HIFBMERD NS DD, KEHIZENFEET HIE EMENE
KBBHEVS, TNHDZENDL, N NTAOBEDOITFAIELH RO &
[FRRICER IR ORISR B A Z T 5 2 LN Sz, LaL, mﬁ%@%
BERD EKRGEPEZ TOLPRINEIT—ELFELNL TN HDODERED
WE BB RRW=H, IR E RS ﬁ%ﬁbbfmé@b>ﬂv\aﬂtsz\
HDOMNEND T LITHER TE 0o, ETEICBEL T, KOENEZ D
EETRE R TICKRDNHAALT DRV F =D MBE L 72 B 7010, HEN ERET
HDEEZEZBND,

Table 2 Components of lacquer sap

Sample Sampling Month I'{z'itio of components[wt%] Viscosity
area Lipid AP Water" [Pas]
T6 6 43.22 21.38 35.39 4.4
T7 7 43.85 21.23 34.92 3.1
T8 8 62.40 14.17 23.43 0.5
T9 9 55.56 15.74 28.70 1.1
T10 Tho Van 10 61.32 13.11 25.57 0.7
T11 11 62.17 13.15 24.68 0.8
T12 12 59.35 13.91 26.74 0.7
T1 1 62.26 13.58 24.16 0.8
T2 2 29.43 24.71 45.86 8.9
T3 3 29.84 24.22 45.94 7.5
D6 6 70.42 11.12 18.47 1.0
D7 7 39.23 23.43 37.34 3.7
D8 8 37.42 25.20 37.38 7.4
D9 9 46.49 20.21 33.30 1.8
D10 Di Nau 10 61.34 13.84 24.82 0.8
DI11 11 66.13 13.85 20.02 0.7
D12 12 38.87 24.49 36.64 2.2
D1 1 59.03 16.87 24.10 0.7
D2 2 49.73 20.30 29.97 1.3
D3 3 44.52 21.37 34.10 1.9

1) Calculated from the mass ratio
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Fig. 2 Ratio of water and AP (left) and Viscosity of lacquer sap (right)

35 600 100

- 80

= . =
T 20 zﬁ%ééa g “leo =
E.IS 7 \ = _%‘ —4—Ha Noi
510 E - 40 E .
= 7 = 5 -—m=Ninohe
5 = =
0 ]I - 20 =#—Ha Noi
H (Humidity)
5 T T T T T T T T T T T 1 0 0
1234567 8 9101112 12345678 9101112
Month Month

Fig. 3 Weather data of Hanoi (Vietham) and Ninohe (Japan), Left:
temperature, Right: Rainfall and Humidity!171l18l

FESRTEVERIE X AP K KIC K O R 2 L. £ OBERIRIR E U v v &
VU OGS TR OUOCEDZE N IET D Z & TITo 72 (Table 3),
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Table 3 Enzymatic activity of laquer saps

Sample  Eneymatic activity” g Enzymatic activity"

[Unit/mg AP] [Unit/mg AP]
T6 555 D6 693
T7 556 D7 416
T8 750 D8 538
T9 552 D9 455
T10 669 D10 710
T11 645 D11 528
T12 697 D12 329
T1 614 D1 746
T2 570 D2 534
T3 617 D3 447

1) Standard: syringaldazine, buffer: phosphate (pH 6.5), temperature conditions: 3C

B SRS MR B AR D ZEAL D L D IZ B R 70 & D5 & —Bod 2 ) 1 e
SN ol

BIRO R « B ERBRI IR A2 7 A B4 L, 1E 20°C, E 80%RH
DOFEMICERE LI ERERE I T S w7 BEIz >\ T, R4 71 a—
Z— L NVEMEFC X DT E2TT - 72 (Table 4),

BRUR O LR L VI ER R 28 570 2 7 L TAE U 2T S g o7z,
T AT L CIBIERE I DWW TR ICER I S IR E R OB S 03 % W B D
PR EEZEAL AN R Ol & DA DS HERR S L7z, ZAUINEER S 3% 2 & THEE AL
S OREHF TR 52 HEIMREEASNEZ D LT WD THL EBEADND,
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Table 4 Drying time and hardness of lacquer saps

Sample Drying time" [h] Hardness®
DF TF HD 1 2 3 4 5 6 7 14 21 [day]
T6 4.3 5.4 8 <6B <6B <6B <6B <6B <6B <6B <6B 4B
T7 3.8 4.8 8.8 <6B <6B <6B <6B <6B <6B <6B <6B 3B
T8 2.6 3.2 6 <6B <6B <6B <6B <6B <6B <6B <6B 4B
T9 6.5 7.5 15 <6B <6B <6B <6B <6B <6B 6B 5B 5B
T10 2.8 3.5 6.5 <6B <6B 5B 5B 5B 5B 5B 3B 3B
T11 4 5 8.5 <6B <6B <6B 6B 5B 5B 5B 3B 3B
T12 4.0 4.7 8.5 <6B <6B <6B 6B 5B 5B 5B 3B 3B
Tl 7.8 8.5 16 <6B <6B <6B <6B <6B <6B <6B 4B 4B
T2 2.8 3.5 6 <6B <6B <6B <6B <6B <6B 4B 4B 4B
T3 2 3 4.5 <6B <6B <6B <6B <6B <6B 4B 4B 3B
D6 14 15.5 <48 - <6B <6B <6B <6B <6B <6B <6B <6B
D7 6 8.2 <48 - <6B <6B <6B <6B <6B <6B <6B 4B
D8 3.8 5.5 <48 - <6B <6B <6B <6B <6B <6B <6B <6B
D9 2.7 3.2 45 <6B <6B 6B 5B 5B 5B 5B 3B 3B
D10 2.5 3 5 <6B <6B <6B 5B 5B 5B 5B 4B 4B
D11 6 7 15 <6B <6B <6B 5B 5B 5B 5B 4B 4B
D12 3 4 5.5 <6B <6B <6B <6B <6B <6B <6B 4B 4B
D1 3.8 4.3 8 <6B <6B <6B <6B <6B <6B <6B 4B 4B
D2 1.5 2 35 <6B <6B <6B <6B <6B <6B <6B 4B 3B
D3 1.5 2 3 <6B <6B <6B <6B <6B <6B 4B 4B 3B

1) Drying cinditions: 25°C, 80%RH, thickness: 76 pm, DF: dust free dry, TF: touch free dry, HD: harden dry
2) Measured by pencil hardness tset

B E O DI IXH R S B2 - CRERES LN~ 7 22
~7K$5ﬁ%ﬁi@ﬁok(ﬂmh5Fm&4wd& F7o, BWRITBIEIZ L
THIBE S WD LRI U CTRAMEAICIZREE L & AP 3% D, & DT DRz
BIEOMEEIZIEE R T & AP OEIGIC iofﬁﬂﬁ“é ENTREND,ZZT
NEE RSy & AP OFBIG D722 53R O HflifA & ATR A7 RV ORIEZAT > 7
(Table 6, Fig. 6).

— WA BB O B B I R R NV SRV & A2 B Z A BT
Lo LD UEREUBEHIN B2 2BIED LB 24T 5 & | Fofhs BB IR o B
DMEL 22D W D BIANIHERS SN o T2, ETREE RSy D2\ B LD I FE A3
< 7225 70 E DR DIEWIT K DM b RS S e o 7o, RIS 72
m®£%%‘Ltﬁﬁiﬁwéﬂ&ﬂot%@@qg%Dn@ia LENEN
OEHUH Tl b 28 CRFR 2 28 L 72BN @D 2 &0, RICHI S
AL DR DBIED LB EE N SN 2 & 72 En b | B ﬁﬁ%% Pe7p & fRx
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RRFNZ K> TEBREOAEITZET HZ ENEZ NS, BIEOLIREIX
BRIZBWTKGED L o T BIEO b DR EVMER 2SR S e, — RIS
B D SR FEEITBIEDOEIGED m N & A BT 5720 ORI 2 8CE Tk [
L) R T AD]| X > TEIEF DK OB T & ALl S HRLE% O
KOFERIEZ /NS THZETHRELZ N ESELZERHALNLTNS, L
UL D H 70 2 BSBE D YEIR FEIT K 3 I3 20 6 O D 5 3 v MiE T 2 7R LTz,

Table 5 Lightness, gloss and coloration of lacquer films

Lightness and coloration”

Sample" Gloss
L* a* b*

T6 3.05 12.31 3.80 57.7
T7 5.49 19.26 6.23 36.4
T8 3.37 8.81 2.46 20.1
T9 22.13 28.03 16.76 8.8
T10 8.71 18.62 7.24 20.5
TI1 15.43 25.44 13.05 10.0
T12 13.12 23.08 11.04 12.2
T1 17.08 25.86 12.93 7.5
T2 16.17 33.45 24.90 55.7
T3 18.71 34.72 27.46 45.2
D6 2.24 6.43 1.93 213
D7 5.40 21.69 7.57 69.4
D8 4.77 17.89 6.01 56.4
D9 13.02 26.67 14.24 23.9
D10 9.24 23.76 10.09 37.1
D11 19.52 26.37 13.56 7.3
D12 15.33 27.67 17.10 60.2
D1 7.52 21.90 7.90 14.4
D2 7.78 12.54 4.31 38.1
D3 7.61 12.39 4.05 43.5

1) Drying cinditions: 25°C, 80%RH, thickness: 76 um
2) L*: Lightness, a*: +red/-green, b*: +yellow/-blue, measured on spectro-
guide 45/0 (Gardner)
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Fig. 4 Microscope images of
lacquer film (Sampling area:

Tho Van Commune)

Fig. 5 Microscope images of
lacquer film (Sampling area:

Di Nau Commune)



BREO~A 7oA a—7HigE2#E%E+ 5 & (Figs. 4 and 5) . WDKK EN
Z 0o T B TITERIR O KEIE DR TE 20123 LT, KaoEN DR
7o B TIEERIR ORI 70 S BRI O X 5 MY ieRd STz,
ZOMINA KRG EDNVD TR WEIR D BIEOCIRE MR WK Th 5 &R S 7z,
W] 23 F& 269~ 2 DI AR DENT K 0 B O I E VDR S 5 72
DTHHEEBEZLNDN, ZORRIZONWTITERT HICEL o7,

Table 6 Water contact angles of lacquer films
Ratio of components[wt%]

D ..
Sample i P —— Lipid/AP  Contact angle [degree]
T7 43.8 21.2 34.9 2.07 72.5
T11 62.2 13.2 24.7 4.73 77.0
T3 29.8 24.2 45.9 1.23 67.0

1) Drying cinditions: 25°C, 80%RH, thickness: 76 um
2) Calculated from the mass ratio
BBIEP OIEE Ry & AP DEISDOEWIC L2 BEREOZE(LICE LT, AP

DEIG N LB E B MEL 725 2 LRS- (Table 6), F7-,
ATR 227 kL (Fig. 6) I[ZBWTIX AP OEENE 2 5 & 3330 cm' D /KR E:
@ O-H Wi#EICH kT 5 e —27 L 1037 cm! D= —F /L C-O s L O 7 1o —
L@ C-OH HfE D E 72 - 7= & — 7 B8 E O mé%MwAP@EﬁAigﬁ
THDHZENE, ATR A7 hLD Z 6 O B — 7 5REEDOH NI LK 451
6%@?%6&%2%%60iofAP%é@%Mhi@%ﬁ%ﬁ@ﬂ@%ﬁ%
Z BEOBUKMEREEINT 5 2 & 3R Sz,
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T3 —
T7 ——
Tl —

Fig. 6 ATR spectra of lacquer film

INLDOGHTREREE L DD L Toxicodendron succedaneum FIE C & 5~
kT LNPEBIR I Toxicodendron vernicifluum 11 C & 5 H ARPERRTE & [RIERIZER
U O RAR ISR B 2 52 T . BTN 2362 Z E SR S ivTc, IR
BEM R < 72 2RI S N D BIRITAKR 3 B L <, ZRUCHpBILTT & R
/fﬁﬁﬁ@%%i DT EDERI NI, FH & TS 1L 53K

INEEKD %< 70D Z ENHER S NI, TN D OBBIKOMEIZE L T
h@@kﬁ%ﬁ%@ﬁ%iﬁ%én@wot%@@\HE& ﬂ%mgﬁi;
B m <, 7' h Ry Z =0 WBIRITBUKED S < 72D 2 & 05 HER
i,

2.3. N T AERIROBE

AR CIIBWIH O E L =—4 Motor
—3 5?_])___ (Flg 7) %FHI/\VC??O"C Wood blade
WD, =—F =% P —LIFAADIE AlumiW@

HSE TETHL725L-< AD ]
IZHEEDW T IRMBIRPEE Ch D, AR5
BRCTII~ N APEBRIRIZ KR L CIRMH Fig. 7 Kneader
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PEEZITV, ZOWEOZ(LZBIEE LT, SRR 10 g 125 U TR
% 60, 120, 180 rpm & L., ZNFNOMHE THEEHM % 15, 30, 45, 60 4 &
L7c, A U772k oK BITAKRSFHZ Z D RIEZITV, EAEEIXGPCIZL -
THEZIT> 7o, Flo, MR U7BIKRITHK 1 BAE LI2RRICT 7 ARICEm L
HLR S, BIROFE 21T > 72, # % Table 7 )2 U* Table 8 (Z/R L 7=,

Table 7 Measurement data of kneaded lacquer saps
Kneaded speed Kneaded time  Moisture”  Viscosity Molecular weight distribution [%]”  Drying time® [h]

[rpm] [min] [wt%] [mPas]  Monomer Oligomer Polymer DF TF HD
- - 354 1203 86.8 13.0 0.2 78 81 125
15 26.4 1400 73.8 25.6 0.6 122 138 315

60 30 20.4 2442 56.5 41.8 1.7 6.6 72 118
45 13.6 2694 50.1 438.1 1.8 28 33 55

60 12.5 4639 44.8 52.8 2.4 22 27 52

15 27.1 3192 66.9 32.6 0.5 15.8 19.0 <96

120 30 16.6 2747 54.1 45.0 1.0 38 45 15
45 8.1 3558 53.1 45.3 1.6 3.0 34 45

60 5.2 3625 50.2 47.4 2.4 34 38 60

15 21.5 1936 67.4 32.0 0.6 162 185 <96

120 30 9.0 2250 56.1 42.7 1.1 1.7 28 6.0
45 5.2 2389 55.7 42.7 1.6 33 36 70

60 4.3 3322 52.3 45.8 1.9 3.1 3.7 6.0

1) Calculated from the amount of a decrease of mass by heating
2) Determined by GPC, standard: PS, M onomer: MW = 320, Oligomer: 600 = MW < 10000, Polymer: MW = 10000
3) Drying conditions: 25°C, 80%RH, thickness: 76 um (wet), DF: dust free dry, TF: touch free dry, HD: harden dry

<%b@m@mﬂai?#Lﬁ&ﬁ%btzéieﬁwbkoﬁé®@ﬁﬁ\
PRI TR IR E O K Z W OB RT3, 60 DI TIZD - 0 L
#?éﬁﬁ%ﬁbto%_mﬂaﬂumm%ﬂék%/v~®ﬂb%AﬁﬁT
L7, BROMACHIIERBLESIC L > THEIT L, = OBEERITKERFIZE
TRV ERICIIMFELLE LTS, o TRWHEIZEB N TERE L < EY
A Z L THAITRSETT 0, BEENETAALTHWLKRBBALTHZ & T
BREOIEEDMET T2 2N B26ND, ZHE TOWIIC L > THEERK
TIIARGED 3wt b VTESITHEITT D LG SN TWHM, LasL, N T
LPEBIRIZIB N T 10wt% a W) 5 & EEOEITISMR SN o T2, X M LPE
BRI EFERRICIE T AP ENZ WD, A 21T X1 5 1S [EFERIK X
DHRNIZNWZ ERMETHDL EEZLND,

FEEE D _EFIT R TR AT IC B W TIEAKR D EH & &I ERE R B0,
K AOTFERTIIARGDBD L TCHEADETTAIEERENER L, 20

98



FER L VB OR IR EL Y DRMEN RN TH L EF 2D,

HZERFRNIE < AOIZ X0 RIEIZEGHNE S V7 2 & D lERd ShuTe, & 7o Rz leiRefi]
TR OESENE NI EEBL o TWnDH Z &N Méhto;M%@F%ﬂ
5K EDORAD ZIfH L OSE#T 2 FNEGE O ERANHREMEDM I
WCTHETHD EE 2D,

Table 8 Lightness, gloss and coloration of kneaded lacquer films"

Kneaded speed Kneade'd time Lightness and coloration® Gloss
[rpm] [min] L* a* b*
- - 22.66 33.27 22.78 8.9

15 31.42 40.09 49.75 72.8

60 30 20.57 38.84 33.33 76.6
45 9.40 27.52 12.50 85.8

60 6.08 25.27 9.05 98.2

15 35.87 37.43 58.74 98.3

120 30 11.78 30.72 16.53 922
45 6.22 25.32 9.26 96.1

60 5.03 21.42 7.18 96.6

15 40.24 37.22 65.49 99.0

180 30 6.32 25.99 9.57 96.7
45 5.05 21.21 7.16 97.0

60 6.47 21.91 7.23 95.2

1) Drying conditions: 25°C, 80%RH, thickness: 76 um
2) L*: Lightness, a*: +red/-green, b*: +yellow/-blue, measured on spectro-guide 45/0 (Gardner)

K AOEBIFEOAFENIRE L Table 8 12k L7z, 2L & W BIED LR EEIT 120,
180 rpm THALZZH DX 15 43T 100 < 1272 > 7223, 60 rpm THH L 7=
H DI 60 73 TEIUT A2 o Tz, JEREEITERIE T OKERDBIFRZ X o TRk =4
HZ Ly, BEICLUEBEOYEIEEN EXD M ET5H, ZOREENGKER
TR VB IC L o TR THMb S v 2 & B3 S v,

< HOBBIEOIE, UL, HAKITBKOEERAEOIESR TS 2
EDRMER ST, —RAICIRBIE O GARITIEN R OVBEIE EARNRLS D
ZERMBNTWD, EORIKIIIRER D OB T a—iRLETHE LT
LI DAHEBERDESDENRCY ) VEEOBEIEDENTHD EEZLND
D, I S TR, ZOLK AHBRBIKOGEDENIZOWNT S,
BIROIRETHAZEITIE DL Z T T a— RO EHENPEL holz
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BN GOND T ENHRIND,

INOORERIY, RN FLAEFRRICELTYH 7200 - <AD) (ki
PERER VM S LD 2 ERMER SN, L LA N AFERIKITESICHEE
WL bR EEZSZSETDHZ LRI N,

3. fheE

AR TIEA BT LPEBK OB NS X D sl 22 & 7200 - <
AOIZLDWEIZOWTEREIT 70, TORE, XN LPERIRIL A ARPEBRR
1R & ARRICERR IR O KR IS B2 2 T . Z O EAL T 5 Z & D3R
SNTce ETCRDHA R D Z & THRBROMWE 2L T 25 2 LRI
Too BRIRDOUUE TIEA N F LPEFRIRIL A AR FIE OB & [RIRRIZ F2 R 23 R
S,

4. 275 3CHK

(1] ‘=R, KER), HHF, BLFoER, 71 v ——, 1999

[2] KB THR—L~_—Y www.jma.go.jp/

[38] MAENEAN HA « XN F AR B — LX— www.jvea.or.jp/
[4] Rong Lu et al, Prog. Org. Coat. 2004, 51, 238-243
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B RBCRICH LTI AARIC ¢ B R ETET IR

”‘:%‘%_ HILTWD x r’gﬁj @ xyl;:ﬁ:i/
ABFZE TR, ratr@ e N ANk A AN G e o -

xwf ﬁ'r
(EL EETIRED BRI o 07
HEh2 72 VIBRICEHR LT, I ont
Tz )VIRIL, Ty h—Eh Lo

Fig. 1 Structure of the main diferulatecross-links
described in plant cell walls.
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kiR oIz Ly, EE LZHRBLOZHE-V 7= A2/ L T o,
ZOEEWN, AIREEOIREE ZFRETT 5 & FI A o TV D DNFEMIEIH 52T &
ITWRY, ThbDZ Ehb, RFETIEH, 7T UEEmELTT7 2V TR
TN a—AEREGR L, AU TZE S avuP B EBXOERHKRDO T v 1 —
R AW TKFREARICEI T, HRORALDZWMRICL D7 =V TR
B R DRGSO E W, AR L7 ZEE D NMR (2 X 5 # &M@ &
MALDI-TOF-MS % H 72 3 &KL EOEEMITHOW T DT E1T -7,

2. FEBR R

2.1. 7 =)V IR V3 — AFHER DG AL
7 o)V TRV a— AR (1) (X, D-Z v a—RAEHREFEIE LT, Tk
FIEB L ORRFEITH) 2L TTrE/ETH D TAGB 215, £DHET = /L

OH
AcONa
Q Ac,0 HBr AcOH
HO — > AcO T, 24h AcO
120°C
HO AcO 85% AcO

OH

Ferulic acid
’PerEt
—» AcO
CHsCN, r.t., 24 h AcO
under Ny, MS 4A

65%

TAGB

Scheme 1 Synthesis of glucosyl ferulate
(1).
TEZEH T D 2 LIk VA L7z (Scheme 1)

22. kDR DT v I—PEEE A AW 7 2 VIV a— AEBEHE 1) ©

i AKSE B A BOG

%m%EAﬁmi 7 )V TR 3 — ZEFER (1) 0.15 mmol 27 & h 3
\ZUfR LT BRI & T o T — BB MUK 3 ml AR L 7o BE SRR & — S

KMaL\%mT?ﬁ#Té_kTﬁot(&MmﬂmﬂﬁgnoEm@ﬁﬁ

L o «—1 (Rf=0.63)

accase . «—Fr.1(a)

AcO Fraction 1,2 + DHP > (Rf=0.48

AcO OCH Acetone/HZO © B Fr.1 (b)} )
3 O <—Fr. 2 (Rf = 0.28)

- 8-<I—DHP (Rf =0~0.18)

Scheme 2 Laccase-catalyzed polymerization of glucosyl ferulate. Fig. 2 TLC of reaction product
(Eluent ; n-hexane:ethyl

acetate = 1:2)
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FAbE, A7 hrAXxx EHWTEN LK (Table1)
?yﬁ~€%%®ﬁmﬁi HENERICHEE S NDRENG, av U EH
5@@@% TR, BT T E T HROBERZ O DNEV E B 2 BT (Entries 5 and
9) . Z . BERIEMHEN N U 7 & kR OBEFED, 2 U U B HROEERIC
w&%wtbf%ék%z%ﬂé — 7T, HEM O EAERBEROREE T
BEREZHEC L CHEAOEITICERIIR SR> 72 (Entry 11) , A OHELT
I, ZEEOAERE DHP OAENFRFFICEZ > TWD Z &b, HE L &R
Kﬂ?é?yﬁ~f%ﬁ®%gﬁﬁ¢ﬁ\ﬁ&ﬁf%é:kﬁ%z%ﬂéo

Table 1 Effect of laccase on reactivity of glucosyl ferulate.

Entry Laccase _ Time [h] Product ratio [%]”

Source Activity 1 Fr.1 Fr.2 DHP

1 1 81 7 7 5

2 Aspergillus sp.") 966 2 30 15 19 35

3 3 1 5 5 8

4 1 22 14 11 53

5 Trametes sp." 2702 2 10 4 3 84

6 3 0 0 0 100

7 CT'”ese T 33 120 86 4 4 5
acquer

1) Glucosyl ferulate : 0.3 mmol, Laccase : 5 mg, solvent ; acetone 3 [ml] water 3 [ml], r.t.
2) Glucosyl ferulate : 0.3 mmol, Laccase : 100 mg, solvent ; acetone 10 [ml] water 10 [ml], r.t.
3) Dertermined by TLC/FID latroscan, eluent ; n-hexane : ethyl acetate = 1: 1 (Wv)

2.3.NMR & W7 A WA Fr. 1 35 X OV Fr. 2 ORERRHT

HAFHAFL1IB L OFR2Z2 VBTSN T hra~ N7 77 40— (BERE
B -~ FEEETTFL =1:1) ICXVSEEL. NMR XY BT 4217 -
72 (Solvent : DMSO-ds) -

OCH; RO

OCHj

HO OCHs OH OCHj
(a) B-5/a-0-4 (b) p-O-4 (c) 5-5 (d) p-B
coupling dimer coupilng dimer coupling dimer coupling dimer

Fig. 3 Structures of oxidative coupling dimer.
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EAT OFE R Fr. 1 1%(a) B-5/a -0-4, (b) f-0-4. (c) 5-5 &, Fr.2 1% (d) B-B #E
BEHETDH BIKTHDZ EN ol (Fig. 3)

2.4. BC-NMR (Z L 5 i/KFEEASY (DHP) D43Hr
DHP OfEHTIE, &R D
TR AR BT R — A
YT VE L LT (Fig. 4),
AT OFER Fr. 1 33 X OVFr. 2
O — &K 7 F )8 DHP 12
bR Sz, 72, NMR 7T
—ZN— A5 148 21ppm D
4-0-5 fEEICHRTHE—2 8
L OV 125.03ppm DB -5 FEE T H
KT HE—7 BRI Y,
INHEDOZ ENDL, EBHFEAOBRICBWT, —BERTITMR SN R -1
FEARANAER L TWD Z AR ST,

Fig. 4 "®*C-NMR spectrum of dimers and DHP.

2.5. MALDI-TOF-MS |Z X % DHP O34t
MALDI-TOF-MS % fI\ZT, DHP O3 &1T7->72, ~ U v 7 XL LTI ¥
Vg (SA) . BFAALANZI LT R Y T A (Nal) | 7 h=RFY L

2239

1592.0486
oH A) Spiral
O.
R N OMe
o n
2115.3673
2636.6820
3159.9912
3684.3244
s 0
x10 2.69
n=4
n=3 2115.2 B) Llnear
1592.8
n=5
2637.6
..J n=10 n=11
LYY 5247.8
5767.4
0.02 A

1600 2000 2400 2800 3200 3600 4000 4400 4800 5200 5600 6000
m/z
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Fig. 5 MALDI-TOF-MS spectra of DHP : A) spiral mode, B) linear mode.



% H\ 7= (Fig. 5A and 5B) ,

ANA T )E— RTOREDRER., 3~7 BIERDAERLD MR Sz (Fig. 5A) .
L)L, B FESAAEICBNTE—2 by 7708 5000 FBREThHDHDIZH LT,
MALDI-TOF-MS Ti%,3500 f2EE £ T LR Sz inolc, 2O Z &2 53500
R DEDFEERICONTIEL, A7 bt TnZnt LUTAER LA A
YOFMPENTCDITRB SN2 EREZILND,

ZI T, AT MESIN TV DEINEHERT H72DICY =7 F— R TOREZAT
STz, WEDFEF, AL T E— RTIIRH SN2 o7z, 8~11 EE K
N7 (Fig. 4B) , ZDOZ Enn, 8~11 wmIKIZHOWWTIE, A A 1IF LT3
D, AT DFEMPFBNTZDIZANRA T E— NIZBWTHRHESE TRIE L7
MolzbHEINTe, 20, A ACRIOBRFDBRETHDH B2 LT,
Fo. INETHFESMTLOEAOHRNER TR T2 3~11 &k
FCEMBICAR L TWD Z ERNgoTz,

26. 8- RECEATH _BEREEEE LT v I —BEBEERICLES

7& 3 ml ICIAME S E 72 Fr.
2 Lk 3 mlicT v h—PEEE
Z ViR ST BRI 2 — B ITIR
AL, EiR FCHKEESRILE
177z (Scheme 3) . )G T4,
UANTNA T AT NS T T
4 =2k Fr. 2 LKFEEAEY
(DHP) %4y L7z,

Laccase Tetamer

Acetone/water Hexmer

OAc

O
R= OAc
AcO OAc

Scheme 3 Laccase-catalyzed polymerization of dimer.

2.7. EEMDHHT
o7 B3 A E DGR 0.4
= DHP of Fr. 2

ERT 4~8 BIETH D ?N — owp
0.3 /

LS T- (Fig. 6) .

R, T =V TR o,
PREE L LIGE L RERE W \A
THY . Fr2aEe L "
BAICBWTHET vy i—Y

20 25 30 35 40 45
Retention time[min]

Fig. 6 GPC chart of Fr. 2 polymerization products.
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BERIC K DEAITET T2 2 & 3o, £/, MALDI-TOF-MS (2 XV 4
A DR AAT o 72 & AT 4 RiFB LU 6 RIBAVER L. R
SR LI-HEER> 8 BRI SN d o to, ZOZ EMb, Fr2 cid 57

Fr. 2 G'2
a 2 6 5 G-1 G-3

G-4
DHP of Fr. 2

Fig. 8 NMR spectra of Fr. 2 and DHP.

v N —BEROBILEISIE, BREAOBLKICE R CHE TR o Tns 2 &
DHELZ ST,

IRIZEY, EAEWE Fr. 20k %1T->7- (Fig. 7) , 3400 cm™ +f U1 D /KR
FEOE—7 O, 1750 e T D B VR = VIR BN S A ST LT
LIENRBEENT, L, BRI FHE -2 TR R oTe, 2D
ZEnB, Fr.2 ofEEERoTEFEFEANETL WD EEZZ NS,

IH-NMR OfERENS, NP U ED 2, 5, 6 [(iBLRafio7a k8o
Wi #1772 (Fig.8) Fr.2  mo

CHATOTE b ~Mwhfmwﬂnwmmw
HFELTWD, —J, HAEWT

DHP of Fr. 2

o 7, 2B L6 i~
o hHIZRERICTH A DIT mﬁf
$FLTHAOTa ko Hidhy

MSTHhDH, ZDOZEMD,
5 (i [al = THEANETL T
HEEZBND,

4000 3000 2000 1000 600
Wavenumber [cm]

2.8. EHEMD Y AL Fig. 7 IR spectra of Fr. 2 and DHP.
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Fr. 27355 fG LT CED4RBARTHD Z LEMERT DI, 4 EIROKEE
KOBOMERZIT>7-, BSTFA ZH T Fr. 2 OEAMIIT L TKEEED Y
M EIT -T2, D%, MALDI-TOF-MS ([C XVl L., vV LkRiE v Vv
%otk %E1T -7 (Fig. 9) .

Fr. 2 DEEHO Sililated DHP “
HIEOREFR, > U v
b&4T5> 2L T4 i
KO —7 N mlz
2115 7» 5 m/z 2403
iz 7 LTV B ' ’ o
HEOMER ST, € PHP
DIZOAERK LT 4 5
(NES Bl NN
ExE 4ok -Z &N

PAN . _ >~ >~ <1: I "
ol ZDZ o o em prims 20 py/es %0 prm privs prms s

m/z

2115

M HIKEEIL % 3 OFF Fig. 9 MALDI-TOF-MS spectra of DHP and sililated DHP.
D405 fEHD LD

KB EE T DHE TIER< 55 MAICLD2EAEVELRIITEITL TS Z
PR ST,

3. fis
BHEDT v h—VEEHE T, 7 /LT BREHE RIS L TR R RMENME <L
FOGHEIT LN ERbholz, LvL, F/ aBlO0h EHETITEAN
EITL, “EERBXOPAZESYOARNHER CTE =, “E&EKIE, NMRIZX
LIFHTOFER, B-5/a-0-4, B-O-4, 5-5F6. Fr.2 L B-g fiaxaHT 5 &Ik
ThHDHZ Ny oTlz, BKEZBELSWIL, 3~11 EERDEMBIZEMRLLTND D
kﬁ%ﬁf%to

BARZEE L LIZHEATIE, 4. 6 BIENFEICER L, EANEIT T2 L
ﬂb#oko4E¢;OVTE\BWNMR%iUNMUMTOFMSKi@Fn
2MW55EAZ L THALTCWAEETHD Z ERHERIN, $/-, EEHO
UM WT, KA =5 b oI IR ko7, ZhbDZ b
M, Ty h—FREEICLDIESIZBWT, 4-0-5 #AITAER LB W LR
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X,
4. 253k

1) M.-T. Garc’ia-Conesa et al. Carbohydrate Polymers 2001 44 319-324
2) Sally A. Ralph, Jonh Ralph and Larry L. Landucci. 2004. NMR Database of Lignin.
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FE R E BN 36 1T 2 #B TR O BRF

R - BEREEPRE
S Wz E TEBEE A

XC®IZ

AOFRIZET 2 B IS Tl . BEoMich, BEMEE A
L7cHEEAIE LTHOWOLNTE 7, ATRHRETO2HER I W ETREIEE
BT, SO S BB IT BELm A L TW B, BT,
FFHEVE IR B IR 72 ST OB 2N+ U@\ 0 L TR 0, Bk
OHIFMEC, BSCRHRIZB T 2B THINOH Y FERF L T2l h, M
BB OB R R B E, BHEROME DS 08T LWL BER S D,

AFa T, SEBHEDHT OMG &7~ T, FEIEEENNH OB T
HEEHZOWTHEIEFTREZ R, 2 E TOMFIEECRSCHER & i L, Bis
B FRICOWTHET 5,

1. FEMRVBEBFOBE

BERIWEETTRXKE 1 THICHET HrEREENNT, FEEH & T
(T AR HIAZE LT D, EHEERRE, BRI K 5 Ji A Scs & el
O ARG RICkENT, FEALICHIRVWER TH 5, EHNIRM ORI A
PERRER IR O T TIRIRHET IR > Tnd GB 1T (B 2 M),

HO TR FE ES ] BRAKIRO GG S Wz E ATEBIR AR 235K 23 4 10
H x5 AR 25 48 3 1 E TRIHA. [FIF 6 00 OBBUERT, Bkl T T
HD,

ARIOFEIC L > GRS E 28t L, HEETH D
T L m R Uiz, FRICHESCRHCT - 2R - BRI OBM A TR TH Y . L&
FEROMIT, FESE, R, KRG INTAREN/HELTWD, E, #iSCH
R - BRI D@ b 1K BRI SN TR Y . #CRRIZR T 5 KGF]H
DIRFRSH L& 72072, (F-452)
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2. FHIREE B Bk & BT A
2-1. UV DARDBEEE

Alal, BHERZR SN M TNV OAR (INTAR No. 113) 1, B4 7 U »
N OMESCRHC I O BEARTE R g (FEEEWE 6 J8) L0 L. Bt
EDOFERIT, 2890~2694cal BC GRESCEFCHHAZIEE NEF E T~ 0 7)
TH-oT,

FAE L TV D ARMIZRE S 113. 0 em, EA£ 3. 5em, L 2.5 enDAARTH D, -
JEIZ X VR L T DD IEFEICIIAHTH LA, B O < BREOLT 3em
it ChoTe B2 b5, Flnld 6 Fig T, BNENLTIAHATHD, KD
KAENILIC LY BAM L TERBY | WmEICIToOER (5E 1) 2SR TE T,
Bilebo Tl RIEECTH L L7, RS RIS, BEINLZONLE LT
R X T =D XM TIE R,

FEITIE, AREEICRET D HOED 9. Ocm 205 14, 5em O CTEHEF 9 Ak
ATE, (BE 2) AF, BREZIToEHA T, v 7 nRxa—7ThRE
WENMIE L TND Z ERERTE T, (BE3), {18 LTV REWME DT
FERIT, BTODLZENRHALMNE RS T,

Tk, I I XFEIVKROMNVEY ERY BNHERTED2 0L H 50, £ I3k
WHRIRDIEN > TNWDH DA Th o7z, LL, GBI 1)E L, 13FE—
EOWBTHLZ LES5FEX, AEROEITREZICL Db O LW LT,

I TCHEBSIRER L LT, AT LT T MBSO A2 Tk &
W (FEBEBFAAR 2006), FTEHE DX, BEEOH D UL HN 44
A Q014 M) HELTWD, 2 bid, MR omE Tht s LTHIH
SNTWEERTH D, MHEHERFZFERBIEIZLY, HWH DT 2200~
1900calBC (HESCRE(CZIARTEE RN . L H O T 1800~1600calBC
(ST IR EE ned] B M) &, FRSTRA R HIRTEED & P IEOFIFHIZ
RET 22 ERHBNERY | SRR TIIPIOHE & 72 5T,

TN L > TO STz 44 SO EIL, MR /N 7.5em, &K
19. 5em, ¥ 14, lem THo7- (FH 2013) (BE 4), MOBELIL, &/ 2. 2cm,
K 8.2em THY, <X 6.0em LFOLDOTH D, THEL, HOMKEEMO
BEROBRMIEIZER L, EARMICH ML 2512 EREEOMBRAIEE 5 HM
AR Lz, BmEEmH o vy ) o EEOREL . TEOHND
RELHAND Z LT,
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AHARTEHR DUV ORITEHRBIEEE TH LU, B MR FFEARRED
it SR, MESCRERELAIET R 12600 217 OBEARATH S (5K - BEHIE D 2012)
il OB X, b EREETOE ) EBEICRAINTCEY ., HHEMD
Bk &b D RAIRORIZES 2 S AL, BN PR RFEARE ORE R, #R3C
IREREHT (]9 9000 4271 Th D Z EHBIL T\ D (R EBIT HLE SO L i A
[ 2002),

ZOERDIT, BIBEHET 2B PR ENT, MR REAIICE TS b

O, BWOMREFM UIDERZ SOV L OROHLFNE, ZHETIETE
%ﬁ%@%ﬂﬁ%—@%ﬂ?%D\@@ﬁ@ﬁﬁ%@@k@%%@%@l&@
REHT, MSCRH I E CREZ T2 M ERH 72, A EIORIRHEEIRNC )
LUNTDOROEEGEOFRLIT, #CRERPEIZEICRRGOBEDRIZ TV
UNEB I, FRBBHR OIS IS EBEE L TIThh T Z L 2B
FHNCGER T 261 & 70 %, S OIZFEEM T, Mk o@mRS2AH L
7o &I, SN UL OF ) DR ORI, B ORYE Lo 7o
O THEN, JELOEIRIZ X - THERIITOIL T E - FHE2 /RS 2 EE e 54
AT s

2-2. RWifH & Ak

FA & BAERIOFRAFT DA HEDS | MR IRTEED & P IEO BRVERE (7
WEHE3E) b2 At L,

figrNo. 1045 DAHKE(FES) IXD-77 VU » b HE L R X 2. 3em | 1. 6em,
JEX0.25em TH Y, EEIRFZED 1.131g TH D,

FHRIIZERE 6mm DRIADNBAER TEE SN TH Y, BUEBTEREKET T

0o,
$§ﬂ@XﬁEETﬁ%LTw&wt®W%%Ei%ﬂ®ﬁ%ﬁ&wﬁ\ﬁ
EIRFFREVEREENF L 0 - L= R OFk - I ik o35 R RE L BELL L TR Y
CliN] S @1%@(%3m>C?E@\E%%%@R@%%Mﬂ%ﬁﬁhﬁmé
Rie b HEHK D,

fise No. 1065 OFHE (BET7) 1%, D87V v bbb L, £& 2 5em, 1§
1.5cm, JEX 0.3cm Th Y, HEIFRINEZ D 0.918g TH D,

R OIRTEET 5 RKMIE, £E 2. 2em, HKIE 0. Tem, /Mg 0. 05em, JEI
I3 KR 0. 2em TH Y, SIS TV, AHEO N 0. 05em DERSY F
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T, BERTHIENERFEL TS Z D, AMDgh & RN ERDHIEE
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TSSO HARTEE N S PEEO BRI RIE (FEIRHE 3 ). C6 7' U v Kb
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ZEPHBA L, REUDIZERBHIAT, BT TRELTBY, FFEE
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%%%%d\@oamﬁﬁmﬁ&%%%ofk&k %ﬁ’f@@%%%ﬁ
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TiX, BH ORI L 20T A0 IE (UNE198T), SO ETFTOXfE & 5729
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RUVMEF DGR ST D (REBENCSUBAASERT 1993), #SCRHR O S 1%, 3%
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¢ ABESEETHIELNH O,
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d™ A HESEME THES 220,
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£ BECETHHREZELERNS D,
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he AN FEC D 728 2 EH T 5 B D,

h ™ - AAERNZ B e B 2 EH 3 2 b D,

NHEZZ3E (N 2001) 1 3RESCRICBIT 55 2 2EANCHER L, $ARD5E
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LTCHEMTBYED TND EEZI LD, WEHIEEE 0. 3em FRE DM Z T
BY . RESDEEEZR20NETRIB L TWDA, 12 KEMR LIz, HEOBTEIT
LATHFUXFTRTHD,

FSCRFR OB, M Al > TRYET 2208 L | B 2 28 1T LA Tl
ET 280D 2 20355, Allxigs Lz 388 bICkEENORMTH 5,

MO TEIL, FFREVeiR BB TR A e I, MRSCRF AR ] & R T g
DFEEFIEOZRZERM U (LH B - [ IER (L - [1j# 1985) . dkifE o
ERH e PO RB B AT o 7o/ MRsERE (VK 1989b -+ 2008) (5 [XM) . HZNAYZE
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B & HUIEMEIZ DWW T E K LTcfirhERE (I 2010) ST X > TRIETEELHES
EIEOMIE ) HIThbTE T,

IHNETITONT D ER L BB TER E Zxtb &8 TAH D &, M
RERZEHIRTEE DN D EE L B 2 B H AR No. 1107 » 1104 OB O 7 —F FEHE
E. EEM AR MR ISR & LA b oD B O AR T EEEC, HiE R
RNLEBMNZEFI D 5 (A 1988), F 7B RZED ARG No. 1140 D X 9 7254
WEEESZRFo b D%, BRI EEIC A AL D DU [E & COAf A A DS B A & A 23
BRI L TRV, MmEENH OB ORRE & OBRIZ. 2 E TOMSE
R E—HLTWDHENZ LI,

3. MIRRICRIT 2B D BIEREE

T2 TR, MEBTEEINC R AL O RUER 2 RET D T2 O o bhlge kB
& LT, LG O & BIFERE OBIR 2RI, K] & HllkoMm 2 £ & o
7= (BE6X),

TSCRER P A DR IIYIEE T, AL COWDERIRRU T T 2 R E T 5,
Fro, BYEAOEFCCMHE BT, BRGSOl A R & . eI R
720N,

FESCRA B HARTEELIRR IS 72 D &, BEHTARDM I LI 5, £7o, HiARF
B HEBME O X 512, B DB & O RERINEIL S 203, TR UIBERH o ER
HThH, HHERSCER Y ERRBUCERNFAET 2, i SITEER Y B
DOEFEIT, HUICBBIENLIC X » TEREN RO,

ORI Tl SEA T 28063, ABRED & AT T I B FEIR L e
HAEENCHF L, BAE - debE - HAATIZARBHEHL TWD LW EWARZ T
<%, Fio, BEREGOBMIC, s o e, BISHT IIRIEER, ket
IR AR & Mk s, P B AR CTITHU R 29 25, & T OHIEER R b
HE D,

29 L7c g 22l o oL IR A IR ERGEBNCOW T, BT
KrERWTZERR 2N EiZfiliu T g (A0 1992) . A CHBgIZ B\ T | E
BIZ K > TUTERR 2 FIEOFEZBET RETH A I,

LI b, BB 0 28R L BIEREE O BMRIC OV T, S HOFEBI ) SRR, H
BB DWW B L T & 72, 2 OFER. BB HE RO R,
L —EORRICH D L[AIRFIC, HUB-CREEIR Z2Em & HEE L Tk, &
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MR Z R L CWD, E7z, BREIOEREBNZ BT 2 UM OfRERFHO L 512,
HIRN T O R E RMEHAN AN DB DAET D52 L bW LN E R T,

4. L LEHE

AR TIX, FEIREE S - U7 EEIF ISR 2 EEHZ DWW T, ek
DOWFFE-CHIBHF DTG & L L RO F R LTE T, FLdTHD L, BEH
WD TN DRBH L LT Z S8 - T, MSCRFR OBRIRE: BUE 8 23 ST
PR ETHED 2 &, FEERE LTEIFPIICGEH Sz, 2, #X
PR HIRTHE N S T IEIS, RINOBAEMIIRL T X7 7 v PR AW SR TV
ZENAGNERY . MCRRICKT AR OMEMEELE 2 5 ETHEE
BlL7potc, REEIZOWTIE, B & B OTRE 2 I RITIER DI TERCR 2 52
MU, MR 228082 6 . FIERTEENE &R OMET 21T o 72, B,
(ZOWTIE, HARSHIO B E 2 4o ff & & (TR L, #3fl & BIRREIE I —
DR AZROOO G, KRR, Hr) 22 =R O FE 2 fR i L7,

AT, BEAIL LTOBEORMbE D, @i ORI A L | B
HEGECEE O, IOFEM 2 E & OBRICER U, MEBEE & OYE0 Hikk
(ZFB T DB THAN DI 7R LB 2 fiet L TV & 72y, (F-452)

HEE

AfaEFLDDHITHIZD ., Fiad i~ LFEFEREN S OMEBUR, 8 E ZTE0
oo FLLTREHOEZR LIV, ¥, WFREIK S ETHE 7,

WAHERE A B e RBRE TERW AZEZ ST Sk
K SWEEHEWHES SWEETHBEZES

BECER RIS EHI O T L7850 STtz >\ Tk o %4 LEIE L)

WHIZZ3E 2001 THESCEEROBICOWT) Y > BT 0 b B £ TS Poe Al F it adh e —) e
25 WAL VT SR SERT

MIFTE-E 2010 [HESCOB] [k

SRGHEZEE TN 1986 [EIRATETRAR T € VB 4 WIEHHA 32

INEEE R 1987 DREBHEGEBFOARKG ) TATEZE Yy —F ] No. 279 == —H A = 24t

ANPREERE 1989 TR HIEEBIH B O RERGE ) TR TG - 20 5 BBR]  AbifpE s s et

b=
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IRSERE 2008 THBSCSUL O LBTEEA 0 il & = O HAl)  [HiEBBRFh st S aRprseii 2] 45 36 & b
EIE B AR AL A

UTHE X 1984 [FFREVR ARG BRI AR A S E— AT - RIEHR— (OFRE - 5% - Ri5) ] HER
HERAER

TEREPFRAR 2006 [FEHE 1] RALTR TS

g B - FUREZ 1994 ROz OE R [FFIEHE] 5475 KL

BAARZIE - REMUE—1EA 2012 TRIEREZEN O L v VoMo ) TREASEIFZE] 21 B AR A s

TREME 2013 [FEEEBIV B LBEE AR ] AR s

HikT 2 =BG 1988 THRAZEBIRIMTHA R Y] — BTG EES

2R RENL LM IERT 1993 [ARZRERKE, T s lhhHm]

FAFERAT MR SO LM AR R 2002 [4E 7 B BB AT SIS SO LI A

W EA - IIHER 1984 [EEROIME & BIFEORI - fEKEZ D <o T)  [FiBleRE RIS
W E—ATL#RY - RiER—] HERBEZEAES

PuMnEEE 1992 9 @EdL ) [AbkE A ShEEERARL —9 PR 7— 5 A 8B RIER] = ILRE
AEER
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7 2 FATBH BB A X K 7 ) R
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%3 FRERKREEB - R & Ak Gk 1984 2 —HA)
LSRR 2. BEUERIERK 3. RIFEAE T IEEFX

%4 HORE S FE (85K 1994)
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m | FEEER | %

o 5

=

B & #

* AREENDER

BiRAE
(fBL, @)

010 KT

CEFAR #ie
- B
P
- E A FATEE ]
I|b by | B
$icth
s HAB - RN
o| S& TE T R | kil
=) | R T | B iR
CH AR BERER-AE- L
i — Bt - Pkt
S WE
v | S| - bmizmme s | gEsLaE
T3 AR R
CEME 2
\Y% =
TR 0
o[ ()
CEARENZIED~ | 2N
—— VIiZEL, %8
v HrHT 2.
cI~VIiZEB2%4 [Bs[
— WRF

%5 INRSERELZ K DB RS (VK 1989D)

HEE 1 MK No.113  umak

BHE 2 JTANo.113 X EDHE
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HFH 3 MIANo0.113 EXEH (L) t~Afr/nRAa—
TEH (f) GBEEEETREIEL)

BE 4 TEEHEPO DL IAOER L GORBEOXT (T4 2013)
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dr]
m

fi#r No.1045

RETE

%

FLM&iﬁ%ﬁﬁ%E%%E(E)EX%EE(E)
1984)
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BFH T Ai#s No.1055

HE 8 Aflih No.1148 (fiv =)
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HHE9 AL No.1107 - 1104 (E2H)

‘BHE 10 A5 No.1115 (Ef) ‘FE 11 AHLE No.1140 (B2

%5 6 X #WESCHRFROBRL BRI F6] Z/HAT 5 ! !
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£
[iljii}

9
1S

BT 35 1T 2 ST L D LS5 A

IR KRR B T e RS AR
BiE K, KZ Ho, HE Tk

1 1XTBIC

BITH R LD RRGELE L TEAW S TR SN TE 23Uk’ d 5, 20
BWEAM L2/ En o<t L Tns, HELEBShEDT, ok
DNZBEFEL TN THY , 20RO bZM D ECIHEFICHEERTF
DY ThHhbH, 207D, KR - B D L I2BT 2 ECHEINO Fr8 2 iR 7
L2 LITEETHD, ARTIE. MBEENHE OB TED 2L FHTFIEIC L
DR E ATV, TROAME - fifE ), [Zotof e < MERER) iI2on
Tk~ %,

2 SHTREl OB

FAVBVREER 2 & 1 U= RSO R o » 30BN E, 8806 - BEECHG - KR -
WRHERR « RINBAEM 72 £ 2 < OBWIB R STV D, ARG L7723 UEHE,
UL OARFEEE (A No. 113) | BEAAH & Ak (No. 1045, 1055) , K
Uih (No. 1148, 1107, 1115, 1140) TH 5 (KiEH p. OO~p. OO FI -
HE  THIBEEBNCR T 2 SRR OBEBEREER 228) |

3 FIFEIZHONT

AEAT 5 T2 W RO 0 DA O EE 2 HEE 3 2 BV -G C/MS 70T,
R 2 B2+ 5 7 a 2Ak® 7 v a ot & ATR-FT/IR 547 Tb 5,
3.1 BS3fR-GC/IMS 547

BIZARBRE T CEE Y, FEFICHRERBRAZTEAT 5, BIX, —EBEIC
72 7% & MR FEVE M S S I BN D 72D, AN L COrdT 2 2 &8 T
X720, ZZTARIEET A (He HR) RPHK T, 500°C TEES 52 & T,
BBFEIXIE S DI VEROMEICHK LR 2R T 5, T L CHIELT
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O NIy % IO FEA BCEOHEE N AR 5, T E FERIC,
AN R BEARGBHZ O W T BV T 5 2 & T, MPBHTHRT 2 R 72
ROy % FLSHP RO HEE N ATRE T D,
3.2 ZuXksa B

yaAw s va IHEKEKEEWR L TRBY, REOREKH X 2 BT D 2
ET, BB Lo XTI, Yo Xk HilT CERIRTHS
DIHRD ZENTE D, NI =A% R CuM LIRS L L7, WFEE
LATA RH T A/ AT CHEME CHE T 2 THUOME L T,
FIBEITEBBIREORI B, RIBIER DY, s EFHTHZ L
TSR DA E7 ERix R EHDH Z LR TE D,
3.3 ATR-FT/IR 5347

ATR &%, #BHETAEIXIC 5 L T8 pm PU 5 O#FPH To~ » v o ZHIE DS 7] RE
Thd, £OH, 7uAt s g mia LIZiBHIx LT, EOEZITE
RMOMEINE ENTWDEDITHZENTE D,
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4 FHTRERIZOWT
4.1 UV ORBEEE (NTA No. 113) DL E-GC/MS 5347

BEGITAHE L BAWEOOITRERIL. AAREARLZBIRIZ LICRE o5
Frg e i L ¢, M — 27— 2R - L T\, ZO1HfMEL
T BEWEIX, BOFEEZ R L TEY ., Toxicodendron vernicifluum 8 OE
ThHZENHLMNE ST,

ZOUNTORITMIARTH Y | BEPERBZFERRIE ORI X% 4200 £

ﬁlj@f%j(ﬂifﬁqjﬂﬁf(ﬁ% WWRLTWLHZ EnHESN TS, 202, 2
7> 108.00 (107.70 ~ 108.70); 20140123 |/J7|<113 1 0_133mg.D¥data.ms
@ﬁﬁ®kﬁﬂﬁw/®ﬁ#%@&%T@L Al W2 Z EMER S LD,
Y DAREX A OH
e ©\C7H15 (O>H\
/ C1sHaq
‘ 10 15 20 25 30  [min]
HAPEA B
ﬁujc:Z?d—OZ.D¥data.ms
A
R AFEAER 25 30 [min]
42’/&08 OOWLJUD) 0522_38 TM-Qut—27d-02.D¥data.ms
S 20 25 30 [min]
" JJ\ " AK AJL oL
5 10 15 20 25 30 [min]

Fig. 1 Comparison of analysis sample and standard
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4.2 BB fT & Ak (A28 No. 1045, 1055) DEiR-GC/MS S3H7

fi#r No. 1045, 1065 DBEEWOHHTHERIT. EH 66 A APEAR & [FEE LA
BTHY . Toxicodendron vernicifluum DR TH 5 Z & HB/REB I T,

& 512 No. 1055 Tld, B DI T VL) A RRAT B A Ry bR S
Nlce TR A RRAT A R, RRITIHFET 26 THY, 7TA7 7

v MEOTZZ B, %68.0%“57%%%.‘753 2014080 E L4045 B0 o Slb g SN
H

No. 1045, 1055

C/H1s

/ Cq5H31

C: 2014011703 D8 1055Eﬁ§v€jj5MG.D¥data.ms

No. 1055 2 10 15 20 25 30 [min]

T AT 7V MRSy

I

5 10 15 20 25 30  [min]
Fig. 2 Mass chromatograms (m/z 108), TIC
BOEEIHH LEBEMTITICETHY . £72 No. 1055 1225\ TIE, B
T A7 7 )V MW TWE=Z R HEER ST,

4.3 AHL%  (No. 1148, 1107, 1115, 1140) DES3E-GC/MS 547

ARG A KOS HRER., TXTORBBEDOFELZ R L, Toxicodendron
vernicifluum B O Z BHEMELE LTHH L TWAD Z LR L E o7 (Fig.
3 m/z 108) .

129



AEIGH LIeARBRIT T R COREBEN I TR Y | BHAICFHH ST
W AREEEEE LT, R (FAbAKER, HgS)S o (R{bgk, Fe20s) D, 2
T, B OSHTHER D B AREAEETH D Wit /KERIZ Bk 3 5 KR DIEE %
MR LTce AKEUT 7RO LZERNARZ R > TV . AL No. 1148, 1107 O
2 OOREINKERE K TH S 7%@*E@Hﬂﬁxt~& %Za L7= (Fig. 3 m/z 202) .
Tk, RELEL No. 1148, 1107 14, AREBIEICEEIORZ VTS Z L2
TR STz,

Fo 4 DOREEIZT, TXTHAERSICHR L CEHEN#®RE — 7
(A16:Hexadecanoic ac1d, A18: Octadecanoic ac1d) EEEHENR Y — 7
(A6~A8:Hexanoic acid ~ Octanoic acid) OfFfE%E < L7- (Fig. 3m/z 60) . L
z)>L7t< Lt No. 1148 1ZZ LSO ARELE, & bk LT, R RO £ 7225 oA

bt —7 (Fig. 3 m/z 60, A9-A15) 3R S 417z, _@F%‘%ﬁ% 4 S>DREY
A ] S 72 AR IS DUV T KRB No. 1148 (3l D AR i%‘séﬁé@*ﬁd)
HAEZFIH L TWaD Z &R s iu/z, £7- No. 1148 u%@ﬂt (ZHH s
7RI Ch D L HERE S -,

130



':54/ 1UO.UY \7IUI.IU -~ 1VO.[U). ZUT4Uo0Z1_INO__ 1140 U_oUOITY.U\Udld.lTls
m/z 108 (No. 1148, 1107, 1115, 1140)

OH
S
/ C7H1s
/ Cq5H31
15 202.00 (201.70 ~ 202.70)- 20140321 No_1148 0_306mg.D\data:m _
m/Z 202 (N(51148, 1107)1 15 PR 12200569 min) 20|30215_1ﬁ E B-3 F Qﬁsgdatams ([fﬁ‘ﬂ]
— T 202
200
199
201
198
204
196
194 196 198 200 202 204 206 | 208

A7 §50.00 (59.70y7y 60.70): 20140321_No_1448 0_306mg)B\data.ms 5 [minj

m/z 60 (No. 1148)
A8
A16
AT A1
A6
A10
A9 A18
" wL

~ 4. bndg (5070 ~ 60 2014032 bigp_1140 015z D¥ datamsg -
m/z 60 (No. 1148 LI}) ?9 g ! 2 288 30 [min]

o L,

5 10 15 20 25 30 [min]
Fig. 3 Mass chromatograms (m/z 108,
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4.4 ABSE  (No. 1148, 1107, 1115, 1140) D7 u Xk v a U 45Hre
ATR-FT/IR 5547
4.4.1 No. 1148 (/) OHTHER

ORI BEZE 4~ B CTEREIN WD Z ERERTE - (Fig. 4-1) ,
IEARIBETH Y, TOLIRROBEOL IR DEBENTH D Z ERHRES
NTW5, e BIZIZEROPZENEE S TZERIEDN W OB IFEELTVWA D, =
NHNAED XD 7l ST L THCH D EHER L, F-dEb e@o—
HMTHDHLENEZOLND, e~a BED ATR-FI/IR 430 OfE . ¥ L Rk 2
X7 hnESRE (Fig. 4-2) . Db Z &0s BELIERIED ISR %2 Y
FIAFERTARRO B DEHBEZOT TH (e, 300 nm) TR L, Kk Tl [H
ETHIZOICETTFED (¢, 10~20 yum) = L7z, L2 L, ZOBRICTERY O®
DR O THIUZIRBZE L CLEW FHEESIZAOME (d, 10~18 pm) B3Rk L7 &
EZbND, TO%, ABETHERY (b, 4~12um) % LT, &EISROEE &3
ZIRECRABED FBY (3, 10~18 pm) &M L7- EHEZR L7z, 2557
-GC/IMS it OFERD G, Z ORLEL OFREBEITFIH 40T 5 BRI KERE
ThdLiERTE,

Vsurface Japanese lacquer
a

- |
.I“.-'Vj e '?‘ 20 lJm i 4000 3500 3000 2500 2000 1500 1000 500
(=S PR R e | Wavenumbers [cm]
Fig. 4-1 Pictures of cross Fig. 4-2 ATR-FT/IR spectra of cross
section

4.4.2 No. 1107 (B4f) Do HfsF

ZO®GOBERIEIL, KA 2ENEINTEY, REMORERE (a) OfF
JE1X 20 pm, FREOREE b) OFEEIL60 pm 72572 (Fig. 5-1) . Lol
TNENDOREE CTHR CE DR FORRITE > TnD Z Enbhrolz, &
mHOREE (@) TR XK THLDIZxt L, FEORERE (b) F ok

132



FIIHERTH D Z LR CTE o, BV iE-GCIMS TSR AREaBE
DKERENFELTWND Z ERNG-oTNDS, £ FTEOKREOE (b) TR
o X5 ekl 1-L LT, REEEOFRHTSA TRPZ S D Z R bH
TWb, ZOL PIRPFIL, BHUCEBRT DT T 7 bRk 28R LHE
HLZEBRICEK S NS DO Th D, MIBHENNIIKEHAT 2 H 0 KRG ERE DT
FELTWEZ 0D, AR ITKBICHE - 7231 IR 2 BB LR O AR &
BEICHIH L7z LR S5, ATR-FT/IR Shr ofs B, 458 TEE & ARk 72 22
7 vt (Big. 5-2) . U EoZ b, &8 CREaER S BRERE T
BEICFIHLTWD Z EARB ST, A MITREE TR R RE T
RNTeOIZ, ZORETHRINE AW ZIC K0 BRI 2 72 D7k
EFRELTL LB I OND,

Yy surface

Japanese lacquer

a

b
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers [cm-]
Fig. 5-1 Pictures of cross Fig. 5-2 ATR-FT/IR spectra of cross

section

4.4.3 No. 1140 () D5Hrk 5
ZOREOBIEREIT. SETRET, 095 2 BITRAERENE S LT /ER
INTWDZ e Tz (Fig. 6-1) , £72 ATR-FT/IR SHrOfEHE., £ T

V¥ surface

Japanese lacquer

........................
«

= -:‘:" s W ek b

# x . R I c
| ".l . s ¢ b",' g
'«-'\ & ; st C
@ e

R 4 50 Mm
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers [cm1]
. . 133 .
Fig. 6-1 Pictures of cross Fig. 6-2 ATR-FT/IR spectra of cross

section



LR A7 FARNELNT (Fig. 6-2) . Z OHRGOREAEETICTEE L
TWDRL AT, BIRZ L TWAD 7D, A RPN TH D Z EnHELE ST,
Dbz &t 1EBHIZAEREZH - TH#HE®Y T, 2/8H - 3EHITE L A
RN ZIRETREABEL L TWD Z E R I,

4.4.4 No. 1115 (B44) D53 HT#E R

ZOMBEOMFEEIX, BXF 4B TRET, 3BIIRAEBENRD D LERTET,
SRR E NG D 2 E SRR D o T2, BB Y OWEIKENR LR
HIOENRBY LIl CTh D LRI (Fig. 7-1) . £72 ATR-FT/IR 5347
DFEFR, By THRERER AT sangohniz (Fig. 7-2) . Zh kil
OERITREIE, T8V (Fig. 7-1d) (4R, Rl (Fig 7-1ca) (/RO
EBRERE TUT- TND LRIz, EREBEICHW LTV 5 BN,
KL REDHRIRE LT DT, A IR TH D 2 ERHEE Sz,

- Japanese lacquer

a

b

C

o

4000 3500 3000 2500 2000 1500 1000
Wavenumbers [cm]

Fig. 7-1 Pictures of cross Fig. 7-2 ATR-FT/IR spectra of cross
section

5 £¢9

AT LT S Wiz Eif

e T 2 | aE% P
%?:F%YDJE%@ 8wz 113 YL A — )L
WT, ULV OREEE O | 1045 | v A4—u — —
TA No. 113), #RHespffx [ 105 | vl | — —

. 1148 | A —)v | 4~5 %
AR#dg (No. 1148, 1107, | 1140 | DA — 3 AT
1115, 1140) 1%, v A— LIS | vleA—/b 4 P AT IRFA
O e P T e ] Table 1 Results of analyses
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ELTHHEINTWA Z ERHoIc ST, EARRMIX, B2z
THEMT DI ETHON2OREH L TS Z ENRBI N, B S
TV DEEHT, BICREANZ B KB HR D& (HgS) Cfekek (1) 2
55 I (Fee03) THH Z ENERTE =, T LTINDOREHEEOFIH
FR ORI L > THEW ST TWEZ R EZ NS, £450E0H LR
BHZFBW T, RIRORLFEENEREZ L TWDH oo, AW p N oOfEEIL A
TR TH D Z LR TE T,

PNA TRIFNE, HHIWZAERT L7707 bl ko TEREN D, 72/
TREMClE., AKBEBLRAINTND Z D, YEFD A & 13K HERE
LTS TR A FIH L TR OREABREZITo> T Z ERHRI S
D

PLEDGHAER G FEIBHEEINCE O TR A S SCFR o8I, 3
ZRAHLTWEZERHLNI -T2, S Z0BIZ. BARIZAEFT D
Toxicodendron vernicifluum DR TH 5, T70bbH, BAROMIRHMRITED
BIAERBLTRBY, MXANTIBEOFELZHFEL CTHHLTWEZ ERB 2 b0
Do

6 HiFF

SHEREZEEL CWEEWESWEEH#HBTEAES., SV Eiiaiiid
DOERICEHILEZR L BT E7,
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8Sr/%Sr tracer (2 X 2 BRDPEEHHERE IZBE T 5 EAEMFE
R —

i WFSE H Y

H A KRZSCHEEOERRK OB (2011) 12 XUE, BAK R X OV [E %
HOBEED L < OFEHL, ¥7Sr/*Sr: 0.71000 Z 521 HARFER FIEER) 13K < FE
PERR (KBEFER) Xm0 Z /R LTz, £72. BARENIZEW T & HIKIZ X > T SrlA
PEARICZER PN A U, 2D OFERN S Sr RNERELAIE LT K - CTEBEO pE
BINFRETH D ERB S LTz,

AARDOEIL, BREEHNIC X > TEBRREDL S, 6 AFaNS 7 ARSI
DZEYILEE, 7 A TG 8 A MICER SN b DO ZKNE, £ L T9H Efnrs 10
H PRS2 b DERDBEEMETND, 2O 3FEOENF L L CEELDOEBY O
EZEIZHW DN TEY | KO ESCHMENMEZ IR S 5, EIERKOBFZE Ttk = &
O Sr [FINAR AL A 3B - 7228, [Fl— il D 3 FE OISR L CEBRZIT-> T2 Redo 7=,
Z 2 C, AW A ARPERBIE O T — X BN & 3, SEREEIC K 5 B ARFERSBIEO Sr
RN AL DRER Z AT o T2,

Sr [RINZAAREL A TR DFARNLIE R (2 B85 % E. Dambrine & O (1997) 12 &

i, BRI VERET ST 780 Sr RNLRIZFRMIRICAET T 5 MoBA (2—5
U, =) LERD S FNLKRLERLTEY, FFEOEMICAERET D LD o
AK@%@&Hﬂ%%@%ﬁ%@#éﬁmﬁ&@&tﬁ@ﬁﬁ%ﬁ%#é & DR
BEnbH, £, EFTEORE R PICKHT D St RO ARSI, =—h
U o= MBI VM E TRBWIN 21T > T\ D & Lz, HHEOSE AR5 Sr
FINCAR L D28 (kI Th. Drouet & (2005) <° F. Castorina ©» (2008) T [RERIZHE ST
B AROREETWICH LT Sr ALK D e 2 /MR (RACCRER) nEE+
BEWTHEL LTSN TS, LML, iRz 2B G mo 24
D CHRIEZR N, PR FEER & L CARMFZE ORI CTHEAE L TV D U by ) FDHE X,
AEHLEED Sr FNKRIEZRE L7 ZAIRICE L 2R 215 TEB Y . MWIKOSHE
FFENZHRT 5 Sr [FANARLZE L D FREMED 5 Tz,

= ZCARBIETTIE, BIARD TERE A IS 5 Sr [AfLiRZ k) & [Sr[AfLiREED
FHIZE)) ICOWTHRET 272012 1 KOBIAD LR (B - ) 2EAHI LT Sr
RINCARELIIE 21T > 7o, BRI OBRIUATREREIY 6 A5 10 A ERIE TER LA,
S bl %ﬁiﬂ_<ﬁﬁf%ét®@@%%% WIST 5T gL, £, BEMEN
EBEDORKIGRDBEEET — A 7 & LTAER M (FEfi) OEsFEREZ1T-7- P. Stille

136



5 (2012) OHAEIZIBNT Sr FNZAA I I WHT LWAERRZ EREETEM I D b
KEDHBLZ TRoTWE LTS, ZNOLZEX T, BARSICEHETE 2t %
FhRxtge L LT,

i ekl

AOBHT ., HEEPIA HICHEAEL TWD UL B OB 2 F (Toxicodendron
succedaneum) % xfgrL L7z (Fig. 1), AL AFRE L7244 0.5 225 2.0 m £ T 0.5 m [z
TN L > THRZTRE 2 eom HID fE A ERIL 72, 7ods, 2 HICBRIRL 7B/ &
2.0 m DB AL E LTH W, Eio, iR e LT, BB 2 PRt A E
LTCWADEIARS Sr [RNRLRIEZTT 70, HERKICE D & PRttt & 5 HEITR]
HIEHH (K9 170 T4ERT~T0 4RI OHERSF TH D720 E / F 28R L2 PIA
TP (B 8T i — 528t < 1 U7 8000 4ERIT~BI/E) LV bmWEIE I RS D & TS
N5, PFHEOBAZ, RO O 1.0 m & 3.0 m ONE CREHRIRAZITo 72,
Bz, ~NEFD St [FNRAROEIR & 720 5 LK, K, HFKIZONWT
b [FIRF I E 21T > 72,

Fig. 1 FURMR IR CHROACHPIAS 1)
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iii ) R F-15

Ulrasonic
60 min

______ '\

| |

| soil | o m

| 1500 mg JI

______ Centrifugation 40 min
| 1M CH3COONH4 aq and evaporate
| | 30 ml
| Branch, Bark and Llef |
| 30mg ‘m

Sr resin

20"0/ Gh

(UItrapur) 2"33:"?3 aq
(Sr IO;l“ng )
l
IZO"C/II h | _I\i(_:_IEI;_M_S_ |

Fig.2 ALELEFE
3-1 BB OFITALERL

B (AARFEER, PEERB L O N LAER) OAREZHHER CELZ%IC
Toum 7 7Y r—2—TH T AP LB LU T=, &% O L7 - SRR T CHalE
L7282 milliQ /K TRl 2 M nlPeis Uiz, Wltt, A A (7% 3%k No. 10) & H
WCHIBEL . 30 ml PFA /31 77 /L1Z 100 mg & Y B 72,

IR (BHLS: Ultrapur, d=1.38, 61wt%) 6.0ml & jx CHEE W BEF 10 43I T -
Teo ZD%, BEHADTRET 120°C IZRRE L7eA Yy h 7 L— o BT 11 R L
THEWE oS E -, SHICEZBITTI30°CIZRE LAYy 7 L— D ET7HE
FINEA L TR & BB L ORLE 21T 72,

RO IRPUZIS U TR 2 AV CRRASEE 10 iréﬁ%%ﬁ? LR (BARb: Ultrapur,
60wt%) 1 {réﬁza:»bnz*( *””Wrﬁx%ﬁ%ﬁ%ﬁ (ZHE< 72 D E T ERLOE - WEEE
IR LT, IRB, ﬁﬁk%anﬁ_/\ﬁﬁF]@éﬁzﬂ# 140°C, HZ[EEERE 150°C (24 > b
7L — hEE fELto

PRI, TM RSB 1.2 ml (SR fiE S8 72 (Sr RNEARLEHEIEIC 1.0 ml, fE T3R8 HE
IZ02mlfE L72),
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3-2 B - B - R - BEDORTLER

B - R - Rf - BEA Sem FEEEYI D BUD | milliQ /K THEVWET., TIPS 40 4[]
1T- T, REDOHNZFRE LTz, 140°C IZRE L7z N T 2 H#F'ﬁﬁak;&é’d‘f v
% 30 ml PFA /XA 7 /L2 30 mg & 0 Bt o7z,

e (B9BELS: Ultrapur, d=1.38, 61wt%) 6.0ml Z 1z CH#HEH YEE 10 /01T -
Teo D%, HEADTREET 120°C IZRRE LT7cA Yy h 7 L— o BT 11 R L
THEWE oS E -, SOICEEZBITTI30°CIZRE LAYy 7 L— D ET7THES
FINEL L CHEEM % FRER L ORLE 21T 72,

O IRBUZIE U TR Z AV CIRAEEE 10 ERRE L mEER (BI85 Ultrapur,
60wt%) 1 ﬁﬁ%‘:bﬂz“( *””V\m TWOHBEMINTERICEL 72D F T RO - fEERE
VIR LT, Teds, WHEIRER &N X T2 O FREERE 140°C, Hz[E#RERF 150°C 128 v b
7L— N ERIE Lf:o

BB, TM RS 1.2 ml \CIRiE S 72 (Sr RNEARLEHIEIC 1.0 ml, BRE T3R8 EHIE
Z02mlfEAH L),

3-3 THHEOFTLE

15 5.0g % 50ml EILEICE D Y  milliQ 7K 50 ml Iz CFH#RE 10 45 T - 7=,
D%, 304 Fﬂi»b/\%ﬁ (2,000 pm) Z1TV, EEAREE T, 20O milliQ /KiZ X
DU EEL 3 RV IR L T T,

WIZ, TAIMO EIZEEHZF LT 140°C 12 E L 72 RE s N T 2 REf iR S w7,
HofEE L7230 % 30ml LDPE AR MV 1.5 g &V Elo 7z, IMEFRT o E =7 A/KIEHR 30
ml Nz TEF G 60 /71T > 72,

Han i Ltk EBAWLS5.0ml 2 EXy hTmLEICE L CiaEL4r8E (9,200rpm)
Z 15 T -7, D%, 30 ml PFA A 7T VZFHOENy hZHWTEEZFIL L
77o 120°CIZRE LAy F 7 L— F O ETMEL THE S B 7,

BRI, TM ARSI 1.2 ml \ZRfE S 72 (St RINAREHIEC 1.0 ml, & o3RI ERE
Z202mlfEH L)

3-4 FE7K - fA)IZK ORiTALER

7RIS L ONAIZKIZ, BRERFIZ Millipore fHEURTALEE T ¢ 2 7 (BIKYE PES. L 0.
45 pym) W TEHIFEZRE L721%, HE8 (Ultrapur) & 002 CTEEME(L L 7=,

AEEE (97K 100 ml, (17K 15 ml) % PFA /3o 7 VZEIL L, 140°C IZ3%E L 7=
By N L— O ETMEAL CHZE S 7o, &%, TM H#2 1.2 ml IZfRSE 72 (Sr
AL ECHELZ 1.0 ml, PR CHRIRERIEIZ 0.2 ml EH L72)
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3-5 MC-ICP-MS (Z X % Sr [AINEAARLLHIE

~NFal sy g —REREEE T T XA~ H il (MC-ICP-MS) (2 X% Sr[FfZ{RL
HIE IR, LB OFREHARL (TM HNOs) 7225 St DA 43HE L TRIEZ1T 9. AWFZE
Tl Mo EILFENS Sr it 5 #:FEIZF 1 T Eichrom Technologies #1:5¢ Sr resin

(50-100 pL) #{#H L7z, Srresin (% l-octanol H{Z 1.0M IZFHHL L 7= 4, 4°(5)-di-t-
butylcyclohexano 18-crown-6 & FEIXN S 7 T 07 —F /L Toh U | SrfillHH J) I AHERYR B
OHMESLITHINT 5, TAh V&R E St UANAOT VA Y HFEE I, Srickt T
Srresin (25 L TIRWEFIMEZ 7R L, RIS St DA F 2 BRITIEV Ca O IX, 7V
AV HEEBROT TR UK, ZOLOMEHOFEEENRZNE THRIND Ca bR
St & BET D 2 ENTE D,

AEETIX, 77 DT L 72 Srresin 0.5 ml % F51 L 72# . 2wt% HNOs 3.0 ml, 7M
HNO; 1.0ml Z¥#I LT Srresin D27 v a =T &iTo7-, = LT, AiLEEZD
AAEHAR (TMHNOs) 1.0ml &2 —F ¢ > 7 SH72, ZZIZ TMHNO; 3.0 ml ZiM L
THOWEITCHREZRE LIR., 7T LD TE% 15 ml PFA /31 T UIZZE 2 T 2wt%
HNO; 3.0 ml Z¥sII L Sr A ZEIUL L7,

HR KRB SERTIZ & 5 Micromass 18! IsoProbe Multicollector ICP-MS (2
& o T Sr FfLRABIE LTz, HIET 58 &#T 83Ky, 84Sy, 85Rb, #Sr, 7Sy, 8Sr & L
72 8Kr D 5REEZ T =X — L7222 348r, 8Sr D & 72 % 84Kr, 86Kr D
FIEI TR 72, SRb OFREEND Rb OME 2 HEE L, ¥Sr OFRE 2 M1k L7z,
B EZERNROMIEIINEMIELIC L 0V Tolz, T7bb, OS/8Sr O SIfE & | IR
il (0.1194) 226, MHIERIZ X VRE (7 A0 7 24550 KD, ¥Sr/*6Sr D = IfE
EAIE L7=, 7. HEUEME & L C NIST SRM987 50ppb  (¥7Sr/*Sr: 0.71025) % {i ]
L. FEHE & HESHE O =D DA IEZAIT o 7o, UBHRIE B O 0 IR L 43t o L5l
1% 0.71039 £ 0.00009 (26,n=45) TdH o7,
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Table1 MC-ICP-MS | & 418

Operating parameters

MC-ICP-MS IsoProbe
RF Power [W] 1350
Acceleration voltage [V] 5998 - 6033
Coolant Ar flow [L min™'] 14.0
Intermediate Ar flow [L min™] 1.00
Nebulizer Ar flow [L min™'] 1.000
Desolvator Aridus

Ar sweep gas flow [L min™] 3.54-3.76
N, gas flow [L min] 0.05-0.13
Solution uptake rate [z L min™] 60

Spray chamber temperature [°C] 95
Desolvator temperature [°C] 160
Analytical parameters

Cycles per block 70
Number of blocks 1

Sample rejection [%] 5
Integration time [sec.] 5
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v )it R & BER

0.72500
Vietnam
A
0.72000
China
:0.71500 - -
& A
& Japan
*0.71000 °
o o o ® 0 4 4
o o [
0.70500 oo O 0 o o
0.70000 — — b
al bl a2 cl a3-1  b3-1 c2-1 a3-2  b3-2 ¢2-2 a4 b4 3 as b5 c4 a6 b6 CN VN1 VN2
Iwate Nigata Ibaraki

Fig. 3 & pEMIZ IS 1T 2B Sr RN AL

FERNG DB, ¥7Sr/%Sr: 0.71000 % BEIZHIEER (HARPE) 6 L UK REERR
(FE - XM FLE) BRAIENT, £, ARENOBRBEA T 5 &, kbl
B DS ETF IR OBEREIL, YSr/*Sr: 0.70563 + 0.00022 (26, n=10) L7210 fhoH
IR & IR OFEHT A TR IRV ME Z 7R LT, BT IR & KRR OB IR,
$7Sr/%Sr: 0.7086 - 0.7093 OHELFHIZKE RN 04 L TRV ITVME & 72~ 72,

VERRICORFZERE R L i3 % & B FIREB LORWIR OB, Rk Sr RN
teER LIz, AFRIEHNTH L L5225,

Entries 5-10 (%, & TR P HiETFIBEOWRLE, BEOB, K% 2 EHIE L
fER T 5, Entries 5-7 1X, ALER A FOURFHEMZERT (ERD) O 2 U —2 /b— AT
1TV, Entries 8-10 (%, RLEZBIARFNA T2 - U —F & % — (HTRC) D7V —
VRUTFHToTe, ENENELEE LT Fig. 4 75 A THnnlm 0 SRERE A R 5
BB Sr [FNLAREEZEDS, 1 x 10° ~ 4 x 107 L7 o7z (BT —"— %, HIEY
H OIEAEYE NIST SRMI87 D 20), £/, FHEREIED Sr FNKEIT EH ©H TR
AT TBRIC S ARLER, B, KILBEDNAZ Sr A3 & < 72572,

142



0.70570

0.70565

Sr/Sr -]

0.70560

0.70555

A2 CE 3% Multicollector ICP-MS DOHIEREEIL, 5 x 10° THHD, 2ED
MAERFNE S 25, 2F D ABFZEICEB W THIA KRS HTRC

0.70565

0.70568

0.70561

¢

0.70562

4

0.70563

Hatsuhen lacquer
(early Jun. - mid Jul.)

Fig. 4 ETFREROYRLER « B - KILED Sr AR

St [FINZAREEIIE D Z21E,

WCHR L2 Z V=0 R_ROFTHERD 7 ) — o — A & R OBRE N CRIAEE T 2
HI e ENT, B X A ICoN T Sr RS ERH LR LY, X
SIZHRIE D 2 DO (KR HX & R FEHX) CRARICHHLE, ARk LR I3

538 L= (Fig. 5),

Sakarihen lacquer
(mid Jul. - last Aug.)
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Suehen lacquer
(last Aug. - last Oct.)



0.70940 ¥
0.70935
0.70920 070017
-
7 0.70911
=
£
0.70900
%.70986
0.70891 070889 4 Hibara
: -‘- Nakahara
0.70880 } } }
Hatsuhen lacquer Sakarihen lacquer Suehen lacquer
(early Jun. - mid Jul.) (mid Jul. - last Aug.) (last Aug. - last Oct.)

Fig. 5 HrBRPEEROYRLE « BENE « KD Sr [RINCIA L

A FROBBEREIC, FriBROBEE S 3 FEBEOM T Sr RN AR L) R
ST, FEJEH X BSD A e B AR — 5 T, RIS e b m OV ERE A R L
7o T ORERD D AFERRERED Sr FNAKEEAZEAL L7JRIRIX, 2 DO RIEEMEA/RIZ X
Teo £T =D TEWZIEWVHUBIZA T T 58T, Jilx DKL D OERINE V72 "THEME
S HIZ TEE O Sr [ANCIRLE A ZREIZAS) L= FREME] ThH D,

B RAT B g X O RHIX O HVE X 2 i35 & BEEOHENREE L T\ D
eSS (Fig. 6), b i\ OHUE T 1 EEERT~6500 J4ERT (AW Oft
R L DVER A — Ji e b 3T LU HIE CHI 1 75 8000 4ERiT~BIME (14 1 55 fh—52 B i)
FTICEREINT-ME L H D, Sr RN o RS OBl 2 7R < K95 7=
W, DX D IR TITER 2 km #IFHRE THRE S EBENE®T L, Ll £E
T IR REE PR DRI I ORI L 72N L b B DA, FHLE, BELER,
FINEE B 2 DRIARD HERIL L7272 01 St RINAREE N EB L= & 5 2 D AlREMER & 5,
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Fig. 6 & « U X o0 B [
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3TEDOBIIMFEHAN R LT &Y | MR RS, Fl2IX, WEOZWFHEIC
B SN TWDBII ARG ENE L 2D ZOBKRIEER L HITKGNRETL Lok
% ERGIRIINEERR 3% < 725, ZO XD ICHRITFH OBV Zb 0 ITHE L THE%
BlbEd 5,

UV ) XEII LD & T LML, TEARRT DAY - i O Rim EITAE
LTS TR ERFEN DK DRERZREZRINL TEY | ZOKRSITEML TW
% St (K¥EVME Sr) DR D Sr RINIIR 2R T, BMHOKEL BMKEEINSH TR
DAL (2005) 12 XIUTHESIE (%) & HEPICE TN D ZHME St OFEIX, FHA
BfRICH D & LT, & BITERRROFERE ICB W CTRBRICHRAE L7z & 2 AR, B,
EeO St [FNAREL I T B O ZZHE St DBEZ KL T\ D & LTWD, ZOWER
RV EEIKIE, EORBFITHFEAEZEZ LTS (K, #HFAK, #J11K),

B DD HHAKFD ¥SASr IOV THERE LTS T. Nakano & (2006) (2 KAuiE

TR DREETI V2T L DFEIZ L o> TRENO Sr R RE <R FHI LI
BUENEET 257 L LTW5D, EZOIX. BAREND 5 » Pt (FLIR, B, =1, 50,
REAR) (2 CRENOBLIAZIT 72 & 2 A Sr FNRLEOFEIZ B A R Iz (Fig. 7).

146



SAPPORO MORIOKA

0.71000 0.71000
o - r”*\
. 0.70900 ' 0.70900
& 2 N\
(o]
< ave. 0.70852 /. Q. ave. 0.70844
(/) 0.70800 ¢y 0-70800
5 v S
0.70700 - - 0.70700
Winter Spring Summer Autumn Winter Spring Summer Autumn
TOYAMA TSUKUBA
0.71000 0.71000
- o
S S
) ave. 0.70938 175} ave. 0.70911
&' 070900 Q070900
~ =~
7 7
& %
0.70800 - - 0.70800
Winter Spring Summer Autumn Winter Spring Summer Autumn
KUMAMOTO
0.71000
-
0.70900
— “—
& ." ave. 0.70885
o
=
() 070800
N~
[ee)
0.70700

Winter Spring Summer Autumn

Fig. 7 ref. H A[EN O Bl O ZEHi L 8)

2D XD IR AW CHERR SNV BB O B 72 D BERAR O Sr RINCIREEIE, B
ik O B CHERR AT S T2,

« IZKFS X ONRJIZK D Sr [FINZAR EEHE
B FD Sy [FNIR L FRTIZE R L O E T 2L OER & 72 % Sr BRI OV T,
T.Nakano & DO (2006) 123 - 72D Sr RN L ZEEZBNIC SOV CHERR AT > T2,
NI A OLEEZxT HRAKDOEELZFA L= B. W. Stewart 5 O#HIE (2000) 12 L
SEXEERIBERTEDY 1400 mm %8 2 5 MU B\ TR O Sr [RINREE S T3 0 il
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CRELSEEBEE G2 KROREFMOENENSZE L T LE > TV DL AR & 57
& LTV D, HUEERPIA TS ALE T 2 FH AT O X FERIFE N & (1976-2013) 1% 1490
mm CTHLHEZOFEPUEIETE S, 72, 3 AL 9 A EF TORGTREOKRNRE (F
M) & ARSEER TR L7z RZKGRBHE & el Lo, BIARDZWGET TldRk % BB T 5
BIREIZ AR AE D | FERLR DB T TN (BIEEN) & i A {5 - Tt 2 Bk
(BT ZK) 12l Dd, 2D X 5 72B%h b lKENH Z > 7 NOKEN B9 5 2
e D, 70 EORITAE L TV DBIERSCERAITIUD & Lokkx 2 DR -
OYPRIED DSRNRICER W A E HL, JTERORAKDOKE L1382 Z L0835, MAKRBILE
ERBITREORNE (FHETH) OL#EZ /R L Fig.8 "o on5b@b, — iz T
J& A CHIBIMER RO T, Sr FNALHIEZ1T 5 L TREN W LVRIBEN
776

250.0 3,000
246.0

Rainfall [ Rain water

2,500
200.0

2,000

—
0
S
>

1,500

—
S
S
o

rainfall in Oume [mm]

1,000

water volume in raingage [ml]

7]
S
=

500

0.0

] ‘ 405
1,340 1,250 750 2,4
n.

Feb. Mar. Apr. May. Ju Jul. Aug. Sep.

Fig. 8 /K[ & & BN & O AR

(1)
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KIS L ONANIZK O Sr RN ELHIE OFE R I%, Table 2 38 L U Fig. 9 IZF2 L7z,
Table 2 [7K35 K ONRJIZK D Sr [FIAZAA HLAE 5

87 6
Eniry Name Monh  Vokmo fud] St/*%Sr [-] StdDev. SEm V]
raw data corrected value” [70] [7o]

1 Rain water (Hamura city) Mar. 15.0/500°  0.708034 0.70790 00153  0.0019 23
2 Apr. 78.9/2010”  0.708493 0.70840 0.0089  0.0011 43
3 May. 15.0/420°  0.708561 0.70842 00113 00014 35
4 Jun. 127.1/1340°  0.708608 0.70852 0.0082  0.0010 5.0
5 Jul. 100/12507  0.708358 0.70823 00113 00014 32
6 Aug, 100 /750 0.708279 0.70815 0.0101  0.0012 4.1
7 Sep. 100/2400°  0.708857 0.70872 00110 00014 32
8 Oct-Nov.  100/2400°  0.708641 0.70851 00138 00017 2.8
9 Tama river water Feb. 15.0 0.709304 0.70917 0.0145 00018 1.8
10 Mar. 15.0 0.709191 0.70905 0.0108 0.0013 46
11 Apr. 15.0 0.709559 0.70942 0.0084 00010 54
12 May. 15.0 0.709428 0.70929 0.0075  0.0010 5.5
13 Jun. 15.0 0.709577 0.70944 0.0084 0.0010 42
14 Jul. 20.0 0.709716 0.70959 0.0102  0.0013 46
15 Nov. 20.0 0.709675 0.70955 0.0097 00012 4.1
16 Well water (Hamura city) Nov. 100.0 0.707938 0.70780 0.0064 _ 0.0008 7.5

a) Raw data was corrected by measured ratios of NIST SRM987.
b) Sampling volume / All water volume in raingage

87Sr/8¢Sr [-]

0.70940

0.70890

0.70840

0.70790

0.70740

0.70955
0.70942 0.70939 A

0.70924 0.70944
0.70929

0.70905

0.70871

0.70823

0.70815
0.70790

0.70852 - 3,000
0.70842 0.70849
0.70840 |

= 2,000

0.70780 N
2,01054 420 &&1,340 81,2508 750 &82,400

Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct.-Nov. Nov.

I Rain water (volume) =Jll= Rain water (*’Sr/*Sr) —#k= Tama river water @@= Well water

Fig. 9 Fi7K. 11117k K OFEF K Sr [l o e 6
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Sr R HCHIE 24T o 7RG . IR OEAEIE ¥Sr/4Sr: 0.70836 + 0.00051 (20, n = 8)
E7RY . — I TIIK DAL TSr/%Sr: 0.70936 + 0.00039 (26, n=7) &72-7-, MK
X, 2TOBEAICBWNTIKOEME L Y K<, ZEBENSRKEWES X5 (YSr/*Sr:
0.70790-0.70852), F7-. T.Nakano HD#H (2006) (Zd -7 K 5 IZMmalE & & ITHE
REEAIC K o T Sr FINIREE D E®Y T2 Z L 3o T2,

RZKEIN A & bl 2 &0 Mkl & HISREDZ WG AL Sr [FfrfR2S B L,
[ZRN DD 22 WE A IIEMEAME T S L < IEEIMEDME T Lz, WK Sr RN A3
EE)LTZRR & LT 2O BRI DR AT T b, )1 Bt - it - Tl
SOHEREY) & )IKIZHOWTIRA L7 BEEIEEE (2011) O#EFHN LiuX, L)l
DHH FT CAMIEFE R 22 5 Sr RN &2 R AKGRERCHERE 3 5 Z L Ao
7= (Table 3),

Table3 2! LD Sr FINZIALL

Sampling area No. 3§r2°Sr Rock types 37Sy/30gy

TR 1 Aok = 0.70524
—Z#N 6 0.705695
HR N 7 0.706341  HEfEE 0.70531
L5
D i D& g 0707262
Al
& 9 0.707405 HEFEE 0.71209
FE NI 10 0.709199
1Nt 11 0.710101
BAN 12 0.709281
2 13 0.708882
NAIRSTLE 0710113
a
BRI 15 0.708097
Ik 16 HiES 0.70786
e EE ~ P
RERE FYT 07 0708097
15
JI 3 18 0.710018 HfEe= 0.72201

DEY | I &2 T Sr RNAREED @ WHERE 3 1NZ 2 < BT H L 72 72 D121 K
DOBED FH/ LTI=DTH D,

FATHIRART=E Y | {7k D Sr [ANLARLE X T. Nakano & O F41] & [RIARIZ HHE KRED
SN - ERS  (Asian dust, ¥Sr/5°Sr: 0.715-0.727) ([Z& ENDIRFEI NV T LD EL
ZAFT3ALD S I CTERWEIEZ R L-, ZDk, ARIE Sr FNRL MK R
HIETThH o 7225 AUFFERE R TIEREAK CRIA) 9 A 2388 & @ WEE 27~ L 7= (F7Sr/%Sr:
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0.70871), ZDO[EAK CHATT) 9 AZEUX LM (8 A 25 H22H 9 A 21 H) oK%
HERER~T & ZARAE 18 5 (K EGE 30 m/s, FAKKIE 960 hPa) O KILHJE A (X
CHETHEI3IOORBMNBHEARIZEELTHEZ SO L, REUC L > TiEm L D £<
DK ZEFI 2R EiF 5, WK (FSr/fSr: 0.7092) & & AT - 727212, BV
LIZFKOBENR EF LIZEEZDRD,

1 AICEER L 72 KT EDKREBIL D b Sr RIMEIREMEL 7e o7z, E7o, HIERE
DRFEIIRADR 20 5%~ Liz, 2F 0, ~NE /X0 St E LTH D RBE/MO—>
ThHEBEZDLIL, 3 ADRKEIVWVEZ R LTZ72 DK L OV DK R ZRE A B
IZOWTABRAET HLERD D,

« NB L X OSREITANCKRT 2 Sr RN ZEL & 2R A )

ZNE THEB OMIE ST IR D AL OB IR < AFEET DA BEARDHE
FHHNZxrd 2 & O, Srid, BBt =RKE#ESE (N,P,K) [ZRWTEERMEAICHE
ThD Ca b AT ERBI, ZDTDORD D HEBERWIT 2 BIAEDIE 122 < B
DiIAEND E SN TWD, F Cobert & 23RN ERR TIT - 7= B O EBRIT IS TR
HDEREED & Ca R (60ppm, pH 6.0) (ZHE~_TK Ca R (Sppm, pH4.0) DA, T.0O%
B OAR, X, %) CEHORIT/HE 72 Ca RN R (8%Ca) OABERIDBENE Z 5 Z & 2
LTW5 (2011) , FEMIANICIBWT Ca IFEHER] « & L7 BT - bR L LT
FIELTEY, EOEZIBZ T EREM (AHRBEOXA A7) & U ClBEHD
72 ERER LT D, 2 CaldWENIZEB W TEEI LIZS WIEETH Y . Bnd
WL S 7z Ca 13 2@ > TR ARIGEEN S, 20X 51T Ca OZF@hT— 78T
THY., EWAEEMTOA T Ca BREDHWIEICEFMEL, EHL T,

Sr [FfCfREL (7Sr/%Sr) 1%, AWIZEEEAEWVO TE &S HINRIT/N & < FEARRIC
FEIPE 0Sr/%8Sr: 0.1194 12 L » CTIEF L S CE BT ORERMREMETE 5T
DVERRIR DM FEAERIZ BN TEARE O Sr RN RLZE LA E L7z, LarL, Ca O
WHENIZE T 2 B8 LIC < WHEEIE St ok L Chilis TX 272D N AR L
REHSO4E 2 (B L C St IR EERS KL OENEIR N L9~ B ATREMES PR S D, & 2T,
ANE L FOEE T ANCKRT S Sr [FNLKEEZE BIZ DUV THRX 7= (Table 4, Figs. 10a/b)
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Table4 Y/ FOEHEHEIZKT 5 Sr FNIAZEAL

. ) ) 75681 [-] StdDev. SET. g Sr conc.
Entry Name Category Month Altitude [m] Weight [mg] raw da@ comectod value® %] 1%] Sr[V] [ppm”
1 Toxicodendron succedaneum Branch Feb. 2.0 63.6 0.707943 0.70780 0.0092  0.0012 5.1 27.3
2 (Hamura city) Bark 1.5 58.8 0.708075 0.70793 0.0099  0.0012 52 73.4
3 1.0 66.1 0.708057 0.70791 0.0082  0.0010 49 77.1
LA _ 0.5 514 ( 0.708133 0.70799 _ _0.0109_ _0.0013 _ - 49 814
5 May. 2.0 29.4 0.708022 0.70785 0.0074  0.0009 54 -
6 1.5 32.8 0.708042 0.70791 0.0076  0.0010 5.6
7 1.0 40.1 0.708057 0.70789 0.0078  0.0010 5.6
8 0.5 355 0.708040 0.70791 0.0084  0.0010 52
9 Bark (Hamura shrine) Bark Feb. 3.0 63.5 0.707982 0.70784 0.0096  0.0012 5.1
10 1.0 57.5 0.708019 0.70787 0.0098  0.0012 5.0
11 Soil (Hamura city) Soil Feb. -0.25 1469.8 0.708999 0.70878 0.0101  0.0012 4.6
12 . -0.55 1670.7 __0.708679 070846 0.0110_ 0.0013 43
13 May. -0.55 1620.7 0.708918 0.70870 0.0106  0.0013 4.4
14 Toxicodendron vernicifluum Leaf Aug. (2012) N.D. 36.9 0.707876 0.70775 0.0089  0.0010 49
15 (Hamura city) Branch N.D. 32.9 0.707972 0.70785 0.0099  0.0011 53
16 Soil (Hamura city) Soil N.D. 1586.6 0.708122 0.70797 0.0094  0.0011 54

a) Raw data was corrected by measured ratios of NIST SRM987.
b) Determined by ICP-MS

Fig. 10 /~E / OB S mICxtd 5 Sr AL HZ L (a: Feb.  b: May.)

2 HONE 7 B XOBAD Sr AR, ITEhE HFmIcxt L TR 12 Sr [AIfZIR
@< 2o 7 (Fig. 10a), L L, £HICEL DI PEROFEENKE VW E TR
NBTHAE 7 F05, 1.0, 1.5 m EHIR 1.0, 3.0 m OFEHT, fE#HIPENE S 25, &
[ FEHR B 21T - T2 PR N & R ClI R a8 23 572 5 Sr RINIAEE =R A L D
EEZTWEN, NE X EBAROEMITAE VT WEER L o7, 2F 0, HWEXT
RSN TV DA & R TR R 5728 Sr FNARE N IICIHWEIE & e~ 7 &
EZDHEMTED,

NE XD SrBREE T 5 L FNALRBRICIRE N R 2 (@< fe o T2y, B
¥ 20 m & B/ ¥ 1L5m ORI CIRENZMICEL L TR, £ & BT R R 53500 T
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HHEEZ% (Table 4), ZIVHBEZFAEHILEARTAE / F 2.0 m OEEHT, o
BHZXF LTINS 72 D5 R Z2 R LTz (FSe/*Sr: 0.70780), & 512, 5 A @ Sr RN
LR ERE S (Fig. 10b) ([ZBWTAY 7 SO Sr RINAR LD ZEAL N HER TE 720 »
e TeOE SR TIER LS, B FOHREIC L > TERLIBEEZRTOTIT W ESE
265, URMHERRL7ZT vy /% (Toxicodendron vernicifluum) T b [RIARIZHE & B
B TR D Sr INRHR R ZG TR Y | RERZEMRT 2% H 27 28R B 21
U LT HMOIRE EEZRNELDAREMENREZOND,

TEERRITSEITR Lo S FH 008 0 (ZERELT IS L TR D St [RNEREE 2R L,
2 A EHEE (-025m) (FHE (0.55m) LV LEMESEWEER LR, T, B
DARE)—MIZ L H b DT, THEEICHA RFEENREL TWAHZ AR LTINS, OF
V. B LI KIEINC K o TE UKD Z O HHUCHERS L 72 #% . RIS L7
N EFEOHER AL 72 EmWEME ORI (KB L OER) RHFEL-Z LI
Ko TEREFH MK LTEMR BN EER bID, NE ) F & HEOEBEDORIZIX
EENHERINTZTO, "B IR I LIECHIBE TR EZRIRL TnD0, b LR
B St EIRBTFAE L TV D AMREMEN S 2. 5,

WIZ. Sr [FAREIR D ZEZEENZ SV THH7= (Table 5, Fig. 1),

Table5 Y/ X ® Sr [RINIARLOZEEZH)

878e/8r [-] Std Dev.  Std Err.

. . 88
Entry Name Category Month Altitude [m] Weight [mg] v data comectod valne” %] %] Sr[V]

1 Toxicodendron succedaneum Branch Feb. 2.0 63.6 0.707943 0.70780 0.0092  0.0012 5.1
2 (Hamura city) Bak 10 661 ___0708S7_ 070791 ___ 00082 00010 49 _
3 May. 2.0 29.4 0.708022 0.70785 0.0074  0.0009 5.4
A 10401 0708057 _ 070789 00078 0.0010__ 56 _
5 Aug, 2.0 388 0.708046 0.70792 0.0097  0.0012 4.9
6 10404 0708133 070801 00073 00009 50 _
7 Nov. 2.0 352 0.708102 0.70793 0.0095  0.0012 5.8
8 1.0 42.1 0.708135 0.70797 0.0078  0.0010 7.8
9 Soil (Hamura city) Soil Feb. -0.55 1670.7 0.708679 0.70846 0.0110  0.0013 43
10 May. 0.55 1620.7 0.708918 0.70870 0.0106  0.0013 4.4
11 Aug. 0.55 1623.0 0.707647 0.70743 0.0103  0.0013 43
12 Nov. 0.55 1611.9 0.707875 0.70766 0.0079  0.0010 4.4
13 Toxicodendron vernicifluum Leaf Aug. (2012) N.D. 36.9 0.707876 0.70775 0.0089  0.0010 4.9
14 (Hamura city) Branch N.D. 329 0.707972 0.70785 0.0099  0.0011 53
15 Soil (Hamura city) Soil N.D. 1586.6 0.708122 0.70797 0.0094  0.0011 5.4

a) Raw data was corrected by measured ratios of NIST SRM987.
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Figs. 11 /T / %O Sr [FNCR L OZFEIZH)

2,5 8, 11 HD/NE X0 Sr AR 2 el d 25 & . 200 Sr RN LS
TX 5D, EWICEERHOR R o7z, Ll ~E/F 20 m & 1.0 m ORFZ
B A I 5 L FIZ 2.0 m OFUEMELS 72 o7z (Fig. 11). ZOFRIZ. ~E/ F0
SR AN T D B D ELRRERICNAE ) FOR/EOEVICLLZLOTHDLZ L&
KRLTWD, DFV | LWMIRRR A FF>, EITERICAR - fER L T\ oHas
B EHVHITRE O, SR SN RE (BHR) O CARRe
A ML T St FNAREICEDRE L TWHDEOTIHARWNEEZBND, TILY ) ¥
LEDTEZLTHRDE, B, . EONEICZEL L TWAT=8, thd TR, M k%
XU LT HMOE &R D Sr FANLIRLE RTAIREMEDS RIB S L, S %R T D4
ERB D,

T3 (-0.55 m) OFFEEC OV THERR L7Z23, SRhEF AN 5 B LRERC 2 ff
HOEERGFEL TS EBZDND, S22, 5, 8, 11 A LRI FEfHE (¥Sr
368tz 0.70806) N AT FOBMEIZIT =D, s BENRELTHAE 0 Sr it
FERLTWDESE25, LL, Af/%ki%®$ﬁ1ﬁ*A’*ﬁLTmébi
TIX W=D Sr EIHO AIHEMES & S IZHE W HHEE TORBEWIUZ OV TEZ MR
THUEDRD D,
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V)£ &

AW TIE, AARBERBIED Sr RAALZJIE LFEHHEE 23 x 72, DR,
7Sr/%Sr: 0.71000 Z LI H S PERR (A ARPE) 36 LOVKEERER (FFE - N ML) 23 X5]
T&7, ¥z, ARENOBRBELZ T 5 & S FROBBEIZ, o R & 2Kk
W OFBHZ LR THIRBEIZARV ME Z 7R LT, 8 TR KL ORSRIR OBREBIEIX, EREK O
ZEREBATITU St RNAREE 2R LTz T2, ARSI TH D L 2 5,

o F IR TP TEHESERTPE DO WILEE, BB KB4 2 FERIE Lo R A i+ % &
BB RT HTRC O 7 ) — U XU FRBIOHR KT ERI 7 U —2 b— L EH L DOREE
THILER AT o7 & L CHREBRRERN G O, DF 0, AFEIZE W THIARY
HTRC IZHE L7227 V= RXRUFTHRERD 7 U — 2 b— A L FRIZEOBREE T CRiLeE
DPITZ D EDNRBE ST, Fio, FFEERBEO Sr [FARIIPNLE, B, K
BRONALZ St RN E < Te o Tz, T OBBURHICPE S Sr [FAR OB IL, Frik &
D2 SOHIX (FgFEHIX & HFFRHIX) T bR S 7,

Z DFERD DAFERERED Sr RN EL LTZRIEIE, 2 DO RMEEM/RIZ S
Teo TT =D TEWZIEWHUBIZAT T 58T, Jlx DAL D OERIE V72 mTEEME
I TRERO Sr RN A FE LS L= ml6erE] Th 5,

ARIFFEIZIBNT, B FOBEZTExt 5 & LA BRIL Sr [AfLiRt D2 %
Bolo, TORE., SHEHAICKT 2B LOFHEE 2RI 52 LN TE2R
MoTo i, MR OE GE, B B 12X o T Sr RHRICE (LN A Uz, 2
X, HEERNIZE T S Ca OMEEIZHEL T St AEMREICER- SN T, SEMBOH L
ST K5 TSr RN LT D B2 bivd, EDTD, K (BHK) biossE
RIERICE A O St FNAARE Z R T RREMN H Y . SR S LICHENLETH D,

N XTI R T D EWE - O FE FICFEEL TN D TR LT
NDKGDOHRBEREWILL TR ZOKRGIZEMR L TN D St OKIENE St) 238
FO St RN E RS, DE Y HROMED AL/ F O St R E KRS 2139 C
B DM, AFERIZIB N TE & e FEEOBUE A R S T HEO R — 3R S T,
ZOZENS, FHEOILIZEWEERE T SRRERIN L TV D AR, H L
XMt o> Sr IR NE ) X ORI E IFE LT D aTREMEA R Stz Sr i &
LTI, M7k, Z L THFKMERME LTHEIT 6D,

FOHAKIE, St FNAEDE S HNE 0 SrEEjie LTE Ly, £72. W
KT ANE ) FOBAEICITL 7257273, Sr IBEDK S L FEHAH MM OEME LT
NTZENTE, HPEZIZULD L THEBEOEMOEELRNZ ENEXD, TLT,
FEFKIZ, ZO St IRENEAKDOK 20 (5 TH Y | Sr RN S ANE /) FOEMEIZIT O
Relpolz, LIedoT, AR THIEH G L Lo B O SrlZiRiE, HFKTH
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An Approach to the Use of Locally Available Biomass
- Preparation of functional sugars from the culm of bamboo grass —

Masakazu AOYAMA

Laboratory of Bioresource Science
Department of Biotechnology and Environmental Chemistry

Kitami Institute of Technology

Bamboo grasses are distributed mainly in Japan, but also in limited areas of Korea,
and the Southern parts of Saghalin and the Kuril Islands. Their growing stock amounts

to about 15 million tons corresponding to 28% of total tree stock in Hokkaido.
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Microscopic cross section of Deposit of lignocellulosic materials

the mature culm on the cell wall of fiber cell

Growing stock of bamboo grasses in Hokkaido

Seasonal change in the cell-wall components

In fall, chemical composition of the culm of bamboo grass is almost constant.
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The needle-shape fibers in the mature culm are unsuitable for pulp and paper.

Chemical compositions of bamboo grasses are similar to those of hardwoods. Their
lignin and hemicelluloses are more susceptible to hydrolysis with acids or alkaline
solutions, compared with those of softwoods. Their hemicelluloses are mainly
composed of xylan. From the culm of bamboo grass, xylan can be obtained in a 25%

yield. Bamboo grasses are a potential source of xylan.

Chemical structure of xylan from the culm of Sasa senanensis
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Bamboo grass xylan is a polysaccharide with a sugar ratio of 100 units xylose, 17 to
20 units arabinose, and only 1 unit glucuronic acid. Bamboo grass xylan is characterized
by relative low content of acidic sugars, compared with those of hardwoods. This
indicates that bamboo grass xylan is more susceptible to mild acid hydrolysis such as
steaming and organosolv process than those of hardwoods. From culm of bamboo grass,

xylose and xylooligosaccharides can be easily obtained by mild acid hydrolysis.

Beneficial effect of xylo-oligosaccharides intake on human health
Lower the levels of blood sugar and lipids (diabetic).
Improve human intestinal environment .

Enhance mineral (Fe and Ca) absorption.

Steaming of bamboo grass culm
Although xylan content of the culm of S. senanensis is about 25%, only 11% of xylan
(as a mixture of xylose and xylooligosaccharides) could be recovered by steaming. On
the other hand, when the culm was pre-extracted with water, the recovery yield of xylan
was increased upto 14%, strongly suggesting that there are certain inhibitors to acid
hydrolysis of xylan in the water extract. From the water extract, CH;COOK was
1solated. The basic salt present in the culm acts as an inhibitor towards mild acid

hydrolysis of xylan.
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After complete acid hydrolysis of the steam hydrolyzate with HCI, the resulting sugar
solution contains 81% xylose, 6% arabinose, 8% glucose, 1.5% galactose, and 3%

glucronic acid.

Biological activities of the sugar preparations
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Conclusion
About 50 to 60% of xylan present in the culm of bamboo grass can be recovered as a
mixture of xylose and xylooligosaccharides by steaming at 200°C for 10 min. The sugar
preparation selectively promotes the growth of bifidobacteria, which depress the
abnormal fermentation in human intestine caused by various pathogenic bacteria.
Certain immunological system can be enhanced by intake of the sugar preparation. The
sugar preparation obtained by steaming of bamboo grass culm can be used as a

functional food or a food additive, especially for senior person.
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