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1. Far eastern lacquers: classification by pyrolysis mass spectrometry,
Archaeometry, 1983. 25(1):45-58, A. Burmester

The scholar is confronted daily with the problems of technology, authenticity and
dating of Far Eastern lacquerware. Knowledge of the technology, is based on a few
antiquarian texts. The usua visual appraisal as an ‘authenticity test' quickly reaches its



limits when faced with copies, forgeries or even former repairs, additions or restorations,
which have been carried out with-as is usua in the Far East-the natural material, Far
Eastern lacquer, tapped from Toxicodendron vernicifluum. Unless the lacquerware has
been dated by inscription-which has often been added |ater-the dating is often made by
comparison of style, or by the circumstances of the archaeological find. Up until now,
there has been little contribution from archaeometrical investigations for the solution of
these problems. Thisis chiefly due to the complex chemical and physical features of the
polymeric Far Easter which greatly restrict the analytical possibilities.

2. The potential of MeV ion beam techniques in museum science, Nuclear
instruments and methods in physics research. 1986. B14:156-161, J.Bird

Lacquerware is prepared under conditions of high cleanliness it will be difficult to
obtain these problems by trace element analysis. However, some work has been done
which indicates that ion beam techniques can be useful and further development is
necessary.

3. Application of analytical pyrolysis to problems in art and archaeology: A review,
Journal of Analytical and Applied Pyrolysis. 1989. 15: 393-412, Jadexander M.
Shedrinsky

Though pyrolysis-gas chromatography (Py-GC) has recently become a very
powerful technique for characterization of non-volatile materials and though it has been
widely used in forensic science and in industria laboratories, its application to
conservation has been severely limited due to the compositional complexity and
extremely limited sample size of the materials presented for examination. Similarly, the
absence of areliable “compound reference library” for identification of major materials
in art works (e.g., aged films of linseed oil, dammar, or mastic from different sources)
has limited researchers' ability to conduct comparative studies on actual artifacts. In the
past, serious problems in attaining specific pyrolysis of samples and insufficient
chromatographic separation of degradation products discouraged most conservation
scientists in applying this technique. The use of Py-GC in the study of materias (e.g.,
linseed oil, amber, glues, natural products) and in the study of specific problems
(Renaissance bronze patinas, printing inks, antique furniture coatings, or the medium of
a painting on a 1600 year old sarcophagus) is reviewed to provide an introduction to
applications of this technique in art and archaeol ogy.

4. Heat treatment of Japanese lacquerware renders it hypoallergenic, Contact



Dermatitis. 1992. 27:244-249, Kawai, K.; Nakagawa, M.; Kawai, K.; Miyakoshi, T.;
Miyashita, K.; Asami, T.

Japanese lacquer is made from the sap of the Japanese lacquer tree (Toxicodendron
vernicifluum), a member of the Anacardiacae plant family. Objects painted with this
material are described collectively as lacquerware. Both fresh lacquer and lacquerware
may evoke allergic contact reactions ascribable to the urushiols contained therein. In
this study, we have examined the effects of heating on the ability of lacquerwareto dlicit
an alergic contact reaction. Lacquer films prepared with and without heat treatment
were tested on urushiol-sensitive subjects. Patch test reactions were strongest to
untreated film and decreased with increasing level of heat treatment. Assays for free
urushiol in the lacquer films demonstrated that free urushiol content decreased with
increasing heat treatment and that urushiols with saturated and monounsaturated
alk(en)yl chains predominated.

5. Enzyme catalyzed durable and authentic oriental lacquer: a natural
microgelprintable coating by polysaccharide—glycoprotein—phenolic lipid
complexes, Progress in Organic Coatings. 1998. 34:135-146, Ju Kumanotani

The chemistry and technology of oriental lacquer, proof of long-term durability by
a laboratory test, and morphological features of the closdy packed shell
(polysaccharides—glycoproteins)—core (polymerized urushiol) microgel particles, which
are chiefly responsible for degradation due to efflorescence outdoors, are described. The
dimerization mechanism of urushiol was demonstrated by separation of over 20 urushiol
dimer derivatives. Physiological dimerization of urushiol in the lacquer is very much
influenced by the humidity in drying, and the interaction of semiquinone radicals with
metal ions, hydrophilic polysaccharides and amphipathic glycoproteins contained in the
lacquer. A mechanism for renewable oriental lacquer is proposed, involving harmony of
technology and nature within the lacquer tree plantations in south-east Asia. A brief
review of studies of lacquer chemistry and synthetic coatingsis given.

6. Characterisation of East Asian Lacquers by Laser Desorption Mass
Spectroscopy (LD-MS), International Conference of the Bavarian State Department of
Historica Monuments and the German National Committee of ICOMOS together with
the Tokyo National Research Institute of Cultural Properties, Munich, March 11th -
13th, 1999, Max-Joseph-Saal’ of the Munich Residenz, Ingo Rogner

Lacquer samples from five different Chinese dynasties (Warring States period, Qin,
Han, Tang and South Song) were invcstigated with matrix-assisted laser desorption



mass spectroscopy (MALDI) and laser desorption mass spectroscopy (LD-MS). Until
now reported mass spectra of origina aged lacquer were acquired with the pyrolysis gas
chromatography mass spectroscopy (Py-GC/MS) technique only Both methods
presented here are used for the characterisation of" urushi lacquer for the first time. The
evaluation of the LD mass spectra shows the distribution of 3-catechols with different
side chain lengths. It can be determined whether the lacquer was made from the sap of
Rhus vernieifera or from Rhus succedanea.

7. Characterisation of paint layers in Chinese archaelogical relics by
Pyrolysis-GC-MS, Chromatographia 1999. 49, No. 5/6, G. Chiavarim R. Mazzeo

A few samples of polychrome Chinese archaeological objects of art have undergone
analytical pyrolysis coupled with GC-MS to evaluate the possibility of contemporary
characterization of the pigments as well as the organic media used. The red pigment
cinnabar(HgS) is easily detected, whereas in the case of organic components positive
results are only found where the matrices are resistant to archaeological environmental
conditions

8. Identification of ancient lacquer film wusing two-stage pyrolysis-gas
chromatography/mass spectrometry, Archacomefty. 1999. 41(1): 137-149., N.
Niimura, T. Miyakoshl, J. Onodera and T. Higuchi

Oriental lacquer has been used as a sugace coating for wood, porcelain and metal,
and three different types are known: Japanese (or Chinese) lacquer (urushiol-based),
Vietnamese lacquer (laccol-based) and Burmese lacquer (thitsiol-based). Identification
of these types in ancient coatings is very important in conservation and restoration
studies. A two-stage pyrolysis-gas chromatography/mass spectrometry method is
effective for the analysis of lacquer films. This is shown here using an ancient lacquer
film sample from medieval material excavated at Tobarikyu (Japan). The sample was
identified, by comparison with linseed oil and authentic lacquer films, as an
urushiol-based Rhus vernicifera (Japanese) lacquer which includes an added oil
component.

9. Lacquerware in Asia today and yesterday, The united nation educational, scientific
and cultural organization, 2002 (in France), Monika Kopplin

Dating back severa thousand years in Chinese history, the art of lacquer can claim
to be one of the most ancient and venerable expressions of Asian culture. The traditional
techniques of lacquer that had initially been discovered for protecting wooden or woven



bamboo utensils from humidity and insects were naturally conveyed along the many
trade routes that linked China with its neighbours and rapidly spread to other countries
in Asia. These techniques developed throughout the ages, became more complex, and
resulted in lan enduring art form combining vast know-how and astonishing practicality.
Lacquer became athriving industry of worldwide renown.

However, there is growing apprehension that this traditional knowledge, so firmly
rooted in people daily lives as part of their cultural expression, is under threat as never
before. Over the past decades, the number or people employed in lacquerware
workshops, and particularly the younger generation, has falen dramaticaly al over
Asia. Although may art books have been published in recent years recognizing the
beauty and refinement of lacquer, they are mainly of a descriptive and aesthetic nature.
While they serve to remind the reader of the beauty and refinement of this
time-honoured craft, that do not contribute directly to the protection and transmission of
lacquer techniques. Lacquerware in Asia, today and yesterday, published in the
intangible Heritage series, breaks new ground in this field. It offers a comprehensive
picture of a savoir-faire that partakes of both creative arts and craft man ship. It aso
allows the reader to compare the different methods and materials used in Cambodia,
China, India, Korea, Japan, Myanmar, Thailand and Viet Nam, to name but afew. There
is indeed remarkable similarity of approach to the craft of lacquerware in regions that
could hardly be farther apart. This resemblance became very clear during the workshop
on traditional lacquerware techniques organized by UNESCO in Myanmar, in 1997, and
attended by a large number of lacquer specialists and art historians from different
countries. Not the least of the merits of this meeting was that it underscored the artisans
crucia role as guardians of traditional lacquer techniques; they are the only ones who
can hand down to the younger generation what they themselves inherited from their
peers. The intangible heritage is one of the basic tenets for safeguarding the diversity of
cultures that make up the history of humankind.

10. Feasibility study of three-dimensional XRF spectrometry using m-X-ray beams
under grazing-exit conditions, Spectrochimica Acta. 2003. Part B 58: 2233-2238,
Kouichi Tsujia, Filip Delalieuxb

Grazing-exit XRF (GE-XRF), where the X-ray fluorescence is measured at small
take-off angles, is a method related to TXRF. It has been demonstrated that GE-XRF is
useful for surface, thin-film and particle analyses. In GEXREF, it is possible to use a
m-X-ray beam at a normal incidence. Thus, a laboratory GE-XRF instrument was
developed in combination with a m-XRF setup. A m-X-ray beam was produced by the



combination of asingle capillary and a pinhole aperture. It was demonstrated that depth
information could be obtained by using this setup and changing the exit angle.
Therefore, this instrument enables measurement of surface-sensitive line scanning and
elemental mapping under grazing-exit conditions. In principle, measuring the elemental
X-ray mappings at different exit angles enables the reconstruction of three-dimensional
elemental distributions. To confirm the feasibility of three dimensional XRF, a type of
Japanese lacquerware, ‘ Tamamushi-nuri’, which has a layered structure near the surface,
was measured.

11. Applied analysis of lacquer films based on pyrolysis-gas chromatography/mass
spectrometry, Talanta. 2006. 70 (2):370-376., Rong Lu, Yukio Kamiya, Tetsuo
Miyakaoshi

Ancient lacquer film, a Nanban lacquer film, an old lacquer-ware object imported
from an Asian country, and the Baroque and Rococo lacquer films were analyzed by
pyrolysis-gas chromatography/mass spectrometry. Compared with the results of the
natural lacquer film, it was revealed that the ancient lacquer film and Nanban lacquer
film were made from Rhus vernicifera, and the old lacquer-ware imported from an
Asian country was made from Melanorrhoea usitata. However, the Baroque and Rococo
lacquer films obtained from the Doerner Institute in Munich, Germany were made from
natural resins. 3-Pentadecylcatechol (MW= 320) (urushiol), 3-heptadecylcatechol
(MW= 348) (laccol), and 4-heptadecylcatechol (MW= 348) (thitsiol) were the main
products of the pyrolysis of R. vernicifera, Rhus succedanea, and M. Usitata.

12. Analytical characterization of binding medium used in ancient Chinese
artworks by pyrolysis-gas chromatography/mass spectrometry, Microchemical
Journal. 2007. 85: 347-353, He Ling, Nie Maigian, Giuseppe Chiavari, Rocco Mazzeo
In the present work, we attempted to characterize the natural organic binding
medium mostly used in ancient Chinese artworks by using the pyrolysis—gas
chromatography/mass spectrometry (Py—GC/MS) technique. Chinese lacquer, tung ail,
deer glue, colophony and peach gum were broadly used as binding media in Chinese
paintings or painted pottery, and have been selected as the study materias in this paper.
Artificially aged samples have been analyzed by Py—GC/MS in order to establish a
useful reference as convenient and rapid analyses of real samples. The method is based
on the on-line derivatization in the presence of excess tetramethylammonium hydroxide
(TMAH) (25% aqueous solution) as methylating agent. Analyses results reveaed that
this simultaneous pyrolysis with methylation derivation technique (SPM) is very useful



to the characterization of Chinese lacquer, tung oil and colophony but no obvious
improvement to deer glue and peach gum. The fingerprint ions of each studied binding
medium were established.

13. Identification of Ryukyu lacquerware by pyrolysis—gas chromatography/mass
spectrometry, Journal of Analytical and Applied Pyrolysis. 2007. 80: 101-110, Rong
Lu, Xiaomin Ma, Yukio Kamiya, Takayuki Honda, Yoshimi Kamiya, Aki Okamoto,
Tetsuo Miyakoshi

Six kinds of Ryukyu lacquerwares were analyzed using pyrolysis—gas
chromatography/mass spectrometry to determine the identity of the lacquer source.
3-Heptylcatechol (MW = 208) and 3-heptylphenol (MW = 192) due to the pyrolysis
product of urushiol were detected in four kinds of lacquer pieces. In the other two
lacquer pieces, 3-nonylcatechol (MW = 236) and 3-nonylphenol (MW = 220) were
obtained due to the pyrolysis of laccol, suggesting that the Ryukyu lacquerware was
made from Rhus vernicifera and Rhus succedanea, respectively. In addition, the
conservation and restoration of valuable ancient lacquerware also is discussed.

14. Photo-curing composite paint containing urushi (Oriental lacquer), and
wrinkled coating caused by phase separation, Progress in Organic Coatings. 2007.
58: 290295, Kazuhiro Taguchi, Shigeo Hirose, Yasuhito Abe

To improve the production of traditional lacquerwares by urushi (Oriental lacquer
work) through accelerated drying, we mixed photo-curing monomers with urushi
lacquer. We used commercial monomers bearing epoxy, oxetane, or vinyl ether
functiona  groups in  conjunction with a  photo-cationic  initiator
[bis(4-tert-butyl phenyl)iodonium hexafluorophosphate] and a high-pressure mercury
lamp as a UV source. Even in the presence of alarge amount of urushi (50 wt% of raw
urushi content in the composite paint), photo-cationic polymerization proceeded and
gave cured films within a few hours. Photo-differential scanning calorimetry showed
negligible retardation of the reaction rate and conversion. Whereas efficient exposure
(3.2 Jcm2) gave cured paint films with glossy smooth surfaces, less exposure
unexpectedly gave lusterless surfaces. Microscopy revealed phase separation and
wrinkling of the surface with minute ripples, several tens of micrometers in width and
height. The outer surface consisted of cross-linked hard polymer, but the inner part
under the ripples consisted mainly of monomeric urushi components that solidified
slowly. A photo-mask for UV exposure could be used to create a pattern based on
variations in the gloss of the paint surface.



15. Chinese inscription on the lacquer cup from Noin Ula Mound20 (Mongolia),
Archaeology Ethnology & Anthropology of Eurasia. 2009. 37/3. 59-68, A.N.
Chistyakova

In 2006, the Russian-Mongolian Expedition found alacquer cup in burial mound 20
in the Noin Ula Mountains. This article proposes reading and trandation of the 46
Chinese characters carved on the bottom of the cup. The inscription has made it possible
to date the cup, to identify the workshop where it was restored or improved, and to learn
the ranks and names of the officials supervising the work. The cup, atypica artifact of
the Han period, was produced at the Kaogong workshop (city of Chang an) which
supplied the Chinese Imperial Court with the lacquer ware.

16. Determination of the type of lacquer on East Asian lacquer ware, International
Journal of Mass Spectrometry. 2009. 284: 93-97, Noriyasu Niimura

Simple and easy analytica methods, which are applicable to precious artistic
objects, have long been desired to determine the type of lacquer on lacquer ware. Direct
inlet mass spectrometry (DIMS) and pyrolysis-gas chromatography/mass spectrometry
(Py-GC/MS) were applied to the determination of the coating film on a lacquered
wooden dish obtained in Okinawa. The above two-step mass spectrometry confirmed
the coating film: the lacquer to be East Asian lacquer, or natural urushi derived from
Rhus verniciflua. These two-step analyses are very useful for the determination of the
type of lacquer on any lacquer ware. The first step analysis with DIMS is used to
distinguish the natural urushi including the urushi-type lacquers from non-natural
urushi: imitation urushi and lacquer containing synthetic resins. And the second step
with Py-GC/MS is used to discriminate one type among the three natural urushi-type
lacquers. These two-step analyses need only a small amount of sample ranging 0.01-0.5
mg without any pre-treatment so that these analyses can be used for precious lacquer
ware with archeological interest.

17. Nondestructive elemental depth profiling of Japanese lacquerware
‘Tamamushi-nuri’ by confocal 3D-XRF analysis in comparison with micro
GE-XRF, X-ray spectrometry. 2009. 38: 446450, Kazuhiko Nakanoa, and Kouichi
Tsuji

We have applied recently two XRF (micro x-ray fluorescence) methods
[micro-Grazing Exit XRF (GE-XRF) and confocal 3D-XRF] to Japanese lacquerware
‘Tamamushi-nuri.” A laboratory grazing-exit XRF (GE-XRF) instrument was devel oped

10



in combination with amicro-XRF setup. Amicro x-ray beam was produced by a single
capillary and a pinhole aperture. Elemental x-ray images (2D images) obtained at
different analyzing depths by micro GE-XRF has been reported. However, it was
difficult to directly obtain depth-selective x-ray spectra and 2D images. A 3D XRF
instrument using two independent polycapillary x-ray lenses and two x-ray sources (Cr
and Mo targets) was also applied to the same sample. 2D XRF images of a Japanese
lacquerware showed specific distributions of elements at the different depths, indicating
that ‘Tamamushi-nuri’ lacquerware has a layered structure. The merits and
disadvantages of both the micro GE-XRF and confoca micro XRF methods are
discussed.

18. Applying pyrolysis-gas chromatography/mass spectrometry to the
identification of oriental lacquers: study of two lacquered shields, Anal Bioanal
Chem. 2009. 395:2167-2174, Jose Carlos Frade & Maria Isabel Ribeiro & José Graga
& José Rodrigues

Oriental lacquers have been used as coating materials for thousands of years for
wooden, ceramics, leather and metal objects. Lacquers are natural polymers obtained
from three species growing in different regions of Asia. Rhus vernicifera (China, Japan
and Kored); Rhus succedanea (Vietham and Taiwan); and Melanorrhoea usitate
(Myanmar and Thailand). The identification of lacquer films is important for
conservation and restoration purposes, as well as for art history studies because it may
help in determining the origin of the lacquered objects. In this work, pyrolysis-gas
chromatography/mass spectrometry using a filament-type pyrolyser was successfully
applied to the characterization of oriental lacquers. A method to identify the three kinds
of lacquer was developed and applied to the study of two lacquered shields imported
from Asia in the sixteenth century. The materials that constitute the shields were also
examined by Fourier-transform infrared microspectroscopy and details of the lacquering
technique are reported.

19. Applied analysis and identification of ancient lacquer based on pyrolysis-gas
chromatography/mass spectrometry, Journal of Applied Polymer Science, Vol. 118,
897-901 (2010), Takayuki Honda, Rong Lu, Nobuhiko Kitano, Yoshimi Kamiya, Tetsuo
Miyakoshi

Three lacquer samples taken from a "four eared" pottery container, which was
designated an important National Cultural Property of Japan excavated in 16-17th
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century ruins of Kyoto City, were analyzed by pyrolysis- gas chromatography/mass
spectrometry (Py-GC/ MS) and infrared (IR) spectroscopy to determine the source of
the lacquer. It is an unexpected result that the lacquer in this pottery container is actually
used by Melanorrhoea usitata. Alkylbenzene and alkenylbenzene as cleavage pieces of
undecylbenzene (MW = 232 g/mol) and undecenylbenzene (MW = 230 g/moal), which
are products of the pyrolysis of thitsiol, were detected in all three samples. Moreover,
w-phenylakylcatechols and o-phenylalkylphenols, which are the specific components
of M. usitata, were also detected by Py-GC/MS, suggesting that lacquer sap of M.
usitata was used by the Japanese people in the 16-17th centuries. In addition, Japanese
lacquer culture and the advantages of the Py-GC/MS method for lacquer analysis are
discussed in detail.

20. Today and yesterday for lacquerware and industry in Thailand, Journal of
Chinese lacquer. 2010. 29(2):32-37, Sone Simatrang and Wichan Eiadthong

Lacquerware art and industry has been the most magnificent and intriate traditional
Thai crafts. The raw lacquer sap used by Thai craftsmen is mainly tapped from 2 native
trees, Gluta usitata and Gluta. Laccifera, and in part imported from China, belong to
Rhus verniciflua. Thai lacquer works are made continuing in many kinds of Thai crafts
such as Tha traditional printing (Lai Lot Nam and Lai Kammalor), Mother-of-Oeark
inlay (khruangmook), and aso are applied to decorative works in architecture, seulpture.
The situation on lacquerware art and industry in Thailand is lacking raw lacquer sap for
use in lacquerware industry. Sap production is very low because raw lacquer sap is still
tapped in natural forests and lacquer trees are devastated from land-use changing. After
Tha government has banned logging and enforced strict policy in protected areas,
lacquer sap tapping in natural forests and in protected areas is not permitted. For
increasing sap production in country, lacquer tree plantation will be necessary meet the
need of raw material production for lacquerware art and industry in the future.

21. Scientific investigations of antique lacquers from a 17th-century Japanese
ornament cabinet, Archaeometry. 2010; 52(6):1044 -1056, V. Pitthard, S. Wei, S.
Miklin-kniefacz, S. Stanek, M. Griesser, M. Schreiner

A recent restoration of a 17th-century Japanese lacquer cabinet revealed various
later treatments over the original black coating to maintain and preserve the high gloss
of the oriental cabinet over the course of time and to meet changing tastes. The
comprehensive investigation on a series of coating samples was executed by means of
two hyphenated techniques. gas chromatography — mass spectrometry (GC-MS) and
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pyrolysis combined with GC-MS (Py-GC-MS). The results showed that the original
lacquer is based on urushi and linseed oil, while the past interventions are composed of
sandarac, shellac and dammar. Additional microscopic studies proved the multi-layer
structure of the lacquer and the use of different pigments.

22. Analytical characterization of lacquer objects excavated from a Chu tomb in
China, Journal of Archaeological Science. 2011. 38: 2667-2674, Shuya Wel, Vaentina
Pintus a, Véclav Pitthard, Manfred Schreiner, Guoding Song

This work presents the results of an investigation of the lacquer objects excavated
from a Chu tomb in China (Warring States, 481-221 BC). This study is engaged in the
examination of the methods and the materials used for the urushi coating on the objects.
X-Ray fluorescence and Scanning Electron Microscopy/Energy Dispersive Using
X-Ray (SEM/EDX) analyses were applied for the pigment identification. The results
show that vermilion was for the red colour, while carbon black was for the black colour.
Pyrolysis gas chromatography and mass spectrometry (Py-GC/MS) was applied for the
characterization of the lacquer resulting that it is based on urushi. The possibility to
classify the drying oil (tung or linseed oil) present in the lacquer is highlighted and
discussed in this paper. Py-GC/MS with in-situ hydrolysis and methylation reagent
tetramethylammonium hydroxide (TMAH) were performed on reference materials of
linseed oil and tung oil as well as on the lacquer object samples. The results show that it
is possible to unambiguously identify the drying oil, in our case, linseed oil was
identified to retard the rate of hardening.

23. Experimental investigation and material modelling of fresh and UV aged
Japanese lacquer (Urushi), Progress in Organic Coatings. 2011. 70:160-169., X. Liu,
A.E. ElImahdy, R.D. Wildman, I.A. Ashcroft, PD. Ruiz

Urushi is a complex natural polymer that has been used to protect and decorate
objects for many hundreds of years. It is an important material as decorated objects can
obtain great value and historical worth. These objects are often exposed to environments
that are detrimental to both their aesthetic appea and structural performance and
restoration and conservation procedures are needed to preserve these objects over long
periods of time. The conservation work requires a detailed understanding of the material
properties of the Urushi lacquer film. However, Urushi exhibits complex viscoelastic
behaviour under load that has not been fully characterised to date. This paper presents
the sample preparation technique and experimental data from a comprehensive
mechanical testing program for Urushi film. The viscoelastic response was investigated
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by tests at various loading speeds and creep and recovery tests. A number of constitutive
models were fitted to the creep and recovery data and a good fit was seen with a number
of these, most notably a modified generalized Kelvin fluid (MGKF) model. Some
samples of Urushi were artificially aged by laboratory exposure to ultraviolet (UV)
irradiation before mechanical testing. The ageing increased strength and reduced the
ductility of the Urushi and it was shown that the MGKF model was capable of
modelling the ageing behaviour by using ageing-time dependent material parameters.
The models were implemented in the commercial FEA software ABAQUS, offering the
potential to accurately model the Urushi behaviour in acomplex structure.

24. Lacquer cups of the western han dynasty (noin ula, mongolia): an analysis of
inscriptions, Archaeology Ethnology & Anthropology of Eurasia. 2011. 39/4: 83-89,
A.N. Chistyakova

The expedition headed by PK. Kozlov in 1924-1927 and the Russian-Mongolian
expedition in 2006 and 2009 lead to the discovery in the Noin Ula Mountains of ave
lacquer cups of Western Han Dynasty with handles (er bel) and inscriptions. The article
compares established versions of trandations of inscriptions and offers a reading,
trandation and analysis of the inscriptions found on the newly discovered lacquer cups.
Using the method of comparative analysis, it has been established that the inscriptions
found on the cups from Noin Ula are standard (except for the cup from burial mound 6).
As arule, the inscriptions include the name of the workshop where the cup was made,
date of manufacture, and the title and surname of the officials who managed and
controlled the production process. The article also considers the cups ornamentation by
means of which the objects produced in a particular workshop may be identified.

25. Stress measurement in East Asian lacquer thin films owing to changes in
relative humidity using phase-shifting interferometry, Proc. R. Soc. A. 2011.
467:1329-1347, A. E. EImahdy, P. D. Ruiz, R. D. Wildman, J. M. Huntley and S. Rivers

In this paper, we address the behaviour of lacquer coatings similar to that found on
the Mazarin Chest, an important Japanese lacquerware artefact currently held by the
Victoria and Albert Museum (V&A) in London. The response of Japanese lacquer
(urushi) to changes in environmental conditions was investigated by examining the
deflection of a glass substrate coated with a thin film of urushi subjected to changes of
humidity. This deflection, measured using phase-shifting interferometry, was then used
to determine the two in-plane hygral stress components. Results were compared for two
sampl e conditioning regimes—subjected to intense UV ageing and no ageing—each at a
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range of relative humidity (RH) steps. The changes in humidity were found to cause
rapid stress changes in the lacquers, which then relax over much longer time scales. A
simple one-dimensional model of the moisture transport and the stress development is
shown to be effective in describing the response of the material to changes in
environmental RH.

26. Molecular criteria for discriminating museum Asian lacquerware from
different vegetal origins by pyrolysis gas chromatography/mass spectrometry,
Analytica Chimica Acta. 2012. 710 : 9-16., Anne-Solenn Le HO, Martine Regert,
Olivier Marescot, Chloé Duhamel, Juliette Langlois. Tetsuo Miyakoshi, Christophe
Genty, Michel Sablier

This paper focuses on the identification of several chemical markers of vegetal
species of Oriental lacquers with the aim at providing a methodology consistent with
sampling restrictions necessarily applied in the field of cultura heritage. The method
proposed is based on rapid and easy single step thermaly assisted
hydrolysis-methylation (THM) pyrolysissgas chromatography/mass spectrometry
(Py-GC/MYS) analysis that can be carried out with a minimum amount of matter
(typically 10 mg for a sample collected on a museum or an archaeological object). The
main contribution of this study is to provide multiple molecular criteria for
discriminating the three Asian species used for making lacquers, namely Rhus
verniciflua Stokes, Rhus succedanea and Melanorrhoea usitata. Because these trees
grow in specific areas, identifying the species involved in ancient lacquer coatings also
provides geobotanical data and fruitful information on the exchange networks and
trading routes developed by ancient societies. With this purpose, a systematic study of
all pyrolysis products of lacquer coatings was carried out on modern dried lacquer films
from authentified provenance. It was demonstrated that the whole pyrolysis products
play asignificant role in identifying the vegetal species. The chemotaxonomic value of
homologous series of alkanes, alkenes and benzene derivatives, rarely explored until
now, was assessed. It was shown that the combination of data related to five distinct
groups of pyrolytic markers (composition and/or distribution of alkanes, alkenes and
benzene, alkenyl-, akylcatechol and phenol derivatives) provided new strong criteriato
establish vegetal origin and provenance of Asian artworks, even though they have been
largely altered over time.

Case studies of archaeological Chinese lacquered artefacts and Japanese Buddhistic
altar were thereafter successfully investigated to address informative potential and
efficiency of these criteria on ancient and degraded lacquer coatings.
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27. Pyrolysis analysis of Japanese lacquer films: Direct probe-Li+ ion attachment
mass spectrometry versus pyrolysis/gas chromatography/mass spectrometry,
Journal of Analytical and Applied Pyrolysis. 2012. 95:156-163, Masamichi Tsukagoshi,
Yuki Kitahara, Seiji Takahashi, Toshihiro Fujii

Li+ ion attachment mass spectrometry (Li+IAMS) with a temperature-programmed
direct probe allows the analysis of nonvolatile complex natural materials. With this
technique, chemical species can be detected at atmospheric pressure in real time, a
capability that is particularly useful for analyzing evolved gas products. The products of
pyrolysis can be studied by analyzing the mass spectra of degraded samples. Here, we
investigated the pyrolysis of Japanese lacquer films (urushi) through
temperature-programmed heating using direct probe-Li+IAMS. The analyzed sample
had a characteristic profile in both the appearance of unique components and the
distribution of pyrolysis products. Among the pyrolysis products detected, carboxylic
acids, phenals, catechols, and aliphatic and aromatic hydrocarbons were most abundant.
We compared our results with those of a previous pyrolysis/gas chromatography/mass
spectrometry study of Japanese urushi samples. This comparison demonstrated
significant differences between the two techniques in terms of the products and their
distributions in the Japanese lacquer films. Our approach offers the opportunity to
directly study the pyrolysis processes occurring in complex natural materials and
suggests a way to determine the identity of a lacquer source by identifying different
types of lacquer monomer.

28. Recent Advances in Research on Lacquer Allergy, Allergology International.
2012. 61:45-50, Xiao-ming Ma, Rong Lu and Tetsuo Miyakoshi

Allergic contact dermatitis caused by contact with lacquer sap and lacquerware
affects the welfare of lacquer workers and the lacquerware industry. Many studies of the
mechanism of urushiol allergy, including animal models, have been carried out and have
established several hypotheses. In order to provide a comprehensive understanding of
lacquer allergy, we review recent advances in the research on lacquer allergy including
the chemical properties of lacquer lipid components, alergic mechanism analyses,
immunological explanations, allergy medications, and the prevention combined with the
research results from our laboratory.

29. Analysis of Japanese Jomon lacquer-ware by  pyrolysis-gas
chromatography/mass spectrometry, Journal of Analytical and Applied Pyrolysis.
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2013. 103: 68-72, Rong Lu, Takayuki Honda, Yoshimi Kamiya, Kunio Yoshida, Tetsuo
Miyakaoshi

Japanese Jomon period lacquer-ware objects were analyzed using a digital optical
microscope and pyrolysis gas chromatography—mass spectrometry. Comparison with
standard lacquer films showed that all the objects were coated with sap tapped from
Rhus vernicifera lacquer trees. Red iron oxide was used as a red pigment. Natural resin
found in the lacquer pieces suggested that during the development of Japanese Jomon
lacquer-ware, lacquer workers used local lacquer resources to produce lacquer, and
learned to use natural resin in the restoration and protection of the lacquer-ware objects.
In addition, the production and technology of Jomon lacquer-ware are also discussed

30. Is nanotechnology revolutionizing the paint and lacquer industry? A critical
opinion, Science of the total environment. 2013. 442: 282-289, Jean-Pierre Kaiser,
Stefano zuin, leter Wick

Many paints for indoor and outdoor applications contain biocides and additives for
protection against microbial, physical and chemical deterioration. The biocides should
remain active as long as they are incorporated in the paint. Protection against microbial
colonization should last at least a decade. Once the biocides are released they should
degrade within a short time so that no accumulation in the environment can occur. The
paint industry is not only focusing their research in producing better paint formulations
with degradable biocides: they also consider using nanomaterials, such as nano copper,
nano zinc oxide, photocatalytic-active nano titanium dioxide and nano silica dioxide as
additives for the protection of paints, against microbial degradation and physical and
chemical deterioration. In the future nanomaterials should replace biodegradable
biocides and improve the paint properties as well as impede colonization by
microorganisms. At the time there is no guarantee that the nanomaterials in paints and
facades will fulfill their tasks in the long run, since there are no long term studies
available. From nano silver doped paints it is known that silver is easily washed out by
rain. Photocatalytic active nano titanium adsorbs ultra violet light (UV-light) and
generates hydroxyl radicals, which not only inhibit microbial growth but can also
initiate or accelerate the photocatal ytic degradation of the paint matrix. Thus at thistime
it is gtill unknown if it makes sense to incorporate nanomaterials into paints. Intensive
research and development are still needed in order to find the answers.

31. Lacquerware Pigment Identification with Fixed and Mobile Raman

Microspectrometers: A Potential Technique to Differentiate Original/Fake
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Artworks, Arts. 2013. 2(3): 111-123, Philippe Colomban and Diana Mancini

(FT) Raman spectroscopy is used for the first time to identify pigments used in 19th
& 20th century Japanese and Vietnamese Lacquerwares. IR spectroscopy is used to
assess the Lacquer matrix. Different operative conditions and parameters were
experimented with on a limited number of lacquerwares in order to determine the
optimal procedure for the identification of pigments/dyes as potential chronological or
technological markers. The test was then performed in the collector’s rooms with a
mobile Raman set-up. Different pigments (vermilion, Prussian Blue, Naples Yellow,
Phtal ocyanine Blue, anatase, rutile, chalk, carbon black) were identified despite a strong
fluorescence and a rapid degradation of both pigments and binder under increasing laser
power. Better spectra were obtained on older lacquerwares.

32. Lao lacquer culture and history—Analysis of Lao lacquer wares, Journal of
Analytical and Applied Pyrolysis. 2013. 103: 17-20, Masako Miyazato, Rong Lu,
Takayuki Honda, Tetsuo Miyakoshi

Four kinds of Lao lacquer wares were analyzed using a digital optical microscope,
infrared,field emission scanning electron microscope with energy dispersive X-ray
spectrometry, and pyrolysis gas chromatography—mass spectrometry. 3-Heptylphenol,
3-pentadecanylphenol, 3-(10-phenyldecyl)phenol, and 3-(12-phenyldodecyl)phenol,
which belong to the characteristic pyrolysis products of thitsiol were detected in the
mass chromatograms at m/z = 108 of all the objects. In addition, some kind of natural
resin was also detected. These results suggest that in the development of Lao lacquer
history and culture, lacquer workers used the local lacquer resources to produce
lacquer-ware, and learned to use natural resin in the restoration and protection of the
lacquer-ware.

33. Oriental Lacquer: A Natural Polymer, Polymer Reviews. 2013. 53 (2): 153, Lu, R;
Yoshida, T; Miyakoshi, T.

The present paper reviews the analysis of components, modification, synthesis,
processing, and applications of Oriental lacquer are reviewed in this paper. The
structures and biological activities of lacquer polysaccharides, lipid components
including urushiol, laccol, and thitsiol, the structure and activities of the lacquer enzyme
laccase and the advantages of fast drying of refined lacquer over raw lacquer as well as
hybrid lacquer are discussed. Lacquer was synthesized based on the components of
lacquer sap and a detailed discussion of the enzyme polymerization and auto-oxidation
of lacquer are also included. In addition, an overview of lacquerware processing and

16

18



possible applications of lacquer in industry will be presented.

34. Recent advances in characterizing Asian lacquer, Center for Conservation and
Preservation, Yale University. July 15-19, 2013, Michael Schilling

Pyrolysis-gas chromatography/mass spectrometry using tetramethylammonium
hydroxide for thermally-assisted hydrolysis and methylation (THM-Py-GC/MS) is
presently the best analytical technique for comprehensive characterization of organic
materials in Asian lacquers. It is capable of identifying numerous organic materials,
resolving mixtures, and offers excellent limits of detection for powdered samples
roughly 100 micrograms in size. The daunting chalenge of systematically sorting
through the vast number of resulting chromatographic peaks in order to accurately
locate marker compounds that are characteristic of lacquer raw materials can be greatly
aided through the judicious use of GC/MS quantitative analysis software. A marker
compound calibration table developed at the GCI, which is an essential element of the
data processing, makes it possible to produce a peak area report of nearly 400 marker
compounds present in lacquer samples. Used in conjunction with a custom Excel
worksheet to semi-automatically analyze and interpret the peak areareport, it is possible
to identify a wide range of Anacard tree saps, drying oils, fats, carbohydrates, proteins,
resins, resinous diluents, preservatives and other materials present in samples from
individual lacquer layers.

35. Application of Pyrolysis Gas Chromatography/Mass Spectrometry in Lacquer
Research: A Review, Polymers. 2014. 6 (1): 132-144, Ma, X-M; Lu, R; Miyakoshi, T.

Examination of thermal degradation of natura and synthetic lacquer films by
pyrolysis-gas chromatography with mass spectrometry (Py-GC/MYS) is reviewed. Due to
the instantaneous heating decomposition, side reactions of internal or intermediate
samples hardly occur, and the pyrolysis products can be retrieved without any change.
Py-GC/MS has been used to analyze the composition of insoluble polymers and
investigate degradation of resin materials. Lacquer film is a cross-linked polymer that is
insoluble in any solvent. The am of this review is to describe the application of
Py-GC/MS to the analysis of lacquer, including natural lacquer saps, synthetic lacquer
derivatives, and their films. After analyzing the chemica structures of the specific
pyrolysis products by mass spectrometry, the lacquer tree species and growing region
can be determined. These results have great significance for the protection and
restoration of lacquer-coated cultural treasures.
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36. Characterization of chinese lacquer in historical artwork by on-line
methylation pyrolysis-gas chromatography/mass spectrometry, Analytical Letters.
2014. 47: 2488-2507, Na Wang, Jing Liu, Ling He, Tie Zhou, Bo Rong, Liang Wang b
& Xiang Zhao

An effective method for characterizing Chinese lacquer as binding medium in
historical artwork has been developed by on-line methylation pyrolysis-gas
chromatography—mass spectrometry (pyrolysis GC-MS). The characteristic pyrolytic
components of Chinese lacquer ware identified in artificially aged pure and pigmented
lacquer. Methylation of urushiol (mainly composed of catechol derivatives) was
performed by adding tetramethyl ammonium hydroxide to convert phenolic hydroxyl
groups into methylated derivatives to improve the resolution of catechol derivatives and
urushiol monomers. The mechanism of formation of small molecular components was
proposed, and the influence of different mineral pigments (azurite, malachite, ochre, and
cinnabar) on the determination of characteristic components was discussed. Aliphatic
hydrocarbon components, benzene derivatives, catechol derivatives, and urushiol
monomers were proposed as characteristic pyrolytic components. In addition to
3-pentadecene-catechol,  3-pentadecane-catechol, and  3-heptadecenecatechol,
3-pentadecene-phenol was also identified as an urushiol monomer in Chinese lacquer.
Four pigments slightly reduced the detection of aliphatic hydrocarbon components, but
were unconspicuous for the detection of benzene derivatives. Azurite, malachite, and
cinnabar decreased the measurement of urushiol monomers, but ochre significantly
increased their relative abundance. The established on-line methylation pyrolysis
GC—-MS procedure and summarized data were successfully applied to the identification
of samples collected from Terra-Cotta Warriors and Horses of Qin Dynasty (221-207
BC), Han Yang Mausoleum of Han Dynasty (206 BC-24 AD), and Dazu Grotto of Tang
Dynasty (618-907 AD).

37. Investigation and development on processing of Vietnamese lacquer, Advances
in Biological Chemistry. 2014. 4. 79-85, Chengzhang Wang, Hongxia Chen, Hao Zhou,
Wenjun Li, Li Lu, Bach Trong Phuc

Vietnamese sap and lacquerware have a splendid history. In order to promote a
sustainable Vietnamese lacquer value chain, this review was carried out for us to
investigate at site Vietnamese lacquer cultivation and processing of lacquer sap, then
introduce the chemica components, HPLC-MS characteristic, property and
polymerization mechanism, as well as processing techniques of Vietnamese lacquer sap.
Combined with the experience of lacquer cultivation and processing of Chinese lacquer,
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key problems to restrict the development of lacquer value chain were analyzed in
Vietnam, and some suggestions would a so be proposed in this investigation.

38. Preliminary investigation of the chemical composition of European lacquers
using pyrolysis gas chromatography-mass spectrometry, e-Preservation Science
(e-PS).2014. 11 64-75, Steven Saverwynsl, Marc Vermeulenl, Emile van Binnebeke

The organic constituents of two pieces of furniture with European lacquer from the
collection of the Roya Museums of Art and History (Brussels, Belgium) were examined
with pyrolysis gas chromatography mass spectrometry in combination with
derivatisation with tetramethylammonium hydroxide (TMAH-Py-GC/MS). Using
marker compounds, complex mixtures of oils and (hard) resins were identified.
Cross-sections permitted to study the stratigraphy of the lacquer system, a prerequisite
for sampling individual lacquer layers. Because of the limited thickness of some of the
layers and their visual resemblance, individual sampling of layers was not aways
possible, and this complicated the interpretation of results. Selected results of this study,
that forms the pilot study of an interdisciplinary research project focusing on the
technological evolution of European lacquers, are presented together with the
advantages and disadvantages of the analysis protocol applied.

39. Analysis of Japanese ancient lacquerwares excavated from Jomon period ruins,
Journal of Analytical and Applied Pyrolysis. 2015. 113:73-77, Kenta Yuasa, Takayuki
Honda, Rong Lu, Takayuki Hachiya, Tetsuo Miyakoshi

Lacquer samples from two different periods the Japanese Jomon age were analyzed
by Py-GC/MS, cross-section, ATR-FT/IR, ED-XRF, and SEM. The cross-section
observed found seven layers coating in earring sample but only two layers in painted
pottery sample. Py—-GC/MS results showed that both samples coated with lacquer sap
tapped from Toxicodendron vernicifluum lacquer tree. Dry oil also was found in both
samples, and it is considered to have been used to increase luster and elasticity of
lacquer film. Pigment contained in lacquer films were analyzed by ED-XRF and SEM
measurements. Cinnabar (HgS) and pipe-type iron oxide (Fe;Os) were detected in the
red parts of the earring and painted pottery, respectively, showing the use of different
type of red pigments at different time even in the same site.

40. Application of derivatization pyrolysis gas chromatography/mass spectrometry
to analysis of archaeological lacquerwares, Journal of Analytical and Applied

Pyrolysis. 2015. 114 302-307, Soichiro lgo, Takayuki Honda, Rong Lu, Yoshimi
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Kamiya, Tetsuo Miyakoshi

One piece from Mumujyana ruins and one piece from Urasoe Yodore (a
mausoleum), both belong to Ryukyu Kingdom, were analyzed by direct and derivative
pyrolysis gas chromatograph/mass spectrometry (Py-GC/MS). Direct Py-GC/MS
chromatogram at m/z = 108 of both samples showed that peaks of 3-pentadecylphenol
and 3-heptadecylphenol were relatively weak, and the shape of peaks from low
molecular weight component group formed a platform, different from the mountain type
of the three standard Toxicodendron vernicifluum, Toxicodendron succedanea, and
Gluta usitata lacquers. However, analysis of a mixture of the three kind lacquers and a
sample of T. succedanea mixed with T. Vernicifluum showed a similar platform shape
on chromatogram at m/z =108. In addition, in order to confirm this result, derivative
Py-GC/M S was also performed, and the results are compared and discussed.

41. Characterization and identification of wurushi wusing in situ
pyrolysis/silylation—gas chromatography—mass spectrometry, Journal of Analytical
and Applied Pyrolysis. 2015. 111:33-40, Diego Tamburinia,, llaria Bonaducea, Maria
Perla Colombini

Analytical pyrolysis coupled with gas chromatography and mass spectrometry is a
very powerful tool to analyze polymers and macromolecules. In this paper this
technique was applied to the characterization of the urushi oriental lacquer (qi-lacquer
in Chinese) with the aim to set up an alternative analytical method to identify the
lacquer. Urushi is mostly rich in alcoholic polar moieties, thus, a derivatization step is
required, which is crucial for the detection and MS identification of all the compounds
deriving from the thermal degradation. In this work hexamethyldisilazane (HMDS) was
used for the first time as a derivatizing agent, thus, proving to be a valid aternative to
more common methylating agents. Adopting this in situ Py/silylation-GC-MS
procedure, we were able to characterize urushi lacquer and identify characteristic
pyrolytic profiles of silylated akylcatechols, silylated akylphenols, aliphatic
hydrocarbons, akylbenzenes as well as characteristic molecular biomarkers. The
method was thus used to analyze six archaeological samples from Sichuan (China)
dating back from the 2nd century BC to the 12th century AD, in which the presence of
urushi was suspected, and the lacquer was identified in al of them through the
identification of all the characteristic pyrolytic profiles and molecular biomarkers. The
method set up is also promising to be used for the characterization of the other oriental
lacquers, such aslaccol and thitsiol.
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42. Characterisation of oriental lacquers from Rhus succedanea and Melanorrhoea
usitata using in situ pyrolysis/silylation-gaschromatography mass spectrometry,
Journal of Analytical and Applied Pyrolysis. 2015. 116:129-141, Diego Tamburini,
Ilaria Bonaduce, Maria Perla Colombini

Two oriental lacquers from Rhus succedanea and Melanorrhoea usitata were
characterised by Py-GC-MC with in situ silylation using HMDS, Pyrolytic markers,
which were helpful in differentiating between the lacquers, were identified in their
silylated forms, and the mass spectra are presented and discussed. Aliphatic and
aromatic hydrocarbons were formed as well as TMS derivatices of akylcatechols and
alkylphenols, and relative characteristic pyrolytic profiles were compared for the two
lacquers. The method, here applied for the first time to the characterisation of the
Vietnamese and Burmese lacquers, proved successful not only in distinguishing
between the two lacquers, but aso in highlighting the polymerisation processes
undergone by the saps in the formation of the lacquer layers.
The results obtained demonstrated that in sity Py/silylation-GC/MS with using HMDS
is a suitable tool for the analysis of al oriental lacquers with possible application to
diagnose their presence in samples of unknown composition.

43. Determination of provenance and species of Japanese Jomon lacquer by
pyrolysis-gas chromatography/mass spectrometry and ¥Sr/%Sr isotope ratio,
Journal of Analytical and Applied Pyrolysis. 2015. 113:84-88, Rong Lu, Takayuki
Honda, Masanori Sato, Kunio Yoshida, Tetsuo Miyakoshi

One piece of Japanese J omon period lacquerware from the Yachi Relic in Niigata
Prefecture and four pieces from the Shimoyakebe Relic in Tokyo of Japan were first
analyzed by Py-GC/MS to determine the lacquer species, and secondly the strontium
(®’sr/*Sr) isotope ratio was analyzed to examine the provenance of the lacquer.
Compared with the pyrolysis products of standard lacquers, the results showed that all
the original objects were coated by sap that was tapped from a Toxicodendron
vernicifluum lacquer tree. The 8Sr/®Sr isotope ratios were 0.7056 at Yachi and an
average 0.7052 at Shimoyakebe; both are lower than 0.71, the borderline (=0.71)
between the Chinese mainland (>0.71) and Japanese islands (<0.71). Thus, al five
Jomon lacquerwares were coated with lacquer sap tapped from T. vernicifluum lacquer
tree grown in the Japanese islands.

44. Investigation of Ryukyu lacquerwares by pyrolysis-gas chromatography/mass
spectrometry, Journal of Analytical and Applied Pyrolysis. 2015. 113: 41-45, Takayuki
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Honda, Rong Lu, Midori Yamabuki, Daisuke Ando, Masako Miyazato, Kunio Yoshida,
Tetsuo Miyakoshi

Two pieces of lacquer obtained from Ryukyu lacquerwares produced in the 17-19th
century in the Ryukyu Kingdom belonging to the Urasoe Art Museum were analyzed by
pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS). The results were
compared with the standard of natural lacquer film to determine the identity of the
lacquer species. Urushiol (MW=320), 3-heptylcatechol (MW=208), and 3-heptylphenol
(MW=192) were detected as pyrolysis products of lacquer pieces of alacquer tray made
by the hakue technique, suggesting that this Ryukyu lacquerware was coated with
lacquer sap tapped from a Toxicodendron vernicifluum lacquer tree. On the other hand,
urushiol (MW=320), 3-heptylcatechol (MW=208), 3-heptylphenol (MW=192), laccol
(MW=348), 3-nonylcatechol (MW=236), and 3-nonylphenol (MW=220) were detected
as pyrolysis products of lacquer pieces from a dinner tray made by the mitsuda-e
technique, suggesting that this Ryukyu lacquerware was coated with mixture lacquer
sap tapped from T. vernicifluum and Toxicodendron succedanea lacquer trees,
respectively. Moreover, microscopy and cross-section studies demonstrated that the
lacquers had a multi-layer structure. X-ray analytical microscopy was carried out
directly on the surface of lacquerwares to determine the presence of different pigments.

45. Lacquer chemistry and applications, Chapter 11: 2015, 215-265, Rong Lu and
Tetsuo Miyakoshi
Lacquer is the only natural product that is polymerized by an enzyme. It has been
used as a coating material with a beautiful and durable surface in Asian countries for
thousands of years. Although there are many species of lacquer trees growing in the
world, in the long history and experience of lacquer science, there have been only three
kinds of lacquer trees that are able to produce lacquer sap. The first one is
Toxicodendron vernicifluum lacquer trees, which grow in China, Japan, and Korea, and
whose main liquid component is urushiol; the second is Toxicodendron succedanea,
which grow in Vietnam and Chinese Taiwan, and whose main liquid component is
laccol; and the third is Gluta usitata, which grow in Myanmar, Laos, Cambodia, and
Thailand, and whose main liquid component is thitsiol. Although the human lacquer
culture including the cultivation of lacquer trees, harvesting, and the use of lacquer sap
has a history of more than a thousand years, the application of modern scientific and
technol ogical methods to study lacquer chemistry is very short.
After the retirement of Professor Kumanotani, one of the pioneers of lacquer research,
from the University of Tokyo, we started a study of lacquer chemistry in the late 1970s
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at Meiji University as a continuous research project. During more than 30 years of
research in lacquer chemistry, we have published many research papers and a book
entitled “Progress of Lacquer Chemistry” in Japanese in 1999. Of course, we aso note
that Oda et al. published a book entitled “Lacquer—the Science and Practice” in
Japanese in 1999, Gan Jinghao from Fujian Normal University of China published a
book entitled “Lacquer Chemistry” in Chinese in 1984, and Zhang Feilong, a member
of the Xi'an Raw Lacquer and Coating Research Institute published a book entitled
“Chinese Lacquer: Technology and Conservation” in Chinese in 2010. However, a book
about lacquer in English, the language of international communication, has not been
published yet. Yet, with advances in modern separation and analysis technology, the
research in lacquer chemistry has made great progress. Therefore, in order to facilitate
the worldwide lacquer exchange among lacquer researchers, we would like to publish
this book entitled “Lacquer Chemistry and Application” in English, describing our
comprehensive results in lacquer research so far. The purpose of this book is to revea
the history of lacquer and recent advances in the research on lacquer including
component analysis, relationship between structure and biological activities of lacquer
polysaccharides, mechanisms of enzymatic catalysts, modification and hybrids of
lacquer sap, synthesis of lacquer, mechanism of lacquer allergy, analysis of lacquer
films, lacquering technology, and application of lacquer coating material.

Lacquer chemistry is the subject of research into the characteristics of lacquer
substances. During the development of lacquer studies, different researchers have
obtained results with theoretical contradictions. When encountering such situation, the
authors only summarize the lacquer characteristics according to our own research
results.

46. The identification of binding agent used in late Shang Dynasty turquoise
inlayed bronze objects excavated in Anyang, Journal of Archaeological science. 2015,
59: 211-218, Shuya Wei, Guoding Song, Yuling He

The paper presents the results of the analysis of the binding media used in
turquoise-inlay bronze artifacts in late Shang Dynasty, which were excavated in Anyang,
Henan Province of China. Techniques applied include pyrolysis gas chromatography
and mass spectrometry with therma assisted hydrolysis and methylation
(THM-Py-GC/MYS), as well as GC/MS with derivatization reagent of MethPrep 1.
Marker compounds of urushi including methylated pentadecyl catechol and the
oxidation products: 6-(2,3-dihydroxyphenyl) hexanoic acid; 7-(2,3-dihydroxyphenyl)
heptanoic acid and 8-(2,3-dihydroxyphenyl) octanoic acid as their methylated forms
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were found, indicating Urushi (lacquer) was used as binding agents for the inlay. In
addition, a series of fatty acids was detected with relative higher concentration of
azelaic acid, which represents the presence of plant oil in the sample. Furthermore, a
group of glue marker compounds and a series of long-chain fatty acids as well as a
group of long-chain alcohols were detected in the sample.

47. A parametric reflectance approximation for rendering Japanese lacquerware
and Maki-E, Vis Comput. 2015. 31:1553-1564, Satoshi Yamaguchi

This paper proposes a reflectance distribution model that is able to express complex
reflections from materials such as Japanese lacquerware and Maki-e to produce highly
realistic computer graphics. Our method improves the Ward model for materials with
anisotropic reflection, and uses the approximate coefficients calculated from measured
reflectance distribution data to reconstruct the actual reflectance. Our research derives a
Gaussian distribution summation method and a modified Fresnel reflectance
approximation function from measured reflectance data. Our Fresnel reflectance
approximation functions to control the whole curve and extinction component, and is
thus closer to the actual Fresnel reflectance. Based on these functions, a decision
process id developed for the approximation coefficients, and this makes it possible to
easily reconstruct the actual reflectance. The reconstructed reflectance distributions
obtained using these coefficients are compared with measured reflectance data using the
L2 norm of the difference. In addition, reconstructed Fresnel reflection effects are
compared with those from actual sample materials. Using these coefficient values, this
paper shows a sample of simulated Maki-e images under two different lighting
environments.

48. Identification of Ryukyu lacquerwares by pyrolysis-gas chromatography/mass
spectrometry and *’Sr/**Sr isotope ratio, Journal of Analytical and Applied Pyrolysis,
2016, 117, 25-29, Takayuki Honda, Rong Lu, Yoshimi Kamiya, Shun’'ichi Nakai,
Tetsuo Miyakoshi

Six pieces of lacquer obtained from Ryukyu lacquerwares produced in the 17-19th
century in the Ryukyu Kingdom were analyzed by pyrolysis gas chromatography/mass
spectrometry and87Sr/86Sr isotope ratio measurements to determine the identity of the
lacquer source. The results were compared with the standard of natural lacquer film to
discriminate lacquer species. Four pieces were made used lacquer sap collected from
Toxicodendron vernicifluum lacquer tree, and other two pieces were made with lacquer
sap tapped from Toxicodendron succedanea lacquer tree according to the characteristics
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of the pyrolysis products. All87Sr/86Sr isotope values of urushiol lacquerwares are over
0.71, suggesting that the origin of lacquer trees were the Asian continent.

Il EROERE & ik
49. A Japanned Cabinet in the Metropolitan Museum of Art, Metropolitan Museum
Journal. 1984-1985. Vols.19-20, Daniélle O., Kisluk-Grosheide

During the last decades of the sixteenth century, when Oriental lacquer was
introduced to the West in small quantities, its novelty and the liveliness of its exotic
imagery first attracted European attention. Later, when lacquer goods became more
readily available, the materia's inherent qualities, such as its luster, hardness, and
resistance to stains, were appreciated. Lacquer furniture came to Europe in sizable
amounts only at the beginning of the seventeenth century. It was at that time that the
East India Companies established trade on a regular basis with the Orient. Imported
lacquered screens, chests, and cabinets were much prized in European houses, but the
supply fell far short of demand, and a market for European imitations grew steadily
during the last quarter of the century. The main ingredient of Oriental lacquer, sap from
the tree Rhus vernicifera, a sumac found in all parts of China, was not available in
Europe. The process of making genuine lacquer remained unknown till 1720 when the
Italian Jesuit Filippo Bonanni described it in his Trattato sopra la vernice. European
craftsmen, therefore, had to substitute varnishes or paint in their attempt to achieve a
similar effect. Although the European techniques gradualy improved, they never
produced a substance as hard, lustrous, and waterproof as Oriental lacquer. The
European lacquer process was known as "japanning,” aterm applied indiscriminately to
imitations of Chinese, Japanese, and Indian lacquer ware. Imitations already existed
early in the seventeenth century, 4 but the production of European imitation lacquer did
not come into full bloom until the last two decades of the century. Closely following
imported prototypes, a large quantity of square two-door cabinets with numerous small
inside drawers were made and are still preserved. The elaborately carved and gilded
stands on which these cabinets are mounted are purely European additions. Patterns for
the decoration of japanned furniture were derived initially from imported porcelain and
lacquered objects, as well as from Oriental fabrics and wall hangings. Illustrations in
travel and mission reports, like John Nieuhoff's Het Gezantschap der Neerlandtsche
Oost-indische

50. Ancient China's technology and science
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Chinese Academy of Sciences, Institute of the History of Natural Sciences (Editor),
2009, Institute of the History of Natural Sciences and Chinese Academy of Sciences
(authors)

Catalogued according to different scientific fields, the book draws wisdom from
authoritative experts in the Institute of the History of Natural Sciences (IHNS) from the
Chinese Academy of Science (CAS), and comprehensively introduces ancient Chinas
scientific and technological achievements in such fields as astronomy, mathematics,
physics, chemistry, geology, biology, agriculture, medicine, printing, spinning and
weaving, metallurgy and foundry, machinery, architecture, shipbuilding and navigation,
and military technology, ect. This book is of high academic quality yet written in the
simplest language possible, and thusis a very readable popular science collection.

51. Anthony S. Rausch: Cultural commodities in Japanese rural revitalization;
Tsugaru Nuri lacquerware and Tsugaru Shamisen, J. Cult. Econ., 2011. 35: 77-80.
Robert C. Kloosterman

This book tells the story of two rather particular cultural industries located in a poor,
peripheral backwater in Japan. Both of them stem from a long-standing local tradition,
and while one is rather successful—the Tsugaru Shamisen music performance
tradition—the other one—the Tsugaru Nuri lacquerware—seems to be struggling.
Given the relative marginality of even the more successful case of Tsugaru Shamisen
music compared to let’s say world-famous Japanese architectural design, one could
question the broader relevance of this book. What contributions does this study make to
wider socia science debates transcending these two rather specific cultural industries?
Before getting into more detail, there is indeed plenty that should appeal to readers who
are interested in more genera issues concerning the (potential) role of local cultura
industries in revitalizing rural regions. Notably, the analysis of the long-term dynamics
of cultural industries which encompasses both the production and the consumption side,
and the dissection of the impact of active government intervention deserves a much
wider audience than just those who are interested in either Japanese lacquerware or
music. Moreover, the strategic importance of this study lies in the fact that it addresses
the pressing question of how poor, peripheral rural areas may benefit from the presence
of loca cultural industries to boost their local economy. From this perspective, the
Tsugara District is well chosen indeed. It is one of the poorest areas of Japan, a large
and highly advanced economy, and is located on the northwestern tip of the Honshu isle
in Japan, some 600 km north of Tokyo. One could make the claim, therefore, that the
Tsugaru District can serve as an extreme case that may hold lessons for other rura
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backwaters elsawhere in advanced economies.

52. A Sixteenth-Century Lacquered Chinese Box, Metropolitan Museum Journal,
2002. 37:77-82, Watt, James, C. Y.

Nunu-sual Chinese box entered the collection of the Department of Asian Art at the
Metropolitan Museum in 1992. It is simply constructed from wooden dats glued
together to form a rectangular container; the trapezoidal sides of the hinged lid rise to a
square top. The exterior is dressed in a brown lacquer, applied over fabric and a thin
layer of gesso, and decorated, on all sides except the back, with pictorial decoration in
gold. Each short side has a brass handle. The most interesting of the decorations, in a
Chinese context, are a portrait of a pope, on the top of the lid, and a scene of the
Expulsion of Hagar (Genesis 21), on the front panel. In the latter, Hagar, carrying aloaf
of bread, and her son, Ishmael, with his customary staff, are about to set off into the
wilderness. To the left is Abraham, his hand outstretched in a gesture of regection;
behind him is a household member or an angel. Unfortunately, the face of Abraham is
damaged and partly covered with red paint. Whatever architectural background was
depicted in the model-surely Western-from which this scene is derived seems to have
been beyond the ability of the decorator to copy. Behind Hagar and Ishmael there are
merely a screen and, in the distance, an awkwardly rendered enclosure with leaning
walls. At the right are two entwined trees, which also may have been copied from a
Western source. This motif occurs often in Chinese painting as a symbol of husband and
wife, but to interpret it as such here is to assume that the artist responsible for the
decoration of the box had some inkling of the relationship between Abraham and Hagar.
The left side of the box shows a bearded man sitting on his haunches atop an ottoman
and clasping his knees. He appears to be naked except for the peaked hat with back flap
(the “Phrygian cap”) on his head and the cloak draped over his arm and spread out
under him. In front of the man are his knapsack (resembling a pumpkin) and a gourd for
water on a carrying pole and his pointed shoes, or clogs; in the background are two
entwined trees-as in the scene of the Expulsion of Hagar: one looks almost like a palm,
and the other has heavy foliage that hangs over the seated figure. A large phoenix with
spread wings hovers overhead. On the right side is another figure resting on the ground
under a tree with a pair of birds (perhaps falcons) in its branches. The figure has curly
hair and possibly a beard, which is partly hidden by the metal plate of the handle. He (or
she) is naked, but drapery covers the lower part of the body. An attendant at the left,
with an elaborate headdress, brings the reclining figure an object that cannot be
identified because of the damage to the lacquer surface. In the lower right corner is a
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lobed pouring vessel distinctly South-east Asian in shape. The border decorating the
two handled sides, which consists of aternating triangular motifs, is possibly a variant
of that commonly seen in seventeenth century Chinese decorative arts, but the border
surrounding the scene of Hagar on the front aimost certainly was adopted from a
European pattern. The jumble of artistic traditions continues in the decoration of the
dloping sides of the lid. On the front is an image of a man with a long beard and a
squarish hat, wearing a large earring and a heavy coat with a thick collar. He sits
cross-legged on a square mat, with his hands on his knees, and leans against a backrest.
In front of him, under a tree, is a pair of long-necked birds, one of which has foliated
tail feathers like those of a phoenix; behind him are two recumbent animals, perhaps a
doe and a pig. In the background are mountainous forms and a somewhat clumsily
rendered waterfall. Depicted on the left panel of the lid is a man reclining on the ground
against alarge pillow or bag, a basket with a carrying handle before him. In the distance
are waves. The rear panel of the lid includes a man in a cornfield holding a plant, with
wavelike motifs that appear to be representations of wind filling the rest of the pictorial
space. On the right panel are two elephants, again amid imagery of a cornfield and
waves.

52. A study of dermatitis in the lacquerware industry, Contact Dermatitis. 1997.
36:244-246, Kullavanijaya, P., Ophaswongsi, S.

Contact dermatitis from lacquer has been documented. The causative agent isaresin
froma lacquer tree that can induce either irritation or sensitization. Thai and Japanese
lacquer trees are 2 distinct species but are both members of the Anacardiaceae family.
We report 3 cases of contact dermatitis from Tha lacquer resin. Observation and
study of the lacquer plantation and working process at the factory were made to
elucidate the aetiology of the dermatitis.

53. Bridge of dreams: the Mary Griggs Burke collection of Japanese art, 7he
Metropolitan Museum of Art. 2000, Miyeko Murase

The Mary Griggs Burke Collection of Japanese art is recognized as one of the most
significant collections in private hands. This catalogue presents 168 of these
masterpieces, dating from the protoliterate era (c.10000 BC) to the Edo period
(1615-1868).

54. Chinese arts & crafts, Beijing: China Intercontinental Press. pp. 54-58, 2006,
Hang, Jian; Guo, Qiuhui, Hang Jian & Guo Qiuhui
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Established in Hong Kong in 1959, Chinese Arts & Crafts has experienced over 54
years of development and excellence as a retailer specialized in high- end luxury
handicrafts that embody the distinctive features of Chinese culture. With its long history
in distribution of an impressive range of products with oriental design such as high
quality natural fei cui jewelley, arts & crafts, top-grade handicrafts and elegant Chinese
fashions that feature exotic Chinese culture with artistic, collectible and appreciating
values to promote and popularize the core business philosophies of “Chinese Culture;
Stylish Lives; Sincere Care; Quality Assurance and Innovative Services’ , drives the
popularization of Chinese arts and traditional culture resulting in unparalleled industry
achievements and reputation. As aleading Chinese luxury brand, Chinese Arts & Crafts
vision is to become a dominant and well-known brand which introduce the world a
modern approach to Chinese traditional culture and endeavor its best to offer innovative
and professional services, quality products to our honorable customers.

55. Chinese Carved Lacquerware,
http://www.kyohaku.go.j p/eng/dictio/shikki/chou.html, Akio Haino. Kyoto National
Museum. Retrieved 2007-08-16.

56. Chinese Lacquerware from Noyon uul Some Problems of Manufacturing and
Distribution, The Silk Road. 2009. 7:31-41, Michele Pirazzoli-t'Serstevens

Among the important datable objects in the Noyon uul graves is Chinese
lacquerware, some with inscriptions. The article focuses on the inscriptions on two
eared cups and the technique of a lacquered box to determine date, provenance and
practices of distribution of these valuable objects.

57. Heat treatment of Japanese lacquerware renders it hypoallergenic, Contact
Dermatitis. 1992. 27:244-249, Kawai, K.; Nakagawa, M.; Kawai, K.; Miyakoshi, T.;
Miyashita, K.; Asami, T.

Japanese lacquer is made from the sap of the Japanese lacquer tree (Toxicodendron
vernicifluum), a member of the Anacardiacae plant family. Objects painted with this
material are described collectively as lacquerware. Both fresh lacquer and lacquerware
may evoke allergic contact reactions ascribable to the urushiols contained therein. In
this study, we have examined the effects of heating on the ability of lacquerwareto dlicit
an alergic contact reaction. Lacquer films prepared with and without heat treatment
were tested on urushiol-sensitive subjects. Patch test reactions were strongest to
untreated film and decreased with increasing level of heat treatment. Assays for free
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urushiol in the lacquer films demonstrated that free urushiol content decreased with
increasing heat treatment and that urushiols with saturated and monounsaturated
alk(en)yl chains predominated.

58. Burmese lacquerware, Sirivatana Publisher, first edition, Bangkok, Thailand, 1985,
S. Fraser.

59. Chinese Lacquer: Technology and Conservation, Science Publisher, Beijing,
China. (in Chinese), 2010, Zhang Feilong

60. East Asian Lacquer: The Florence and Herbert Irving Collection, New York:
Metropolitan Museum of Art, 1991, Watt, James C. Y., and Barbara Brennan Ford.

61. Explore the possibility of lacquer, Paint Technology. 2010. 1: 126-131, Oyabu, H.;
Ando, N.

62. Hypoallergenic lacquerware, Enviro. Dermatol. 1996. 3 (I 1):119-125, Kawai, K.;
Nakagawa, M.; Kawai, K.; Miyakoshi, T.; Miyashita, K.; Asami, T.

63. Lacquer Chemistry, Chinese Academy of Science Publisher, Beijing, China, 1984,
Gan J. H.

64. Lacquer: Technology and Conservation, 2000. Oxford: Butterworth-Heinemann,
2000, p.42, Webb, Marianne.

65. Lacquer—the Science and Practice, Rikou Publisher, Tokyo, Japan. 1999,
pp.25-26 (in Japanese), T. Terada, K. Oda, H. Oyabu, T. Asami.

66. Lacquer ware, Archaeol Quart, 2002, 80:46—49. (in Japanese), Yamada M.

67. Lacquerware of East Asia, New York: The Metropolitan Museum of Art, 2000,
http://www.metmuseum.org/toah/hd/elac/hd_elac.htm, Department of Asian Art. In
Heilbrunn Timeline of Art History.

68. Lacquerware of East Asia, The Metropolitan Museum of Art. Retrieved 21,
September 2011.
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69

. Progress of Lacquer Chemistry, IPC, Japan, 1999. p.43. (in Japanese), T.

Miyakoshi, K. Nagase, T. Yoshida.

70

. Thai Lacquer Works, Fine Arts Department Publisher, seventh ed., Bangkok,

Thailand. 2006, S. Bhirasri.

71

. Burmese Lacquerware Loses Its Shine, The Irrawaddy, January 19, 2009,

Retrieved 2009-03-19, Kyi Wai

72

. Chinese Carved Lacquerware, Kyoto Nationa Museum. Retrieved 2007-08-16,

Akio Haino.
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FUBRBIORAT T U ROBNE =7 BB STz MBTFEL TV D 2 L VRIR
ST, ZHH DY — 73 RFEE 4—11 ORI L TR & T IR I <
BHINTWD, ZO7H, ZOREHIIZ, S FTONMLZEBIE D 82 < OB NS
AT ATREMER RN E B 2D, BERBER OB O —>2 L LT, AMTHWOLN D & & 1T~
HDOITRBRWIERBEOERE MAZRITBE DL Z ERB T oML, ZOX D RHEEIT
S TEBRIIAIMN DK TITRF R ARETH D, L, Ml TIRZ DIRBERKED BT
THBISELZENTEDLLELNL TS, ZOREHIZE D L O Bk O R84 ik
M HECTHEHETHDL EEZ DD,

BEOBTEZ K ET 5 7023k 200 pg 126k L TMAH-5H20 % ¥RIN L RSBV i
-GC/MS 5 &1T>72, m/z 151 DA A7 a~ v 77 AaEfH LI 217728 2 5,
AA - fE - BEPERICFEH R —7 it Shiz, Lo T, VOB obfEIx
Toxicodendron vernicifluum T 5 L 5T LT,

4-2. RREEILKANDBEIGHIE (FE4)

SN N TZGRBHIAMU D BRIV L7z & Bbn 5 @21 E L TV D EME RN (7).,
SMUD DRI LTz & b D —EICREN R 6N BE/NT (1) PG EHERER L7z
REvhR (7)) O=o%Zlkt e LToir Lz, ARG EBELIZLE A, READ
FIZ&BOENRHY . SHIZED RITMMOEREND 5 & Bz, B FHE T EK L
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HOHebDThoTz, BN OROLICERNHL LR AT, £, —HIZHED LD
BREEOWER R ONTZ, RENRITEEDPRETH D0, REIHENORR B~ AT
ST OMENSE L Tz, THIO—EIZIIARB O E P BIE Sz,

(7) REtoraxtervary (BES) T35t 4 BigE (a—d) Tho7zZdHbH,
a BIIM OB CEE I Tl o 7o, N OB ZBE LI-ER L AbE TER
L. REEITEMBIZE OB TIE R, BRME LZENLTIIRW N EHE L, @
ZAAMAU RN B R Z T UMl ARRE Th o 7o R R S, fie< b EIX
HEEETHL LB, ¢ BIIREEZEDREETHL LMWL, £, b EL ¢
JEOMICIZER ANz, THETHD dEixims & A T,

EDX p#r&1T o 7ok, c @26 Hg DNBEFICHRI Sz, Ko T, REFEE LTK
A (HgS) HVWLNTWD Z Elbnot, iz, EEZ 51T Sn, S N < M
SN LR TH T2, Zn OE— 7 BENKREI VN, ZHUIATA RH 7 AHKT
bbH, ZNLY, el LTEAICHEW TR ZHEIZEE TIER ., A X2 AW fise
ThHholzZ EWRBENT, 4O EA XT&0%E2 L TEY ., £haEofHmE LT
HnboinsZ b, HOLICBRLNAEREObEIL. OBEZEET 70, @FED
i LVEBICRELTD, V) T ODEHNLBONTNWD EEE L, TS
I% Fe, Al, Mn 72 E3H &7z, Hg BB IN TV D2, ZAUTRGEFRHORBEIZ LY |
WIRER YD Hg ZH L T LE o722l ENT-E—27 Th D LiFIR LT=,

B 95 pg 1Zxt L Py-GC/MS o#rxiT-7 (K2), m/z60 TA A2 ua~v hr 7
AN USEAT L7255, SV FUBB LR T T U Ui S, wxic, 2o
AREHZIZ A E TN T ERHL N E o T,

WO L o772, I HIZEEZK 100 pg VT, TMAH-5H20 (2L 5%
BV fiE-GCIMS oM &24T->7- (X13), m/z 151 (alkylveratrole) #%fi#fTL7=& 2 A,
DT A—IVHROE— 7 g STz, UL EX Y ZORBHZIHW STV DO FE
T HA - FE - sgEPEZERD Toxicodendron vernicifluum Téh 5 L HE LT,

(1) OWEZBLELZELZ A, 5JEEE (a—e) Thot (BFEG6) . KXRAEEIT
(7) OFEMENT LU BRAE LiziBinTh 2 & Bbhiz, FIIIR OJEME (&
4) LEbE bEIFFESAAVORRBETHY | c BITEEE S T WVARE, dEITEEE
ADDOKBIE EE 2T, SMRBETITDOOLRpoTN e BE dBOMIZHEN R LN,
BOLRCBREEEZENRNTLED LENRRAT T 2ERNHE Lo TLE I, BZIT,
B ITIMEERZ LIZO < BoThoBOLNTE DO TIT RV EHELE L, 72, FT/IR
AT "V TIE, b—d JBOTXTIZHBWT 1700 cm? fHTIZHWE—7 BNR 67z, Lo
T, BN E RN E EN TV D LRIz, (7) OEfMHEINNTO FI/IR ©—
7 CIEABREIZIEL 1700em A IEDBWRINE — 7 ZR 680 oTc, 22T, BEVhA
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EWEAENRE, THIONOAEREE COBOIEENRFE—CTHDd, kb, B/ EHE
&AL FRICE— OB A W TEES N L B 50PERTH D, LA EZE
FxDHE, ANVARZNVERKE =7 OERIIZFERTRETH D, BEA/NTOHZN LN
W E— 7 BFE oD, MEZEORRERENLBLNIZZ & T, L LIEARREIC
BREOMPERINIRE LD TEe W E WK AT, L, ZIUIS5ET
WMESNTCZERVWBIRTHY, SBBRFZITONERH D,

Wrikilzxt L C EDX ot &4To72L 2A, BEEETH D b @b I3RET XEoHKiT
M Shignole (K4), 2o, BABEE U THER EOFKEEA WL Tn
D MRS NI, dJENDHIT He BNEEEICHRII SN2 OITRAEERE L TRERDMEM
SN NI, £, B BIE 3.6.1. FEME/IN EFEIER Sn AR S 4,
ZHHHEBEORHE L TARBEEHWEZ ERRBE SN, THENOIX Fe, Al, Mn 72 &
DR S e, Hg ORMIZEBE 70 Hg Zii> THRIBL TLE ST DI LR LT,

X HIZ Py-GC/MS & T-7- (M5m/z60 OA A7 v~ 77 a&HAL, &Kk
WCHREENTOW DR ZAT o T, WSAITF U, AT TV VBRL<Eifiani &
o, ZOREHICHAFEH SN TWD Z EPRB I, m/z 202 Tl fluoranthene
DE—I PRGN, ZHIZEY, bBIZEENLBAEEHIMETH D LHEEINT, £
7o AKERITIZ L E 2 RN m =198, 199, 200, 201, 202, 204 MFETH I ERAMHNTE
0. SEOHGHITTHEN L OFENERRINTE T, Lo T, EDX oHrOfiRbiE %, K
SRAEDER P RE SN,

BROBTRARFET D70, BRI %2 & 2 OSEVR-GCIMS 7otz 3B 110
ng ZHWTITo72 ([®6), AT F—LHRkOE—7 "t Eh, FFA—L - Ty
—IVHROB =7 i3 S ginotc, U EX Y ZOMBHIMEH S 7o
Toxicodendron vernicifluum T&H 5 Z & DBREB I N7,

(7) ORBOWHEHZBELIZEZA, BETIORTLIIC 4 BiE (a—d) Tho
oo BREOKOEET D a BITMOREL L [FER, HNTHD EBE LT, bEITER%
EUREE, cBIXERE ThHoT, T TEMEICERLE, 2o () oREi: (7)
(1) &8y BEEITTHO BICARE, KEE L WIIIERTRLA TV, FIFFC
HESNT= b, F—OMEEZHWTREEO TR CIERINZEEZL20RR4TH S,
IOEIIEEZD L. BOIEEIITIEEDOH NS LT T THD, LoT. BOIEENR
o THDHZOREHT (7)) BLOY ) LEFRR-ETRTEONZEEZ BN,
ZDOHMEIZIBNT, P ESMAIT R e o 7o RUWE TR Z A TV D RIREMER B D L) Z &
(ESE A SEIAN

VT, EDX o#r&iTto7-, RFEETH S bENOIE Hg NBEE IR SN, ©x
(ZVIREEERE U CKSRARZ B L2 2 & DRI Sz, THIE 2 D13t 03Uk & AR Si,
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Al,Fe E\Wo e nE Ml Si7z, Hg (b BO Hg MNif-> TSN O LR L
7=

el ¢, BEHY 150 pg 1oxt LT Py-GC/MS 5t &4T- 72, m/z 60 TiMDA 8 4 fifhT
L7z A NAIFURR - AT TV UBROE—7 Ptian, ik, ZoREH
XHBAEH S TVWD Z EARRB STz, thoilklcidm$FEEk 8 ofafufigiiiso v — 7 i
FERRE DT, LaxL. AR SERE L 72 Z OB CIR RS 7 D faFIiEIGER AR %58
FERRE DT, DI, RRIESMUTIZ AW HOREEN R > TWb & bz, B
DIEFERFT e > TN Z & &G, IMEDON & T S - EROER TR IE N
DD Z MR I NI,

BROBFEZFFE L LD LA, BOBPM L BEELFRET DI+ —7
BREENG DR oTe, Eio. WEBHEROBEN G RUSEVGHE-GC/MS a1t H> 2 &b
TX otz

5. F&H

AR AT L2 S, BREREEN TR SN MEFE R & L THEROB UL % %
LTV ETO, F—ROHEAEEE LR 5,

SRIDZHTRERIN G, RBHER LAK N T HLAE D 77 8 1 3 R ERRVEAL PHL 4 LA &t
BLTEYZL DR ZE A TODETN I DRV, X512 Py-GC/MS O34T H
MH, HEREIZESG L TWERREENRE SN, 2O X9 G ZIT > 2 @IEAMN D
R[ETITRFHRARETH D, Lo, TIEZORERZEO BT CHESESL 2
EMRTEDLESONTND, ZOL I RBRIIONWTIEASE, BRGNS EILRD
ThHhHI,

—77, EWMTEDORENOBREEMPCRERE, BRI RS0 B3RO i A 4
S OIELRMBOFEROBLE LB REDEMRILL TV Z &M, FREROBE UL O IR
NDHHLDELHET D,

HEE

ARIFZEDOFHEICER L, 07 ZHI12 W=7 & F L7-i = NET N7 X EAE - 40
THEEDOERRIC Z O A& Y TR LA L BT E 9,

£/, ABFEIL JSPS Bt 26282070 MBIk A% 1T 7= b DT,
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FE1 SHEHOSHIHLEEEXREIZEHLRES
< RBREVEH PR U > IRBHERIILR N JEfe S >

FHE2 RREEBHFLIEAEDSHHAFIIER

FE3 RRBEHMALEAEDIDOREI T 3 VER
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KR B K:TFILI=DL
1 EREBEHFEEEAEOIOREY O avIZwd by ETY EDX

(7) (1)

()
FE4 RRERLKAYBEGILEDRE FHVER
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FHS RREELKAYEGHIE (7)) 0/0R€7 23 VEg

A8

A6 a7
A5

A9 Pa st
A4
o [ L

RT. 500 1000 1500 2000 2500  30.00 [min]

K2 RERERILKAYEIGHE (7) O Py-GC/MS(m/z 60)

ock / ock
OCH;
OCH,

—

‘ sHs1

RT. 500 1000 1500 2000 2500  30.00 [min]

B3 RREREILKAYSEICAME (7) @ THW/Py-GC/MS (m/z 151)

FH6 REREBILKAYEIGHE (1) 0/0R€7 3 VoiER

Chinese lacquer

Tung oil

m
m
m

4000 © T 3500 3000 2500 2000 1500 1000 500
Wavenumbers [cm-1]

- - . E "~' Y e,
7S oy ¥ ¥

4

4 KRBEILKAYBELEIIE (/1) ODAIRSITETYE LS EDX DFER
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m/z 60

m/z 202

R.T. 5_60 10'00 15'00 90'00 95'00 ROjOO [minl'
A4—A10: butanoic acid — decanoic acid Pa: palmitic acid St: stearic acid

5 RRFELKAMEIEHAE (1) ~D Py-GC/MS #5R

OCH;
OCH;3
o / »
/

sHaq

RT. 500 1000 1500 2000 2500  30.00 [min]
M6 XRABBILKAYEBEREHIE (1) ~D THM/Py-GC/MS #E R

FE7 RXABBLUKAYERZGHE (V) /073 oaiiER
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A7
A6 A8

Pa
A5
st
A4 A9 l
A

RT. 500 1000 1500 2000 2500  30.00 [min]

A4—A10: butanoic acid — decanoic acid Pa: palmitic acid St: stearic acid

B7 REBEREILKAYSEIGHE (1) ~0D Py-GC/NS #58 (m/z 60)
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AR IR <85 (T SRR DZRFIA (3)
Y- BREORE (SWEETREMRAED) M B (SR

[ECHIC
FAVBTHEIIN 31T DRI ROBE NI O T, O STHIDRE S 52 L O LM AT U, £< OB
FIHOEEHZOUNT 2018~2015 L E TREEIHTEI TV, B E IR IE ) DR 21T T 7
(3K - HE 2014, 2015) (G - A% - B1E 2014, 2015), AFEELIEGEEEMORBRE IO S
E LTI HT= 5, TOTZOAFETIL, 2015 FEDOHT= 72 BVEHTRISEE RN DL C OB LS
FOBHFBERLIBAND & & BT WIFEENS T EAT 12T R COBR SR & L CraiRigiEin o it
U TORRIZ T DBBIRE NI DN TR LD TNETL Y,

1. ERGEFOBEE 1R-F£2H)

PRI, KEBHOFIECE & 53 KA ORNIIL HEAEH AR U, RIS O PR
Do SV ETTEMRIAZS 2015 4 3 HITEE—M (B R) 2% (S o EmnEkidas 2015)
2016 4F- 3 AN /ot Gl 2 THTTETHD, F7-2017 43 AIZE =S (&) 2 FHTTET
HY | AFNAGH SV ENEE = ief S D, 2015 AEEEICIE, SV e EHIEIAE R CREvEA
BEAORBIEDBE S D72 E (W EiNAEAE 2015) | FEIEFHAORERINER STV D, FIEHED
AR LC, RSO Ao A= 270 2 25 S Ui HHTe% oA ERE, Blobsl, 7 Ve b i
EOETHERT: L OBREZ AR L7230y, ] - BHIOAAR 2T U &L 320 H - L=,

AR B 2 BRI BT 5 B EHI DUV T, RO OIE, R, fliflsa g bo L LT, MR
RO E G2 b OV VORI, Tt AR MEIR ORA S L7, Al 3t LT
WD, ZILH DOEYH HIEBORWEHHEI B O DAL TV Z B 70 V) | FEREEEIR OB IX
TSI DIRORIHE B 2 5 5 2 THERERE VW2 K9,

(745

2—1. RiEAEH T EH (RER- MR (33 K)

<SEXEFRAPHAhE~ LT >
DAE S No.011

TSR EE~ R RS T DD C—4 7 U » RInB L Uiz, A XAV EEH L, ARE 13RI
N THD, TS DIRMNBDERDIDTINTHER TE D720, fhFE 73t 1 & b s, 2RO ERRE L
TW5, FAFEIEERD 11.2em, % 2.5cm, JEX 0.4cm Th b, A NTEHES HID 7250, FB00NTBHh
LCW5, PWAMNE & HIZ TEIZ L DR DD, SMEIFRACEFENE U< | M LIZBRICE D i 7o b
DTHA 9, WIRTOBIENHIX, BOBEARMmIIE S TCND L ICHZ 228, Wil IR RIcE e
JEDHER SNT= DI CEEERCED R S TR, ZORAREIZOW T ERRT TH 5,
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2B FRBENE LU RDOFSRGER (SU V-FiHENEES 2015)

51 H AREEIRRER (S -FihENHESR 2015)
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@AKELH No.1176(U—1070)

TSR EE~ IR Y T2 6 B D—7 7' » Kb Lie, h=F B2 L, AREY (3R
M0 Thd, I REED DS~ T, HEFO—HDRAF L T D, FAAEI TR 17.4cm, A2l 11.2cm,
JEX 0.6~1.1cm T 5, RIS HIAE > TEH_ER Y AEFHNINT TORIEAEH LTS,
D RIS R U7 AR & B 2 DD, ANEZITEEAYES, HIV 7 Lo L 9 72 TEED
TE D, ETMATEIZIIAHEFLD T DAL, FLOFERDANEH LA A~RIDN L 72 D8k 70> HINSMTT a1~ 5
DHEILEEZ DILD, RIRTOBIEZEDBIE, WINE L BT Z5 L727ROBIRD BT, fECHRIR RIS
BONTODEE DR CE 7o, NEO—BICIFROIEINRE > TD, [ERE b OINEOBREI TR L 2
RS TT, AL OV T EREBOIETELN TS,

@ARELH No.1178(U—1072)

FSHE SR E DORE R, 2780—2619 cal BC &SI ORI A7, SR e~
BETEYTH6EOD—5 7w FnbH b LTe, 7 v R2EH L, KRB IIBIRIRY Th D, BRI
TR BAVZMIAROIETF & o5, FRAAEIE, Rl 4.5cm, %580 3.5cm, EE L4em ThD, KIRT
DB DI, AT I NBIEED LRI 5L T DR 0 RS T & | MR OB XA L TV D,
HNEID AFHEGHNTBIEDNE £ - 7RI HAV D, NIEITER NBIED HIIROBRIES TEN R BTN D
FRFDMBIEE CE T, SME OB L7283 T K2 2 BEET, MabOB @07 ZRET-ROIA
TELILTWND,

@RS No.1194(U—1104)

HEHERFTARBE ORGSR, 2815—2677 cal BC & MESURH S 1R A7~ SRR -PEE~1%
YT H6EOD—4 7y Kb Lie, =3/ F@AMEH L, RE IR Th o, EekD%
TROLEAR & oD, ZEARRO ISR 3 DOAHD AT L CTND & HBAL, FRAAFITRS 7.7cm, 458 2.6cm.,
JEX 0.6~1.1cm Thd, HHRTOBIEEDGITNINE & HITIROBIED HITH IR BIE S B, N
OB LA % b > T2 BOBIEDME L Q0 D, FHIEDIEBINCH A 5 7, FMEN HEE L 7= 35
TR &% 3EEE T, NENLOE QXTI EHRETE O T 7 HRETERDIRTE B TND,
G®ASLF No.001(U—042)

SR R P~ R E 3L T 5 6 @O D—4 77U » Rinb b LT, A XY 2 L, ARED 138K
Y Cho, FRAHEITRER8.9cm, £l 3.83cm, EX 0.4~0.7cm Th D, HD I, F/iTRED ATHEMA
5D, BIROEHLENKIE LT VA OT I TH 505, MEHOIMAUAMNE 0.5ecm 1F P& LT
DI MER CE T, AR A REE T 572 DI, 0T MNIIRAF LI HEFR S OHTIR TH D LB 2
DK 9, LT 57 BITFEEE MISTRR & B 2 B AL, Wikiod = —F—FBA Ml & B L TR HID 723
AVTND Z Lnh, BIOZRIIREALSTEOFREMD 8 5, SMEITIANEDEEFELEIEORBENZE L < | S ofE
FNZ L DIERVE BioE %, WHEIESIEEEEFEL TRV, NIRIOBIFIZIIIRETIRAY & i 5 M) SHes
T&ETz, AMNENOEIR LB IR L% 3 BE T, NEoO O T I ZHRETE @ o%
RETBRDIATE LTS,

< fESCR AR HARIE ~ (R EAWIEE >

®AELR No.1180(U—1073)
SRR~ IR RS T2 5 BOD—6 7Y v Kb+ Lz, YR EAER L. ARELY X
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FEREUY CTh D, NMFERZROMETE > & i, FEHOT= O MURGHNERE L T D, FRfEI T 4.8cm,
A 3.4cm, JEE 1Llem ThHoD, #HFO Bl (WA 1ZHOTNTEATEY . Beso<, AN
TEDHDET B TND, IR TOBIED DTN & HITHR VBRI SRS C & 7o, WD SHIBE L 7555037
LD BETATODDIEIARBINEL LTS DTHA 570y, SNEPOEIR LB IR L% 2 J8ET, K
BB QT 7 HRETZRDIATE LI TN D,

@DABLR No.1193(U—1098)

FESCHRE AR~ IR %45 5 O E—7 7'V » Kbt Lie, R/ &AL, KRBV IX
REARELY Toh D, BREEOBE~EICNT TEF LI-bo L Bbhs, FHEEEE S 7.9cm, 1§ 22.6cm,
JEE 1.4~8.4em, EICEHAET 14.0ecm ThHD, JEH D FFRIZEeN PN B3> T, SMEIDEIE
IFELSBLNTEY, FrEZAHRBEL T\ D, Eiz, BB HNTIRIZR > TEBY . AEOAHZE DS
D & B, WHINZIT—EBITIROEIED K > T D23, FHIFED L <FRAATO T CTh 5, b L
TR IR L Z 2 JEE T, A DOEE @07 ZRETEDIETE LI TN D,

< $ECEF IR EAMIEE~ AT >
@AELH No.004(U—050)

TSR A HIWIBR~RIEEI LS T 5 4J8D C—4 7' w R b Lie, W AAREAMH L, AREY 1378
ThD, wfERFAOARRELTH Y i ORIDOGEHIRAT L T ND, BRI LR 4.8cm, 45l 2.7cm, &
X 0.6cm T D, WHENIT TR LTz & 5 725005 iR C& 7o, RFERRAI T, FR35R < JEih3 2,
Z DRI DR OEESAAHENT 2 Z LT L < AZ b o TEBETHM O E $ B Bbivd, WIRTOBL
Z30BIFANENTITBROBIED HITHROBIED N B, WIEILZITEROBEOLMEE TE 7o, Lo LAMEID HER
LT BIRD S HTHERD BT, ARROD I ASEH e ST DA CHERCED R S TUVRY Y, IR T
P TX DAMEOIR B M IBHERG T T 5,

@AELH No.005(U—059)

SR AL IWIBE~RIHEI LN T 5 48D C—5 7'V v Rb b LTe, A XAV A L, AREY 138K
Y THD, FIFOMEIRBNDETDIHIEE L CND, FHEEIIES 7.0em, 458 3.6cm, JEX 1.8cm
T D, TROWRIIEIIII Y, FIPRFOTIRSR S BRI £ THUL, P& S IZEBIEORIBEE L,
AT XAIROZEE D V) | ZEEDOEDONIEITITNE lem FREEDOM A A S TERY £ O FIZIHE lem
FREE DU G S AL TN D, Z DUHRDERGF DI RNRIRD _FIHRNBIEANE SN TND K IZh%
%o WA B, £EEY 0.1em FUERNERPYAAA TV DR AMBIEE CE 1o, SNEOBIE ) HIF~y
BT DHERES NS, BUTHER SN TR SR S, L 5 — & LTITZ N TOWANERATH 5,
OABLR No.1145(U—1050)

TSR A HIWIBR~RIEEI %S T 5 48O D—6 77U » b Lie, b/ F2EH L, ARHY I3HR
0 ThD, BasONFHFHIITRE Lo b o Lo d, FAAEI LR 4.6cm, 454 1.9cm, JEX 0.6cm T
BB, ORKIFEAT L QRO SR 72D 1388 30em LU EIZIFe 2 & Bbns, WIRCOBIED LI, NIME
& BT OFREIFEDMERIEHER T & 7o, S BRI L3RIk L2 3 EE T, A0 ©
RUT TR @O T ZRETROIETELI TN D,

@RS No.1172(U—1066)
TESCRE AR HIWIBA~RIEE 3 T D 4 J@n b L (U » RARE), A XATPEER L, KRB I3HEA
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B0 Chod, B LB 5, BAFETES 1.5cm, 6 1.4cm, EE 0.9em THD, AR TOREIER
PAEIE, AN IR R & SR BB S, NI IR VR R AR T& 1o, AMIA DI L 723
I3 L2 3EiE T, AehbOR OB @FRLIRETHRDIETELN TV,
@U—1068

TSR AL IR~ a4 T2 4O D—5 7'V » R)B T L7, IITR No.1822 A Hu Y 7B,
EYNATE LT MR IR U QU e, MRHEL S22 L 7= B Ot & idoi, RSB SR T X 5,
BREHIA U AT L ARERAEH LT D23, B ER- b ONEE TR L722NIARIThH 5,

< BB IREARIEE >
@RS No.1132(U—1026)

TSR IR 4 T2 3 O E—9 7' » Kbt Lie, Y7 @ L, AW 13T Y ¢
& D, BEAE TV RMD G LT b D & i S, A LS S 3.3em, JEE 1.2em e AT 21.2cm
ThD, MBS ZRTOTOT NS, PR IR IEH D720 EEREDE LV, WIR TOBIZEND
& PN & HITE IR DIV AR HEER S AL, FURENE. R OB 3R D BLRO M A BT,
SEE DRI LT K7 3 EE T, AR OOERMEER OB OV H 7 ZRETRDIE TR L
T3,

@RS No.1136(U—1025)

ST RAZIINEEI S T2 3D D—5 7'V v R LT, IR COBIZED B IR, & b
R, AFEHER S CEMEET TH A T-OWrEI e -V, BAEE, Fiih 1.6cm, 456H 1.2cm, JEX 0.1cm
Th D, WIRTOBENOIT, FEE BIZAT R BLNIZROBIESHEESIL, & 2AEZAICRENA-
TW5, BFEIRLE 3 BEET, Mo O T ZRETE QOREIEETARDIATE LT
%,
®ARELR No.1138(U—1029)

MSCRREHINEEI RS 75 3O D—8 7 U »w Kb LT, 7 Z@afH L, KREY 1IRAREY T
BD, SRONFRIEAT LIz bD L Bbhs, BHEIRE 6.1em, /£ Ldem, HtHRE 36.0cm Th o,
A8, B & HITKAE LT D, WHOBIR IFRAARESHE S SRR L T D208, —EBITs% 2 8l 3
DNNFETIDIEBIA A 3L D, SMEOEVERIZIZ L 2 A L2 AIZBRIENRA LN, N BIMEETE 5, WIRT
OBEZOIT, MEICHEY) BERONBIFEI MR T, SME bR LBk L2 7 ST, K
b0 @B @V W7 ZRETER O O T I EHRETIE O O 7 RT3
JIECE®HTND,

@RS No.1061(U—1009)

TR SEAEAIE DRGSR, 1893 —1754calBC & SR IS IIRTEE~hIEDOFITH 279, ~rFriihic
AT H1IEOD—10 7Y v bt Uiz, 7 FREMEH L, AR IIRAREY Th o, EEEOIRRS &
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DIFELACZTBAED M) L2 bDTHY, HBMIET NS HEHRMETH D, EHEDITL
DORFROULRENEZ D ECEHBERFRND Th Y BT EYOMERCEYE TR ZH 60001 5
ZLIFEERIETH D, A TIEBELTEY 2R PR TFIE LY o 21T, “BoAE” “6iH
MR B “BUETR 12 oW Tk 5,

2. SrirElkt

PSR & A U 72 MBSO R O A E W KR - MEHERS « 2% - W - SR 2 &35
ENTWD, AN Lizakhix, AR (M10 U-1111, M10 U-1114, U-1064, No.001, No.004,
No0.005, No.11, No.1061A, No.1061B, No.1126, No.1127, No.1131, No.1132, No.1136, No.1138, No.1145,
No.1172, No.1176, No. 1178, No.1180, No.1193, No.1194, S-56-1, S-56-2) . t:#% (No.001 U-21, No.002
U-22, No.1095, No.1164, No.347-S, No.347-U) T, HrHICERI L 72U 238k & LT,

3. FFFEITONT
3.0. Z7uREBT V9 VT

7aAt s va VIIMETEAZER L TE Y, REOREmX 28445 2 & T, kMg
WTEDLIRTRTHIESN TODENFHRD Z LN TE D, AREHIT RS U5 CalM - i1k
LRI LA T A R T AR 1T, EOBBEMEE CHE TE 2@ S E THOMEL TV
<o Fio. BIEITEEBESCRIBIE. FABIERHY . N2 FHT 52 L TRIRDE
WKL DAFEAE e Ehk A IR IERERTD Z L BHR D,

3.2.ATR 2 X% FT/IR 43%T (ATR-FT/IR)

ATR JEITFBHEBE X3 LT um UG OFPA T~ v B ZHERREETH D, E D=0,
rmaAt s va iohiE LTEsEHIRE LT, EOEITERZ OO EINE EIL TV D 0007
THIENTES,

33. TRV —RBAIEN X BOPT (ED-XRF)

AURHERIE I XS5 L AR CRIERIA O TR TR FRETH D, TDIZD 7 v A® 7 v a iy
Mrae L7oilBHIR LT, AT OTROFEN DB ZRIES 5 2 L3k D,
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34. BRI A v~ v JF 74— (Py-GC/MS)

BITARBRE T CHEE D . IERITRERBIEZ LT 5, BT —EBIEIC /5 & MM IEC
END 20, BEANER L TOTE RN, £ 2T, REMES A (He) HFPHA . 500°C TEVY
g9 % Z & T, MOMEICHR LIt & d, £ L TE LI TERY & RIS O AR A 1
REFOHEE N FREIC /2D, Fio, B & FARRICEANC RS R ERRBHZ DWW T H BV T 5 Z &
T, MBS ORHMA 225 0 0 ML OHEE R ATRETH 5,

3.5. KICBARIRA AR v~ 757 4 — (RIGESIR-GC/IMS)

BIPIC K VB EIT A 7 a~ 8777 4 —TRIEBENE D, BOA ECHEBEOEE DN
R AEN DD, RICEGIRIT A7 v~ 875 7 4 — 1 TERBEOEG I L > TEU BB KD
By DRI 2 @ o0 5 FiE & L THWE, BUSEMiE-GC/MS TiZA FALGESARIAEE L L
T Tetramethyl ammonium hydroxide pentahydrate (TMAH-5H20) % fAv 7=,

4. MG R
4.1. FEREEERELDO2HT (ED-XRF 23%T)
4.1.1. M10 U-1111

BN 51X Zn, Si, S, Ca, Ti, Fe, Cu 23 H &7z (Figure 1) , —fRIZREGEEIE L THOWO
% OITIM (Fer03)  KERR (HgS) 72 ENZET BN D, B LI I oot Bbhd
Fe L/KIKRDOLDOLEbND S B SNIZTDEENIM & KRAD 2 FETHDL Z N
R ST (Figure2), sBHIMIR THH - OENRB Y SNZONE TSNS, 2 FMEOHE
BHRE THWE D E 2 bz,

[cps]
600+

Fe
5001
400]
3001
200
10&? Fe
1 Zn

1 Zn CaTi Zn
1 znsiS, Cari Cucy

o] A
0 10 20 30 40 [keV]

Figure 1 Qualitative analysis of M10 U-1111
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Fe S
Figure 2 ED-XRF elemental mapping of M10 U-1111

4.1.2. M10 U-1114

B B I Fe, Ca, Hg 2SR S 472, (Figure3) . —MRICIREAEEIE LTHOWOLRD b OIEFH
1 (Fex03)  /KERA (HgS) 7 ENZEIF b, REABIIRU T TZD0b D L Bbitd Fe &kiR
KOboEEDOID Hg B SN DEENIFFN L KERED 2 BEH TH DL Z AT EN
7= (Figure 4), EHIFEIR TH DO EREBY SNIZONETIELSN LT, 2 FEEOBEEZIRY
THWEAREME L B 2 bz,

[cps]
250+

200]

Fe
150

] Hg
100
Hg

5(}: Hg

] Fe
Ca
1 Ca
O T 1

0 10 20 30 40 [kev]
Figure 3 Qualitative analysis of M10 U-1114
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Fe Hg
Figure 4 ED-XRF elemental mapping of M10 U-1114

4.1.2. U-1068

B B3 Fe, K, Ca, Al, Cu, Ti 23R STz, —RICHKREBEEE L TEZXHILD b OIXFRFN
(Fe203) . KEUE (HgS) &N obhd, BN OIEFMNO b LEDbID Fe LAKEAD
boLEbhs Hg s hiz, Ko TOMmERE D O SRTODERNIN T T LKA
D 2 HHETH DI ENRBRS I, EHIRROMAHED 72D EREBY SNIZONETIEINE
T2 FEHOBEE ZIRE THW TR b & 2 b v,

[cps]
200

1504
Fe

1004
Hg

Hg
50 Ho

Ca Fe
K Ti Cu
Al Kﬁa Ti u
O 1 1

0 10 20 30 40 [keV]

Figure 5 Qualitative analysis of U-1068
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42. KRS DOZ 0 R® 7 v 3 U4HH. ATR-FT/IR 5347, ED-XRF 4347
4.2.1. $E(CRES No.001)

BIFEAEE T B (), REE (b,c) TSN TEY bc BITRAFEAEZREE LB THS
LRI L7z (Figure 7) . 7 v A&7 v a x4 % ED-XRF o iH#E~ v B2 7 OFER X
D b, c J@825 Fe MRSz, KoT b, c BITITREERE L THEER (Fe05) MBS
YHITBRANEN TS Z L AVHA L7 (Figure 8) . b JBICITME WK 2 MR ST,
ZOZENPDLHVLINTWENU T TIFSA PRARTT L sniz . £72 ATR-FT/IR LV
TRTCORENOEREFALL LT AT MARG LI (Figure 9) , K- T b, ¢ EITREFE &
ZIRGLIEE, a BIIEBERE CTHL Z LRI

Left : Transmitted light Right : Polarized light (x 200)
Figure 7 Cross-Section of No.001
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Fe

Figure 8 ED-XRF elemental mapping of No.001 Figure 9 FT/IR spectra of No.001

4.2.2. $R(RELE No.004)

B EIIEHICERARE (@ THRSh T BAB»LIXEEBIR ST
(Figure 10) , 7 1 A&7 ¥ a3 %45 ED-XRF SHrDwHFE~ v B 7 OFENS b EEH k
OEF TR SN2 oTz, 72 ATR-FT/IR MHITEEFEB Lz — 27 BN e 5 BEE o]
ZHONTWDNEARHTH S,

Left : Transmitted light Right : Polarized light (x 500)
Figure 10 Cross-Section of No.004
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4.2.3. BF(RELE No.005)

B IIEHICREE (@) THERINTEY ., a BIIRAERZRA LIZETHD LR
S 47z (Figure 11) . ED-XRF MO HE~ vy B 7 OREREIYD a B22H Fe s
(Figure 12) . £ > T a BIZITREFEE L TIRILER (Fe03) 22HRD XU T IZHAHW L TN
D2 EDRHB LT, £72 ATR-FT/IR 72 BITER I L 72 B — 27 035 BV IR A8 CIrIgakt 2 (i &
EETHWTWDDEAHATH S,

a |

Left : Transmitted light Right : Polarized light (< 500)
Figure 11 Cross-Section of No.005

Fe

Figure 12 ED-XRF elemental mapping of No.005
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4.2.4. Sk(ORELS No.11)

B EIIFHICRARE () THEERSL T BAE» DITEHIBE I ho -
(Figure 13). ED-XRF Z#r DIt~ v B0 7 ORI O & EEHHRO LHR T S e o7,
F70 ATR-FT/IR 2 OIFEREFL L 72— 27 BT REABITMEZ AN TW S 0NIARHTH 5,

Left : Transmitted light Right : Polarized light (% 200)
Figure 13 Cross-Section of No.005

4.2.5. Sh(RET No.1061A)

BIEEE I THE (2), BIEE (b-d) THERINTEY b BIXREEREZESLIE, o d B
ITHIEDBRICEREB Y SNZETH D LR Eiic (Figure14), RECTTHIEZELIZEZA ¢ 8
DOIN R ONT- T OMEDOBRIC L2 RA S b OZEH Lz L HEZE SN D (Figure 15)
ED-XRF Z3#HrDFE~ >y B 7 OFER LD b @D Fe M 47z (Figure 16) . > T b /&
IR AR LTl bER (Fe,03) MO A XU B I NHANLATWS Z LA LT, b B2
ITHEWERIRRL DR Sz, ZOZEDRDLHAVHNTWE R T T3 TR T T L
LZENTc, ATR-FT/IR £V T XRTOREMNOEEFLL L2 AT MVDG B AL T2 OB TERD
HOHTnD Z &R Sz (Figure 17)
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Transmitted light  (x 50)
Figure 14 Cross-Section of No.1061A-1

Left : Transmitted light Right : Polarized light (% 100)
Figure 15 Cross-Section of No.1061A-2

Fe

Figure 16 ED-XRF elemental mapping of No.1061A Figure 17 FT/IR spectra of No.1061A
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4.2.6. SRR No.1061B)

BIFHEIEIT THE (@) . BIEE (b, ¢) 22DSND LRIz, £72 ¢ BITREER %
RELEEELEEZ BN D (Figure 18) , ED-XRF MO iHE~ v B 7 ORER LY ¢ J@ond
Fe M H &7z (Figure 19) , Ko T ¢ JEIZITREEE L L TEEEL (Fe.03) MK DR H T
DHANLNTND Z EDHFI LT, ATR-FT/IR £V b, ¢ J8 NOHEEHAL LIz AT MAREDL
Nl T REfE & OR b BIZITEEZHW W Z ERB B E 7257 (Figure 20)

Left : Transmitted light Right : Polarized light (x 100)
Figure 18 Cross-Section of No.1061B

Fe

Figure 19 ED-XRF elemental mapping of No.1061 B Figure 20 FT/IR spectra of No.1061B
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4.2.7. BF(RELE No.1126)

BEEIIR LT 4 EEET BEE )  BEE Ob) . REEEEZETE (c,d) PHERTE
72 (Figure 21) , 7 0 A% 7 ¥ 3 |Z%lT 2% ED-XRF ok~ vy BV 7 OfERLY d E)
H Fe ., ¢ JE/)D Hg , S Wi &7z (Figure 22) , KXo T d BIZIZREERE L CTRRLER
(Fex03) MBHERD XU H TN, ¢ JEITHLAKER (HgS) 7O KERENDHANV LTINS Z &2V
L7, £7-a BORAEIIFEGEETEDED L 5 2 FBe s ST, BAOEETHIHF)N
DR THIZE EHEER S T, d O T IFEIRRL D HER ST, 3 TR T TR
VMLOFEFAD R AT ThDH Z L3RS iic, £72 ATR-FT/IR £V, a BERERBIZBNT
R EFREIR A7 VRGBT (Figure 23) , K- T b JB3id BBEE, ¢, d IV A7,
KEREBRERE LTI Lo X,

O T O QO

Left : Transmitted light Right : Polarized light (x 200)
Figure 21 Cross-Section of No.1126

S

Figure 22 ED-XRF elemental mapping of No.1126 Figure 23  FT/IR spectra of No.1126
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4.2.8. EOIEAEBORE S No.1127)

BIEAEE T EETE (a), REE (b,c) THEINTEY bc BIXRAFELZIRELIEETHS
LR ENT-, bEL ¢ BITKFORE SITGEVARONERLZERNHNLN TN D LH#EZR S
M7= (Figure24) , 7 2 A&7 v 2 Zxf9 2% ED-XRF GHTOLHR~ v B TORBRID b EN
© Fe .c D Hg 2 S v7= (Figure 25) . > C b BIZITREEEE L TEELER (Fe,0s)
MBRRD R T T, ¢ BIXHALAKEE HgS) 7oAk D KEBRPHNLNTWND Z LR LT,
b BIZITHE WAL 3R SNz, ZOZ BV BN TV EIREEEHI A TR
7 LHEEE STz, £72 ATR-FT/IR £V ac BIZBWTEE R A7 MRS ST (Figure
26) . Lo CHBERE (a). REEEZELEE (b,o) THLI BN ERST,

Left : Transmitted light Right : Polarized light (x 500)
Figure 24 Cross-Section of No.1127

Hg

Figure 25 ED-XRF elemental mapping of No.1127 Figure 26  FT/IR spectra of No.1127
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4.2.9. Effi b RELE No.1131)

BIEEIEITBESE (2) . REE (b-) THERESNATEY bf BIIREERZEELIEETHD
LR ENT-, be JBE f BITKFORE SITGEVDNRLONERZERN AN TN D &2
iz (Figure27) , 7 v At 7 v a x4 % ED-XRF HGHTOTE~ vy B 7 ORERLD b-e
JES Fe | f J@/25 Hg,S M SN 7z (Figure28) . L~ T b-e JEIZIIREER L LRk
& (Fex03) 22H DU H T M, f gk kAR HgS) MOk D KEENHNLNTWD Z &R
FII L7z, bee JBITITHE WKL DR Sz, ZOZEMBHANGITND R Z 138
A TR T T LRSIz, £ ATRFT/IR LV, b-e, f BIZBWTERE /LA FL
DFESLNT (Figure29) , Lo CREBEITER EBEZIRA SETEIE LR sy,

Left : Transmitted light Right : Polarized light (% 500)
Figure 27 Cross-Section of No.1131

lacquer

4000 3500 3000 2500 2000 1500 1000
Wavenumbers [cm-1]

Hg

Figure 28 ED-XRF elemental mapping of No.1131 Figure 29  FT/IR spectra of No.1131
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4.2.10. $ACRELE No.1132)

BB LE 3 EEET BAafE ) . BIEE (b) . FEAEREZETE (o) PR TE
(Figure 30), a JEORABIIFRICBETEVRED L 5> R T¥AaE2 RS, BRAOEETHHHE)
SR THIZE LS STz, 7 e A® s v a kT D ED-XRF AT OIEH~ » B2 7 OfE R
XV ¢ EBrD Fe DHMHENT, Lo T ¢ BIITREEER L LTELEE (Fe0s) MBS
HIZBRANHNTNWD Z LRI X7 (Figure 31), ¢ JBIITHE ORI 23 M8 Shviz, =
DZENBHNENTND R B TNI RS, RN T LS ST, £72 ATR-FT/IR £V a »»
DEREFALL LAY MANREOLNTZTED a BIXEBE TH D Z & PHEL S 72 (Figure 32)

Cc
b
a
Left : Transmitted light Right : Polarized light (x 500)
Figure 30 Cross-Section of No.1132
Fe
Figure 31 ED-XRF elemental mapping of No.1132 Figure 32 FT/IR spectra of No.1131
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4.2.11. BEBECRESE No.1136)

BEEEIIR L 3 ERECTRIEE (a) (REEEZETE (b, c) DR TE 72 (Figure 33) .
smuAt s ya kT %5 ED-XRF o~y U 7 ORERED b @D Fe | ¢ @D
Hg,S A &7z (Figure34) . Lo T b BITITREEEE L TEILEE (Fe03) MDD
AT M. ¢ JBIEMLAKE (HeS) MO 2 KMENANLNTWAZ ENHP L, £z
ATR-FT/IR TR EFEUT D2 = BB ONR TR T m Ak 7 v a Vi OBRIZE L
LT ECLELLIENRRNLELEEZ b, AR No1132 @ a JEIZ SV TIE Py-GC/MS
EROWTEONTRER (442, 2) LV BROFENHERINTBY 7 uxts v a o kb off
OFELOBBIEE L HELL L TV D 7 0RBIEE Th D LaRB Sz,

Left : Transmitted light Right : Polarized light (% 500)
Figure 30 Cross-Section of No.1132

Fe

Hg

Figure 34 ED-XRF elemental mapping of No.1136
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4.2.12. $A(RELE No.1138)

BT L% 3 J@fiET BAafE )  BEE (b,d,f) . REEREZEDE (c e g) MR
T&7c (Figure 35) ., a EORABIIFENBILECHEMED L O T aE2RET, BADEET
HOLENLR THIIE LR SN, Z7u0Rx® s 3 kT D ED-XRF o cHE~ v B
TORERLY ce g BD Fe PRSI, Ko TEEICITREEEE L TRILELE (Fe05)
HRKADXUHTTNRHNLINTND Z &R I 4L (Figure 36) . £7- ATR-FT/IR ZoHr& v, &
TORBIZBWTE L [RRR A7 VRS L L (Figure 37)

g
f 0=
e R -
d —_—
c
b
a
Left : Transmitted light Right : Polarized light (x 500)
Figure 35 Cross-Section of No.1138
Fe
Figure 36 ED-XRF elemental mapping of No.1138 Figure 37 FT/IR spectra of No.1138
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4.2.13. EBEACKELS No.1145)

BIEMEIEIXBIE (a), JREJE (b,c) THEALTEY b,c BITRGQEZREALIZETHD
LRI L7z (Figure38) . 7 n A&7 v a x4 % ED-XRF #roiH#E~ v B 7 OfER X
D b, c BND Fe XSz, KXoT b, ¢ BIZITREEEE L TELER (Fex05) M HEED X
YATHHNEINTND Z LAV L7- (Figure 39) , b,c JBICITHIE VIR 03 iERR STz,
ZOZEDPLHNLITWDERU T T3S TR T T LHEgiSe . E£72 ATR-FT/IR 747
KVFTRTCOBNOEEFEL LTZ AT MURE ST (Figure40) . K- T b, c BIX/REEE
CEERALIEE,. a BIIBEBERE THL Z LRI

C
b
a
Left : Transmitted light Right : Polarized light (% 500)
Figure 38 Cross-Section of No.1145
Fe
Figure 39 ED-XRF elemental mapping of No.1145 Figure 40 FT/IR spectra of No.1131
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4.2.14. $A(RELE No.1172)

BRI LT 3 EMET BEE (@ . BFEE b) . RAFEHZE0E (o) PR TE
(Figure 41) , 7 2 A&7 T 3 Zxt9 % ED-XRF JHrDOTLHE~ vy B 7ORELD ¢ B
Hg i Enr, £ -7T c BIImib/AKEE HeS) 7B DKERDHAN LI TN D Z & AV
L7 (Figure 42) . ¥£7- a JEORARBIIRICBIECHEMEDO L 5 2Ttz R, BADEE
THIHENLRE P LHEER S -, £72 ATR-FT/IR WXL V. b BIZBWTER L AR A
X7 MBI (Figure43) . K- T b BT BBHERE L REBR SN,

Left : Transmitted light Right : Polarized light (x 200)
Figure 41 Cross-Section of No.1172

lacquer

b

A

4000 3500 3000 2500 2000 1500 1000
Wavenumbers [cm']

Hg

Figure 42 ED-XRF elemental mapping of No.1172 Figure 43 FT/IR spectra of No.1172
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4.2.15. i AAFRCRET No.1176)

BIEAEE T THE (), REE (b) THRINTEY bBIIRAFEZRE LB THD LR
B X N7 (Figure44) , 7 0 Ak 7 3 3 5 ED-XRF DO THz~ v B 7 ORRELY b
J&7 5 Fe 23 S 417z (Figure 45) . Lo T b JBIZITREEE & L TREER (Fe05) D EED
RUABTHRHANLN TS Z EAHA L, £72 ATR-FT/IR 5LV a BB EFEPIL 7= A
7 MABE LN T2 THIIZERDNES STV 5 EHELE S L7 (Figure 46)

b
a
Left : Transmitted light Right : Polarized light (% 100)
Figure 44 Cross-Section of No.1176
lacquer
a
4000 3500 3000 2500 2000 1500 1000
Wavenumbers [cm-]
Fe
Figure 45 ED-XRF elemental mapping of No.1176 Figure 46 FT/IR spectra of No.1176
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4.2.16. EEACKE S No.1178)

BIFEMEE X THE (), BERE (b) . REE () THRINTEBY cBITREERZIRE Lz
JETHD LR S T (Figure 47) , 7 0 A&7 2 3 %45 ED-XRF D~ v v 7
DFER KXY ¢ S Fe MM &7z (Figure 48) , X - T ¢ BICI3RE@ERE LTl LEk
(Fe203) MH D XU AT RHNGITWD Z EXHB L7z, £72 ATR-FT/IR 37XV b, c @
S EHELL LA PRGNS (Figure 49) , K- T ¢ BIIREAEER EBREZRA LIZE,
b BITRBIEE THH Z AR I,

C
b T
a
Left : Transmitted light Right : Polarized light (< 200)
Figure 47 Cross-Section of No.1178
Fe
Figure 48 ED-XRF elemental mapping of No.1178 Figure 49 FT/IR spectra of No.1178
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4.2.17. EEACKES No.1180)

BIERGE L THE (a), REJE (b) THRSILTEY b EIIREERZREA LIZETHD LR
B X7 (Figure 50) , 7 0 At 7 > 3 x4 5 ED-XRF oD HE~ v B 7 ORERLY b
J&7 5 Fe 23 S 47z (Figure51) . Lo T b JBIZITREEE & L TREER (Fe05) D EED
RUBITPHANLNTND Z LA LT, b BONU T Z IR R ST, 31 7k
R T TR DOFEEDO R T ThH Z LN RS-, £72 ATR-FT/IR 7547 L D a 2
DEREFARL LT AT MARELNIZTD FTHUCIEDNRAS SIVTW D EHEEL S 72 (Figure 52) .

b
a
Left : Transmitted light Right : Polarized light (< 200)
Figure 50 Cross-Section of No.1180
Fe
Figure 51 ED-XRF elemental mapping of No.1180 Figure 52 FT/IR spectra of No.1180
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4.2.18. $ACRELE No.1193)
BT LZ 2 JBfET BIEE (a) . REEEZETHE (b) MR TE 7 (Figures3) . 7
RAE7 g kT D ED-XRF oo nFE~ vy B 7ORR I b @S Fe At h
2o o T b BICIFIREER E L TEILEE (Fer05) MBRD XU A TNRHANLNTND Z RN
RIE X472 (Figure 54) , b BITITHE WK F 2RI, ZOZENBHNLATND
RUTFIRA, TIRR T T EHEE SN2 E 72 ATR-FT/IR A& D, a, b JBIZH W TE & A

IR AR MVHME B LT (Figure 55)

Leftt : Transmitted light Right : Polarized light (x 500)
Figure 53 Cross-Section of No.1193

Fe

Figure 54 ED-XRF elemental mapping of No.1193 Figure 55 FT/IR spectra of No.1193
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4.2.19. SEDEMTE(ARRE No.1194)

BIEMEIEIXBIE (a), JREJE (b,c) THEALTEY b,c BITRGQEZREALIZETHD
LRSI L7z (Figure 56) . 7 nw A&7 v a x4 % ED-XRF #roH#E~ v B 7 OfER X
D b, c ED Fe MR EINT, Ko T b, ¢ BITIFTREEEE L TELER (Fer03) 7 HAKD N
CYHTRHANLINTND Z LA L7z (Figure 57) . £72 ATR-FT/IR o#7r L 0 T _COREMN D
WEFLI L= AT MG H L7 (Figure 58) . K> T b, ¢ BIXREAEE EEEZRA LIZE,
a BITRGBHEE THD Z LRI

Left : Transmitted light Right : Polarized light (x 500)
Figure 56 Cross-Section of No.1194

Fe

Figure 57 ED-XRF elemental mapping of No.1194 Figure 58 FT/IR spectra of No.1194
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4.2.20. S-56-1

BIEMEEIIB L2 BEE ) . REE (b) THEINTEBY, b BIIREEZES L)E
ThDLERB SN (Figure59) ., 7 0 At 7 v a3 U iZxtd 25 ED-XRF o~ v B 70
FEERNS b B Fe MR &7z (Figure 60) , L - T b BICITREAEE & L TR LEL
(Fex03) MBI D XU AT TZNRHANLINTND Z ERNHA L7z, £72 ATR-FT/IR pHr LV _XTo
BN EFALI LT AT MG LT (Figure 61) , Lo T a BIXTEREERE, b BI3RE
R LTRUT T ERERA LTIZETHDL Z PRSI,

b
a
Left : Transmitted light Right : Polarized light (x 500)
Figure 59 Cross-Section of S-56-1
Fe
Figure 60 ED-XRF elemental mapping of S-56-1 Figure 61 FT/IR spectra of S-56-1
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4.2.21. S-56-2

BIEEE TR L BFEE () . REE (b)) THEERINTEY by BIXRaFEREZREA L
BTHdZ ENRmBENT (Figure 62) , 7 0 At 7 v a x4 % ED-XRF D tHE~ v B
VT DORERING b END Fe MR Stz (Figure 63) , K- T b-j BICITREGERE LT
b8k (Fer03) MBI A XU BT NHANSLN TS Z NI L7, £72 ATR-FT/IR Zo#r Xk v 4
RTOFBOLBEEFL LIz AT MABRE LT (Figure 64) , K-> T a BIXERBERE, b &
IFTREERE LTRUT T ERERAE LIZETHD Z LRSI,

|
1

—_ —
|
'
/
'
f
1

O T Odba +~QIT

Left : Transmitted light Right : Polarized light (x 200)
Figure 62 Cross-Section of S-56-2

Fe

Figure 63 ED-XRF elemental mapping of S-56-2 Figure 64 FT/IR spectra of S-56-2
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43. +BDO I v R €7 ¥ 3 U5, ATR-FI/IR 347, ED-XRF 2347
4.3.1. $k(123 No.001 U-21)

BIEREITR L2 BEE (a,¢) . Rafg (b, d) THRINTED b, d EIZREERZREES L
7oJg LR Stz (Figure 65) , 7 0 A 7 ¥ g kT 5 ED-XRF oD~ v B 7 OfE
ES bd D Fe BN SN/ (Figure 66) ., L~ T b, d JEBIZITROEE & LTk
(Fe203) MBI D XTI NRHNONTND Z EXVHI LT, £72 ATR-FT/IR 7947 L Y a, ¢ &
MDHBEFERL L= A7 A5 bz (Figure 67) . X - T ac JBITEEEE CHD Z LHVR
B X N7z, FIRBEICIT RN D7 ENWREBIETE 572720 Z OFEHTR L REOEE 2R
ARy bO XD B E2 R LW bR ST,

Figure 65 Cross-Section of No.1 U-21 (Polarized light x 200)

Fe

Figure 66 ED-XRF elemental mapping of No.1 Figure 67 FT/IR spectra of No.1
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43.2. &fk (L2 No.002 U-22)

B IIEHICREE (@) THERINTEY ., a BIIRAERZRA LIZETHD LR
Si7- (Figure 68), ED-XRF AT DOILHE~ v B 7 ORE LY a 5 Fe B Sz
(Figure 69), &> T a BICITREAEEE L TEEEL (Fe03) MO A XTI BHNLRTND
T EMH LT, F£72 ATR-FT/IR 0#ros HITE EFEBI L2 v — 27 B E LT IRERE TIEE %
i LIRETHOTW D NERATH 5,

Left : Transmitted light Right : Polarized light (% 200)
Figure 68 Cross-Section of No.002 U-22

Fe

Figure 69 ED-XRF elemental mapping of No.2 U-22
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4.3.3. 138 No.1095

B IIEHICREE (@) THERINTEY ., a BIIRAERZRA LIZETHD LR
7= (Figure 70), ED-XRF A DOILHE~ v B 7 OREE LY a 5 Fe Bt Sz
(Figure 71), £ - T a BICITREAEE & L TE{EEE (Fe03) MO A XTI BHNLRTND
T EMH LT, F£72 ATR-FT/IR 0#ros HITE EFEBI L2 v — 27 B E LT IRERE TIEE %
i LIRETHOTW D NERATH 5,

Left : Transmitted light Right : Polarized light (% 500)
Figure 70 Cross-Section of No.1095

Fe

Figure 71 ED-XRF elemental mapping of No.1095
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4.3.4. $k(1%s No.1164)

BIEMEE I XHEHICBIEE (a) THERSNTEBY ., a @ 6I3EHIH N Sz ) > 7, (Figure
72), F£72 ED-XRF HTOIiHE~ » BV T OFRERN S EEHHRO LR IIMN S e o7, F
7o ATR-FT/IR A DR E AL L2 B — 7 B35 o T B T2 DTV A IR TH
Do

Left : Transmitted light Right : Polarized light (% 500)
Figure 72 Cross-Section of No.1164

4.3.5. 188 No.347-S

BIEAEIE IR RS (@) THIRESNTEY ., a BIRAEREZREALIZETHD Lrm
7z (Figure 73), ED-XRF D#HrOtHE~ v B 7 ORER LY a B2rS Fe MRSz
(Figure 74), - T a BICITREGENE L TEEELE (Fe03) MO A X T I7BHNLRTND
T EDVHBH LT, F£72 ATR-FT/IR 0#r ST EFERI L2 v — 27 BRSO TR TIdEs %
A LRETHON T D NIARATH 5,

Left : Transmitted light Right : Polarized light (X% 200)
Figure 73 Cross-Section of No.347-S
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Fe

Figure 74 ED-XRF elemental mapping of No.347-S

4.3.6. 128 No.347-U
BIEHE I IR O A LB ST BT S e - 7= (Figure 75) . £ 72 ED-XRF 4347
DILHE~ > B T ORERN O bR RO LRI T S e o7,

Left : Transmitted light Right : Polarized light (x 200)
Figure 75 Cross-Section of No.347-U
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4.4.Py-GCMS | RIGB\3#R-GC/MS 122\ T
4.4.1. A2% No.1055, F 23 No.1045 D Py-GC/MS 122U\ T

ZNE TOMRIZE N THKE SHLHFE A% No.1055 ([ZBWTT A7 7L bR &z,
L L Z OREHZ DWW CHILEE A TON TR BT 7 A7 7 /L Mo 3G i O pksy 3R i O 75
MDFRBIN A FRE Ch o7, £ 2 CTHIL RIEEE LTT A7 7V ERRETH LT b TF
[ % YEVH 4 . AillEl & W U4 C Py-GC/MS & W THOMT & AT o 72, /iR L 0 A2 L C7
WEREF TR O 25 min LD AT 1A RAFHLEEE OB ClImit S /ey > 72 (Figure
76) » Lo TT A7 70 MIFAWHPITHE LD TIIR KEOMEM TH 122 L 1HEE Sh
7oo Elofidm No.1045 122V TH [FAERICHTLER %, [F] L& T Py-GC/MS Z AW Tt &7 -
Too IINTHER XV AILELAZ L CRWEEICR 67 2325 min fHED7T v~ A4 RRAT A K
DNETALER RS DOFELCliIk & /e ) > 72 (Figure 76)

No.1055 A ALEE

No.1055 FiTfLER %

No.1045 RijALEL

Figure 76 T.I.C of No.1055 and No.1045
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4.4.2. AHLE No.1148 @ Py-GC/MS (22T

ZHNE TOWZRICBWTHIY 5 & SN D50 ARG No.1148 IZBW Tl Sz, Lo
L Z OFEHZ DWW THIPLELAM T T & TIAIT 3 5 DRy D3R 1 DA & W D5l 25 A Al Re ¢
bHotl-, ZZTHR FIHLEEE LTY v 7 AL —fiHaz W TREIOEE 21T -7, £T20
ATLEREN AR S O TH L0 EFER - Ml =11 TR INEBEEL W TERZIT-
Too I & LT AR 7 v u ARV L% v, BB Y v 7 2 L—#lithas 2 AT 75C°,
10 1 7 VLl BT o7, SRBHIRLHEE Py-GC/MS & W TOMZITV mz 60 DA A7 n~
7T AL 0BER OMOAEE MR L. (Figure 77) . Y v 7 A L—fhiH# 2 AW T4 <
SIS PR ST Tzd Y 7 A L—ilitgs 2 BV Toed LT b Il R O Asy A3 B S AURTAL
HEE LCHRRE LRI,

KRB No.1148 1Zxf LT v 7 A L—flii#i & VT 7 v m AL ATl #18% Py-GC/MS
ZRWTONZITD miz 60 DA A7 a~ 7T H5E0BREROMOA LS L7- (Figure
77) o MRS R X BEEHARNAEE C6-C9 (Hexanoic acid — Nonanoic acid) 35 L OV #HARAGER C14-18
(Tetradecanoic acid — Octadecanoic acid) 23R 47z, ZNHIXHOKSTHL NV 7 V&Y R
W9 5 B IERER OB & L CTHE T 5, Lo TREIOBBEFISIMAFAE L TV D Z LR
m®mE Ny,
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Pei AR S BRI

Ve % IR & BRI

Vet AL No.1148

C6-C18 (Hexanoic acid — Octadecanoic acid),

Figure 77  Ion Chromatograms (m/z 60)
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443 FOMOARES, £EBD Py-GC/MS . RIGE-GC/MS 22\ T

KBS (No.001, No.1061A, No.1061B, No. 1126, No.1131, No.1138, No.1145, No.1180, S-56-1,
S-56-2) 1% Py-GC/MS DOFiFR LV . mz 108 DA A7~ 7T KB WT PT ORT
3-Heptylphenol Z /.0y T 5 [LUJEE—27 & P15 O/~ $ 3-Pentadecylphenol @ B'— 27 23fEH S i
7= (Figure 78) . ZAUTHA - HE « @EERO ELS VNV A — NV EEGIELTZRE, Fo1 D
R e — 27 Th o, Lo THWONTZBTEIX A A - FE - #EPED Toxicodendron vernicifruum
THDERBE ST, £2A8E (No.1127, No.1132, No.1136, No.1172, No.1176, No.1178, No.1193,
No.1194 ) 135 b3 A Py-GC/MS  TITED A N K E 70 72 O SRS EG 3 iR-GCMS . & -V Tt
BT o770 OWNIFERLIYD mz 151 DA A7 a~ M7 ACBOWCHEERILENT- Ly F—L
HkdD B —2 V15 (3-Pentadecylveratrole) 253k S 4172 (Figure 79), &> CTHW O -MFEIT A
K« HE - §gEPED Toxicodendron vernicifruum T¥h 5D &R I T,

TEHT OV T AR No.001 U-21 (IZDWTIT AR « fE - sEEEERD Elsr 7V F—L 8L
IR LT R A3 DD R 7o B — 7 D3R &7z, 188 (No.002 U-22, No.1095, No.1164, No.347-S,
No0.347-U) [ZOWTITEHRO B — 7 13l S e h o7,

Figure 78  Ion Chromatogram of No.001 (m/z 108)

Figure 79  Ion Chromatogram of No.1127 (m/z 151)
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5.9

FEBTEER & 1 L 72 AR (No.001, No.1061A, No.1061B, No. 1126, No.1131, No.1138,
No.1145, No.1180, S-56-1, S-56-2,No.1127, No.1132, No.1136, No.1172, No.1176, No.1178, No.1193,
No.1194) (X E G VN A=V Th 2D A - H[EH - SEFEROBFE Toxicodendron vernicifruum T
HDHZEMNH LTz, FloREERE LI LEk(Fe0s) 22Dk b H T LhiifbkER (HgS)
MO D KERRD 2 FRHER TE 12, XU H TN TIEN L D DOFEN T/ IR BT 0
R ST, A TR BT BEHIAERT 2837 7 UV 7 OB L VRSN DT
H DI, 2] . FTSEEHNIE M ICFE LKGEB LR AIN TS Z &b, BRIZFIH
STV A TR T ZITAKRGNP ORI T2 O TH D L ST,

£2% No.1055 IZ2oWTIEINETORR LY 727 7 v Ml 3 7= 34 (el giiLEE &
ITo e BITaITteiR it Snie o oo, B ilEwIC 3 2 AR BB Al S iz, Al
i No.004 . AKRHELE No.ll (2 2W CEIEILMER SN2 EIOREEIIAT 2 e hr o 7o, LERTD
WTCHERIOREIIAT 2 TR AR L2 % T E CE oz, A%IIRR
OBEEOMELORFE, LEHTHAW OB OSSR ORELZREE T 5,

6.5
TIHTRELZ ML L TTHW S WEEMHEHEERZES, SV EMEAES OERICE Lz
HL RS ET,

BER

[1] ALBHEZ, THAREREY ORI FBEICET 298 (1) —SA TR T T DAEFE L
B AR A —) . Bl L BAREHE 56 (2007)41-63

[2]H.Hashimoto, S.Yokoyama, H.Asaoka, Y.Kusano, Y.Ikeda, M.Seno, J.Takeda, T.Fuji,
M.Nakanishi, R.Murakami, Characteristics of hollow microtubes consisting of

amorphous iron oxide nanoparticles produced by iron oxidizing bacteria, Leptothrix

ochracea, J Magn. Mater 310(2007) 2405-2047
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1) (M) REENIERESINIE Y v 2 — ZEET 7 ) TV e - bR —
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2. ESHSIZHNTS (CE28110)) IZALNDER

ARSI IE RN IERIBE & OFEAF 272 WE AR T, 18 38em X BATE 23em X @& & 24em? .
ARHEREY LEDONDEETHH (K1), EBEOHHI 3 2120005 X 9 IR 2508,
IR KA R Y v 7 TEBEIZIE 1 2O TH Y 3 B 7 SOk A Tngd (X
2). FRERI% 1610~1630 0 A ARG 7 L S TE Y, Wb 5 EEKXOEHIRZEO
DEDLEEZOLNLIERTH D,

1 fEROSkEE T M2 Eifi

Bl 2 IZREND LTS ERICIE, &8 9 2OeBROENTIF o TS, Z0
FEIX 6 A A N—RIZLTEY, 1 DIC2& 5 DOBBEICL > THEEINTWD, i
BIEZE, SREOREE — b2, X 3 LA ORREET T OIEREE, X 4 121X/
SHATE L O TR T B ERESAIESHTENE (CE10140) | DA {AIHE OIRERE Sy DYLR G E 2R,
X 3 OfEtR EAE R 5D L. < FRROBIAS B CHE Sz, ZAUEX 4 O X 9 755
DR LA X o TV Z L 2R T50DTH D, MR OBO N

B3 EmEICH LAREOHRE (FRIEHEK) B4 THET SERREEREAE) SRy

EAMUDIRREZ L% & | FRRNEB DT FHREAR OIS BAFIZ5 > TR Y . FARSMBIZ I
HOJE &0 D K0 KB EEAOBEENFIEL TWD EDnnd, THUIKERERY 4175
NTWIIRIE CEBIRDO LA HET L, KON TOGRZEE SE 57202 s - % ftko
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Do 72 HI1E, I —nm v R OEBEE
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FDIFEAETIE, T—1 v /NI T
il & P DOEBRPEEFETHhIL TV DT K5 Kk

HTHDH, ELITHBRRE~Y =T v 7 28T LT DA 8 1320, RIERORE O
BB IR L CREE AT I T O Ty, =& 7 — e EOEFIE AWK 7
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itz 2o b0 L B sd,

FAZEARACBR 97, IE S MR WA 23 S 4T 2 ERRAR SRR BT I, — MBI,
BHEIZHMONOREMRRIND Z EBZW, L L, RIEMOE EITEEEH OBE 4=

X6 i X7 JEmE (M- TE LI ES)

B8 AFEARDIKKE (FLK)
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AT =—F VNIFET HEERIZONT
~XayyurAZ—EE [RRERADSRIZEEER ] 2L LT~

VR FRA, 2EErE, 3 IUAFARE, *Maria Brunskog, 3 MEHT
VES LR PR Be SCAIT e R S b P s B R AR, 2 H A= S BT E T
SIRRFB T2 MBS F), * Uppsala University, Department of Art History

1. [FC&HIC

AY =2 —F VHEEO A —T U UAPEICAET 2 A2y 7 m A X —HICiE, AARR
BMEE SN TND, Ay 7 aAX—E, AT x—F L OfFEN—/L - FAZT -
U7 N (1613-1676) I K D IBSAEICHE TENTITH Y, VT o FADIUE LI-1E
mBIIBES A3y 7 m A2 —3IRE SN TS, A3y 7 a XX —IRO P/
I, 1THR 2 D20 ALICINEE S HL, Ra Ly v a Vb AT = —F VO EIRE OB
Rz D, 1THACORBHE « MFE - PO RN TR L7 v a v ThY), FTHIRDH
B NEIA Z VT OEFED 28 v TIAF R FED [ 20 by b W RITH L
TV Rz 24k THD,

AT, Ay 7 m A2 =T D AARBESR IR EZIY P CRET D, AME
i, 17HEAC I~ DA IS SNV ALBRAR D 5 HO—DTH v, WEEff & FET:
RN X 2RO LM 2 E R T T, A BIOMERIRA TIE, BB L PIERE
CAESICAHWS N TS Z & 2R OHTIC L 0 EFE L7z, AR TiE, 1ELOSEERIR &
BT ORIR 2 FRKT D,

2. (EEE
RRHEIE A\ i e A
(3088 Skép, A2 v 7 1 R X —HRFTER)*
17 A% 1
ft44.0 4569.0 1H53.5 HaE132
AUEMIL, KRR - & - g —r > Ro%
EFCHREASAR 20 U, BESE & #hhi3 B AR O ERAE AR
WEE D, MRS O T DM A AN L, K
DR F A % it U 720380 2 KA HE T, 1 B AR
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DEFOEHT,
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AT DRI A 2 N i< o NDIFRWERONIZAZL S, HROSMTIE
M0 EORKE Z < o AIDORRIZIE, s CIEZE ANEFRLERE SCOHICEZ# <,
AL, BE LM E LT T IEF A R,

[FEE]

7o THEM : BiEE, BE, REZHI<, B2 RE i<, oIl B ok
wELBAOND,

7o THMR : ML ZEDELZ RE SHI<, HOEONIZR I TR &R L2,
(e A ]

BREIEZHOOL, HICHELEBEAR <, ICITERAKEE S, WOPNL,
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2ARDEN TR LEEZH,

CEgiilia)

RESEEZLICOODL, BOBRITHE, & LBnoh~EliE2H 607, WO
i, SRR L E D,

[NEB]

FAMHCITHE T 2 < . PEOEG R 2 S - isHaik, S S REERT 5, SMIC
IREER, I, HEE - EEAV BRE R EABIHI<, FEEOMS L HhEHH
DOPIFLFHITH 5,

106



(1)K

(BIPVER  BREE - fisk
(2)1F1 72> T AR ()11 703> THAAR

B2 (1R#KR @md->TEME QWEH FERE-#t WhroTEHUE GEH
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IEM»OHEZFEY M LM EICmnk ) T 50K %E L0, RITRICWDEEIZH WY
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PRA(K6A), PEHEBENREL LIRROBRTH L, LoT, ZORNEBEEHT
VEEEDEEEHEZ D,
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AAE S DHHEAEARIZ DOV TOHE
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72 EDENZHBATFT D, EPNTIE, #7 HLIEAEEFTE D LK FEFETE R R 2 SR 22 1 dh
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TRIEXZ & b3, bR TR 2 %I S 7oddsic 2 < A
bid, £, RMERORRIZHI DN DFERMOET — 713, 7 v ~— 7 ESLIEWEET
D BEENHE NN D EERIK S FT 5, FOERIE, okT v~ —2 EEEYTH
0, 16TAFE DI B ERICEL S AL TN D 2 & AETHFRICE VBT L T 55,

JEAR & 4 & RIAARITITHEACE IO AF & 208 L, ARG OB EERITL TR ]
CHERIS D,

4. B

7 a A7 a VO - ORI T

AAERD 3ODH T T N R a KD RS, fER O E O HERE
SNTZDONIARATH L, TENENOY TNV TL1~3 &35, TNZENLOY
YIMIKI LT m AR T va U, KO R T oo, £, T vER+
G ololosd, FRMES I LTz, EOMRERET D,

TNV VITEE D — AR HRE TP R-IZESZ R O, €0 RICEAREREDL
nNTna (K7)  JEREHEE LD L EHICHNNT — R Ok 2 /15 Z ENTE D,
ZDBITAIB0~60umEEH Y, FOBWBOMEDEZNH D,
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P NxAEO FHO EICBAOBRER LD (K8) , Ktz ETEMnH o
NN ENBEIIMEH SN TRV EHER S LD, BB HTORER, A0 T
MHIEZL DAV T L (Ca) , BEAOEENHIEE (Pb) BNRHENZIENH IO
Yo TMIT RN = TN LD D ThH D RIS,

K7 $TN1DITBALT Y2y g yoFronsurksiay M9 FrIA20s/mRAEs vay
PO DMK I 53 TR
P IN3D R g, suAw s v VHETERICERIELTLES T
WD, THID BIZEIREE, 0 RIZEY 0D (ki1 ?) BEOENIEFITELS (K
120~200 pm) BHATWD (X¥9) , FHIUISI(FAFK) LFe (@) BEREND,
FlH T 3 ITIFETEN S
o, TOEFTIZEE X SO 217
Sl Z A, Fe B (M
10) . ZOZENBLEHED TIZA
2 D IRBEEHIFA (Fe0;) TH
B 10 72) Yo7 3MESEFT - A) AT b 7 LB S,
EE
SPE R FAERITINESRE &oE (Svd -
AR, 22237 FAMS (Accelerator Mass Spectrometry)
W, 7 AU HNECHL. 5DH) CHEIE L7z,
WA HT L7255, 2 o JEFAEICEEHE (E=R94. 5%)
T1491-1603 cal AD (75.9%) , 1613-1643 cal AD

(19.5%) DORERMDE LT,
%1 HHRERERNE
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i HERICRE SV TV DR, 1BL64ICA T U AN b Ay = —7 VEEICHE S
7o e E 16 AL 00 b ITHARIBHDOE R AT DD, 230 D iR L 2R dHs & FF
TAn, ZEAOTER AR 1T R R D, AERIE, 1T 2200 LRI B AR D
DUES A~ ST BEREGE E FHEN DR DOIER TH 0, FRAEDFER & —F L7
WiER E 7R o Tz,

AT = —T AT DIRERIC I T HIRAENICIL, AN - D RER O E X 51T
KEIELHLEDOTHY, %I BITHEEZERTLFFTH D,
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BRI BT CIE, (RIS CICAUBHRIIC 720, < U 7+ 7> A 217 (Maria,
Brunskog) [ (7745 K%) O TBAE BT, JEAILH L LT E

35 3Lk

Kylsberg, Bengt . Skokloster. Stockholm: Byggforlaget.1997.

IR THARDEN 11 6426 8 WHEE-ST-HAEZ (16 - 17 0] FE30H, 2001 4,
Fjapan #fx Wt Z2  HEOBES X ] sEIENLEWAE, Fioeafrb A, 2008 47,

VG U SR IBTEAFITELE L, ATy 7 B A Y —HOERRITTW S T3, 1676 4ELIRE, 7 7 —~FAF % 5] Ak
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i

Gluta laccifera H2R OB D 5347

FERES A
Mk K TR I

1. B

BT )V BHE ORBIARD DB E L DB T Y . £ OBHRIZER Y Th D IEE R 3R
IR TbEND Z LIC L VES L CTHLEEET 5, £ OBBIIMNEWE - i3S IEICEN TR Y |

WICERBLITERL TV Z R ENDEREVBEE LTHWEATEY , =7 I A Y —

D3RO BN DBIEICB N T HZOFAMMEILRE W E W D,

BIRITPERIC Lo TFEICRD X S I RKplannd, AR HE - @ ETHRREN DOV A —V %
Fisy & T 5 Toxicodendron vernicifluum WD, XN T A - BB THIEND T v a—L%

TR &35 Toxicodendron succedaneum WK DB, # A + I ¥ > ~— T EN D Gluta usitata
HREOWKR Th 5, £l=, ITF Gluta B DOFFETH D Gluta laccifera HRDBER b HDH, 6D
BIEDOF T HERIC Gluta JEOBHIFIM D Toxicodendron vernicifluum <° Toxicodendron succedaneum
DEEHE & AT R O BRI E AR E B2 5 L Wb TV D, Gluta JEDBIRD 58T Z
AVE TIT Gluta usitata DEHRIZDWTIEZHMTHOIT WD D, Gluta laccifera DBHEIZ- DOV T
RGN\, £ 2T, RETIH, DAY 7O Kampong Thom MIiZAEE LTWD Gluta
laccifera DREIARD BEE S IR 2 OISR HIG OB H OBERTEME, IRE R 72 K1l >N T
I EAT > T,

2. ERRLER
2.1. BERD RS 5B

AEHTIE S AR Y7 O Kampong Thom M CEREL S V7K &2 W Tz, 7ok, AFTHZENTE
7REHT o H v . REHENZ VR A Cambodia-l, D72 D% Cambodia2 & L=, £7-. L
e LT v v — BRI 2 W e, BT OIS TR E 7 & F o TR SED 2 &I2 LD
AR CTH DIRE Y E NBER D THDHT ' F 3w F— (AP) 208 L T OEEL TR
Wic, B, KOG ITEROERERNOIFEN T & AP DEELZG|IW o OEN RO, Zhb
DEEZEKICL THEEESEZRDT- (Tablel) ,

Table 1 Components of raw lacquer sap
Ratio of components [wt%]

Sample

Lipid AP water? | Water?
Cambodia-1 ~ 92.84 2.66 450 | 586
Cambodia-2 ~ 82.48 5.96 1156 | 1050
Myanmar 89.84 5.50 466 | 852

1) Calculated from the mass ratio
2) Calculated from the amount of a decrease of mass by heating
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Gluta J& DEHRILE 3 E\Z TIT > 7= Toxicodendron vernicifluum H 3 DEKE DFLRLEHIA & b LT
NEE R EN <. AP KOKGEN DR L3 bhoTz, $£7-., Cambodia-1 2: Sy~ —ER
TR VEFIFEE OFRRLEI A % 7k L, Cambodia-2 13 ftho> 2 2 7L X0 b IRE Ry B ian 2 & v

ST,

2.2. BERTEMHRIE

BONRE RSy DEAETHD 3T r= LT a— Lk 4 7/1/&%/1/777:1~/W)ﬁ"%1‘%
ETHDIAFANTa— LR RNAAFLHT a— L& L LT pH EEME K ONREE (K7
WTCRHIT L, A EEMOBERIC OV TEEMR 08T 24T > 72 (Figures 1 and 2) . 7235, Cambodla—lé
DOWTITREHEN D 7o 72728, Cambodia2 & X ¥ o~ —FERKR ORI OV THIEZIT > 72,

100.0 80.0
20.0 |
-- Cambodia-2 700
80.0 | & Myanmar -#- Cambodia-2
& g 600 -8 Myanmar
S 700 | < v
£ £
= = 500 |
5 600 | £
e ‘o
5 500 % 40.0 |
s 5
E 40.0 | 2 300 |
Q k3]
< 300 | <
200 |
200 |
100 | 100 |
0.0 . . . . . 0.0 . . . . " .
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0  10.0
pH [ pH[]
Figure 1 Effect of pH on enzyme activity for 3-methylcatechol (Left) and 4-methylcatechol (Right)
180.0 180.0
160.0 | 160.0
-o- Cambodia-2
-o- Cambodia-2
140.0 -# Myanmar 1400 | ]
T o -& Myanmar ™
< <
© 1200 | 2 1200 |
£ £
= =
£ 2
>, 1000 | 3, 1000 |
]
g g
= 800 | X 800 |
c c
3 @
3 3
Z 600 2 600 G
< <
40.0 | 400 |
200 | 200 |
0.0 0.0 . . . . . . .
00 100 200 300 400 500 600 70.0 80.0 00 100 200 300 400 500 600 70.0 80.0
Temperature [°C] Temperature [°C]

Figure 2 Effect of temperature on enzyme activity for 3-methylcatechol (Left) and 4-methylcatechol (Right)

114



Tk BEEFIEMED BT HOWT 3-4 %/1/777:1~/1/7—’<f:% &L T v o~ —PERRIK
;E@ﬁ%%’%@r 1% pH 4.0-6.0 DAV CEVEEZ R LTIkt LT, /n“ DT EEBEHR F R O
FIEMEIT pH 4.5 THRKNIEMZ /R LIk, SICTES %75 METF L7z, — . & AF VDT a— e HE
ELTESHA. W UR YT ERRIZAMIZIKR T L2oizxt LT R v o~ — FERRIR I R O R TETE T8
RMDET L, 3FATFAAT a—VEHEEL LG LITORR RN ER L, £, EHD

DREHZBWT Y 4 ATFNATa— Va2 AL LICGEOBREIEMEIL AT AT a—1 L0
Wz LR SN,

BEEIC L DBEREEOZEENL AT AT a— VKR 4 AF NV hTa— Lzl E L LG
BOWVTICENTHREROMM Z R Lo, BRIEMEIZ 3 ATFAD T a— L0 4 2AF T
Ta—NEEFE LI FBEWMELZ R LT,

L7 > T, Gluta BOBHRIZE ENDEEFRIT Toxicodendron vernicifluum D & O & L~ THEMEEAL
DOREEN BRI DR TH D Z ENHERIND,

2.3. HoiRdE - SRR EEBER
Rz - BN R IR R Teum T ) r—H — W TR AR L 25°C/80%RH D 5%
R CHEE X7~ (Table2)

Table 2 Drying time and hardness of raw lacquer sap

Drying codtion Drying time [h]? Drying time and hardness” ?

Serple [°CI%RH] DF TF HD 1d 2d 3d 4d 5d 6d 7d 14d 28d
Cambodia-1 9.3 182 48< TF TF TF <6B <6B <6B <6B <6B 4B
Cambodia-2 25/80 76 123 26.0 TF <6B <6B <6B <6B <6B 6B 5B 3B

Myanmar 217 408 48< DF TF TF TF TF <6B <6B <6B 5B
Cambodia-1 169 356 48< DF TF TF TF TF TF TF <6B <6B
Cambodia-2 25/70 109 221 48< TF TF TF <6B <6B <6B <6B <6B 5B

Myanmar 220 48< 48< DF DF DF DF TF TF TF <6B <6B

1) Thickness: 76 um, DF: Dust Free dry, TF: Touch free dry, HD: harden dry
2) Mesured by pencil hardness test

BRI OTEACHLIRICE D F “C“ODH#F”ﬁ I% Cambodia-2 23 H#EEIL TV D 2 & A3 h - 7=, Cambodia-2
DOREALFLERRE A B o T2 DX, WIRHICE TN D KRDENE L BEFRE S AT KRB O E &
A TRRE R 1T &0 431k L“Cb\ét?i)f&)é EHEER I NS,

BRIEOEMERBROM R, COREHZBWTHRBEOHE TH DL Z L Nbho Tz,
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2.4, A2 - LRERE
25°C/80%RH DSt Tl S H - BRI KT L THaZE - REREZ1T -7 (Table3) .

Table 3 Lightness, and coloration and gloss of raw lacquer film

) Drynig conditon Lightness and coloration?
Sample Gloss
[°C/%RH] L* a* b*
Cambodia-1 741 27.62 11.41 87.7
Cambodia-2 25/80 10.43 28.51 15.65 97.2
Myanmar 131 2.56 0.89 98.8
Cambodia-1 12.94 32.79 21.03 99.5
Cambodia-2 25/70 9.40 28.30 15.05 98.6
Myanmar 1.53 2.63 0.82 99.9
1) Thickness: 76 pm, 2) L*: Lightness, a*: +red/-green, b*: +yellow/-blue, measured on
spectroguide 45/0 (Gardner)

— BRI CERBE XA RIS E D E TORMN VT E, mlRBEL b bl Tnd, LavL,
Gluta JEDREHIFBWTZ D LD M @A A Dotz ZHUIRIERT OB OMEE G ES
EREOEBORFREZEL TV DL LHRIND, £72. Gluta & OB O LR E I
Toxicodendron vernicifluum HRDEEREDOIGRE LV b mVMEZ /R L7z, ZAUE Toxicodendron
vernicifluum R DBHK & H~TRIEATOBK T E £ DK EDRDIRNT & THBENIZE A
EEROBRNWZOTHD EHEIND,

2.5. BRBIED 7 NV RAIE
25°C/80%RH D5 T CH{bEZE S B/ BBEE L2 7' b lciR@E S, FVaREEIT- 7
(Figure 3) , 7235, Cambodia-2 [Z7EHERN Do T2, B R YT OFEHZ 2 Tid Cambodia-1
W CHIEZEIT - 72,

100.0 100.0

90.0 98.0

96.0 | ’//’——‘
940 |

920

80.0

700

60.0

500 90.0

Gel fraction [%]
Gel fraction [%]

400 88.0

-¢- Cambodia-1

300 86.0

- Myanmar I -e- Cambodia-1
200 | 840 | -# Myanmar
10.0 82.0
0.0 . . . . . . . 80.0 . . .
0 1 2 3 4 5 6 7 8 0 7 14 21 28 35
Time [day] Time [day]

Figure 3 Gel fraction of lacquer films: Left: 1—7 days, Right: 7-28 days
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7t U REEER T Cambodial DT REWT E RO RERE RS I EBNHERENT, DAY
T PEBER DREE R P OTEMEA F LV o e AT HMEN I v o~ —ERKONEER Y L0 %<
BENATWLZE THEBRBLESZZITOT VRS IFERSFICEENLI KNG T = =V EEZFT
HREEIC LV E S TFHEBMRKREL Rolo SO " HONERTH D LHELZEN S,

2.6. BB 4D NMR 227 k)VHIE
SYI LT IS BT % LT ' NMR 237 R AVIE 2TV, B L7z (Figured)

Cambodia-1

U} L

Cambodia-2

. k I

Myanmar M

o
A L L J L_JU‘WUJ’\LW ML

Figure 4 'H NMR spectra of lipid component

HNMRIZEBWT I v o~ —FERI L 0 & 1 RO T PEBIR OIS %4y D 7.1-7.3ppm D 7 = = /L &
HSRD v 7 U MR 2 & BHERR S vz,
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2.5. 5 E HEEKOEIEMRT

B R T ERE D DRI LT EE Ry 025 HPLC 2 W Tyl L 7= B R 2 7 & b iR S
., BSTFA (N, O-E A2 (MU AFLvUN) RUTZAFar7tE 7 IR) 20N CKEEEZ Y
e, GCIMSHIE#1T-7 (Figure 5) ., £7-. &6/ TI.C.F ¥ — F 2 LAIBHAEE OFEL
%R 7= (Tabled) .

Cambodia-1

| L A

Cambodia-2

bl .

Myanmar

e W,

4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
min

Figure 5 T.I.C. chart of lipid monomer

Table 4 Side chain ratio of lipid monomer

Side chain of lipid monomer [%] ¥

Sample

C15:0 c15:1 C15:2 C15:3 c17:0 c17:1 c17:2 c17:3 C10:ph C12:ph
Cambodia-1  4.04 — — — 0.90 11.7 64.6 10.6 0.92 7.18
Cambodia-2  3.50 — — — 0.61 7.13 50.8 114 197 24.6

Myanmar 4.73 0.19 0.41 211 0.35 7.63 35.8 105 9.97 28.3

1) Arearatio of GC/MS
Cambodia-l (X Ci7, DV UREZHTHMEEN L, K7 = = VBT HBER Dz &

DR S T-, F7-. Cambodia-l DEE B EAKIZ OV T NMR A7 FLHIE 1TV, 2D NMR 12
X 0 SRR 21T - T2,
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OTMS OTMS

OTMS ‘ OTMS
OTMS OTMS
TMSO TMSO !
OTMS OTMS
OTMS ‘
OTMS OTMS
OTMS ‘ OTMS
OTMS OTMS
OTMS TMSO O
OTMS
OTMS
OTMS

TMSO

Figure 6 Structure of lipid monomer from Cambodia-1 identified by NMR

NMR |2 X 2 &R OFE S, Figure 6 (R L7 3T AT =V T a— )& &7 V=V iTa
— DV MG ARSI L DR EARSCHBOE SRR DI RG T == VA AT SR Y
DRIESINTZ, B ARTT TRIS I Gluta laccifera W3 D 5 E KL 53 121X Toxicodendron
verinicifluum HRDIEE RS2 %L &£ 5 3-[(82, 11E, 132)-8, 11, 13-4 FH MU == h T
21— )LX° Toxicodendron succedaneum HRDIFE /7124 < & 45 3-[(10Z, 13E, 15E)-10, 13, 15-~
FETAH R =T a—= DX S e b = AR IR S LR o Tz,

3. ¥L%

T IR T FEEBRR DT OFER. Gluta usitata RO I v o~ —FERIK & B L CTH R T T E
BRIZI v o~ —PERIR L 0 bR bRz U, FBEREEOZSEBOMEEIA LR D 2 &
WINT, IBEROFICEENLG VT U EHENE L, K7 = = VA AT HER V7N &
DHER S NT-, T2, FADRAEICBNTEWT & U RIERE R LT, IBEHEEIROME SR
DFER LD I ¥ o ~—EBRBIE LY &R 7 = = VEOREN D2 & T, BIFO &85 R
DR 72 o T2 T2 O BRIBE FE N @ OB N TR Sz B HEER ST,
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2
i

Toxicodendron succedaneum 3 DEHE D45 HT

RIS AT
%Yﬁkikiﬁﬁﬁliﬁ%‘iﬁmﬂﬂt%ﬁﬁ(

1. B

BT )V BHE ORBIARD DB E L DB T Y . £ OBHRIZER Y Th D IEE R 3R
IR TbEND Z LIC L VES L CTHLEEET 5, £ OBBIIMNEWE - i3S IEICEN TR Y |

WICERBLITERL TV Z R ENDEREVBEE LTHWEATEY , =7 I A Y —

D3RO HNDHBUEICEBNTHZOFAMEIZE W EWNZ S,

BIRITPERIC X > TEIZRD =2l Kplsihvd, BA - FE - #EETERREN D VLV F— L%
Fisy & T 5 Toxicodendron vernicifluum WD, XN T A - BB THIEND T v a—L%

TR &35 Toxicodendron succedaneum WK DB, # A + I ¥ > ~— T EN D Gluta usitata
HRDOBEK TH D, ZDOH T Toxicodendron succedaneum @?ﬁﬁ IEAARTIEZFEICHHRE, SAETIE
NREFLARHEBIZAEFT L TWVD, BEIZHW LN TWEERIZI W T Toxicodendron succedaneum EEI
ROBMB NS TV, 2D ORER #t@?%@@%%wfwt@ﬂ&ki%ﬁ%ﬁ
2\, o> T, PEHID R % Toxicodendron succedaneum H3R DEHRIZHOUWNT, MEESCHRE L7 7%/\
Mrd 52 &L THREH W BTN Toxicodendron succedaneum HRDEHRZFND T2 DO FH D I
DRV DDOTIERNINEEZOND, 2T, AR TIXARMPRBIRAETON M FAICEFLTD
% Toxicodendron succedaneum DA > HELIN S IV T- K & OB DHEE LTI DUV THOHT 24700,
PEHIZ L DBV H D DT R RET 5,

2. EBRLFER
2.1. BRD 57 57 B

FUBHZ I B AR IR A% 5 T ORI S T IR O BRI 1 8 B 72 2 5Bk s =FHH Y 7T A8 A,

9 HICEI S N8R O EH4 & 121 Nago-7, Nago-8, Nago-9 & L 7=,

B DR OEN ST A2 7 & b o P ORI S E D 2 LI K Y IR Th D IEERY &
NERSTTHLTE MU X— (AP) 0B LN ENOEELTRD T, 0B, KOoBIEITAR
ROBEENOIFEM T &L AP ODEEZGIWIZOENGRDT, TAbDOEELZ KL THERSD
RaRw7- (Tablel) .

Table 1 Components of raw lacquer sap

Ratio of components [wt%)]
Sample

Lipid AP water? | Water?
Nago-7 — — — _
Nago-8 — — — —
Nago-9 — — — —
Vietnam 7904 622 1475 | 1566

1) Calculated from the mass ratio
2) Calculated from the amount of a decrease of mass by heating
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2.2. BERIEMERIE

BORRER DY DIEAEETHD 3TNV Tr= VT a—LVOMBHEETHD FAFLITa—L
R L UTC pH R R ONE R IZ DUV TR L, A PERLDBER IOV CTREMZ o HT 21T -
7= (Figures 1 and 2) .

120.0 240.0
1100 [ -o Nago-7 220.0 |
100.0 | = Nago-8 200.0 | ::ago-g
& 900 | - Nago-9 T 180.0 | ago-
< . < -+ Nago-9
g: 80.0 | Vietnam ©160.0 | Vietnam
s 700 =140.0 |
[= c
o> 600 | >.120.0
g 500 | £ 100.0
R 400 | R 80.0 |
S ]
H 300 | o 60.0 |
2 200 | 2 X '
£ £ 400 o
< 10.0 | & < 200 |
0.0 L% 1 L 1 L 0'0 L 1 L 1 L 1 1
20 30 40 50 60 7.0 80 9.0 10.0 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
pH [-] Temperature [°C]

Figure 1 Effect of pH (Left) and temperature (Right) on enzyme activity for 3-methylcatechol

pH OZALIZ K B BERIGTEDOZFEBE IS DL - 723, BHERO pH 8k CTHh 5 4.0-5.0 1T
WA b F LFEBRIR ISR WEME 2 R LTz, AT TS N2 BRIk OB CTH T 5 & |
Nago-7 3 Nago-8 %> Nago-9 & ki L TRAEIIZIRVMEZ R LTz,

2.6. BZIRME: - SREETEEERAER
WKk« SRR RBR IR 76 um T U r— 2 —Z D TR A TR L. 25°C/80%RH D4
R CRZEE & 7= (Table2) .

Table 2 Drying time and hardness of raw lacquer sap

Drying time and hardness® ?

2h  4h 6h  12h 24h 36h 48h 3d 5d 7d 14d 21d 28d

Sample

Nago-7 ND ND DF TF HD — — — — — — — -
Nago-8 ND ND DF TF HD — — — — ~—
Nago-9 ND ND DF TF HD — — — — ~—
Vitnam ND ND ND TF 48 2B B HB F F F F F

1) Thickness: 76 um, Drying conditions: 25°C, 80%RH, DF: Dust Free dry, TF: Touch free dry, HD: harden dry
2) Mesured by pencil hardness test

25°C/80%RH D5k Tz BT 2 BIRO LR NI W oS 1 A TR L#Z BRI ET 5 Z &0

R iz, Z AU Toxicodendron vernicifluum HI2R DG D L HEgT 5 & | #rlRIC KA Z L, £
Gluta JEDEEIR X 0 bR RN L 3o Tz,
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2.5. BRI Do3HT

Nago-7-9 KON b F APERIE D B Al L7ZIEE 53 72 B HPLC & JHWCoy L7z ik 4 7 &
N ACIEfESHE, BSTFA (WO-E A (FUAFATUN) MY TZA4u7® b7 FR) 2MLT
KiEF A >V A b L. GCIMSJIE %17 > 72, Figures2-51Z T.I.C.F v — FOFERERT,

12

©

23 UU bL A

1 1
4.00 6.00 8.00 10.00 12.00 14.00
min
Figure 2 T.1.C. of laccol monomer from Nago-7

12

. i o

| L1
6.00 8.00 10.00 12.00
min

[ |
14.00

Figure 3 T.I.C. of laccol monomer from Nago-8
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8 12
5 9
1
4 /
u 11
10
23 l13
N TN NN TN TN (NN TN SN NN MNNN NN NN SO NN SR NN (RN SN N N SN NN SN N
4.00 6.00 8.00 10.00 12.00 14.00
min
Figure 4 T.I.C. of laccol monomer from Nago-9
6 12
8
7 9
5
4 10
1 11
13
e ik
[ N T TN NN AN NN NN TN AN AN MO NN (NN S NN N MR MR AN U N MR BN S
4.00 6.00 8.00 10.00 12.00 14.00

min

Figure 5 T.I.C. of laccol monomer from Vietnam

F72. BN TI.C.F v — b BAEEREE OIELELL 2R D 7= (Table 3)
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Table 3 Anaysis of lipid monomer by GC/MS

Mw Area of lipid monomer [%] ¥
Peak No. . .

[M] Nago-7 Nago-8 Nago-9 Vietnam
1 464 34 4.7 52 13
2 462 0.2 0.3 04 0.3
3 462 04 0.3 04 0.3
4 492 6.7 54 3.7 29
5 490 53 4.0 6.1 20
6 490 18.1 239 28.0 23.8
7 490 20.7 19.9 20.8 9.4
8 488 12.9 104 10.1 159
9 488 25 33 3.0 38
10 486 16 20 2.2 21
11 488 6.8 6.0 6.5 4.7
12 486 20.6 18.8 13.0 30.7
13 486 09 1.0 0.7 28

1) Determined by GC/M S using silylation method.

TICIZBWTTRTORE T Peak. No12 DB DOE /) = MNEDREE OIEELISEWVRHER S
=bOD, REFRBEORS DG ST, £72. GCIMS DOf % % 2 Nago-7 DitE» & 43 L 725
BHHBERIZOWT NMRIEZITV, 2D NMRIZ X 0 HEEfREAT 21T > 7=, HEEMRATIC L W RE Lz
f# 1% % Figure 6. Nago-7 & X hF A0 'H NMR OfE 5% % Figure 7 (2757,

OH

1 8

A= A

A e N
3 10

5 12
WW 3-(Heptadecatrienyl)catechol
6 13

Figure 6 Structure of laccol monomer from nago-7 identified by NMR
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Nago-7

BV

o

Vietnam
J ll L_AA U Na klﬁJkJ
Lovvvvv e b b by by by b by s b s by aniis
10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
ppm
Figure 7 'H NMR spectra of laccol monomer
NMR (L% 7 v 2 — /L OIFEBEEEOFERIZE N TS FEROMENFE S, PEHIC L DEN

iﬁﬁmuéﬁfiﬁ)/) 71:_0
R 9]

SEIDOZHRERTIZ. LFDOZ ER3binoTz,

1. BEETEMEDEENE VIR SN2 - 7228, Nago-8 & TN Nago-9 DOEEFEEMAMIE b F L
ﬁﬁ@%@;@%ﬁw@ﬁ%mbto

2. BRER OB A ICB W TIIA#ET TR S N BRROBE R ERICE TN DH U= 14K
BEOFIGIIX M LAERKREIY bEZLEENTND Z EDRHERI N,

R
HHBIRLETOILF TAE ) SO LBRZTRRL TW W EIEANE S BMER A v
A —EIFALIIIRIE B & PR SR BICE L2 B L BT E T,
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A 3L

W T T ERRDSHT

RATEAR'. BHEIET?, Sk
AR TR
1
1. IZC®IZ
BRI, RV EBERCEEAIE L TR SN TELRROE S FTh D, BITPFEMIZ K-> THEk
D THDLNIREOFAEEN R > T\ DT, B TR O 7o ERER TS I ] - T 2 i,
DO@BIEZEGHTT D 2 & TEDOHBROEREDIN THND DT 5 Z LN TE S, BIETITAA -
HEZAEE T 5 Toxicodendron vernicifluum, B « ~ N AZAEFT 5 Toxicodendron succedaneum.,
Ry rv— s FANEFT D Gluta usitata \ZFENSNTND, DT, ITFETIEX A HEHICAES
T % Gluta laccifera EWHINDBIARBHER SN THBY . 24 FEOSENAREE SN TWD, A
TiE, W7 V7 CAFE LEBE-G OO 2T To kiR a b~ 5,

2. AR
Z A Oy ThA L7ciges 2 AR E L TRV, 1 DHOBREGHIIMEOE 2 L TihE, #
T AELETHRSN TS, O 1 OLIMEOFZ L THELAEL TS T D,

3. HrFREE
31 Zurkvs g 50

JrAET va s L IIETEN A ER L TRY ., B oBm A8l 5 2 & TREMEECREY R
EEFRLZENTES, REHITZ AT VEE CRE L, #{LRICHE L AT A KT AR £}
%, TO%, BMECHETE M T THUOMELZITY, F-BMEEC X 281203, BiEsl
22, RADEEER, WEBIENY . T EFIAT 2 2 & TRIDE WKL OIFER 82 R T 5
ZEMTED, KERTIE, BB EITo 2,

3.2 ATR-FT/IR 53#7
ATR 51%, RUBHETIENS & L TH um U5 O TO~ v B ZHIERHRETH D, LD, ik
BHOFEAICH LT, FEICER SN TO DB 20T 2 2 &R TE 2,

3.3 Py-GC/MS 43#T

AR BRI L 72 BB 2% L C Py-GCMS % W THIEZ1T 572, Py-GC/MS 1E, #EHIXI L
T 500 °C TANREAITOWH AL L, BRIV v~ NTT 7 4 —ThHbt%k, WEOHTEZETDHZ
& THEIBREHIC ED L D RN EENTOENINTTHZ ENTEDEETH D,
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4. B8 (BTHY) ontr
4.1 S RBIZE

BEIIAMEDIEZ LT, #h1. AAEL TR STV D, AROBIEND, 328 bFEMIC
A B LM EFER LTS Z EDERTE 5 (Fig. 1) . T1fEH HERE L 72 8% % Sample A
HMEIN BB L 72 835 f % Sample B & L7z,

#T ik S

Fig. 1 Appearance of sample

42 7 v A&7 ¥ a USHT. ATR-FT/IR 43%T

REL oW ZBET 5720 7 r At s v a V& {77 (Fig. 2) . PR OBEE (Sample A) 13
3JEHEE T, IEMO a BT EABH CTHEVETH- T, —J5, SMEOEEE (Sample B) 13 2 JEtkik
ThHO, FRILAMETEY FITEWAA L, £72, Waleh e & BIEMSICERRL XA b7
Mmoo,

— —i
50um 50um
a - —
a
b —
b
Cc
Sample A Sample B

Fig.2 Cut surfaces X500

ATR-FT/IR 73HT OFEF L U | Sample A D b, ¢ JEIFABIE & [FAERD AT MLAE L7290, B
IMEDINTND Z PRI (Fig.3) o F7o. RHEIOAEGFRENE L Hig LT 2940-2860 cm™ ™
TIH L DE—T REDOD. 1650 cm™ DT )V O — 7 58EOHENN, 1450 cm™ DT VA D E
— 7 REEDORAD DB STz, T bk, FBIMROEEL T, EROIFER S OEN L L2 2
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EBNFRRNTHD EHELZ SN, ZOZEnD, b BXW c BOBBEIIBEAEITL WD Z &N
REENTZ, 5T, cBOBKIIREINT-Z LICED, cEBRELN-H EREEZRBNTERY E
LINENTEHEEIND, a BIZOWTE, EFICHEWE THL7-DREEITH 2N TE o
77

Sample B T% ., a, b BITEERE L RO AT MV ERLIZZ LD, BBMEDILTWD Z &N
SR E N (Fig. 4) . F£72. 2940-2860 cm! O B — 7 SREE DA, 1650 et D & — 7 S8EE DHIN,
1450 cm O E— 7 88 ORI MBI SN Z LD, BORBIIHILRHEIT LTV D B ST,
I HIZ, Sample A & [FERIZ Sample B bRV EL LSSz EHERZ S D,

Myanmar lacquer

Layer of b

Layer of ¢

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

Fig.3 IR spectra of Sample A
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Myanmar lacquer

Layer of a
Layer of b
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

Fig. 4 IR spectra of Sample B
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4.3 Py-GC/MS 12 & B BIEDHHT

AREHZEA SN TV AEOREZ 5720, Py-GCMS ZHWCTHIEETT->72, £, b—#
NAFrra< N7 AL FEEOREICHH I 5 mz 108 (Alkylphenol) DA A7 v~ K75
LR L7e (Fig. 5) &

m/z 108 XV | Sample A, B & £ 1T Heptylphenol (P7) ZHlxE T B IO E—27 & 557 22— L O
PRI 7 = = VAT HWEOE— 7 BBl ST, 2R X0, BEHCEH S TH L8O
FEFEIT Gluta B TH D EHEZE LT=,

Sample A Sample B
P7 Sample A P10:.ph  Sample B
B5
P7 P12:ph
P10:ph BS
|
P12:ph
II
u A Rl L
500 1000 1500 2000 2500 3000 [min] 500 1000 1500 2000 2500 3000 [min]

Fig.5 Ion chromatograms of m/z 108

KOS OREEZ D720, miz 91 (Alkylbenzene) DA A7 v~ 7T AaEfit L7z
(Fig. 6) .

m/z91 £V, Sample A, B & %1 Pentylbenzene (B5) % F0>& 92 (WO B — 7 BEQEIHI S 7=,
EHIT, 522 TO ATR-FT/IR HIEDORER LV MBI OB IIH AR S TV D, £, &
(B L7z Gluta BEREOFHBNIL BS 2.0 ETHLROE— 7 FEOFMTITH 2 L3 TE, Sample A
BLOBIZHEH TV BB Gluta laccifera Th % & THRELD,

) d\huquwwM U »

5.00 1000 1500 2000 2500  30.00 [min] 500 1000 1500 2000  25.00  30.00 [min]

Fig. 6 Ion chromatograms of m/z 91
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5. &8s (BFRL) O
5.1 3B}

Z A OifiG THA L7c@dm 2 alkt & LT, BT UEDOE 2 L TR L4 E & T S
TS N ROBENS 2 D8 HEHICAM S LIMEER LT D Z RS Lz (Fig. 7)
R & AME N DRI R A BRI L T2,

Fig. 7 Appearance of sample

52 7uaRA&r T amHr. ATR-FT/IR 5%
WELOWIH 2L T D720, 7 Ay v a VilTE Tl TRVAMEE BIZ 1 EETH Y |
P DIFAEISRER S ) > 7= (Fig. 8) &

Fig. 8 Cut surfaces
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Myanmar lacquer

Middle cylinder

External cylinder

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm'")

Fig. 9 IR spectra of Sample

ATR-FT/IR Z3HT OFER LV | HfE & AMEITEREBEL & [FIERO AT MG BT T2, BAMEH
INTNDZ AR EINT (Fig.9) . F7o. RHCOEFERNEE & iz LT 2940-2860 cm! D7 /L
B DE— T REDHEA, 1650 cm™ DT L D E— 7 éﬁﬁ?@t%ﬂu 1450 c! DT VT DE— 7
SREEDWD BB S Tc, ZAUDIR, SR OE LT, OB OMEN L LT Z &2
K Ch D LS, 20 Z Ennd, J)@aemtlﬂﬁ] SMENIHAENHEIT LT D EHERR LT,
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5.3 Py-GC/MS 12 & B BIEDHHT

AEBHZFEH STV B EROFEZFH 5729, Py-GCMS ZHWWCTHIEEIT-72, £, F—#
NAFrra< N7 AL FEEOREICHH I 5 mz 108 (Alkylphenol) DA A7 v~ K75
LEHH L7z (Fig. 10)

m/z 108 £ U | #EHE Heptylphenol (P7) & Huls& T2 IO Y — 2 & 7 a— /L OISR 7
== NVIEEATOMEO = BB Sz, Zh b K0 BT STV 2B ORHHIL Gluta
BThDH MR LT,

K V7RO Z D720, m/z91 (Alkylbenzene) DA A7 v~ ~7 T LEfiH L7,
m/z 91 £ V| Pentylbenzene (BS) ZH &35 OE— 7 BRI, I HIZ, 532 TO
ATR-FT/IR JITEDHER L VB OB IIH D HER SN TV D, £DTed, ML LT Gluta JEFIE
DOl BS b EFTHIROE =7 HOFETITH) 2N TE, SN TOLEIL Glua
laccifera T % & TIN5,

P7

m/z 108 m/z 91

BS

N M ] WLM\\W

5.00 1000 1500 2000 2500  30.00 [min] 500 1000 1500 2000 2500  30.00 [min]

Fig. 10 Ion chromatograms of m/z 108 and 91
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6. £&®

P& OBERO MTHER DG, PRIOBEEIT 3 s C, AMaoBREIT 2 BEETho7-,
ROREKHEDOEZ RS 2 8 LAMEAOBRIEITERPMEDN TR Y, 70 & OIREWITHMER S 780
ST, F£72 Py-GC/MS DFERMND, O TV DBOFSAIX Gluta laccifera Toh 5 & TR I,

BT DOONTWVZRVEREROGHTRER D, P LAMEOBREET 1 EifETH Y . ATR-FT/IR HIE
DFER LV EOMEHDRIR Tz, DIt TV DEROFEEIL, Py-GC/MS OFER LY Gluta laccifera
ThdETHEINT,

PLEDOFER XV # A THA LT 2 DOBERERTIT Gluta laccifera BRENPEH STV A &L
7o
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i

Gluta BERIRD 534

AR, i
TR KB TSR L

1. IZC®IZ

BE, AR 0 BEROEEAIE L TR SN TE R RAROE D Th D, BRITERIZ J o TERK
7 CHDHIREDOFHEEN R > TV DT, BN TR OD o TCEREROTFIT Al T 2 B
DO@BIEZE T D 2 & TEDOHBROEREDIN TS OIS T 5 Z LN TE 5, BIETIIRIZE
WC3FSEICPEN SN TEY 2D 5 5 Gluta usitata D3 EBFT 5 % A + 2 x »~—|ZI%. Gluta laccifera
EMHENDBIRDOAEBT DRI TN D, LU Gluta laccifera \ZBET DWFFEHE 13D 7272,
Gluta usitata & OBFEZR XA KL TWRWONIBUR TH 25, BRI A SO JFpERM 2 51 5
7o O, W& OB AT O B DH D, £ 2 TARMTIL, Gluta laccifera & Gluta usitata DR %
THIODIMET — X BEET L EEHIZ, XA « 2 v ~—FED Gluta laccifera 33 X O Gluta
usitata BNED 3T AT S TG R AR~ D,

3. FHTFIE

Rl U 72306 2 Py-GC/MS & W CHIIEZ1T > 72, Py-GC/MS 1&, #EHIxF LT 500 °C TEV iR
ATV AL, WA a~x 7T 7 4 —ToHliE. MEOSTEZNET S Z & TRIATEIZ
EDX IR EENTODIDSGITHIENTELEEBETH D,
Flo, BEEDOZL IFEIMRT LV BEPHIL L T D7D, KRIERRT G SSRGS A F T
24 IR & IR LRI DB b 2 AT S W72, Hbtt OB S . Py-GC/MS & HWCTHRIE AT
STz, M LT8R RIS IT, 8 RFfH] D RIS CEAMRES MRIR D 1 ERITHHYS T2 & Sh T
%,

4. RELD Gluta BEIED 5T

2 A CTEILLT2 Gluta laccifera HROBE (L-1, 2, 4, 7, 11, 12) . X ¥ > ~—TEI L7 Gluta
usitata HSROBK, Gluta usitata R & SNDHTIRD X ¥ o~ —ERRK (U-1-U-6) Zalkt & LTH
W, b= A F 7 a~ 87T LB L OERORHEEZ KT m/z 91 (Alkylbenzene), 108 (Alkylphenol),
123 (Alkylcatechol) DA A 7 vi< k75 haHhiHi L7~ (Figs. 1-8) .
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|
B

bl ol

5.00 10,00 1500  20.00 2500 30,00 [min] 5.00 10,00 1500 2000 2500 30,00 [min]

Fig. 1 Total ion chromatograms of Gluta laccifera

u1 u-4
u-2 o U5

J u-3 U6
500 1000 1500 2000 2500 30,00 [min] 500 1000 1500 2000 2500 3000 [min]

Fig.2 Total ion chromatograms of Gluta usitata
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B5

B4
L1 L7
B6
B8 os . B8
L B6
W, 1
L-2 L-11
B5
B4
B6 B8 B485 B8
B6
A ) DO
L-4 L-12
B5 B5
B4 B6 B8 B4 B6 B8
L l Lo
500 1000 1500 2000 2500  30.00 [min] 500 1000 1500 2000 2500  30.00 [min]
Fig. 3 Ion chromatograms of m/z 91 (Gluta laccifera)
U U-4
B8
B5 B B5
B4 | B6 g4 B6
u-2 U-5
B8 -
B5
B4 B6 BS
B4 B6
u-3 u-6
B8
B5 gs B5
B4 B6 B4 , B6
500 1000 1500 2000 2500 3000 [min] 500 1000 1500 2000 2500  30.00 [min]

Fig. 4 lon chromatograms of m/z 91 (Gluta usitata)
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miz91 DA F v~ 87T NIV Gluta laccifera 35 X O Gluta usitata 1X AR E 3 o
— 7 %L, F£7¢ Pentylbenzene (BS) % H:lx& 3 2 [WARD ©— 7 BENEIM S/, mialkt 2 g
% & . Butylbenzene (B4) & Hexylbenzene (B6) Di#E, BS & Octylbenzene (B8) DIRELIZ AN L H 4L
72o Gluta laccifera TiZ B4 O3 B6 L ViRV B — 7 B8 Z R [ 2035 U . Gluta usitata Ti3 B6
DFFH B4 L0 RN — 7 R A m A DR SV, £72. Gluta laccifera TIX BS D573 B8 X
VIRV — 7 SRE 2R IR H Y . Gluta usitata TIX B8 O J5725 BS K 0 RV B — 7 B 2 7R 9t
RO, ZAbOEWE, IFEFRENSEST HERITMBO EDRFLFERT DML > TE
ClebDIZEEZ BILD,

ZID 2 SOMAA, Gluta laccifera & Gluta usitata FEOFTRRN OFEIEIZ /2 D LR ST,

L1 L7 P7

— P12:ph
P10:ph | P12:ph

'_
IN
—
=N
IN
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5.00 1000 1500 2000  25.00  30.00 [min] 5.00 10.00 1500  20.00  25.00  30.00 [min]

Fig. 5 Ion chromatograms of m/z 108 (Gluta laccifera)

m/z 108 DA F > r7a~ 877 580 Gluta laccifera ¥ X O Gluta usitata |3 Heptylphenol (P7) %
FL T IWRO e — 7 SEI S Tz, o, —E8D Gluta usitata & Gluta laccifera £V 717 @1—)v
ORI ERIRIC 7 = = VI EH T 555 (P10:ph, P12:ph) 8IS 7z, Gluta laccifera DI,
P10:ph £721% P12:ph 28 S Wikt H 0 | 3 EONFE O GC/MS THER S L 7-flim & —FH L
7oo m/z91 & [FIRRIC Gluta laccifera & Gluta usitata CEi#5 2 7k DRE 2 FH_725, f8EE L 725 9
Db DIFHEER S NRIpoTz, Eo T mz108 DA A7 v~ 7T ATOMHNIINETH 5 L
L7z,
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P7 ¥ P12:ph
4
/
4
U-3 U6
P12:ph
/
4
| 4
500 1000 1500 2000 2500 . 3000  Imin] 500 1000 1500 2000 2500  30.00 [min]
Fig. 6 Ion chromatograms of m/z 108 (Gluta usitata)
L1 ce | C7 L7 C6 |7

JIeL

. Cé
L c7 C17:2 . c7
1
C6 !
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'_
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C6 C6
L4 L-12
L MM Y MM
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Fig. 7 Ion chromatograms of m/z 123 (Gluta laccifera)
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Fig. 8 lon chromatograms of m/z 123 (Gluta usitata)

m/z123 DA F 7 a~ 77 ALY | Gluta laccifera 35 & O Gluta usitata 13 Hexylcatechol (C6) <°
Heptylcatechol (C7) Dt —7 2388 < M S DM AR Lz, £/, Fig.7 D L2 THRiSh/=) 7
va B A L 25 53D E— 7 X Heptadecenylcatechol (C17:2) Toh b Z L3RS 4L, L-11 O
VT a4 527 5305 12-pheyldodecylcatechol FHE & A H 05 B — 27 BEIRl S =, =
DRFEARIG 7 = =V IEA AT DL L-11 A OREN B ITBI S VT 2 — /L OREETO
RHIIREECH D EHEZR LT, m/z91 & [RIBRIC Gluta laccifera & Gluta usitata CHiF % #5513 2 H]A]
EIRATZ3 L 725 9 2 b OIFHER SV oTz, Ko T mz123 DA A7 a< 7T 5T
OFAINIHNEETH D LHEEE LT,

LLEDZ &6 | Gluta laccifera & Gluta usitata F X m/z91 OA A7 a~ b7 Z AEfiHT 5
Z L THAINTRE T H D Z E R ST,
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5. 1t L7z Gluta JBEEED55HT
UL U 72 Gluta A% | 24 RERSRAMRIBI 32 Z L2 X 0 B AR LTz, HILOHEST 2 s
I 572, ATR-FT/IR CHIEZEIT-7= (Fig.9) .

U-1 (0 h)

U-1(24 h)

U-2 (24 h)

L-11 (24 h)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)
Fig. 9 IR spectra of deteriorated lacquer

SRR IR OB & 24 FERSRAMRIAS U723 % Lhl 35 & | 29402860 e A1 D 7 LA
E—27 1650 cm O T A E—2 1450 ecm’! DTV H 2 B — T ORREEICEL R R S, b
DI EMS, RIMRIBH LI-BIEN S L TWD 2 & a R LT,

P LT Py-GCMS IZ X W IEZATV, b= A Frru~< N7 T LB XU mz91,108,

123DA4F 7 a~ 7T h&5HH Lz, L-2,3,7, 12, U-3-U-6 IZOW I o iBHEN o 72
72, BRI K 295k &1T 5 Z &N TE D o7 (Fig 10-13)

145



E—
L-4 U1
| N W
L-11 U-2
J T T T T T T T T T T T T
5.00 10.00 15.00 20.00 25.00 30.00 [min] 5.00 10.00 15.00 20.00 25.00 30.00 [min]
Fig. 10 Total ion chromatograms (Left: G. laccifera Right: G. usitata)
L1
B5
L4 u-1
B5
L-11 u-2
500 1000 1500 2000 2500  30.00 [min] 500 1000 1500 2000 2500  30.00 [min]
Fig. 11 Ion chromatograms of m/z 91 (Left: G. laccifera Right: G. usitata)
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miz91 DA F I a~ 87T KWW THIL LTz Gluta laccifera B TIE, RKH{LRE & [FEEIZ BS
Pz ETHILROE—7 BRI, LL, REEDOFHZA LT B4 & B6 DB — 7 i
DAL, S LB IR S o Te, —J, Pt LT Gluta usitata BEETIE, RAEIF
IZH b7 BS 0T 2RO E— 7 3R SN0 oTc, ThuE, FARRGHZ X v Ef o
oy DREENZAL LT Z LI K Db DTEEFE 2 B, Gluta laccifera & Gluta usitata TIEH{LDFEE Z
DT WE DR D LHEREIND, Ko T, Pk LTz Gluta REFEIZ, BS 203511 e —
JHOAIETHBITE D & TSNS,

P7
L1
P7
P7
L-4 U-1
P7 P7
L-11 u-2
T T T T T VALJ ‘Mu"'v""V""v""v""v""v """
5.00 10.00 15.00 20.00 25.00 30.00 [min] 5.00 10.00 15.00 20.00 25.00 30.00 [min]

Fig. 12 Ion chromatograms of m/z 108 (Left: G. laccifera Right: G. usitata)

m/z 108 DA F 7 a~ s7F ATlE, %1k L7 Gluta laccifera 35 X OF Gluta usitata BEII RS L
& RERIC PT 2L L T2 IO B — 7 FERBIIIS e, L L, RE(EREL LD & PT LS
B ST < 2o Tz, m/z91 & [RIRRIZ Gluta laccifera & Gluta usitata “Citi=5 % 5855 DR %
FRTEM, FBIEE 72D 9 Db DIRER SN -oT, Lo T, HHE LIBEIRIZIHB VT mz 108 DA
Frru< 77 LATOMMIINETSH D EHELR LT,
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" C7
C7
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L-11 ce | C7 u-2
C6
500 1000 1500 2000 2500 3000 [min] 500 1000 1500 2000 2500 3000 [min]

Fig. 13 lon chromatograms of m/z 123 (Left: G. laccifera Right: G. usitata)

m/iz123 DA F 7 a~< N7 F LTI, 41k L7z Gluta laccifera 36 X O Gluta usitata #fE)E C6 £ 7=
X C7 LT DI e— 7 BFERBLIN S 7z, ROERE & T 5 & R&E ekl e < FEfl
L7 AT MVEIR U2, miz91 & RIBRIZ Gluta laccifera & Gluta usitata CiF % A1 2 &7 & 37
NIZH, FBER L 725 0 Db DIFHEE SN0l Lo T HIE LB N T mke 123 OA A
vruvw N7 ATOHIIRETH D LHELE LT,

PLEDZ &, Bt LTz Gluta laccifera & Gluta usitata BRI WNTH miz 91 DA F 7 m~
N7 AEHMNT 5 Z & THAIFTRE CTH D 2 &SRB S LTz,

6. &

FHE LT OBAL LB D 38T 247V, Gluta laccifera & Gluta usitata % %5\ 5 5 i Z /et L
7o

RACDOBTED 3HTHERD B | Alkylbenzene 7~ 9 m/z91 DA A7 v~ N7 T LT 562
& T Gluta laccifera & Gluta usitata ZF&BFRETdH D Z DR I NI, Gluta laccifera T,
Butylbenzene ? J5 7 Hexylbenzene & U 5l \ &' — 27 G 47~ L, & 7= Pentylbenzene ™ J57)% Octylbenzene
KV — 7 R AR N R STz, —J7. Gluta usitata TlX, Hexylbenzene @ J5 73
Butylbenzene L V) 5B — 2 R Z R L, F 7= Octylbenzene 7 )5 73 Pentylbenzene X ¥ 58\ &' — 7 i
FE A R HIA DS RE STe, ZAVD 2 DDA, Gluta laccifera & Gluta usitata %7553 2 FEERIC
705 EHEER S NT-, F£7-. Alkylphenol Z7~9 m/z 108 & Alkylcatechol 7/~ m/z 123 DA 4> 7 1
~ 87T AMBIE, Gluta REZ BT DI~ BN o T,

BA LT BIEO G HTRE RN D . REEIE & [FIFRIZ Alkylbenzene 7R 7 m/z 91 DA A7 v~ |k
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77 5T Gluta laccifera & Gluta usitata ZF&BFREToH 5 & TR STz, Gluta laccifera TIZ,

Pentylbenzene % H(» & 32 WD & — 7 BEDHER STz, Gluta usitata T, Pentylbenzene % H1.0»
ETAHLEOE— 7 IR EINT A ENY O —7 2R LTz, 215 XY, Pentylbenzene % H10
LT 5RO E— 7 BEOF HTHI LTz Gluta laccifera & Gluta usitata DikBR IRETH D & THEX

o,
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2A
[3iki}

VSCXEWERESE ) Wi S UAE R R Ak

FRIAEGFN, AR EZ
Nz e SE IR ER (e

LITZC®»IZ

LRI EH SO OHNLN FFREZBX TEINTE 2, BEICEEIN TR OE R EZE D,
b, B OMMIREY 22 R a2 AT 5 2 ik, U ORI EE LRI T 5 2
LD D,

BEREEIZTEEZ I LD LT 5Mk4 RENG B LT 2N OME O Z R L T o7z,
RSO O—DZERERERR N B D, TS 1T HIHARE R OB N FH ~OIE M & LT
HFESC AR Xz, L LEERIRERICBI L C, a7 ERHIA 72 <. R & 2
TRV, £ THERESROFEREZHALNIT L2 - RD 22 AL L, HREREESR ORI
AT ST D THREREHET D,

2. EHZ ST

JEB VR B RAR S T ACRRT IR E S D L RIS EBHE ) SRt L
THEWAMETH 5, BERERKEFORUIKRE FITH) 2oL
DI-FELFARRDO S DT, 1523 F, BEILE NSRBI LM S
LE, TOWMPHL LR, TOBRICZOAMEE T T AERLH ~
NV REO BN 2 5N B 5N TWVWD, E=ER, K
ROMIE & PR, BT TORNBITRREY T, RMEROEK, B 1
DEITRERY Th D, HEAREOREITITILA L VD HiETH:
FHROM O PIFRIZ Y-S0 9 M & Bl LEE SRR N TV 5,
BODLEIL RGN T (K2) | AR HEE L 7= B
h (K03) NI BEE L 7R/ (X 4) e 25kt & LT
Brite, EORM LR EZBIELZEZ A, EilEIZOL
O ERR DT,

1 KRB RIS

1.mm 1_mm 1mm
B4 2 306 BRI L 7R /T 4 3 AR HEREL L 7 [ 4 AGRPIRID HERILL 72
R oRclNG

3T FIE

3.1. akhaise

AUEHBL 22 I X SR BEIUEE Stemi 2000-C (ZEISS) TITV, f5%I% 6.5-50 (G CA LI ET VXL
71 27 aNEX-7 (SONY) % HW\TREIOHREETo 7,
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3.2. 7 u Ak s a ok L OBEMEE ST

ORI LR EHIB L 0.1-10 mm OKE S ThHD, 9. BREEZ 7T 2AF v ¥
707V v 7 (Buehler) CTHeA TIEIZN T, B 53 BUMLEIAH R % U HE (Pelnox) T&
BT, A LR B2 2T A U7 2 (MRAE 7 L3RSt (28 L, K 0 B 7e D itk
P RR—=N—TEBENBIETE D2 ETHE L, MHEBICIXEBFER AutoMet 250
(Buehler) % 7=,

FiE, B, ARG T CTOWE O 215 5 72 DI ROLEAMEE Eclipse LV 100 POL
(Nikon) ([ZHfeSNI=T VXL AT a NEX-7 (SONY) # V=, FRITREOKRE ZIck-
T 50-500 {5 £ CTHEZAE Lz, WML TOBLETIE A=530 nm OfFJEAR (Nikon) % BAMUEEIC
A LT,

3.3.ATR £I2 Xk % FT/IR

HIE & f#PTIE Y 7 b Omnic Picta (Thermo Fisher Scientific KK.) %MW\ CTiT->7-, #aHE
675-4000 cml D AT bVHIH 2 RO IR E Zm AR O g 2 2 72 NICOLET iN10 MX
(Thermo Fisher Scientific KK.) & ATR H® Germanium Tip (Thermo Fisher Scientific
KK) ZfH L MIERIL 12 8, A% v 0% 64 [BlE Liz, 7/3—F ¥ iEld 20 pm x 20 pm,
vy B TREICEITHAT v 7 A XX 5 pm X 5 pm & Lz, 572 AT MVITLEIC
Ji U CREIEMIER A L— v 7 Z4T O LTz,

3.4. = /LF—4roiAst X 5 (EDX 53 4T)

HE T X BT EERSE XGT-5200 (Horiba) % HW\C41 - 72, BRI FIRE/ART# 1T Na-U £TT
b5, MEIFEESIICE N T XAEERIT 10um & L, HERERIT 100 Lz, v v BV
TR T XHHEERIE 10 pm | JIERFEIX 1200 S EAERE Lz, £/, AR
X 3|E Lz,

3.5. B fR-GC/MS (Py-GC/MS) 1 L O&HE S fR-GC/MS

FUEHZ 50-300 ng FREEZA DI L HIE (R Uz, MIEIfE ] U7z 0138 i iE PY-3030D
(Zar7 47 RS 2L A o~ N7 7 EESHTE 6890N/5875 GC/MS
system (Agilent Technologies) Toh 5, 7 7 A% 30 m x 0.25 mmx 0.25 pm @ Ultra
ALLOY-1 MS/HT) (7 a7 4 7 7 ARt v, WEIFXATY v hE— R TT, A
TUy RHIZ 2001 LT, AV vaiiELAS U F—T 2 —RREIXENE 280C
THERF L. A—7 AL 40°C T 2 ZyffRFF L72#%, 12°C /min THIR, 320C (ZiEL %
10 pRFF Lz FX VT HRAEFAY U A BT 20EIL 1.0mL/min (2> A% F7a—) &
L7z, JIEHPHIT m/z29-800 T, A A AbiET EI Th D, Honi-7— 213 f@r 7 b MSD
ChemStation THENT L7z,
FOGES f-GCIMS TIE A FAFERMIE E U TR R TEMRASHIC I VA LL
Tetramethylammoniumhydroxideoentahydrate (TMAH-5H20) % M\ 7=, 20 FH 04 @l
> 712 50-300 pg OFEIE I L0 BHEET 10 FREO TMAH 2., SOSEV) fi#
-GC/MS #1T-o7=, WEFRMHLA Y v it Py-GC/MS EFEkEE LT,
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455G - B

FEHCHI L. 7 2 212 v 3 V0 ATR 512 L % FI/IR . Py-GC/MS | SSEVME-GC/MS

AT o T fE R E2 R,
4.1. ENPOLER LT RE/N

Z ORBHIRABEEO TICRAAREE & RABKENEEICHER > - LEHKE (ac) T
boZenBlgEsnz (M6) . aBIIEZE ERVREEETH 722 LD YR &
NTWHAREMNRE A DN, b, ¢ BITEE L B, ARPIEWVTZOMOMSNEE 6
TWD ZENHER SN, BMOFELIEET 2720 FT/IR Z17-o72& 24, b, ¢ @b ITETE
B L ARk D A7 FAnfabiiz (M 6) , £D7 b, c BITRETHD Z ENREB ST,

LU a OO ERIERO AT MR bR -T2,

5 REHTE (35, X100, SCEHMRSE) 6

BUUEBBEHIH OO TV D BIRIL, vrvd—
ZESRYETH AR IOHEOE (Toxicodendron
vernicifluum) . 7 v I — )V EERTETHX NI A
BLOEE OB (Toxicodendron succedaneum) . 7
FA—NEERGETHIABLPI v v —DE
(Gluta usitata) ® 3 TH 5, Ziix Py-GC/MS 2
FOFRITE D, o, TOFEIC LV EOBFEOG
B2 TR, BE EBITHVWONZZDMOME
HAONZTLZENTED, ZhaFfH L, BOMH
KO DM OB DR E 2 il I Tz, ZDORERZH T IZ
Y, m/z60 TIXMAGHRDRS T D KFEFH DD 72
WIEWiE, VI F U, AT T ) VRO E— 7 DG
Hani, ZoDREHIITMIEREENTND Z L
PRIz, o, BRROE—7 bR S v,
B LX) OERR R E B IZEN DRSNS 8T
FUEOLOTHY, BILETII THICAHNWEZY Ho
BEIZHWLND, BOE-GCMS (BT H~——
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WE L LTI Y — 1 (m/z 67, m/z 81) V7 FENT VY (m/z 164) 2 ERFHRT
Wo, JBIZTFHUCHWSND Z EMB VR, ZORBAITIE THIATE LT ieholzZ &b
WA L THER LEREERE 2 OND, TOEHNIL, BEZRETHZETEEEZLN L,
WA TR ZHE S BRIZTITHRAILLT K T 272 L HEE L T2,

ARELOLEBEITT L T eod, BMOBHEZRE CE 2REDOE — 7 IIMLTE e oTe, £
DI DSBS E-GCIMS %1To72 (M 8) . TOFER. m/z 161 DA F v/ u~ v7 7 AT
VT, 3-pentadecylveratrole (V15) & 3-heptadecylveratrole (V17) O & — 7 2B L=, T D
72O, ORI N LAERTH D Toxicodendron succedaneum T D &FEE LT,

X8 A4 ru~ 7T A (m/z151)

4.2. KIERDJEN ST L B

ZOREHT 2 JEEE L WO BRERIEV o7 (K9) calBIiEREEERVWEETHD LED
Niz, WROTZD FTIAR Z1To7cb 25 a J@h O IR & Ak D A7 MR LT
DRETHDLZ PRI (K 10) . a BobRBREAFEDBIREINehoTzZ &b, ik
BETRONTZEARITIBEOATRE L TND Z ENRB I, b BIXRRITIELDXDOH LR
BERELETH THL Z ENBIRSNT, £ MG TOBRICL VIR EEN TS Z LR
RIE STz,

aT

100 um

9 FkHErmE CRIRE, X100, 720 %@, A #L) 10 RABHTEIZXH T 5 IR AT [ L

fE VT, Py-GC/MS ZA T 7ok & X 11 12
T, m/z 60 TITRFBHD DR VIENEE, X
NWITF UM, ATT IV UBOE—7 P Eh
7el2, BEHTIXHE R E ENTND Z L AR

pas) -
s, K11 A A7 a< s7 55 (m/z60)
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m/z 108 DA F 7 u~ s7 7 N TIERE
DHAERHET LTVl IO A FFE T
ELOREDOE =7 [T TE o 7o, O
T 2 K5 iE 3 2 T2 O OBV fif-GC/IMS. 21T -
7= (®12) . ZOFR, m/z151 OAF 7 nm 12 A A7 8~ 755 (m/z151)
~ h 7T AIZBNT, AR - PEPERICFEN R E— 27 OLBPRIE S, £D70, BOMTE
IZHA - PEPERCTH D Toxicodendron vernicifluum Th 5 EFFE LT, HNOLERILIZRE
N (M 8) LR DBOMFEL Ip o7,

4.3. RIRDOPRID BERIR LIz R

ZoRENE 3E#EETH L MBS (M 13) . OUOEINSBIE SN, a @ cBET
YPeHhZ AT, £, b EL ¢ BIZRAZATWADESNBESNZ, a BIIREER 25T
g, b BIIAEETH D EBbz, RKEET TOBETIT a BOEDNARISE> TR,
BRI RFET S0 aBlixt L EDX e kb~ vy B Z7EE{To72 & 2 A, Hg i &
nie (X 14) . Lo TREZERE UTKEEBMER SN Z ERB ST, ¢ BIXTHETS
D AREED/N (9 EFERICHERICIES DXL AFKBERLETHTHS Z ENBESN
7o WA TOBEIVEMNEENTND Z LIVRE I LTz,

| 200 ym
13 BT ORIRPAMI, X100, 28 &, A W) 14 EDX 2k B~y B 7 OfEE (He)
BEICE LT FI/VIR ZHWTHERZ{T- 72

EZ A a, b B OEREREL L RO AT

AfEHNT (M15) , 207 a, b EITAE
ThdIENRBINT,

15 #ermicxtd 2% IR A~X7 fv
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T, Py-GC/MS #ATo 7ok %X 16 12
R, m/z60 TIEEEHEOD R VIR, L
RTFUVBEAT TV VO — 7 PRS-
72, BEHIITMAERE ENTWD Z & 3R
ST, 16 A A4 7 < 75 A (m/z60)
m/z108 DA F v 7 a< s 75 L TIERED
BALDHEIT L TN 2728, RO % FFE T&
LREEOE—7IIMHTE R0 o7, BOMFE
BREET D120, BUSEVR-GCIMS %4757
(X 17) . ZOfER, m/z 1561 OA A7 nu~
N7 T TR WT, BA - PIEFERRICRFE 72
E— 27 ORANHRHE I, 20D, BWOBBEIIAAR - FEERTH S Toxicodendron
vernicifluum T 5 L HFFE LTz, AMREN LRI LZBA/ R (X 12) RO L 72572,

17 4 Frrua~ r7F 5 (m/z151)

4.4. flkik

Z OMHEIIA AT E V) TERTHWLNZH DT
& B, A TIIAR & RO CARMIZAE Y ST 5 T
FRTHD, BERaBHEIC L, ARG ORR-CAH
D% B < ToOIAT DI D o MW 1B A A3 22
72 o T EfE CTh D 2 BB Sz, 2 50 pm
FRAHED KR CH D Z L2 B A B TITHRAT 2 ME ] &
NIz Z ENRBI NI,

18 fAEWTIE (X500, FEif)

5. £L&0

il 2 DT R AMEDZH & AR T, WRITIIMEHZEW R R bz, 7uxtv 7 g 5
T, BIIEIZ O ERSTLEEO LICYB CEAINT L EDbN S REEBEEN B S 2%
JEREETHD Z LBRALNE R oT, SHICRITIIBNRGENTWD ZENREBENT, T
FBEZRGTHZETEHEEZLN L, k&L WO HEZ T HBRICEM 2R AT D70 L H#HEL
L7, £7-. B EINT-EBOETE L Toxicodendron succedaneum T b ERFE LT, ZED
BRI L 72 R/ NI SR SN TV D BEREDO D TH DL Z Lnb, AU e iS4 T
WAORERENZDOW T HEBEOME, HETHLZ ENBEZ N, —HFARKIL, KOBAHIX
THEO BIZED 1T BM ST 2 JEtE, RROREEIZZ D LIS HITKERZEH L7z
RENBA SN 3G L i MEYD ThL Z WL L Role, RIKDIE & NHNZEI L T,
7aA® 7 a VO LVEERO THIAEH SN TS Z ENRE I, & HICAREHANCE
L CXOOEINABE S L, ZORBICRENERIALTND Z ERRZT bz, HIh
BROFFEIL, Toxicodendron vernicifluum T 5 & FE L, L& ST 258K & 1T R D
fEEZeolz, IEXD, Ienifi Sz AMEORM & . ARPRIE KOS TIEEEROBIREDEY Vo
onTky, FRTENEZRL ZERMREINT, o, AT INMITHRA TH D
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T eSS,
6. #HiEE

SPTRREFORRBUCER L, ZRIPN T2 TN T AR S TR s RAB R I LI S S RIS Z D5 2R Y
TEEILF L LT £,

55 ik
(1] BT 2a0E. IR, )22 H K. 2002:273-274
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ZAN
[aliii}

NE T Y x & W RBOEERER DOILF 0T

HER RS AZHe BT
ITERSY: BLTEE S e

1. FUBIZ

POERER &1L, B TR BORR AR LT TEMAE T, SHICZ 2T, HisRes
IXFAZE R S %38 U C HARD BERM A~ SR g i L 7= b D & 372 (A ROBREGRNET L TH D
728 japaning EIHIIND Z L b b D), EITHIEREHT, BOMRHME UCGREL L7 3R 2 S5 IR Y &
NR-%EE B 5 2 ETHITES D, BEHTHERM M EOTMERC Y =T v 70—, o FT
7 LW T RIRKIE A N A 5 Z & THRELL72[1), 18 Al EIc/e s & Wkl d A FEMIC b TREAMA
DT v =2 T OFIEDSHNL SV, OEIRTIROAR., iz v TElsni- vz~
cxaFEHE L, RICEORHAMEZBYBWELT S Z L TRO XL 5 2BA2rHIl ¢ 5 HiETHh b2, /3
Prwx lld, FORE, A EEAITTED- S D&, BEACEES LITMERS Z Lok i
W LT-EEfsd, #WEa 2 MMz bR b oy =id, AKHE ST LRod U - s 7o
FEZHR T DFMEME Bl 2 Tz, AU X D Y~y = ZFHIC O - BOEEREH ISR L, Hidsii
J 0 BBHTAEH L7 R B IR B2 - TN o T2 72D, TS5 S Bo IR I & 72
STWD, AR ED TEMAEE T DI S Bk & [ — Oy OBk e Vb 2 &0
KETHLN, FRROEBRICL Y P~y = 2 W SRR OBEEITEHE L, 207z, HERe
W SN B R ET 2 Z ERNEHEETH D,

AW TIIBTERIRD 9 b, A=Y = BHNBIS & &5 T2 L CIEEES T & Al sy
BraaTu, M SN B R OMIERIEEZ B ST 5 2 L2 B L T 5, SISt D<o =&
7= & SN DRSSO NS R HET 5,

2. BB

FWEFERA, 7 — THALTLERAD/INFTH D (Figurel) . ZHHMOHFIITITIER OB 5 VI
HOMELE L. HOB CIZAGROBEEINE STV 5D, RRNEIMAIE B2 0 $REDTE L B s H o)
PAESITWDR, — 5 OBIENFIT TOD T2 OPH LD EIT LT D L ST, 2o dH 2506
R ZMWEEE T T 5728 ED-XRF #r & To72, sofrih 7 v e LT &5idEEmE (Sample (i),
i (Sample (i), ZEfifif (Sample (i) @ =&, FEBEAE (Sample(iv)). A (Sample(v)). Wi & 67
EIADO OB (Sample (Vi) O =R GEIVENEIR LT, 28 7V /i< 3T T b DIz LT
—HEOSTEAT O Z LT, FEARHIEEH S AR A TR L,

[Surface] [Inside]

Figure 1 Imageof sample
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3. Wbk
3.1, WrESis

AEIOWIEEIZIZIT Y v 2 7 3 3 Vo IR OWHESMER S, Ziudsteliim osls
W BHEE A HYET 5720, MERER 2B 20T HiECThH Y | FEOFIRTXRITR T & L,
HIDIZ, BT % S3AHAH AR X T EiE (Pdnox) &t LIAABIIR IR AT o 72, WRICEME L7kt
BATA RATAHEZE, 0% BEMERE CRaE N B TR E SIS D ETHEE L=, Zhvast
RS A TR AT~ T2,
3.2. TXRNAR—SHEESE X #RHHT

TRV EIIREE X RRSHT (Energy Dispersive X-ray Fluorescense) % VW72 0#HETH Y . JHFRT
WO L7025, NFFEAIIERIERGEL S 2 8RR CalE A a1 OB - & O CRhiERE & 95 =
ET, BB RICE PO CERIRIEIZR S, ZOBBROBRIA UEE )y O3 LF—73 X
BRERVITHEND, HHEND X BRI —3nREA DL 72 D720, TRF—ZRHE X e
MEOSTRE ORI SN 5[3], ED-XRF 1ZHE L72 X #RZ K> THOMEAT o 7280, ARG E 2 3
WEE O 52 L& alfEL 5, AT, BN S - e OR eI R Lz,
33. BOR- AR v~ v TT T /EEGHT

BRI AT v~ N 7T T EEGHTEEE (PY-GCIMS) Z AW =ik Th Y | BVrfidEE 2 ek, €
‘A HME L2 GCIMS LiEA LA CTh D, GCIMS IXRIbT 2B Zmtixig e LTnb7-
. MHAME, RSV BN R VAT 2 WBBIIOT T 5 Z E N TE RV, Ko T, BVfiEE &
B AHTTOfrh s 7V 2R bS5 2 LT BREBHIE SRS LOBEI O i 21T 272,

4. HHTRER

4.1. 3B

B HEIZOWT ED-XRF #1772 &R 4777 (Figure 2) , ZOHLEIOH & B 236 51X
Ca Mt &7z72, OO ORI X0 Sz Z Lo Sz, Z OFKITmEEE
SOl SN L SRS QW2 L), 3—a v OFFCHLHESND L)1k Tz
EDOHENRD D, WEIDRE » OEEANG Po 2Met S, EMOBNATH D Z & L0, 2T
F (2PbCO; * PO(OH),) & FHIN DA 2 VTRl Ac it L7 L HEE U7, 7o, RO BEE B
B SNDRNT 2Tz, 2k 0 BEHS OBEHCERMEITE EN TORWEE R D720, B
DN LT DITAREEENCh 5 L Sz,

[Sample] [ED-XRF result]

Figure 2 Surface mapping by ED-XRF  (Gray: Pb, White: Ca)
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4.2. Sample (i)

R M2 HEREL L 72 Sample (i)
2T B AT v a &1
TofER A 57 (Figure 3) . FER LD,
Sample (i) (Z 7 JE@tEiEL o TnD &
HIA LT, ael@lXAtR/2 180 C, B
EMERIZER L TNRNZ Enb,
[Rl— DUk 2 BB Y Uiz g2 LTz,
f EOOITRVRF R0, B
EERMER STV D R STz,
BEFRNIAEE & BRSO 7

Figure3 Cut surface of Sample (i)

(Transmitted light)

(ZAFET D73, ED-XRF OfERE Y f I S BRHI AR Ch 2 LHER LTz, g JEITARDHK
HEL DN D b DINR—A Lo TNH T LINBHEMTH D LRIz, FEMEITBEEZ RS20 0
BOZLaRKY, o, g BEPITITROMHEORE T H 2 WRRBAENBIER S U727z, FEHITARA

WHILTWD EHER ST,
4.3. Sample (ii)

ZENHE 2 HEIL L 7= Sample (i)
[ZOWTZ B AR v a hiE To
TofER %73 (Figure 4) , fidd V.
Sample (i) 116 @i L 25T 5 &
HI L7, a BIEahecllss Lokt
B, AKEH LA T1-048EHETH
B ERE ST, bd JEIE [Sample(i):
(e @) L. BB 7ZRVER—EL
TW5720, [F—DOBEFCH D LRk
ST, e BT TR T 5 LhL
FHRZ DT, BEGHEEHVTH
BRI NT, I BIIAROMHMENE

RTHY . A ROMHED FAEL TW DT80,

Figure4 Cut surface of Sample (ii)
(Left: Reflected light  Right: Trangmitted light)

EAPEOFM BATDOFE AR STz,

a BOBBREOITLFEZFET 5728 ED-XRF 5Ot a7l O THER %<7 (Figure 5) . fEdd& V.,
Po KO Sn &Nz, & D Po & S 7R THH A HDMER Sz EoRR STz,

Figure5 Metd foil mgoping by ED-XRF

(Left: Sample  Center: Sh Right: Ph)



4.4. Sample (iii)

HAEEAE S EEL L 7= Sample (i)
2T B AL T v a v oiiEl{T-o
TR % ~d (Figure 6) , gLV,
Sample (jii) 1L 3JFHEEL o TND &
HI L7z, a BIgsmc v oz R
ThY., & MED cBIIEAERTH
L LT, b glgs % c Jgloo

U'ZDfC&)O)%EﬁlJ& L(%ﬂ%ﬂ{%ﬁﬁ Figure 6 Cut surface of Sample (jii)
SN LR S Uz, EOSMUE (Trensmitted light)

ThDHDO EIZIFEREIE/2 N2 L0, Figure 1 L 0 HOEAGE O IZHI > 7R O &b,
BEEHODOLERRIZ O O N7 BRI T LAZIE TIIW)EE LTe, HLAZIE & TR AR CHREHICHEE L,
AP TH N ESITRD TR ER%, BORESIHT 5 E T2 51ETHD (4,
4.5. Sample (iv)
FEERAITE 2> HEREL L 72 Sample (iv)
\ZOWNWT T AT v a L ahrdOfER
%<9 (Figure7) . Sample(iv) ® 27 1
A7 > a VT ORISR HIL 5 i
WEERoTWD LA LT, ac JEIX
[Sample (i) D cefd] &, HiklA 7
VRT—E L TWA 72, [Al—083E
ThodEemgIn, R dEX
[Sample() O f @] DRk e @it
[Sample (i) @ gJE] DOFEME & [F—T
bD LRI, ZOTHEEFH Figure7 Cut surfece of Sample (v)
BRI FAE (B DR A B THEIE A (Transmitted light)
—HLTWDZERMLNE o7, WEEOBNERDIRRIL, FHREOEM AN -HAHES
F TR B LHDIARENHNONTEZ EICh D EEZ IS,
4.6. Sample (v)
FEEBANTH 7> HEREL L 72 Sample (v)
[ZOWNWT 7 B Ry ¥ a3 Vol ORE R
%7~9 (Figure8) . Sample(v) ® 7 1
AT v a VT ORERD HIL T JEtE
Lo TWD LHIALT, al8ldk
FECBIE LI Z AR K ERE D
LWL 7@ R Th D LIRS
2o b JEITITD Ll - 7B 20l

BlEan-, cel@ix [Sample (iv): ac Figure8 Cut surfaceof Sample(v)
)] &fth. BRI VT B LT (Left: Reflected light  Right: Tranamitted light)

HZ D, Fl—0OBEICH D LRIz, FRRC f JEIE [Sample (i) @ e 8] OEEEER g i
[Sample (i) @ f @] OFEHUE & [F—Th D LHELEI N,

FEE NN XN E O e & B 0 &R LB RIGEIEEINGAE L=, AN O—i
DOEEE I HABENHPNIEDLTRREL 72> TV e, O 0BIHEEHISEEZ AL S 72O DBEEA| &
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LRSI b o7 LR SN,
4.7. Py-GC/MS %' THM-GC/MS
BRI AW DIV B RFEDT-
., Sample(i) ZEEHE, FRHUEIZ/HEEL T, D-allose \
ZNEH 003mg FREEZ L7vNfr o
Py-GCIMS zAT-72, MIEL VIFHITZ h—
ANAFrra~< 7T 5 (TIC) DI b,
SHUEN S p-alose, BEHENS Pdmitic acid, \
Stearicacid 23R S 472 (Figure 9) , p-dlose
A RO E—7 ThHDHT-8, FHUEIZIE \ Stearic acid

[Base]

[Paint]

AMDMEH &7z &R &7z, Pdmitic adid,

Stearicacid XD E— 7 (53 TH D20, B

BHE I THAMEH S iz R S -, @k Palmitic acid
D TIC. "D mk202 DA F 7~ K

ZHiH L & = A, Huoranthene 23k <7~ RT 5 10 15 20 25 30[min]

(Figure 10) , Z ORI IATEM IS ARTERBRIE Figure 9 T.I.C. of Sample (i)
AEITEICHND bOTH Y, FITHIE /// (/2 202]
FNDLEATEEMBINTND, UL EORERE

I a ARy va o COBERER 2T
BOEOEOIZIIHDMERH SN TND Z LM
RS, RIEOBEHIEN G EN TN D) Fluoranthene
BT 5720, BOE—7 it Sivs
m/z108 DA A7 m~ M LT 0T e i ey
RN DITBEO E—7 Bt snz»-  RT5 10 15 20 25 30 [min]
A, BRIEE L TN T B 2 BRI N A Figure 10 lon Chromatogram of Sample (i)
S TN T2 DB A2 o T ATREMEDS
b, LoT, B EEEIIOT L, @i
PEDR T DI AAT 5 T2, IKIELT h T A
FINT =T LTKEW) (TMAH) I2X %
FHEMMEEFIH L7 THM-GCIMS 73#T %47
T2y INTHFERDS miz151 DA A7 a~
NI LB LI E A, BROE—7 5y
IR e o 72 (Figure 11) . K- T
BEF ORI E F TRV ERB I N7z 720,
AFEHIRE Tl < | BUEREROEH CThH
HZ EDBHLMNTIR 0T,
FHHEmIZHWO BT 2B AT
%728 Py-GCIMS %4772, Sample (i) 725
N EEEZIY BRO T 003 mg FREE O RT. 5 10 15 20 25 30 [min]
WaSTr e T e Llee BORIATY Y B O b T oams O
n~ K77 AL7)5 p-dlose, Fuoranthene,
Pamiticacid, Stearicacid 23&H 417z (Figure 12) , m/z108 OA A2 7 a~ F 77 A LEITMH S
IR ToTed, BEIMER S TRWE I L7z, LLEORER K 0 v 38k & EHINREEL T D

[m/z 108]

[m/z 151]
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ZEDRR S, BEOREIZ[E—OMES NS
T3 LR ST,

M, WNEIZHW SR E o5 7=
., Py-GC-MS 53Hia1T-7=, Sample(iv) 75
0.03mg FREDOHUINT, Sample(v) BN H iR
R RS 003mg FUEOMUNT &2 ZRER
ST E Lz, BbhiaissEns, 4 RT
ESOMEICIE p-dlose, Fuoranthene, Pamitic adid, S
Stearicacid AAEENTIY . BUEEEIL T
EHIBIL7- (Figure 13-14)

N

[TI.C]

[m/z 108]

RT.5 10 15 20 25
Figure 13  lon Chromatogram of Sample (iv)

\ [TI1C]
~ \
10 15 20 25 30[min]
Figure 12 T.I.C. of Sample (ii)
\ [TLC]
\ ~
[m/z 108]

Figure 14 lon Chromatogram of Sample (v)

F7-. [Sample(v): b 8] T HDFEHBONIE &> ZEORINIHE LB CH 5 Sample (vi) % 0.05
mg FEERILL Py-GCIMS Z1T-o72, 6N TICIIRY =17 &7 —k (PVAQ) & B—7 Dz
ORI MNIEE B L T2728, PVAC B ER TV D LRS- (Figure 15) .

[Sample (vi)]

RT.5 10 15 20

25 30[min] RT.5

[PVAC]

10 15 20 25 30 [min]

Figure 15 T.I.C. of dear film & polyvinyl acetate
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5. %9

B/ NEOA AR SV BHER — DO 23 E £ eizsd, A OVERIZIXR— O 24
MUl R ST, B SNV BEHTITEN B E T2, AGEHIAER Tl EHEZE LT,
FHh L BB ORI FHUB DB S e o 72 2 L0 b ARRBHIZEHICBEI A2 EIR Y L2 b D THY |
fHVED ThoTo 2 EMMA 2D, Tl HITADOHID N kHE L SR BIEE Sz, FHT v~
Ve ThHDHIEIRERINT, ZNOLORRLY, AKREHINY =~ = VW BERSE TH L LT
25, Fio, ABORmIEH ST IESI OZEAR I THAIE TH DDA BN -T2,

SN B O—2TH S PVAC 13 20 FLAADIZA R STUEERE L THO BN TWD, ZD7z
B, P &b 0 MR PIRITEE NS —E S 703, BUEOMERAY 20 HACLAREIC AT 7o T & 72
Mol

6. ZETER

[1] vay « A bh—h— B~DOIER Vv /=27 LRIk B 2010:170.

[2] [LARWSE. BEERL AR, 2008:188.

[3] HH F. SEM @ EDX 4E@|Z X 2N - EEOHT O _E & VTSR OMGE, TR %
= T - WEEINR

[4] HEATRCRE. BREAA BEshrdL. YR, 2004:311.
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2
W

BIE OB BUZ B D B A 52

HEGW., FEEE
A R FE T2 AL ER
1 385

BIINEER S ThH DL NV A—b, Koy, BEE, BEABEKORRE THE S, TRERK
S HIZARERDIS L7 WIO (7K ER) Blo <Ly 5 v OS2 L RIRBIERECH
%o AR OKEKRORARIT 10um FBRETH D2, 17200 - < A OWEWIZ i L7
FEAFETITIpm BEDORE S LTS, ZOTRICLY  BBREREIOER SN
L KERHRDOMIN 2B U, SBRICEN T BRBIEA G B D, ZivE TOMFE CEIRIT KT
U CHREM IR FRAL R J O & D ZKESPEIRINA 2 -\ 5 Z & TR 5 KER DAL 2 FEt L
T &7z, KEMERINA O E TG F AL D KEEHE L BRIR T OKEK E O EAERIZER L.
i 2 OREERMA 2 it LIRS, o2 Y b= &5 Z & Tl 7e KER %
BLEBROPHMNARE L Ie o7z, 22T, B ZKEKOMMbEZ L, X2V b

U k=L OFIMESLUSINGE OB DKy BEIZ OV TR 21T -7,

2 ER

FRRBRHI P ES O EEARIR 6 g W, XU XY MY b UIRKICKR L CEE
T 1, 3, 5wit% ZIRINL7z, =—4&— %0 —% W CHRFERE 180 rpm, #E#RRFR] 30
min CHEMEOIRIPLER 20 L CRRBL L7, F72, —IMZRERBRIEOKSEIA T 5% [l
BTHDHIZO, ZOKRDEIEIT/RD L O IZHEEREHE 45min & L7eHEETHRR L,
L7238k 76 pm OREETH 7 AT L, 25°C / 75%RH D S:F Clifk S H T i
LT,

3-1 BROFHM

AL U 72 BRI L COBMER R &2 LLTIZRT (Table 1),
Table 1 Properties of various reformed lacquer sap added pentaerythritol
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Additive ratio Time Moisture®™ Molecular wight distribution [%] Viscosity

Ent| Sam| @ .
v ple [wt%]  [min]  [wt%] Monomer Oligomer Polymer [MPa:s]

1 Raw lacquer - - 28.63 83.10 16.89 0.01 690.4
2 KM lacquer - 30 1617 54.24 4517 0.59 2403
3 KM lacquer - 45 568 5297  46.03 1.01 2133
4 1 30 1308 5476 4423 1.02 2520
5 1 45 597 4954 4940 1.06 3033
6  Pentaerythritol 3 3 8M 5427 4506 0.66 2133
7+ KM lacquer 3 45 406 5041 4877 0.82 3245
8 5 30 656 54.86  44.52 0.63 2361
9 5 45 518 54.66  44.64 0.71 2693

(a) Kneading conditions: 23.0-25.0°C, 75-79%RH (b) Caculated from the amount of adecrease of mass by heating
(c) KM : Kneading M ixer

AU BT Y b RINL T L AR R 5 RN & BT
FY Fe— KU TR OBA PRI K E AR SRR,

3-2 BELSAAIE
AR U 72Kk LT T KPR A E 2418 2 D CRLEE A 2 E Lc, RISy
FilX % LL T IZ~9 (Figure 1, 2),

Abundance [%]

10

o 1 1
0.05 0.1 0.2 04 0.8
Particle diameter [um]

Sample @ Average particle diameter [um]
- None / 30 min 0.203
- 1 wt% / 30 min 0.197
- 3 wt% /30 min 0.165
- 5 wt% / 30 min 0.109
(a) Kneading condition: 180 rpm

Figure 1 Particle size distribution of various reformed lacquer sap added pentaerythritol
and average particle diameter (Entries 2, 4, 6, 8)
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20

Abundance [%]

10

o 1 I 1
0.05 0.1 0.2 04 0.8
Particle diameter [um]

Sample © Average particle diameter [um]
— None /45 min 0.156
- 1 wt% / 45 min 0.163
mm 3 wt% /45 min 0.138
mm 5 wt% /45 min 0.109

(a)
Figure 2 Particle size distribution of various reformed lacquer sap added pentaerythritol
and average particle diameter (Entries 3, 5, 7, 9)

Py

neading condition: 180 rpm

Ry HZEY RY R L ORMED Iwtd% TIXIERIKE & S TKERO BRI K E 72
IR SN o TR, WIESHEINT 2125 T L 0 7 AKERZH LR35 b
7o WSHNEDY 5Wt% DIRFIZ i & KEROPHI{E 23 EEIT L, 0.1 um LA F O KERDAFAEEIG 23 5
Molo, Eio, BRI L > TEIRP OKSEZRE LI ZA, KOENEDTDHZ
LA KV 7 KBRS S A 2 7R L7z,

3-3 BEBRE DM
AL L 7= B3 L COSMERE S % LLFIZ/R T (Table 2),
Table 2 Properties of various reformed lacquer films added pentaerythritol

Entry Sample Additive ratio Tirpe Drying propertyandhardness@ Lightness and coloration ® Glossiness
(wt%] [minl 1d 2d 3d 5d 7d 9d 12d 14d  L* a* b*

1 Raw lacquer - - <6B<6B<6B 5B 3B B B B 707 1355 AT7 30.0
2 Sugurome lacquer - - <6B<6B 5B 2B B B B F 1450 3087 20.63 49.2
3 KM® lacquer - 30 TF TF TF <6B <6B <6B <6B <6B 1117 2853 17.57 100.9
4 - 45 TF TF TF <6B <6B <6B <6B <6B 6.06 2125 880 9.2
5 1 30 <6B <6B <6B <6B 6B 5B 5B 5B 371 1293 481 9.1
6 1 45 <6B <6B <6B <6B 6B 6B 6B 6B 270 867 327 98.4
7 Pentaerythritol 3 30 <6B <6B <6B <6B <6B 5B 5B 4B 328 1101 415 95.9
8 + KM lacquer 3 45 TF <6B <6B <6B <6B <6B <6B <6B 537 1955 7.64 97.2
9 5 30 TF <6B <6B <6B <6B 6B 6B 4B 540 2017 7.71 98.0
10 5 45 TF TF <6B <6B <6B <6B <6B <6B 742 2445 1106 98.1

(a) Drying condition: 25°C, 75%RH, Thickness: 76pm (wet) (b) Measured on spectro-guide 45/0 (Gardner), L*: Lightness, a*: +red/-green, b*: +yellow/-blue
(c) KM: Kneading Mixer
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Ny Y bY b= IR U 7 BRI AN & e TR AR ©
b oTd, BEIZBWTIIIRINAIZINZ 5 2 & T EAT M EZR Lz, £z, iRNm# O
AR D 69, BAOTERABEE 20 L TR L7288 T B D TH EV LR &
AL TV, BINEDIEWIT X 2 BBIRO RN, BE R OOERICRE 22213/ 5 e
o7, HFRRERIC & o TR 0Ky B4 fiE L 7o BB CIIR R R OMERRIC K0 iRt
B OMEEEDMEET L7223, JEIREEIIKR A EICBE D b T @ W EE R LT,

34 v 7 uRa—TEAVWEEBEKEOREELE
TR L 723 LT~ A 7 n A a— 7 & FWCBIER E OBlE 41T - 72 (Figure-3),

Figure 3 Surface of various reformed lacquer films added pentaerythritol
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TR 7B 2 U R U R — L OERINEDEW K ORI D 7K 4y & O EZBE
DOHT. WTIIUTEWTH ERINER &[RRI Z OISR E RZETR T, il
e REE AR LT,

3-5 MEERFAR

A L 72 BB IR Ok U TR & D IRIES L 21TV, MR E 4 BRI 2 2 &1
BB U TRRAPLIRBE 2 JI7E L7e, JIERE R Z LU IZRT (Figure 4, 5),

Glossiness

120

100 §

80 S ¢

eo R
40& $

20 A S A *
S S

0 4 8 12 16 20 24

Ultraviolet irradiation time [h]

* Raw lacquer
Sugurome lacquer ¢

* None / 30 min *
1 wt% / 30 min *

3 wt% / 30 min
5 wt% / 30 min

Figure 4 Glossiness of various reformed lacquer films added pentaerythritol
by ultraviolet degradation (Entries 2, 4, 6, 8)

Glossiness

120

100 ¢

80

I

60

40 |
¢

20

0
0

4 8 12 16 20 24
Ultraviolet irradiation time [h]

* Raw lacquer
Sugurome lacquer ¢

* None / 45 min *
1 wt% / 45 min *

3 wt% / 45 min
5 wt% / 45 min

Figure 5 Glossiness of various reformed lacquer films added pentaerythritol
by ultraviolet degradation (Entries 3, 5, 7, 9)
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Ny B =R TR LB O 9 B IRINEDS Iwtd% TILERINCHl
L 7B L [FER e B IREIR F OBz m L, BINED 3, Swi% TIEMEARINEEEL O W\
NORRRRFRICB W T HE W IR ZRFE L T 72 (Figure 4), F7-. BHFRFRIC X > TR
H Ky B2 FRET U2 BB B3R B OFREIRTOBBEL L 0 WO B KRIZIHE W T
E LR Z PREF L TV 7= (Figure 5),

RERC AT EBBEICT LT A 7 n 2 a—F 2V TBRIEREOBE AT -
(Figure 6),
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Figure 6 Surface of various reformed lacquer films
added pentaerythritol by ultraviolet degradation

YRS L 72 I # = U N U b — L O U R DE N J OWRINE D 7K 53 D
RO BT WV T b BRI & R BIRE i O M ORI 7 & 17z,

4 &0
N Z Y Y b= L OTRIESCIINE OBIRH DK EIZHOW TR 2TV, &
f;é7kﬂ?®1”ﬁffﬂiﬂ:%ma L7z, Xy&x U bU b= LOWIEIL 5wit% DFRFIZ i B KERD
e S v, KD ESEDT D Z SIS X KERO TR/ NS L A E R LT, 2
ﬁ%bt@@#%%%né@zﬁiﬂﬁMﬁkﬂﬁ IRIVIEIRE A L, M % 24 IRFfH]
FRGT1% D FRAF IR I T RN X 0 b @V ME 2 PR L Tue,
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BREYM TH DI ¥ 2 —HROFTEEEEIERE OB %

A A, R
IR RSP BT FREER IS5 5

1. ¥
W, AHEENLOBAZ BR) & L CHARE

OH OH OH
TEHEFEORANRKD 5N TS, ZD LD Rtk [tl iij\ Hﬁlil
LY IR RARBE Ch DE~DIEHNEE R HO R HO R

STWND, {?E li}}%f)ﬂé&‘l‘i\ ¢@,r$\ %%ﬁa % f%"d‘ﬁz + . /El\ﬁjz Cardanol Cardol 2-Methylcardol
BEHZIZ 2 WE L OFEZ A L@ RSB th o, R= =

Z 5 LT PED BAGHE T2 OM A 2 8 2 7= S i 72

TEFH~OHERNEGE > TS, L, &S
RIS L2 1 7 e Vi B R R R & B9 5 Rk A B LA P FE
WIRWEBRAOAE, GRBIRICETIE2 0 CE N =
A2 MIBEOISHFIH O FIZ/ > T& iz, 22 TK

BFFE T D & 5 72Ktk L BRITIT RV TEM R A Y v

N EE S IO KK RBEI OB EZ B E L, BEE LTh Yy a—FEED0RENTHDH
Ya—F v b=z UXxy R (CNSL) ZFIHT 52 LIZEH LT, CNSL 13 v 2 —FEXEDFE
FEYELTHOND HOT, EFICZMAMEPERTHY . TORMTED LK TH D VIV
AL, INAVE ) =N EIF LD ETHT 2 ) — VHEROREM TH D (Figure
1) EHICANE ) —=MET N F =L Z 0 B EKPILDITHE N &V ) R AR > T 5,

Z ZCARRFFETTIE, T CNSL &k & LT, AL B OB EME (T B A 72 et L AR oD BR 38
ZiT- 77,

Figure 1 Components of CNSL

2. EB KR

DTG R OB E & 3R TR T 21T o T2y iricid =2 — AV R7 LR BT K 5
CTHiIHI L7= CNSL (CPCNSL), 7R v kA A LN 3512 L - Tl L7= CNSL (HOB CNSL),
HOB CNSL % 7% L7- k%4 (Distilled CNSL) % i\ 7= (Table 1),

VAN VAN Y
PROTRLPL AT D Table 1 Component composition of CNSL
B ZAH¥Ai0 CNSL Sarrple Component Mo MUM.  IHD
121 15% FEEED Cardanol Cardol 2-Methylcardol
. . CP CNSL 831 150 19 789 138 2.00
N R pGr L &< HOB CNSL 82.7 154 19 956 1.69 211
DEEYMNEENT Distilled CNSL 94.6 4.6 0.8 548 1.09 2.01

Mw = Weight-average molecular weight, Mw/M n = Polydispersity, IHD = Index of hydrogen deficiency

BO., mEIEE S
T HOB CNSL ITHHICEAYWE L G Z LN RENTZ, ZNEDESITARBIZ L > TKRES
DRESNDB IV =L ESY O —IIRBELEE L TV I ERHLNI o T,
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TOEY, BEAWEIVE<ET HOB CNSL & alisricix b o & o4 720 Distilled CNSL % J5UEF

L L TUUBDOERZITV, HMRE LT,

Wiz, Zhbd CNSL ZJFkE L TR
XFUREOBANELBERIZL LT VARY v—1b
Z1T > 72 (Scheme), EA\FE (21X HOB CNSL
I ARF TV EAZEALTEAY (Ep-HOB
CNSL), Distilled CNSL ({2 =R H 48 A L
72184 % (Ep-Distilled CNSL), Ep-Distilled
CNSL 225 )V H ) — VR Gy O I % Bl L
7= Rk¥ (Ep-Cardanol) @ 3 FE¥H Dk %
FAVN A2 4L C e gt BVER 5 AP P & RS L 72
Z Ok R, Ep-HOB CNSL % 12 HfH,
Ep-Distilled CNSL % 18 H¥f#, Ep-Cardanol
% 24 BER T 1B 7000 RifAICELZZ &
MOENENOREAESREM & L,

I Ep-Cardanol 7' LR U ~—%JFEE L
THRMBI OB 21T - 72, Beh2iZEmE EAl
B A@-tert-7 F V7 = =))d— K= A
~EY T LA rKRAT 77—k BIP), FUp-b
UIWANNKR=ZT I ANFY T Fai AT 7—
N (TSP), 41 V7B EN-4-AFNT T =)L
G—R=UL THEITFAMXRUEZ TV T
=/W)ART— 1k (IIPB), JEHEANC, b BB A
WAL LT 24 Y LT X b
(ITX), 910-Y A hF 7> kT (DMA),
U Ry 7 ZRBAREHKI L L TR A RV,
T LR Y = —IZxF LA O LRI A A & Ot
JEAN 2 N U TR E AR S L OEZE N &2 1T
W, B R R L 72, Z 0B A2 R 20pm T
TV —F =% NTH T AR IS L
oo ZTOFEBRIZEWKE 254 nm, #H ) 800 W,
FRATEEEE 825 mm T UV M 24T\ ik £ T
DO A ik4 5 2 L TRrBStEEZ R L
(Table 2), #itOfEE . BIP 4wt%, DMA 1wt% T
FEFRITEN T LEREEZ R LT, Zhixa— R
= LEBRRY ~—DFHEFEENS OhEBE O

R3
OH
R 1) Epichlorohydrin [3.0 eq.] | Rz o
3 KOH [2.0 eq.] T@
Solv. DMSO
R; Ry rt,24h R,
n
Ri=CisHasar ) 1600c, under air R1 = C1sHas.sn
R2=H or OH Time R, =H or OCH,Ep
R3;=H or CH3 R3 =Hor CH3
Sample Time [h] Mw Mw/Mp
6 3769 851
12 7681 11.91
Ep-HOB CNSL
e 18 N/A N/A
24 N/A N/A
6 2077 6.98
Ep-Distilled CNSL i: ?iég 1%8;
24 N/A N/A
6 1273 138
12 1735 2.67
Ep-Caldano 18 4312 342
24 6959 6.28

Scheme Synthesis of prepolymer

Table 2 Consideration of additive

[ Initiator ] [ Sensitizer ]

o
I
+_
avsYa s e
(o}

Bis(4-tert-buthylphenyl)iodonium 9 10-Dimethoxyanthracene (DMA)
Hexafluorophosphate (BIP)

Initiator Sensitizer Curing time
(Additive ratio) (Additive ratio) [sec]
BIP (5wt%) 60
BIP (3wt%) €0
BIP (7wt%) 60
TSP (5wt%) - <180
I1PB (5wt%) - 150
BIP (4wt%) DMA (1wt%) 2
BIP (3wt%) DMA (2wt%) 40
BIP (5wt%) DMA (1wt%) 2
BIP (4wt%) DMA (2wt%) 2
BIP (4wt%) ITX (Iwt%) 30
BIP (4wt%) Benzoin (1wt%) 40

FHEZZ T TCRISMMEESN D Z L. £7-. DMA 2 EHEFICEME 72V RIN A2 H > T\ 5
ZEMBEFEHICB N T O RMICEANET TS IchHkT A EEZ N D,
WIZ . TINKI & U TR CTdh - 7= BIP 4wt%, DMA 1wt% % A0 L T& B2 B L L.

BFEDO Y IERIAM 21T > 7= (Table 3) , & DGR,

B L R DY AFER OGN LB LD IR

EATBENME O, SO BIRIIIET ITE W T V0RO EWE & e TRV T 7 AR
BEZEFESZENbMhoT-, ZOREA MM CNSL T D cis,cis-1,4-F = G ETe cis
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Table 3 Physical properties of photo cured CNSL film

Sample UV iradiation time Hardnass Gel fraction [wt%] Pyrorisis temp. [°C]  Glass-transition temp. [°C]

[h] 1 day 3 month 1 day 3 month 1day 3 month 1 day 3 month

30 5B 2H 85.6 94.8 365.4 364.3 34.58 41.33

Ep-HOB CNSL 60 1B 2H 835 95.9 366.7 365.5 34.91 42.64
120 4B 3H 90.3 96.6 367.6 368.6 34.97 4411

30 6B H 821 9.1 364.5 367.3 27.56 38.78

Ep-Distilled CNSL 60 5B HB 80.5 95.9 363.7 364.8 30.43 39.54
120 6B F 831 96.3 359.5 363.9 29.75 39.71

30 6B 2H 79.3 93.5 367.4 361.4 27.93 37.34

Ep-Cardanol 60 48 H 825 9.4 359.1 359.2 29.32 39.54
120 48 H 86.4 95.1 363.2 362.5 29.45 38.46

BB\ EICHRT 2B 0605, 2O XD 2 AREEFEALAEIEOBLAIN TRE 2= 7
A=y a v EAETLZEN, BOMEWEICK L TIRWT 7 AEEBIREZ G T2 HK L 78> T
WHEEZLND,

Flo, ZOBBHIRFMBREIZ L > TR

PERZEALT D & 5B BEhERE & [REk D 2,

Zoors LTz, FRICEEEE XM e #% Clx 5B FREET

HoTon bk 3/HATIE HBREE TR EL

Too FTo. 3 FFORE CTIL, KR D

v R—=IVili oy % % < GBI oWtk

ICENT W=, LasL., RRERGEIC X - Tk
DEALTDICONTERIT/NEL 2D bk
3MATIERE ERITIR OGN 2oTz, Z

D ENHRBEE CNSL IZEAMEE -0

7 1/_\]_ ) '7‘_‘“20)%}34“2 ;ﬁ':z)) 5 TE) DD, 73 v Entry Wavenumber Assignment  Change over time

K *—/1/552 D q:@ i’\@ %5‘ i/J\ é < EHE E/J 73? 1 320[;2"3609 -OH Increased,deformation
5 91 \ 2 2950, 2870 Alkyl Broadened
% f j:j( % fcﬁ {z. 75_’ L_j‘ A fcﬁ Wz ok 7)‘/ Do 71:_0 3 1730 -C=0 Increased
{k z. ﬁ;@ﬂ: ?;XA DR @J ZoOWT FT-IR {EIJ = 4 1261 -C-0-C- No change
5 997 -C=C- Decreased

(Figure 2) 35 J VB RS SAEHIE  (Figure 3) 1Z
X VRN 1T > 72, FT-IR A7 bbb id
HREAOEA L Fex v L EB L LR=
VDGR R S, BRPREFHME]E ) 5 1%

KPR~ LIS e BlE SN, Th
5 OFERIS Z ORBIRIX ZEHE AN T
HENR(L O = 25 TRBINEITL TN D

T ENRRE NI, T DOZEHE) i?@"j’iﬂ% WCH RS ~ | ue” M‘{

Figure 2 IR spectra of photo cured CNSL film

NDRHN 2 TH D . WPEICE T 2 RiEry

72 EN T 2 OZEKEARI ié%@f%é&%z% p p PP
nNa, Lo T, ZoBEyEEFEEICEHE) Temperature [*C]

ﬁf’iﬂﬁ@’ I 6%*@&’3( 3L E ;%jﬂé%fﬁ;ﬁz L Figure 3 Dynamic viscoelasticity of photo cured CNSL film
TWoE&FEZbND,

3. 5

LR E IR T D CNSL &5k & LT, B b « BREMEICE N 72 B I o e b 5 k)
ORI LTz, £7-. ZOBEHIE & FRICBBRILIC X > TEEICZEBL L, A,
HELME . THEEICEN - O BIEA 52 5,
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e
BRI CNSL 2 L5 LT\ W 4 & o — BRI R < AL & R L BT 29,

2275 3CHK
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o
KA FRBIR D 53 B Ot 48
EH Kt A% &z HE Bk
A RFRFPC B LA 5E RS L R
1. 5

BT 9 5 LOA M SHWT DB TH 5,
5% LOKFTEESHTEETLTEY ., BRI
ADFIZL Y BEHOBERMP T TS, F7e
Bk & U CIIB AR AR 255 TR 5
HTEETEIT, ZAUCIR < PRI & e K B 1ok 11T ¢
MoV BAEI BARR AFE I A ) 5, Em, ¢
FRESMC bR, FE, B, BB, 61, o . o
B, &R THLEREMTbhL TV 5,

[EN CTOBIKOREEL Y ORIE. 6 Adans 9
ARETITbhTEY, RSN L - T
BRE DO SOV N R 72 5 s 8 %, 6 A
NG 7 HHAE TIE AT O ~A)E] ST
. KENEL, GIRECERD L EDhTW5, 7 A Fans 8 A FaIE MEa(xnb
NAVE) LRI, BRE OT TR OIERENS S, BOBIIIEERSEL<ALTND
ZENRHETHY | EOBRBITMOF OBIK & X KRB ERDBRWWEIN TS, 94
EANS T TRB(T A~ £ B E A~ LD, BEOBI T
WiNVEL L2, ARHARY (BEAEL2D) MEAHD EEDA TS, Zhb D%
WITRFRE LT N LEINTEY . TNEROREEZE, L, TICEEOEeR L
DEM L= AR E 22 Eo et R BE E LTER S TWS, ZHallfED 10
A EADGIE, BREETDRI- BN b EARE I Lo THERERS [HA(D b
WYE)EBRE LEARZOMICAZ AT 2R OEEMT THEEREIS (LR,
KEYISTH OGN0 0, KOMERNLEL IS R, HE2YI0ERY ., 20 ARIF
ERICERL T ORIKERERS THE 28T 5, LALARL, ZhbOBEITl
BE D BEERECBEORNE D, MR T 15 2 &0k b B B S B0 R &
FMEEIMER N E WS BERMASBIETIEHG CHERH SN TOWARNWZ ENBRTH L, DT
W, EETIEINRLO RAFE] OFNFIAZ B E LI-oi R OSEMR R Thbh
W5,

AFFEETH, 20 TRFAR] On0r, WEHFEZ1T> T 5, —RICARFI BT,
WE L ERZOYMEDERSBRAMENT VD, LOLABLET, RAWTHDHZ E1b
FNEOEEBOMIEOHEEITRARLHELH Y, L0 EEMZRMIEOIIENRD ST

TR B O BRI A
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5, AFETIE. ZORFABRKEOYMEIIR D=, 2011,2012,2014 4FE |[CERIE vz THA
L TIRDER), THREE) okt L. Bootponotr, BERTEIERER, 20 FEomillE, sk
AR ATV, 2406 OFf, RO BIK ORI 21T - 7= D THE T 2, 70 2011, 2012
HEOOHTRERIT LRI ofr ST — &2 i LT,

2. Bk
2.1 FEHEHR

FREHT 2011, 2012, 2014 4F 1208 TR A i TR S Lo T BEGHS > 7L), IR DG
2V T, WEE GHav o) AL (Tablel),

Table 1 Information of samples

Entry Date of sampling Kind of lacquer
% Urame lacquer
3 2011 year Tome lacquer
4 Root lacquer
5 Urame_lacquer
? 2012 year Root lacquer
g Urame lacquer
10 2014 year Tome lacquer
11 Root lacquer

FAREHI A S B2 W T A B L, I L7z,

2.2 FRATRER AT

FRECTHLEIR 309 127 & b 150 mL &A1 X SR RS C 30 R L-%., %
FHEEIZ E 0 7' b ATRERIFER Y E RNERD THLT ' PNy X — (AP) LI
BE L7z, IRERNET 2 b2 E L%, 7RV AICEMSE, Bk ~Y o
LEMZ 2 REEBREIET 5 2 LI R VKR EIToTo, D%, MlER, BWEE RV IEE
ROy E T, AP IZEZERBIC Tl 24T o 7o, £ 2EOERNLIFEKY & AP OHE &
LGl WERFOE I Z KR E LT,

2.3 T ESMAE

S ESAMECIERY —(RK) oS VRE s v~ 777 4 — (Gd Permesation
Chromatography; GPC) % W CHIEE % 1T > 7, GPC X247~ > 7" DP-8020, 71 7 e iRFH
CO-8020, RI fRiH#s RI-8021, 7 — & ALEidkE SC-8020 Mo 72 H4E@EIC 3 KD H T A
(TSKguardcolumn 0-4000, a-3000, a-M) % #&ft L CHIE 21T 72, #kt%4 20 mg/mL O

JET DMF ([ZIfiE L, Y —()fl~A 2 a VT 4 A7 H135 74 A —THEBLEZb O
Rz, FE 20-50 min IZBWTITo7c, MW =300 2E / ~—for & LTz,
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2.4 EERIEMERIE
FERIEEEIL, BV o IAF Dm0, YV IV URBbsnbd 2 & T
235D E LN IEIHTT Ko THE LRI Uz, 3BHE, BRI HTIC L v 15
Sl AP10mg ZFF & L, ZAUC 10 mL OffiK &2 2 7%, 24 B9 5 = & TEERIA
K2 U7z, JIEIX.0AM U Ul U w KRR (30°C (23T pH =6.5) 2.2mL (Z 0.216
mM 2 U NV ED AR ) — VIR 0.3 mL ZIRA Lk, T ZICEERIRIE 0.5 mL &N
25HZETIToT, PFRIE530nm & L, HERRIX 6 2T o7, Zhb &bzt
FEHFRD DL ERIM O —FRE W 1 A EHT2 2 & T, Tt bEERIE R 4
FH L=,
(AASBOnm / min)

Units | lid = ————— = 2000x (A4 /min
nits | mg soli 0.0005 X (Adsag )

R OMERE BTV A B LT,

2.5 FofRtEAER

IR IXBIR 2 Yoshimitu(iR) LD IEE. 76 ym ORI L— K7 4 )V AT 7V fr—4
—ZHWWT 7x14 cm OH 7 AMIZEAT D 2 & TIT o 7o, FRIZI3RIR IR fE I 4
(FX224C, A b () & Mo, IRE, WEARE L, BIRAGE L TS w7,
HEEREAM I Lz LTV RAEZ None Dry (ND), BIEIZEZRE T TR #4E T 50k
RE % #& % 1205 Dust Free drying (DF) BRI filiu 72 & X ITHRIT AT D372 W IR AE & $5 il 8245 Touch
Free drying (TF). #if5 & N LIECREIZHEMNATZ & ZFEUEDT D720 RIE & il Lz
% Harden Dry (HD) & L7z, F7=, FIA 7 b a—&— CKHEEHERDE) 2T,
48 R§fH] £ TOREMZA A CORBURIBO B ATk LTz, RTIA v 7 La—X—Z X 5HE
I3 25 mm (iF) x345 mm (R &) x2mm (BS) OH T ARICERZ A L, KRR IERE
AP CBIEICEEIC T LEME (myY) 2 —EDAE— NTHINT Z &L THEEZIT-
7=(Figure ), §2IEOFHMIL, =y PO LY ZHDIES OEALNS, BT ARNAZHIEE
TR ETOMAE ND & L, ZOENMPWTWABZ DF, BBEORmITEN T
WAHIEZE TR, BB /eolzb 2 A% HD, & L7,

Ty V(- EEE) B TE Ry B

g// é{/, ﬁjjﬁ
e

RIAv 7L a—s—

Figure Drying recorder
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3. fER
3.1 BOTRER T RE B Table 2 Composition ratio of lacquer sap

HE OB TTRIRE Table By Lipid[wios]  AP[W%] — Water [wi%]
212~ d, FHHE BRI (Entry 1,2, 5, 8, 9)

1 67.5 7.6 24.9

LS 5 &, 2011 KO8 2012 4R D 5 60.9 20 231
B D MR Rl ) B 1A 68—T2wt9oefs 3 — 93 206
FE. 2014 4R TIE TIWt9FR %1 L 2 672 86 242
oo ILOBE(Entry 3, 10) Tik, AP 5 71.7 59 224
BB OMWFRE Th v ERYZE 6 66.2 5.0 28.8
{LITHERE S 7o 723, 2014 4R 7 66.5 9.7 23.9
DOFEHT 2011 FE DB & b, JBE 8 77.9 8.9 13.2
BT EAME S — 05 TR B O 9 76.2 6.3 17.5
RaR L A TR R D 2L e 10 62.1 9.1 28.8

RBENT, RIAR(ENtry 4,6,7, 11) T 11 4.4 11.5 14.1
zmuw}mu¢f®ﬁﬂ®ﬁﬁﬁﬂgiﬁ%—wm%&f Ky BT 24—29Wt% T 5
T BRI NIz, 2014 HEJE Tl 74.4Wt%, AP 1T 11.5wt% & thd Entry 4, 6, 7 DRk} & L
N_C, RERR R, APERSWEEREZ R LT,

PLEDRERI G S HBE O NGB R B3 70—78wWt% T v | IEENE, RIERIE & H,
BOIEE Ry B A R TREIN S VME 2R Ls, — 5 TIREIIMO R & b~ Euaksy
BEFORBIN S WMEM SRR Sz,

HHEE, LB, REOMMENIE, FEMIZELRIABO LD LRI, DL
AN

32 ST ESHBIERR
BB D 731 B0 A E DG % Table 3 [Z7~7,

Table 3 Molecular weight distribution and average molecular weight of lacquer

Entry Molecular weight distribution [%o] b Average molecular Weightz)
Monomer Oligomer Polymer M Mw? Mw/Mn
1 80 20 0.5 241 695 2.88
2 81 18 0.5 219 646 2.95
3 84 16 0.04 418 614 1.47
4 78 21 0.9 444 943 2.13
5 87 13 0.01 258 511 1.98
6 81 19 04 424 773 1.82
7 82 17 0.2 419 703 1.68
8 83 16 0.2 172 352 2.05
9 77 22 0.6 178 587 3.30
10 79 20 0.9 174 652 3.75
11 87 13 0.2 162 346 2.13

1) Determined by GPC. 2) Polymer : Mw = 10000, Oligomer : 10000=M w = 640, M onomer = 320.
3) Mn: Number average molecular weight. 4) Mw : Weight average molecular weight.
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A EAAREDRE RN G | FEEFOERRK, DR, BRI &0 &t
BT D&, TNENRLRD ZENHRINTZ, ZOZEnb, BEEOETIIROMEIC
LW ERRENT,

3.3 EERIEMEREBR K ORI R

BBl DB TE MR K OV 3Bk O ik 5% Table 4 127~ L7-, WalprEslBr <, W@
DEE F. 2011, 2012 4EE D FEHT 20° C/T0%RH, 2014 4EE DitEHT 25° C/75%RH TiE
fili L7~

Table 4 Activity of laccase and drying property of lacquer film

Ertry Erzyme a:tivityxlloz Drying property and hardness”
[urits/mg AP} 2h  4h 6h 12h 24h 36h 48h 3day 4day 5day 6day 7day
1 5.90+0.30 ND ND DF DF TF TF TF HD HD HD HD HD
2 5.33:0.19 ND ND ND ND DF DF TF HD HD HD HD HD
3 3.36:0.09 ND ND ND ND ND ND ND ND
4 3.33+0.10 ND ND ND ND ND ND ND ND
5 1.568+0.02 ND ND ND ND ND ND ND ND
6 2.55+0.03 ND ND ND ND TF TF TF HD HD HD HD HD
7 1.88+0.04 ND ND ND ND HD HD HD HD 5B 5B 5B 5B
8 3.98+0.06 ND ND ND TF HD HD HD HB HB HB F H
9 4.01+0.12 ND ND ND TF HD HD HD HB HB HB F F
10 4.60+0.01 ND ND DF TF HD HD HD HB HB HB F F
11 3.07+0.01 ND ND DF TF HD HD HD B HB HB F H

1) Oneunit will produce, a //A530 nm of 0.001 per minutea pH6.5 a 30°C in a3 ml reaction volume using sy ringddazine as substrate.
2) Drying conditions:20° C, 70%RH(Entry 1-7), 25° C, 75%RH (Entry 8-11), Thickness: 76 pm (wet).
ND:None Dry, DF:Dust Freedry, TF:Touch Free dry, HD:Harden Dry. Hardness: measured by pencil hardness test. H>F>HB>B>6B

2011 FEPEDFEHBIL (Entry 1,2) 1%, #{b#zfE (HD) 1ZFE 5 £ T2 3 B O %
W/, —FHTIEIKR (Entry3), WK (Entry4) Tix, 3 HERE L CTHEEN RSN
T BERL Y bEEENMRVER TH o, Zod, FEOB Y Eb I L Dt
DR TR ST,

2012 A= Gl 3 H @K (Entry 5)DORLERIT 3 B RIREE L CTH @R S N2 WERTH
572, ZHUIEESE OTEMEAN 1.58%x10% unitdmg AP L IER IRV ENER TH L L EZ BRI
%, fREE (Entry6,7) TliE. BEERIHMEIED 2.00—2.50X 10° units/mg AP F2 & fit D4R B D3k
Bl beig U CTIRW A3, Entry 6 13 L2 3 BE. Entry 7 1% 24 BE CHZESHEGR S iz,
CTAUTEIKORECHMRICEI B3 2 & SNOWEHE., BEFY. BMERL T AT AP EOEND
WCEDHLDOTHDEEZLND[2, £, ZOREN SEREIZ X DRI D L) R
iz,

2014 FEFE T, EORMEFH OFEE (Entry 8—11) & 24 BFfA] O R BVEDHERR S, fthod
EREOREE e, MWEEEZ R Uiz, £, BERIGVEE b AR OB S 0 i R
N7,

LLEDG | BRI OWT S, Bk, o FREamaek, FEIC KD R R 5
ZEBNIRENT,
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4. fE5

ARGTIE, RAHBEE STV D TERE, TROE, TRE) (50T, 2011,2012,2014
FEICEI SN B2 08T L. 2O 0N BRI & R EIC L A MEEOZERIZONT
EBE LT,

RO REECRIE DOFE R . BEHBKOIRER y &iX, £ OFEDOFETHE 7T0Wwt%ld I
EEALTRY., LR, BRERKIC tmmwﬂgﬁ\%%ﬁoﬁﬂﬂyw@ﬁ%rbto
— 5T, BRI, ORI OB e @K B E RE OB S M 1) 23R
koﬁfﬂmga 1E®, K & DEFRICHOWTRS &, &@ﬁ%@%@%%EL

NEE R B, AP &, KBNS KE S B2 EIRAMR I Nz, £, BROMIY
DJ/E.\ I, FEIZLVBHLIBEOENAETTND Z LRI,

HEBRPEIZ DU T, 2011, 2012 4R EE DT HERIK, 1R OBRIE, Hof L7 Wakbh, wIRIcE 5 %
TIZ 3 A& ZT 2308 & e DM MEL ) 23R Sz, ARER T, 2011 A EE OFlkH T 3
H 8 CHZEE L7 » 7278, 2012 4R Tl 24 FEfE ot d 2Bl b MR S -, 2014 4R %
TIE, OB 24 R ORI Z R U, WEBA R ORI DS RS S, & ORERIEMEE
bEWRENZWMEM Z R LTz, ThBDORRNG . EREICOWNTY | S4EE THEE R
BipDZ LRSI,

LLEDOFER NG . RFIHEIR O CH B BE D & b @ WIRE R &2 Fr o m 2R S
7o HrfMElT 2011, 2012 FEEED S DT, 3 A MO Z R~ 3 5lB3 2 < 20014 FE D H D
TR 245 T o 7o, RFIABKOMEIIKEE TR . ZIAEBTREOEWIC X
LEENEZ bILD,

6. 2 3CHR

[1] BT, TR | 2012
[2] ‘EHE ik, kil =B, FH OB, B FoESR A AR Y ~—E Ok )] ,1999
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B9

Sr FNZAREEIIE LS & 2 & B D PEMHEE HIE DT X O DJsH

WITR KRR E TR0 5E R
WK, ALz, EETTHE

1. ks

B 132 < ORI EIAEH ST TER SN DB R LEHO—2 B2 bivd, ZDHIER
MEORFEIZRT LT E I ERMEDNTOI TN D, KR, AR TITROEMDIBREZITO Z &
IZEH LTV D,

BILT VT EERDICOMPHER SN TR Y . FEilHD Th DIRER S O FEEDRR VD 3
FIHDOENHER SN TVD, £ OOEITERE GCIMS 25 Z & T01mg LA T & 9 e T
DI CEMEICESRM ORI EN AR TH D, I BT, BVt GCIMS % VT2 38
FEIA O BAEHANRIE FIEIIA F b« 2 U VFHEERIEEZ AW T SOSE iR GCIMS 150 — AR
F/F2—7 (CNT) OILIAETHDVYEY T—7 (Gecko tape®) % TS o Fik & AE
PED L TEIDHITHMERRABETHNPARETH D Z LBAWE SN TN D,

L L. GCIMS IZ L2 FIEICIFMEANFEL TWD, BlZIX, BO—2>Th b Toxicodendron
vernicifluum 13 HARYNE « FAfEFE « PEIREICOMA L TWD Z LR BIVTV D B ERIHEE N
LW OIZESfE GCIMS T EHOFRBIN TE 72\, F 7=, Toxicodendron succedaneum 13-
T B RRIC A L TN D & STV DA, ERGEIEIC X D0 515 CIIEEHL DS
IEREETH %,

T, XX RGNS - T A b o T YR L5 O FERIHEE FIEICTER ST
WD S FREREEICAE A Lz, Sk s, s, ¥sy, Bsr 0 4 SORERNLIRIE R FEL TV D, 72
PTH TS % R OBEEZEIC X 0 HINT S 2 LA B TER W RINLIREEIC & 2 FERE FIED
BorE L L UEASR TS, S B L E T kOB 2 39 5, S RN EEHIES
1E¥sr & s ot (¥si®s) BNHWSN D, F LT YSS i3 O E L Wi BEOR AR T
H D HAE DFERIZE > TEILT D, 72 & 21X, 8RO Toxicodendron vernicifluum D534 ISHERR <
NTWD ARSI FIE) LIRS - TERE (KE2) 2 L7e5GE, IS WERO K
BEOF LTV 25O TSUPS (TSRS W ERO TS 2 H LT D KBED 7SS & s
TR Ts/™sr 2R 2 L BHE S TR Y | ABFEBRCI W T b [RERRME R SRR ST D,

AWFZE TITERD PEMHEE FIEIZT TR < BRERITHEH SO EMHEE HIEORREZ B & L
THWMHEOKRF 21T o712, S BITHRFE L FEL BB IO L7,
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2. EB
2.1 Rk
HIE 21T - -8B 2 LL R ISR,

TE 2 AT > T B gl 2 LU IR
< REBERRILK R4 (RK-HE) - RBAESMEEARE FERE (RK-ME)

- BRERARSCHL (RK-FD)
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Entry Name Lacquer Type Additive substance

1 RK-HE-F Toxicodendron vernicifluum Qil, Pigments

2 RK-HE-W - -

Toxicodendron vernicifluum and

3 RKMEFR Toxicodendron succedaneum Oil, Pigments
4  RK-ME-W - -

5 RK-FD-F Toxicodendron vernicifluum Qil

6  RK-FD-W . -

7 RK-FD-P - Qil

F: lacquer film, W: Wooden body, P: Primal

2.2 BRERHD Y

B o ¥SrPsr [ IS £ D BREER ORI D 729D DG E4T o T2, BRE N T AR 76 )um T 7
=2 =&MW TRE L, fEIRIEME (25°C, 70%RH) T CTRUEZIT > 70, B U 72 B IB IR 4 il
K milliQ 7K) ZHWTHFZIT o1z, T ZIToIZBIRZIERO ey hOAXEHND Z L
THIBEZITV 120°CITRRE Lo A — 7 TR S B 7o B 2 3k & LTz,

2.3 Banalb o HEfig

BRER O HIEE U7 BB - B - R - EREE LR EONRAE - P LTV D, RiTEE 2.2 DOMLELD
FCIIMEYORERH LV, B THIZZEHIN DB A R4S < ETEER O THUZIX
%< D I NEENDTENTHREINDTED, BRENKEL D, £ 2T, BERAE OGS TIER
BIFOBRE L EZRIOFIETITH 2 & & Lz,

TP, EHL (FICAMARLE) OREZBNE L THEMELERRAA, Bty MRV THRSR
DBy DA% FIBE L7, RIBE L 723BHE T 7 Ao v — VITRE L2, IRIC THIO LB 2470
BT HI0ICEME B E LCEMA (milliQ/K) % 2ml Mz T—BufkiE Lz, FHS 302
ML ZATHICAA Bty NEAWTEEOAZ BRI 72, HBEL 72 @BEE 2 e H o 30
ml PFA /A TUICHE LTz, BEICIIBORE L SN oo THIZEF L T b L E X b,
£9. BoREZ BAQEMAK (milliQ /K) & 6 ml iz TEFEIES 10 T -72, TD#%, %
ZHDIRIET OCITRE LAy F 7 L— D LT 11 BRRME L TR A2 BT 2 HIEiR S H -,
FRE CTHASE2%, Xy MV ERE I LT, 150CICERE LAy h 7 L— K CHz[E
SH7-t%. WERR (BESR b, Ultrapur) 3 ml 2z THEEZHOIIREET 1I00CICRE LAy b 7L
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— b LT BRI CER = L X o To A K& b &5 TS S, 150CICR
B LTy b7 L— hCHE S, B (MIlQK) 128 AW £17 -7z, IS 120CICR
LA — 7 o R S T I BB & LT

2.4 FUBNHEIR D

THER7230ml 7 7 v DGR S A T AT e » R 2 AT o 725 2 K 50 mg R L 72, Z0fiF
INA T IVICHEREEE (BB Ultrapur, d = 1.38, 61wt%) 6.0 ml % Iz TS PEE 10 20 T - 72,
Z O, HEEAOTREET LA0CICHRE LTzA Yy 7 L— ~ 0 T 11 REFINE L CHEM & i S
i, SHICEZHITTI0CIZHRE LAY N7 L— O BT 7RME L CTHEM Z FrEl &
ORZE 21T > 72,
FBFOMRPUTIE U CTHANEE 10 MR &SRR (BIB{b 5 Ultrapur, 60wt%) 112 N T, A&
IS EEM N ERICEL 70 D £ T REEOSR - EEEREA R K LIz,

RZIC, 7TMASEE L2 ml IR S ST HBEH O —F ¢ 7k e LT (S RAZIREERIE LS 1.0 ml,
WEITERERTEIZ02m EH L) .

2.5 Sr O HiEE L ¥sr/sr oflE
AWFZETIL, thoeRIeHENS S a3 2#{(FEIZF\ T Eichrom Technologies 144 Sr resin
(50-100 uL) ZfEMH L7z, Srresin (% 1-octanol H1{Z 1.0M (ZFH%E L 7= 4, 4’ (5')-di-t-butylcyclohexano
18-crown-6 & MEEND 7 T 7 =—T L TH VD S I XA E o & c#hind 5, 7ov
HVEEE S LUSOT LAY HEERIX (2T Sroresin 1IZxF L CTIRWEFIE 2R L, BFIC
St DA F L ERITIEV CaDfhiti 1%, 74 U HEHEROF TR HRV, ZO7HEHF OfFE
BENRZNE TIRESND CambBEFHIZ S 22 LN TE S,

AKESETIE, BT DR L7 Srresin 0.5 ml 2 B L72#, 2wt% HNO; 3.0 ml, 7M HNO; 1.0 ml
ERMLTSresnDays 4 va=v 7 &fTol-, £ LT, ALEf%OREHAR (TM HNOs) 1.0
mzo—7 ¢ 7 S8z, ZZICIMHNO;3.0ml Z RN L THOME TR & FRE Lizthk, 77 A
DT E% 15ml PFA /3o 7 /VICZE 2 T 2wit% HNOs 3.0 ml Z ¥ L Sr DA Z (Al L 7=,

WK HEMSEATIC & 5D Micromass #1154 1soProbe Multicollector ICP-MS (2 & - T Sr [RIfZR L %
BIE Uiz, JIE 28 ET BKr, S, ®Rb, s, ¥sy, 8Bsr & Lz, ®Kr ofg5EsT=4—L1%
M EWNTZ ¥sr, Bsr o L 7p D ¥Kr, BKr OFFIEIXA TR0 72, PR DOFREEH B PRo DR
AHEEL, S OMEEZFIE L7, EEANHROMEIINBHEEICLVITo7, T7bb,
Bsr/®sr D IZANE & HARFE (0.1194) 726, MIERUT £ V185K (= A3 7 248550 &K, ¥'si®sr
DEREZFHE L=, 7ed. EAEYE & LT NIST SRM987 50ppb (¥'Sr/%Sr: 0.71025) A4 H L,
HIME & HELRE D 20 DA E 2T o 72

3 flR - B
3.1 KD ¥sr/fsr flE
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FBriE R % Table « Figure (27”37,

Entry Name Weight 5Sr/egr -] StdDev  StdErr 8y
[mg] rawdata corrected value ** [%] [%] [V]
1 Japanese | accauer 1019  0.70585 0.70562 0.0099  0.0012 44
2 (Hatsuhen |acquer) 106.2  0.70906 0.70896 0.0120  0.0015 27
_3_ T %77 070893 070878 00087 0001l 65
4 Japanese lagequer 71082 0.70586 0.70563 00083 00010 55
5 (Sakarihen lacquer) 94.4 0.70926 0.70917 0.0114 0.0014 38
6 95.4 0.70884 0.70869 0.0068  0.0009 6.2
7T T 77T T Jepaneselaqcquer 101.5 070588 0.70564 00102 0.00i2" 427
8 (Suehen lacquer) 110.1  0.70920 0.70911 0.0147  0.0018 25
9T T T 40 T TT0.71495 071485 T0.0006 T 0.0011 86
10 40.7 0.71235 0.71230 0.0186 0.0020 18
11* Chinese lacquer 0.7139 0.0018
12* N.D. 0.7186 N.D 0.0022 N.D
13* 0.7140 . 0.0017 o
14* 0.7121 0.0014
15 _Kor;am;cqu; ST TR TT071461 071450 00159 00018227
B I 33.6__ 071460 071449 00109 00013 34
17 Vietnamese raw lacquer film VN1 13.1 0.72316 0.72291 0.0164 0.0019 44
18 Vietnamese raw lacquer film VN2 73.1 0.71332 0.71315 0.0107 0.0012 44
19 Vietnamese raw lacquer film T9 71.2 0.72484 0.72484 0.0090 0.0011 39
_ 20 _ Vietnemeserawlocquer filmD9_ 872 071723 071722 00101 00012 55
21 Okinawa hazenoki A film 142277070924 0.70921 0.0101  0.0012 48
22 Okinawa hazenoki B film 92.1 0.70925 0.70925 0.0101  0.0012 4.2
* Sited from reference of published date M.Sato and R.M uto.
** Raw data was corrected by measured ratios of NIST SRM987. §[J '% Fggjﬁ <

& % Entries 1-8, 21-22 |ZB LTI Entry 22 23K fif & LC ¥Sr/®Sr: 0.70925 (1) %7~ L, Entry 173

fe/ME L LT ¥Sr/%Sr: 0.70562 (-) %8 Lz, BEDORM Z LA T D ¥Sr/sr OAHE SRR S 7e

MoTe ZEMBRRFEIC L ARBEIT DI LR ST, £o, KEEERTH 5 Entries 9-20 (2B

L CIZ Entry 19 23 R & LT ¥Sr/%°Sr @ 0.72484 (-) %7~ L. Entry 10 23/ ME & LT ¥Si/®sr

0.71230 (1) %/~ L7z, WiKEED HRERR S 7z ¥'Si®sr A el d™ % & 87Sr/86Sr : 0.711 (-) % PEMHEE
BRREE LTSRS Z R E T,
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3.2 e DPEMHEE ~ D) H
FBriE R %4 Table « Figure |27,

- Weight ¥Sr/%Sr [-] StdDev  SdEr  ®sr
Ent Name Lacquer T Additive substance
y acquer Type [mg] rawdata corrected value ? [%] [%] I\
1 RK-HE-F Toxicodendron vernicifluum Qil, Pigments 318 0.71371 0.71357 0.0070 0.0008 55
2 RK-HE-W - - 257 0.71003 0.70991 0.0099 0.0011 47
Toxicodendron vernicifluum and -
3 RK-ME-F-R ) i Qil, Pigments 278 0.73159 0.73157 0.0164 0.0019 39
Toxicodendron succedaneum

4 RK-ME-W - - 131 0.71781 0.71770 0.0109 0.0013 29
5 RK-FD-F Toxicodendron vernicifluum Qil 188 0.70919 0.70916 0.0084 00010 53
6 RK-FD-W - - 168 0.71500 0.71497 0.0104 0.0012 44
7 RK-FD-P - Oil 311 0.71073 0.71070 0.0090 0.0010 46

- Entries 1-2 (CREHE R LK TER ) 1I2B LT

Sr FNLARELHIE Ot BT BV TIZEBIEER 2y (Entry 1) 13 ¥Sr/%°Sr: 0.71357 (1) Th v . AFIEICE
WTIERBEREDFEM & U THIE LTz, £/, Bk GCIMS (I XV AA - ifFE - @EEICEAEL T
% Toxicodendron vernicifluum CT& % Z & BER SN TN DL, fREGHOE L Z & THIE - f#E
PEDBEMNMER STV A AEEMEA R STz, *F LT, AIESS (Entry 2) ORIERSE Tk ¥s®sr
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0.70091 (-) T o7z, ZDRERMNDITARIGER LA AREDAM 2L LTV 5 ATREMED RIE S 4172,

- Entries 3-4 (CREME SUEAIREFEIRRE)ICRI L C

Sr FIREAR LI E OFE R TIE By (Entry 3) 1% ¥Sr/®Sr: 0.73157 (1) THh o712, £7-. RIRERSY
(Entry 4) 1% ¥Sr/®Sr: 0.71770 (1) Tdh 7=, Entry 312 L Tifticfla R E EI2E W SR
Rtz R LTz, XM FAOPTHEW S FRNEELE R LIREZEH L0720, E72iThoik
BV L DEBETHIDOMETHL, LL, —DOMEETHLEEZTVDHOITARDR L H
HROBOOFH T D ATREMEIENZ E DR I Tz, F72. RIBOFER S B AZE TiX 7o Al gEMED
BV EHIE LT, Jeld EHAE L7z Entryl-2 OREMERIILIOKTERZ & 13872 0 B AR - JilE O ERS
fEH SAVTOZRWVEREETH 2 ATREVEDS m W ERIR L TN D, X b A FED RTREME O 8 VWA 23 1 ]
WTHD Z &M TE DN, ZiLe b YURFDRG O TN b F LAEOEE Z P> TN DO EH
BT LHZLICORDBHBERTHDLLEZTND,

Entries 5-7 (B EkiE g SCHL)

Sr FIREAAR LI E OfE SR TIEBIEEL sy (Entry 5) 1% ¥'Sr/%°Sr: 0.70916 T - 72, K - THBIEERS D
BIAARFETH D LB STz, £ LT, AIEES (Entry 6) (X %Sr/*Sr:0.71497 (1) Tho7o, &
ST, PEFETH D AMREREWERBEND, KiE (TEFE) LBy (PEFE) & UTERS
Nieth, ARTEREROMIBRY B TENRIZER SO TIERWNEBZ X TND,

4. fwam

RFEIC & 0 EE GCIMS TIN5 Z L D TE R REOEMARTE T 5 HiEEBHRE L
720 BOPEROHEE 1T ¥ SSr ORIENE RN TH 0 BEFEN ¥Sr/®Sr: 0711 () THDHZ L&KL
oo TOISHBIE L CHERERERD 3 RO AT o7, MR, B GCIMS DA Tldfs b7z
WA OFEHIC BT B 1WA 572, £7o. BERREHIHEM 2 KD 272135 BNO b O %2 #
HEDETHERLTWD Z L& & LT, il - B5ICT 2 Rtk 2L PiIciit 2 2 &L
%h L7z,

5. #EF

AR aED DIZHT-VIBY TER THHER L NI ZELIH Y £ LR KT L 2%
B PRE AR SEHR L R ET, Eo. ERFIEORE-OREICE L E L CHFICEY)
S 72 & NI DTE & F LI BUR BT ot 28— Sk, B R G setd
WfE  EHH R Jek BB RFEIIETETHEN A2 B2 A FEATHD AARAKRFRE
Bira & SRR S e R B B L i B K| BNE R TR RGBS s
BE— RICESEHP L T ET, 2L THOIITHEH ST TWETL & £ LB O M HE
NLIESWE L BIREIRTEINEIE R =8 B eAI0E e L BT ET,
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(o2}

o &~ 0D

. ZEIHR

& HEIRKR, TATA AN T —FHHED LR LR EREIRTHEN LD, TR RS
EWEE, 2012

VERRIEZL, HARRZER GBI ET R &5, 2011

HEERE—, PIARPRTFBEE TR0 R (& Lmsg, 2013

ENETTHE, KEE), EHE, B OER - A AR =IO S), 7 A B —— 2000
Caterina Durante, Carlo Baschieri, Lucia Bertacchini, Davide Bertelli, Marina Cocchi, Andrea
Marchetti, Daniela Manzini, Giulia Papotti, Simona Sighinolfi, Food Chem., 2015, 173, 557-463
Ministry of Agriculture, Forestry and Fisheries of Japan, Forestry and Fisheries Research Council
Secretariat of Japan, 2005

AR T £ 1iTAE, YO-NO-TUDI, 2015, 11, 39-48
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FEMEE I 34 - UEORZEOHT

H DB AT, BRI
AR T B TS b F
1L (ILBHIC
BRI EWE, MMM ER SV BHTE LW b IV BEE LTHW LR
T&le, 207, BUFTHHT LEERLRB XOMEH L TV 2B LRI, S0k
BHEZ<NELTWD, BUE, BLEOIEBESFPITHOIL TV LR, BN HEHRIT
REIND, Lizido T, R TIIRFHTEE AW o 2170 L0 %< OfF#RE 1
5 LT, MERCIER TR OfE 28 U CEHARICERT 2 2 L2 HIE LTWD,
16 fHAoEE, BRER EEITHARE S CER L TR Y, BEMBIIZOHEKEEOXE FD—
D ThoTe, BERBIIZG DA THY | BLEK - BEE L O b oTe, ZDTDAE
BRI L TV 2EERIIk A e — P TIRA L TS EE X b D, L LidgsicxiL
TOSNHIREIT DR, 22T, T2 _X—2EZ B L LT, BEMHEOBEROR S
ST EAT S T2 D THRER 2 HET D,

2. Bt O

I EAT > T DIFEEHEDEEICHTM SN TV D AMETH 5, BRI LW H
EN DD, Pl & TP L OERER CTREDER L ZEEER LT MR 2179
TSR D Z & TH D, BWEREEOHLIIBRER L2 HAEM S, PLhEDS ORI ES
RGOS BER EN S O s Wb TV, MBI ADLEREIZE T ST 7 &Y
U—HHZI L TV SN TnD 2 b, AMEARGEEKEMN MO N0 TIEA
WhEBZBND, LTehR> T, KREIOAME S BREK) DA LB ~ & - 72 BRER TIIR
winkEbns,

SAHEAA TN 23 BN ERELE - SMAIS IRV EE T oo 0 T 34 (D 2L AR 23 il S AL Tz,
BT —HENEME LTER, BFIINMDNROWEE SMIBNEBEWERETH -7, RIEN
Ml% SampleA, %&¥NMl%Z SampleB & L. D &ZEE Lo v,
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Figure 1 FLHE (£48)

Figure 2 %&1

Figure 3 figd
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Figure 4 Sample A (1), Sample B(TF)

3. M7k
3.1 Wi 34T

ARBHIT AR UBIIED 53 A (kkltt: =AY 2V TR 21T 72, T
REHEAH D X ICHIMT L, XT 4 RA T X2, ABIRFER CHIEZ1TV, RE 7L
NI — FEER LT, a7 issE (=a 48 ECLIPSE LV100POL) % W T#l
BEIToT,

Fo, ER LT 1L 3T — b2 W T, ED-XRF & (RSREFTHRD) (o CGEHICE
ENnbwFEr ot L,

& 512, FT/IR %#£{& (Thermo Fisher SCIENTIFIC #t#¢ Nicolet iN10) % T, ATR
IR X0 BEHEE O FT/IR 2527 bV Z2RIE LT,

3.2 BRI A v~ N7 T T ARSI

BSRIEE I 7 0T 47 TARMBE TV g v oA v T A P —  JP-2020iD, H A
7y ua~ h77 7% Agilent #8727 v~ k77 1 HP6890, 'H &4y ki 1% Agilent #1
HP5975A. ¥+ v 7 U —/43HEh 7 40% UltraAlloy-PY(HT/MS), (30m, [E£ 0.25mm, [
£ 0.25mm) WO EiT-o7-,

BV RIBIE X 500C, A A ALEIEX 70eV, A7 v~ h 7T ARET 40C (2 75k
Fp-120°C/5y Fi8-320C (10 0fRFH) . A >V =7 2 a ViREIX280C, A v F—T =A A
IR 280°C H E&AHTEFF=EMNIREIX 180°C. ¥ v 7 U —H AL He, ' 7 AREEIE 1.0mL/
S DEIFE TR EIT 572,
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4. RS R
4.1 Wrim st
£ 91T Sample A DBIERAE R A7,

Figure 5 Sample A DWE#BIE (FiEt - @)Xt 500 1)

TN K DBE AT 2A, RELVE 2BORECOBEENPHER TE 2, BE
134945, 15um TH Y KT FETh o7z, a bEIFEFEETHL LHEXDbND, £LT
AERE O TIZITRE &L Bbh 2 REAEPHR T, RMEZEBROTICBY BT SELZ
ETHRIAEDHETIIRNNLEEBEZOND, WLBETII THEICH WA F2AHERTE.
P DIFAED TR ST,

KIZ Sample B OBIZHER %2~ 7,
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Figure 6 Sample B DYTE#BIZE (Fit - @)t 500 £%)

B R OBIREAT o728 T A, Rk W IRE, REOF 2J@OBEE P HER TE 7,
BRI 43, 32 um TH Y RET I TH o7, a@IITRFENL ST OREEEOTF
ENHERTE, bEIIERETHLLEZOND, SampleA & FERIZAERE O T2
ERPN D BOENHR TE I, FEBE I THEICAWK F 3R TE, Yo
FAED TR S LTz,

YERI L7271 8T — KMMZxt LU ED-XRF <~ v V' 75t a2 1772,
Z 5B D T HER Sy O BT OFE R A R T,

Figure 7 ED-XRF EMHHTE R (Sample A)
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Figure 8 ED-XRF EM3HTE R (Sample B)
ATOREIO FTHIBIZ Fe, Al, S, Cap P HIBICE TN/, L=
NoT,. Z7uAkvryal OfRE2E5bEs AW ETHIAERHISNTWS EEX
b5,

SampleB DO~ v B2 T3 Hr OfE R & 0”9,

Figure 9 ED-XRF = v BV 7 3H#E R (R: S, G: Hg, B: Fe)

SampleB @ af@iZ Hg, SHAfER STz, L=~ T, FREEEEE L CKERAE HgS D4
HANHNTWD ERFETE T,

AR a Ui TR L7 LT — Mk L ATRIEICE A FT/IR~ > B2 74y
Wr&41->7=,
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Figure 10 FT/IR 22 hVRIE
BB BICBBBR B DEONTZ IR A7 h L b HARERED IR 222 kLIL[FE

e —r bipoiz, LINo T, BIEIITERH O TWS Z ERRBEINT, £7-
THUE ST DO B — 7 NS ST,
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4.2 THM-GCIMS

EH SN DOREE DT OIZKIELT N7 AF AT E=U L (TMAH) & HW X
JSEViE-GCIMS 53T (THM-GCIMS 73#T) %47 - 72, T.LC.AZIZZ < O B EMEIC RS
D280, FRNTDIEFICRETCH -T2, £ 2T, BROBINANIRA A 2t Ut &
177,

Figure24 4 F > 7~ 75 L (m/z74)
m/z 74 TIIAETORBHIIB W T/ VI F U, AT T U VR, T OB RA ) OF

RSN E—7 BHERTE 72, Ld-> T, AREBIOBRIITHDMREE LTS &
FEZAbND,
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Figure25 A 4> 7~ 75 L (m/z202)
m/z 202 At L= & 2 A, sampleB 725 7 O DRNARDIFENHER TE 72, 2R b1k

SRDOLERIARE —F LTz, L7225 T THM-GC/IMS 725 & KERE DS EERF & L T
INTWABZ ERREBEINT,
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Figure26 4 4> 7 a< 75 L (m/z151)

m/z 151 (akylveratrole) Zfiliti L7z & Z A, 2 TOREHIIB T 3-pentadecylveratrole,
methyl 8- (2,3-dimethoxyphenyl) octanoate D FAXTTREE AN 5 < e S 417z, L7223 > T, AR
B FICHWO B IL Y VA — V&2 RSy & T % Toxicodendron vernicifluum T & %
ERFE LTz,
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55&%

AFZE Tl SN - BERE OB IEZRIZRT L 4 OO 21T - 72, FEICH SR
ToRRIT T v A — v & F RSy &35 Toxicodendron vernicifluum CToh -7, IRtAEEELE
U CKRERARD, FTHUZIZEERH ST,

6.5
KT ZAT 98T D BEARREIZRUE L T L2720V e AOK B AR R (2R < G B
LE7,

7.275 3Lk

1. JREESE TBREREE GE7 V7 oa—F—x h—y) |, f#aktl (2004)

2. TEA BARMFRFR HF 12 BEZE - RO RM K REFARERIBE] . FLE
(1976)

3. mHEMmETF [EEHED /v (MEE) Bk CGE—16 iid 5 19 ibfdic s v T—,
FORAMERE R R Rk SO b ZER 21 ikt COE 7' 777 & THIE BT il sk
fFZEHLA ) No.2, p148-158 (2003)
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BB A T ORIE5 T

FERED . AL E2 . EHERIRE T
TR R FE TS LR, P ORI A T A

LIZ T ®IZ

NROTHERBIEZRTIEDZ ETHY ., BFITSIEMED/NSVEEDOZ & THER - 1A
Bo—fThb,

2.5k

AEME R U723 UBHI R KR A M R T O BIRBEAE G+ Ch b, #ER ~S2ONA %
Sample A & L., & 9% Sample B & L7z, &6 560REISERmITIAREATHY, Hifid
HIIARBABIZE I N,

_
500pm oo

Figure 1 Sample of A (left), Sample of B (right)

3.0 7 1A
3.1 BrE Sy Hr

53T AR UBIEE AW CEREZ G L, REE AT T 5 L5 1cilr Lz, ¥ R
— R XA XEY R L — TV F XYL —% T H B T O & B L.
B O T A ER L 72,

N AR CTEBEE Eclipse LV 100 POL (Nikon) % W TERL L 7= 3B i 2 @122 L 7=,

ED-XRF 73 #r24i& (Horiba) % W CERBHHFICE 5 mFE A8 L. FT/IR 25#E
(Thermo Fisher SCIENTIFIC) % F N CEUEHET I O FT/IR A7 RV Z2HIE LT,
32. BRI A v~ N7 T T E RN

HA7a~ N7 T 7EESHTHEE (Agilent Technologies) & ZVyfiRikE (v 747
FR), F¥ETY =T A 30m X025mm X025 um) AN THOEIT- 72,

BUOMRIREE L 500C, A A AEEIZ 70 eV, A —7 REEIX 40°C T 2 pfrEFF Lo
53 12CEF S, 20CICEL T 10 MR LT, A1 ¥ =7 v a REE A 2 —
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7 = A ARFEITILIC 280°C, BEEOMTEFENIEEIX 180C, v 7 VU —H AXHe, 77
L BT EY 1.0mL, LA EOSRMETHIEZ1T -7,

Figure 2 WrmmB 2365 % (left:Sample A, right:Sample B)

4.1. SIHTHRER
Sample A [ZIARIEAZZO TS5 EMEELZ LTV, ZABEORAER HR I, WX T
TOBENDL, b,c BITHWONTWLERHIFR LD TIE AW HfERZShD, 2TO
Figure 3 FT/IR A7 hLVHIERES (left:Sample A, right:sample B)

E;D@%ﬁ@ﬂémto&mMBiﬁ%%@&f4@%ﬁ%bfﬁb\&mMA&ﬁ%

RO RBERDBE SN2, RE T TOBEND, a, bBICHVW LTV D FEHNT
U HOTIER O EHEESND,

Sample A TlE, a, b, d BOOHBICHEL LY —27 0N BHIE N, ZDOZ &5, a b, d
JBIZEBEE LTERMERA SN TS Z EIRBENT, ¢ e BOOIXEHHEDO Y —7
(1000cm™ f+3T) 2B &7z, 1700cm™ fHEICEE T 5 &, M ANV R= L EBERO E—
7ﬁﬁﬁfwtd@ﬁm%Mﬁ‘”ﬁékﬁwﬁ:w%m%@f~7(nmmﬂ)%ﬁ<%
FTEOERD, 2O, ZORBHIFAEATND Z E13HELE IS, Sample B
TIE, acBOORBICEU LY —2 0 8llshiz, 2O &ML, ac/BIZBEHE LTE
PEHINTWDZ ENRBR I, d B DITIEWHE KO E—27 (1000cm™ 13T) A3EHI
ST, a—c TR DNVR=ZNVEBROE =7 BB TV a Gl LT b Jg T
X — 7 BERWZ E BRI NI o T a BITH72ICB Y B I N2 AlRetE s e S v,

206



Figure 4 ED-XRF ~ v &' 7 5#r#E 5 (left:Sample A, right:Sample B)

Sample A @ a JE/)H/KER (Hg) EHidE (S) MBSz, 2O b, REEBE L
TKBRDOMADRR STz, b, d B2 SI3EK (Fe) MBSz, ZOZ &b, REH
BHE LT RIR S Nz, cJ@veE, S 00137 A3 (Si) NEEICBII S
A7z, Sample B @ a,b @ HKER (Hg) &hiizg (S) @Al E N, ZDZ &b, FREAE
Bt UCOKERDEMNRR ST, ¢ B2 D138k (Fe) MBS, 2D &b, 7*
BEELE U CHRINOER SRS S,

42. Py-GCMS
SINTRERDND m/z 108 DA F v o a~

7T LM LAERTH D, Sample

A, B 3£(Z P9 (3-nonylphenol) #TE & L

TR o e — 7 BBl S vz, ZaE

NP LEBROERS TH DT v a—LdD

i Cch s, 2D emb, ZOREHS

O TWDHEOBFEIX Toxicodendron

succedaneum T 5 & TR I b,
L22L. R TFLAEBRORMTHD

3-heptadecylcatechol 3D v°— 7 [3HEFR

THIENTEhoTo, BERICHND

ISR OPEMZ [FE T DBR. BEIEDH1tk

IZ XV Py-GC/MS TIE+0 72 By DO v Figure 5 py-GC/MS /3 Hi it 5

— I BPFLNRVFEER DD, 2Ok (m/z 108, 7 /LF /LT = ) —/L)

NHREIOBIEBREALTND EEZZ BN

Do HALLEERZ LY @EEICONTTHDICKBRIET FTATFALT VE=T L

(TMAH) Z Mz, RIS R (THM-) GC/MS %17 - 72,
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&MMABiK%/v—@%ﬁmmﬁsﬁmbA
3

57 Cé % 3-heptadecylveratrole (V17) <2
E DEG R R T & % 3—nonylveratrole
(V9) o —7r B Eahiz, 2o Z

b, ZORMBHIEH SN T LEED
MEILZ va—VEERDET D
Toxicodendron succedaneum T % & R iE
Shiz,

B T OO 2 MR 5 T2 DIz,
miz60 DAL a~ 7T AL
7o m/z60 T/ IVIF U, A7 T Y
Vg, TN O ORGSR D e — 7 )
MR T&E o, L7eho> T, AplBtoBRiK
WZIIBNREE O TWD B b D,

ﬁé%f@*ﬁ%@ﬁ%%ﬁ%?ékouu

OIZ m/z202 DAF I a~< NIT Lk
fii U7z, KERICIE 6 DD E R RN

OCH 3 OCH 3

OCH 3

(0]
CHs—
mmwiw/

Sample B

V9

OCH 3

OCH 3

CoH1g

5.00

1000 1500 2000 2500 3000 [min]
Figure 6 THM-GC/MS 43 #rii 5

(m/z 151, 7I)VF LT hr—)L)

m=198, 199, 200, 201, 202, 204 DNFMETHZ ENHOLNTEY ., SAEOSHTHEN
SORNERRH SN, ZDZ M5, Sample A, B HIZHRAEE & L TR &

NTND Z LIRS LT,

Sample A
e A16
A2
(C15H31) o OH
A18
A6 A A8A10 / )J\
A9 (C17H3s) OH
LA_LL | Ll
Sample B
A2
e A16
" PR
A7
A6 A10 (C15H31) o OH
A5 /.\9/ )I\Am
Ad (Cy7H3s) OH
_h ok

0 500 1000 1500 000 250 3200

" [min]

Figure 7 py-GC/MS 73HT#E R (left:m/z 60, right:m/z 202)
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58&0

SIMTRER S Sample A % 5 JEH#iE, Sample B |34 J@EEA L TRV, STV D
BOBTRILZ v a— &2 Epsy & LT N LAFERTH D Toxicodendron succedaneum C &
% Z & Sample A, B HHIZ/KERR & RN D 2 FFEHORGERIAHW LTV D Z & Sample
BIZBYVE LICKA2BEN IR H D Z &R I NI,

A

AP AN BB S F OB 2G5 LTIV R A A AR 2R < AL
L ETES,
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DK B AR S D 8R4 « IUHED LM

R DI, REEZ, WG
HEMEPNE 22 M S R [ v 2
1L (ILBHIC
BRI EWE, MMM ER SV BHTE LW b XV BEE LTHW LN
T&l, 207, BFETHHT LRI KOS L TV 2B LRI, S0k
BHEZ<NELTWD, BUE, BLEOIEBESFPITHOIL TV LR, BN HEHRIT
REIND, Lizido T, AR TIIRFHTEE AW o 2170 L0 %< OfF#RE 1
5 LT, MERCIER TR O 28 U CEHARICERT 2 2 2 HIE LTWD,
16 fHAoEE, BRER EEITHRE S CER L TR Y . AKBIZZOHEREEO XE FO—>
Tholo, FEREEITYRFFE, BA, KM7 U7 H LG 2o Tn, TORHAK
FIAETE L TV DB T4 2L — R TIRAL TS B2 bd, L LERERIIX LT
DN EIT D720, 22T, T—F_X—2ERE B E LT, AKEOBEROFRHF 5047
AT SO TRHERZWMET D,

2. Bt OME

I EAT > T= DIFAK BT AT SN TV D ETH 5, RHITICIEHZ &)
HIER S D, Pl &3l KOV ERER CTREDBE R L ZEEER E 2T M8 217
IBMEESED Z L Th D, PLKITFRERTEH SFAa S, BULCEES O BRI AE LA i 3
FEER FRAM S O Wb T D, MBI ZDOLENFIZE T ST 72y ) —HEHE
AL TWeE ENTWDZ &b, IMEEKRSEIREG O ONIDOTIERWINEZE
2 Hhb, LEEnoT, RREOINES HRERD S AKE~ Lo LR TIE 20 & b
o,

SUEARRIII RS AMAIZS BB EECd 0 Al 1T At D ZE A3 E ST,
BB ENEME LTE R, BTIERMR RO, SMURNRNBECTH -T2, RIEN
Ml% SampleA, %&¥NMl%Z SampleB & L. D &ZEE Lo v,
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Figure 1 FLiE (£48)

Figure 2 %&1
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Figure 3 Sample A

Figure 4 Sample B

3. itk
3.1 Wrim ot

RBHIT A AR 53 B (kAath  =EAtR) 2 W CliFaia2iTo72, 0%
AREHE S D XD ICIT L, AT 4 R T A2, ABIEHE CTIEZ1TV., A7 L
RT— MEER LT, ZhalsBMmsE (== 4% ECLIPSE LV100POL) % v CH#l
HaiToTz,

Flo A LT LXT — M &V T, ED-XRF 268 (SR ERTHRY) (o TRk
ENDHILREIN LI,

X 5|2, FT/IR & (Thermo Fisher SCIENTIFIC #L:# Nicolet iN10) % FH\ T, ATR
1B L0 Bk O FT/IR A~2 MV & JlE LT,

3.2 BRI A v~ N7 T T ARSI

BSRIEE I 7 0T 47 TARMBE TV g v oA v T A P —  JP-2020iD, H A
7y ua~ h77 7% Agilent #8727 v~ k77 1 HP6890, 'H &4y ki 1% Agilent #1
HP5975A. ¥+ v 7 U —/43HEh 7 40% UltraAlloy-PY(HT/MS), (30m, [E£ 0.25mm, [
£ 0.25mm) WO EiT-o7-,

BV RIBIE X 500C, A A ALEIEX 70eV, A7 v~ h 7T ARET 40C (2 75k
Fp-120°C/5y Fi8-320C (10 0fRFH) . A >V =7 2 a ViREIX280C, A v F—T =A A
IR 280°C H E&AHTEFF=EMNIREIX 180°C. ¥ v 7 U —H AL He, ' 7 AREEIE 1.0mL/
S DEIFE TR EIT 572,
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4. SHTAER
4.1 Wri o4
F71% Sample A DBILRE R 2 RT,

Figure 5 Sample A DWrEm#E (FENE - Rt 100 £5)

BRI L DB EAToTE 2 A, BREHLVFED 1 BOBRENHEGETE 2, BFEEITN
110 pm Tholz, ZOBEEIIERE CTH L LB DD, £ L TERBO FITIEmRE &
BondBOENPHRCTE -, REEZABROTIZBY BT ST L TR AELHEIET
RV EEBEZLND, WHBIETIEI THEBICAWRLF IR TE, SO IFEED TR
ST,

RIZ Sample B DB R AR T,

Figure 6 Sample B DWrm#1£ (FEt - IRt 200 %)
FEIC K OBEZ T ZA, RELVE 2BOROOBEENHERTE /2, algD
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FEE I 80pm T -7, a BIITR FENIEHIED ORI OFEN MR TE /-, bE
DAREERHNIRFEDNEL B —TH DT b a8 LITRR D REERB VST
HEBEZDLND D, aBO—ENHR, FEEL CW=Z EnBBYELORREENRE Z D,
F B TIE T HUEIC AVRL T2 B T & | SEM OIFIED B S vz,

FR L7727 LN — NIk L ED-XRF v v B 7t 21T > 7=,
FRE D T HUER 73 D ENE AT DRER 2 7R T,

Figure 7 ED-XRF EMHTRER (Sample A)

Figure 8 ED-XRF EM5HT#E R (Sample B)

A TOREO THIEIZ Fe, Al, Si, Ca 2 & HEICHEEN IR S, L

Mo T . ZJuAvr7vaOffiRz2E5b¥s LN ETHAMEH IR TWA EEX
Y (N
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Sample B O~ v B2 755K OFE B 2Rk,

Figure 9 ED-XRF ~ v 'V 7 Hi#ER (R'S. G: Hg. B: Fe)

Sample B @ a J&iZ Hg, S Mkl iz, Lo T, REaFElE L TKEEAR HgS DA
DRANWHENTWD LRETE T,

A7 a Ui TR L7 LT — Mk L ATRIEICE S FT/IR~ > B2 74y
Wrait->7=,

Figure 10 FT/IR 22 kVHIE
HEBLE B ICBEBAENOH LI IR AT bL L HAFERRED IR 222 FUIERA

e — 27 Lipoiz, LN o T, BIEIITERH VLN TWS Z ERRBEINT, £7-
THUSE S8 DO B — 27 35 ST,
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4.2 Py-GCMS, THM-GC/MS
Sample A (BRSO TIE Th o 7272, Sample B DA% L TEH S L7 @D

FFE D721 Py-GCIMS 1T 572, TLCAZIEZ < Oy BEHE R S D728, T3 IE

FIZWEHETH o7, £ 2T, BHEOBHINAH R I2A F it LRI 21T > 72,

Figure 11 £ 4> 27 a< h 75 A (m/z 60)

m/z 60 TIEETOREHIBW T AV ITF U, AT 7T U VR, 21006 OB RERY O v
— DR TEZ, LIEN- T, AREOBEKICIZTHNEEON TS EEZ NS,

Figure 12 A 4> 27 a~ 75 L (m/z202)
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m/z202 At L= & 2 A, sampleB 76 7 O DRINAKDIFENHERR TE 72, ZHHITKER
DLEERNIAR L —F LTz, L7z23-> T Py-GCIMS 75 & KSR EERE L CEF &
TWDZ MRS NI,

BROFE A K m/iz 108 (3-akylphenol) # B L CTH 5 &, BOE /) v —lpHkOE—27
R, TOBGRERY O T Iy MUOY — 7 FEAIRECHER T2 Z LN TEn ol
T ZTEYBEEICBIEO ST 21T 5 7212, Kgb7T 87 AF LT E=7 A (TMAH)
Z AW SOG B fR-GCIMS (THM-GCIMS) %1772, m/z 151 (alkylveratrole) % fhiHH L7-#&
% Figure 13 |Z7~7,

Figure 13 A 4> 27 a~ 75 L (m/z151)

m/z 151 (alkylveratrole) #filifti L7= & = A, 3-heptadecylveratrole . 3-pentadecylveratrole ™
FRRFREEA TR M S 47z, LIed o T, JUEARK, B ICHW b fI o L 4 —
NV ERGT & T 5 Toxicodendron vernicifluum & 7 > 22—V T4y &35 Toxicodendron
succedaneum D 2FEIHTH % LFFE LT,
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5. £L

AWFFE TR SN AKE DI MEGIIHT L 4 MO 21T -7z, AW b

BRIZ UV A — V& RSy & 95 Toxicodendron vernicifluum & 7 v o — )V % R4y &
9% Toxicodendron succedaneum @ 2 FEFATH 5, BWITITHNIES I LTV, REEH
BEE UTKERAEN, THUIZHENHWS LTV,

6. E

RIFFEHAT D72 BERRE A L C LW E s = BIE FAER IS

AL ET

7.2 3Lk

1. NESEAELERELFEREZES: [HE (AR - b - 2) |, BAZNRRS
(1959)

2. A AARRMZERFR F 12 BERE - ORI RRERGERI-E ] F Ltk
(1976)

3. mAEMET: BXHERED /1 (LMEREF]) BERCE16 5 19 iz T—J,

WHAMERE R R FFE USSR e R 21 it COE 7'u 777 A THIE R N7 #itlil Se b
WFZeHLs ) No.2, pl4s-158 (2003)
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B AR DR S
VR, TARZ R, CEEIET, PR, R
VIRTE RSB TR S MR 2T T A
LIZC®IZ

GIMTEAT > Te DITRBIFIR S XL A M 2 CTh 2 RO L THRIENR SN TEHY |
YNVOFELFRONTND, TR O 72 b DT, B O—FCTldenine
EBEZOND BUERITPEERRIC AL SN D £ THIRERE & L THE OTHEE S 217> Tz,
Z O THERRS L < WG ST, BRlkigas ORI 15 AR E Tl o 2 &2
TE %, ZOMH S TWIZESHTIIBRERMAF OALESOBREI O Tk b AARNGEA L
Tedd, T LU CHKEENTHERINTEESENIR L > T\ B 2 b5,

[BiEkiRas ) DOERIT “BEKEETIY Wb T2ER Th b, HEKEETRIES LS
FHTMZ, BREKEED AASLHE N SHA L2 gs bR EERICE 72 b D133~ T 5
Hige] Lahd, L7edio T, THERESR] LRDIND b DT RIVEDO L DAL
NDR, ZOHFTHIRE, HEAR, HESED M STV DI Z < BB O R D —>
L7p 5TV 5D,

2.5 ek

AIEER U7 3 UBHIARER LK A TE R 5 2 & RIS it A Th b, w7
EBREBIORMIIREE L TEY, BANTEAEZ LTz, KRELKAMTEREI S 20
FHMNSHEID B L7=H D% Sample A, 2> SH] Y H L7=H D% Sample B, 4B 14555 X
WA ZROFRMISEIY H Lz 0% Sample C, HRINASHIY H L7726 D% Sample D &
L7z, Sample BOREITHREZLTEBY, KRB H-T,

A
100pum —
100pm

Figure 1 AREILZK AWTEIRU T % Figure 2 Sample of A (left), Sample of B (right)

"Lo0um’ fooun
Figure 3 ASIHIA 451X 1k 41 4 Figure 4 Sample of C (left), Sample of D (right)
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3.0 M 5k
3.1.WrmE oA
53T AR URIE A W CREH 2 U, SRt AT T 5 Lo Iciilr Lz, v R
—R= XA XEY R — TV F XY X —% T H B T U A RS L
B A ER L 72,
N &R ICTEBSE Eclipse LV 100 POL (Nikon) % AUV TERL L 7= alBHir i 2 8122 L 7=,
ED-XRF 734724 (Horiba) & W TRlBIHICE END0FE L5 L, FT/IR 2(&E
(Thermo Fisher SCIENTIFIC) % H\\NCalEHEE O FT/IR A7 L ZHIE LT,
32, BRI A v~ T T 7 E BT
HA7a~ N7 7 EESHTHE (Agilent Technologies) & Z\VyfiikE (v 747
TR, FXYETUV BN T A 30m X025 mm X0.25 pm) & AW TONTEIT -7,
EVMERIE T 500°C, A A ALELEIL 70 eV, A —7 ARFEIX 40°C T 2 o fRFF L=t 18
3 12CERSH, 320CICEEL T L 10 R LTc, A1 ¥ =/ v a UREEA 42—
7 = A AMREITIRIC 280°C, EHEOHTHENIREIL 180C, ¥ ¥ T VU —H R L He, BT
LRI S 1.0mL, LA EOSHTRIEETTo 72,

4. 55 HTiE
4.1. 3BT E 4T

Figure 5 Wrim #1345 5 (left:Sample A, center&right:Sample B)

Sample A (% 4 J@fiEE L CTH Y, bEIOREAEEINBIE SN, algldRaDE K
Tholz, RAETTOBEND, o BIZHDMBBLHIS L7,

Sample B /& 3 @2 LTH Y, b EICITRMDHE SN, AEHIBETH-720%a
JEIERETII e ole, TOZ LG, MEORMITEHIZE > TRCRBATND Z LR
RSz, Sample B ZfRG T CTBIZE L7CHRER. a @00 bEBLIAI S N7z, Zhnak
BIRMEICE T 2 RDFER TIERWNEZEZBND,

Figure 6 Wrim 8123453 (left:Sample C, right:Sample D)
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Sample A Sample B
Japanese lacquer

Japanese lacquer
E-bm F-a
E-c wf\
Ed% F-Cw’\/\ﬂ

4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumbers [cm-'] Wavenumbers [cm-']

Figure 7 FT/IR A7 hVHIERER: (left:Sample A, right:sample B)

FT/IR ¥ v B> V& T2 & 2 A, Sample A Tid, b,c @M OL@EIZEAL LI —
IRBINESNTZ, ZOZ LN, b JBITEBELLE LTEMEFISh TWD Z LAVRIREN
oo dBOOITIM RO E—2 (1000em™ f3T) BB 47z, 1700cm™ HEIZEE T 5
EMLSANR=NVEHROE—7 BB TV, 202 Enb, ZOREHIS LR HEA T
WBHZENPHEESIND, aBIXEN -T2 — 7 28T 5 Z LN TXeh o7z, Sample
B Ti&, BHROWAMRE— 27 28T 5 2 LR o7, LrL, al@& bjEnn
TKBEH KO —27 L7 VX VRO —7 DB ST, BEtE L TENPEH

SNTWDLAEEMEDE X BN D, c BOOIMHROE—7 (1000cm™ {131) 2381 S 7z,
Sample C

Japanese lacquer
C-a Sample D
Japanese lacquer
C-b D-a
D-c
C-c -\—f—«r——\_/\_\/\h

4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000
Wavenumbers [cm-1] Wavenumbers [cm-1]

Figure 8 FT/IR A7 M VHIERE R (left:Sample C, right:sample D)

Sample C Ti. a, b @0 OEBICHEL LI —7 BNBHISN-, ZDOZEMD, a,bEIC
BEE L TEMEH SN TND Z EDRB ST, ¢ @0 OIFMH kO E— 2 (1000cm™
) BRI S 72, 1700em fHTICiER 75 & M AR = AV EB kO B — 7 B8l
TWe, ZOZEnb, ZORBHIHIEDPEATND Z ERHEREIND, alBL bfEIcE
WT, HILEAGWVICENRONR N2 LD, a BIZH-ICHRY B SN iErENE
2 BHivD, Sample D TiX, a @B HLI L= BEHlSNTz, 2O ELnb, a
JBIZEEE LTENMEH SN TWAD Z LRI T, bEIZ#EN- 7720, B —7 28
WFTHZENTERPoT, @O LML BBHL LIz — 2 BBllshiz, 20
LD, THUBIZENE F TV D ATREMEN R S 7z, Sample D 12 W T H R /LR
=NAVERROE =7 BB TWeT2d, SBOBIEDBHEATND Z &R I T,
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Figure 9 ED-XRF ~ v v 7 A5 S (left:Sample A, center:Sample B, right:Sample C)

Sample A @ b & & Sample C @ a J§ B H/KkER (Hg) &HiisE (S) 28Il &Sz, Z oD
ZEMBAREEREE L COKIRARDOM A3 R Sz, Sample B D a Jg@72 6 /L7 I (Ca)
DHERR STz, D 2 & BARBEILK NTERIN T B OBREI I V2 T D a @i
JEThDHZ EWRBINI,

4.2. Py-GCMS Sample C  p4
P7
Sample A
AN H
H P6
SAAEE I G
nonane dioic acid 25
dimethyl ester _ P6 HO P5
cedrol P8 P15
yd P P4
P3 P11
J..J" &
Sample D

Sample B P1 P1

0 500 10.00 15.00 20.00 2500 30.00  [min] 0 500 10.00 1500 20.00 25.00 30.00 [min]
Figure 10 py-GC/MS 3 #HrifE R (m/z 108, 7 /¥ /L7 = ) —)L)

Sample A TiX P7 (3-heptylphenol) ZTHR & Lo (WO B — 7 Sgg S iz, ZHUdH
A PEEEO TR THL ULV — VOB TH L, ZDZEnb, ZORBHIED
AWTWBEDOBIFEDS Toxicodendron vernicifluum T 5 Z E RTINS, LorL, PlS
(3—pentadecylphenol) @ &' — 7 (3G S 727> 72, Sample B TIL P7 ZTHA & L7 LA
=27 R P15 O E— V3R SN Do T, ZIUTREIOSIEBETL TS TH S
EEZbN%, Sample C,D £ P7 A TEAE LW OE—2 L PIS O — 7 BREHI S
oo TOZEDNL, ZOREBHIMLEDLILTWDIEOBFED Toxicodendron vernicifluum T & %
DR ENT,
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Sample A 2B/ T U AF L R — Rl /Ty Y A F VI,
B DD BRI K o TR GRS VT2 BRIZA F AL LI D TR WINEBZ b D,
T Re—/Ldt ) FEHOFEKMT E L THLNTWVD,

BT H WD NI OFEMZ [FIET DB, BIEOHIZ LY Py-GC/MS TlE+53 728K
DOE—=I BB LENRWVEERDH D, ZOZ LD, REOHEREATHND EEZ LN
Do HALLI-BEE XV BEECHNTT D012, KBBILT NI AF ATV E=T A
(TMAH) ZHH\W7o, KISESE (THM-) GC/MS Z1T - 72,

OCH;
Sample A oy, OCH, Sample BOCH;,— | OCH;
OCH, o OCH, OCH;
ﬁ:[ / CrHy A oM C[ e 2 CH
C7Hss CrHys C,Hy, Ao CHs
OCH;

i OCH,
CisHa4
/V15

0 500 1000 1500 2000 2500 3000  [min] O 500 10.00 1500 20.00 25.00 30.00 [min]
Figure 11 THM-GC/MS Z3#T#ER (m/z 151, 7L F T Kha—)L)

Sample A 725 € /) ~—OFEMRILEL 77 T o % 3-pentadecylveratrole (V15) K>, Z DSy
i £ T d 5 3-heptylveratrole (V7) 72—/ Bfgtisiviz, ZOZ &b, 20O
AEHZEH SN TV D EOBHEIX 7 Vo A — v % FRk sy & 95 Toxicodendron vernicifluum
ThodEFFEINT-, Sample B2>H X V7 OB — 7 BN S 7223, VIS (38 S e hs
ST, ZOBRBHUEH SN TV DROBEEREST D Z LN TE R o7z,

Sample A 726 Ru— /LD — 7 23R B S 7272, Sample A IZFB1T 5 Z D &
JXBUTEENDHTICOVTHA LT,

thujopsene

cedrene

a4

1250 1340 13.50 14.00 14.50 15.00 15.50 16.00 16.50  [min]

Figure 12 py-GC/MS 3 HTfE R (m/z 204)
Ry aFeropnBllllcn, 2o NMoOFERSE L THBN TV D,

ool
OCHj,

derivative of hinokitiol

derivative of abietic acid

0 500 1000 1500 2000 2500  30.00 " [min] 0 500 1000 1500 20.00 2500  30.00 " [min]

Figure 13 THM-GC/MS Z3#r#E R (left:m/z 178, right:m/z 316)
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THM-GC/MS OFEEN OB ) X F A4 — L T EF BN A F I N ONEH &
Nz, v/ *FF— bz rnd 720, fiEAlE LTHERASIATWS, 207D, B

Sample A A8
o A16
)k Sample C 0
(C1sHar) OH \ )um
A7
A6 / o (C15H31) OH
\ A18
A PN 0
A9 (C17Has) OH A8 )]\Aﬂ;
A4 _— A6A7 (C17H39) OH
A9 e
~ . L
Sample B 0 L Afab
)J\ Sample D Q
A8 (C1sHa1) OH \ )]\A16
A — o (C15H31) OH
Ao P o
(C17Has) OH )]\ms
— ATA8 (C17H3s) OH
A6 _—
L | U
0 5.00 10.00 15.00 20.00 25.00 30.00 [min] O 5.00 10.00 15.00 20.00 25.00 30.00

BRI E LT e NSRBI OREIZE SN TWIZ AN E 2 b,
Figure 14 py-GC/MS 3 #HrifE R (m/z 60, 71/V 7R 1)

20000 1 M/ 108

16000
12000
8000
4000

20000 m/z 60 A16
16000 A8
12000 A6
8000
4000 A9

5.00 10.00 15.00

Figure 15 Sample B @ py-GC/MS Z3#7#EF: (m/z 108, 60)

[min]

BTO Sample B/ VI TFUBE, AT TV U, EIVE OEGRERRY O v — 7 D3
WCE, Lo TRREIOBRICITHMREE LN TWD EE X Hd, Sample B 128
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Sample A

201.9
199.9

Sample C
198.9 P \ 202.0

200.9 200.0
203.9

197.9
199.0
[m/z] 201.0

198.0
Il 204.0
- TV | )
Sample B u

~0 -

Fluoranthene Fluoranthene

al | mmewmmw*h“

0 500 1000 1500 20.00 2500  30.00 [minl 0 500 1000 1500 2000 2500 3000 [min]

Figure 16 py-GC/MS /Ml H: (m/z 202)

2TO Sample N LV F U AT TV VER, TS OERGIRAERY) O Y — 7 DI HETR
T&E7, LR TAREOBRICITHBEE LN TS EE X 5D, Sample B (280
T mz108 DAL ra~ 7T hE mz60 DAF v ra~ 7T LENEETHE B
EHRTHDOENR STz, TOZ 05, Sample B (XA Epkir & LEETHD &5
bbb,

KERD 6 DDRNARDBIH 472 Z & 225 Sample A, C IZITAREGEEEE U CTKERAEDME
S Tnbd Z &R E N7, Sample B, D 7> 5 & Fluoranthene DAFTEN GRS 7=, =
D EMB, R THIZEIT DAREROFEH RSN,

5&0

B 3 ATRE 7> D Sample A 1 3 & T Sample B | 4 JE##1E, Sample C & Sample D |3 3
JEfEE A L TRV, Sample A, C, D I SN TV HEOBITRIZ Y VA — L& TRy &
L7z HAR-HEPEDE T % Toxicodendron vernicifluum T % Z L D3 X472, Sample A,
CZidgRtEER e L CTKRERADY, Sample B, D (213 FHllE L CRRBIHAWSN TS Z &
Sample A |21 Ca Z & Tefi)E & Rk FHIAH WO TND Z AR ST,

REELK N TERRIU TG B D3 HTAE R B HEDBRIZ LTSI U Tzl S 7 aTRetE
L. REICHIEAIE LTrANHAE %hf%kﬂaaﬁﬁm%&éﬂf:o
6.2 3R

D). fREBESR: TEREROBIZOW T, BREK KPR AT RS . 28, p303-311 (1981)

2). AL Tyt oy LA A NDILE] . EHERE (1990)

CiraE
AR R U TN e 72 & % L7l B ISR S B L £ 9
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4. IGEHHRE

1. KEWFSE TERORISAII R ] a7 b EIERFEE Y Z
A B — BRO LRI Y T A 2~ GRIOERSE L RSB,
BAfEHEE 201546 H 26 H (4 13:00~18:00
Pt BHAERFEELSE A S 4B ~ATF AT T —Ah K7L
YoR—r
RE I

1) (oY &R ) MR EWFERT  REdRIE —

2) ML OEBAEY O OE—FIME ORBUIEUE & A Hii—)

BIR R F 307 B 5 BB

3 [ULTOFRKEEH] MR A HFZEET e
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