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ABSTRACT — Since there is a possibility of inhaling the fibers of multi-wall carbon nanotube (MWC-
NT) without any agglomeration, it is important that the pulmonary toxicity is evaluated by intratrache-
al instillation without agglomeration. MWCNT suspended in an artificial lung surfactant (ALS) with or
without grinding in an agate mortar was instilled once intratracheally to rats to determine whether differ-
ences of the effects to pulmonary toxicity by different amounts of agglomerated MWCNT particle. The
MWCNT suspension preparation method with grinding was effective at reducing agglomerates and in
increasing uniform dispersion of the fibers. The ground MWCNT induced higher LDH levels and neu-
trophil ratios in the bronchoalveolar lavage fluid (BALF). There were no remarkable responses in rats in
the non-ground MWCNT group, with the exception of inflammatory responses in the early phase. Some
histopathological findings varied between rats given the ground MWCNT and non-ground MWCNT. A
major difference was an MWCNT-laden macrophage infiltration site in the lung, which were in the alveo-
lus in the ground MWCNT group, and in the interstitium in non-ground MWCNT group. Accordingly, the
preparation method with grinding is considered to be effective at reducing agglomerates and ensuring uni-
form dispersion of the fibers. These findings lead us to conclude that the amount of agglomerates in the
suspension s an important factor affecting the pulmonary toxicity of MWCNT.
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INTRODUCTION

The production of multi-wall carbon nanotube (MWC-
NT), a representative industrial nanomaterial, is increas-
ing worldwide due to their high potentials in industri-
a) usage. Recent reports (Lam et ol., 2006; Donaldson et
al., 2006) suggested that the health effects of such mate-
rials must be evaluated properly. It is estimated that a
possible exposure route of MWCNT is inhalation, espe-
cially in occupational environments. The shape of MWC-
NT is similar to asbestos and has been reported to induce
mesothelioma like lesions (Takagi ef al., 2008; Poland ez
al., 2008). Therefore, assessment of pulmonary toxici-
ty of MWCNT with experimental animals is important to
ascertain the possible effects on human health. The first
evaluation of MWCNT inducing pulmonary toxicity was

made by an intratracheal instillation with rodents. How-
ever, the information regarding MWCNT induced pulmo-
nary toxicity in rodents is limited (Muller ez al., 2005).

It is well known that MWCNT tends to agglomerate
into large particles, such as in the micrometer-order scale
(Lam et al., 2006). Studies in which large particulate of
MWCNT are intratracheally administered and evaluated
may lead to a misunderstanding of its pulmonary toxici-
ty. Therefore, the preparation method of finely dispersing
MWCNT is essential to assess its pulmonary toxicity.

The present study examined the preparation methods
of MWCNT suspensions for intratracheally instilling fine-
ly dispersed fibers as well as the effects of different dis-
persion conditions of MWCNT fibers in suspensions on
pulmonary toxicity in rats.
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MATERIALS AND METHODS

Experimental animals

Female Cri:CD(SD) rats with a body weight range of 170
to 200 g were obtained from Charles River Laboratories
Japan, Inc. (Kanagawa, Japan). The animals were kept in
an animal room of the Kashima Laboratory, Mitsubishi
Chemical Medience Corporation (ibaraki, Japan), which
was maintained at temperature of 22 + 2°C, relative
humidity of 55 + 20%, with a 12 hr light-dark cycle. They
were given tap water and a diet for experimental animals
(MF: Oriental Yeast Co., Ltd., Tokyo, Japan) ad libitum.
The rats were 8 weeks old at dosing. The present study
was carried out in accordance with the Guidelines for Ani-
mal Studies (Toxicological Science Division, Mitsubishi
Chemical Medience Corporation). Moreover, the proto-
col of this study was approved by the Committee for Eth-
ics in Animal Studies of the Kashima Laboratory prior to
commencing the study.

Materials

MWCNT (MITSUI MWCNT-7, Lot No. 060125-
01k) and crystalline silica (Min-U-Sil #5: provided by
Hayashi-Kasei Co., Ltd., Osaka, Japan) were used in this
study. The property of the MWCNT is the same as those
formerly reported (Takagi ez al., 2008). Briefly, MWC-
NT has a density of 3.55 x 10! particles/g. The length
and width were examined with a scanning electron micro-
scope and are indicated in Fig. 1. MWCNT contained; Fe
(approximately 3,500 ppm), sulfur (470 ppm), and chlo-
rine (20 ppm) as well as fluorine (5 ppm) and bromide
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(40 ppm) that were below the detection levels.

Preparation of particle suspension

There were large numbers of agglomerates in suspen-
sions prepared using media such as, 0.5% CMC-Na solu-
tion, 0.1% Tween 80 solution, or 0.5% CMC-Na solution
containing 0.1% Tween 80. In contrast, the numbers of
agglomerates decreased when an artificial lung surfactant
(ALS, Surfacten®: Mitsubishi Tanabe Pharma Corp., Osa-
ka, Japan) was used as the suspension media. There-
fore, the ALS was selected as the suspension media for
this study. Surfacten® is an extraction from bovine lung,
which include a constant ratio of phospholipids, free fat-
ty acids, and triglyceride. ALS was prepared by dissolv-
ing Surfacten® at 120 mg into sterilized saline (Otsuka
Normal Saline: Otsuka Pharmaceutical Factory, Inc.,
Tokushima, Japan) at 4 ml. MWCNT was suspended
in ALS at a concentration of 10 mg/ml with or without
grinding in an agate mortar, the suspension was subjected
to sonication for 3 min with an ultrasonic disruptor (UD-
201: Tomy Seiko Co., Ltd., Tokyo, Japan). The grinding
was conducted under wet conditions: ground after addi-
tion of a small amount of ALS to an adequate amount of
MWCNT, and filled up to the proper volume with ALS
to make target concentrations. The dispersion conditions
were evaluated with a light microscope, transmission
electron microscope (H-7600: Hitachi, Tokyo, Japan), and
scanning electron microscope (JSM-5200: JEOL, Tokyo,
Japan).

Min-U-Sil #5 was also suspended in ALS at a concen-
tration of 10 mg/ml, and sonicated for 3 min.
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Particle instillation

The light anesthetization was achieved by ether inhala-
tion. An 18-G intravenous catheter (Terumo Corp., Tokyo,
Japan) was inserted to the larynx as a guide to insert a
narrow catheter. The suspensions (volume: 0.5 ml/animal)
were instilled to the trachea via the narrow catheter (out-
side diameter: 0.80 mm).

General experimental design

The suspensions of the ground MWCNT, non-ground
MWCNT, Min-U-Sil, and ALS alone (as a negative con-
trol) were administered intratracheally at a dose of 5 mg/
animal with a dosage volume of 0.5 ml/animal to 12 rats/
group. Since it was reported that the dose at 5 mg/head
of MWCNT had toxicological effects on the lung accord-
ing to Muller e al. (2005), this dose was selected for this
study. Furthermore, this dosage volume is widely used in
similar studies. The day of administration was designat-
ed as Day 1. Three rats from each group were subject-
ed to necropsy on Days 2, 8, 29, and 92 after peritoneal
injection of pentobarbital sodium (Nembutal*: Dainippon
Sumitomo Pharma Co., Ltd., Osaka, Japan). Bronchoal-
veolar lavage fluid (BALF) was obtained from all rats on
each day of necropsy. The difference in the effects on pul-
monary toxicity by the amount of agglomerated particles
in the instilled suspension was assessed by BALF analy-
sis and histological examination.

BALF analysis

Firstly, the right lung lobes after ligating of the left
bronchus were lavaged three times with 3 ml of saline
(Otsuka Normal Saline: Otsuka Pharmaceutical Factory
Inc.) heated up to 37°C in advance for the cell-count-
ing procedure. A cell pellet was obtained from the BALF
after centrifugation (300 x g, 10 min) at about 4°C.
The cell pellet was re-suspended in 0.1% BSA contain-
ing phosphate buffered saline (PBS-) + 0.05 mM EDTA-
2K and cell count and deferential ratio were examined
with a hemocytometer (XT-2000iV: Sysmex Corp., Hyo-
£0, Japan). Secondary, the right lung lobes were lavaged
once with 2 ml of saline. The obtained BALF was mixed
with the previously obtained supernatant and centrifuged
(300 x g, 10 min) at about 4°C. The supernatant thus
obtained was subjected to the quantification of protein
(Biuret method) and LDH (UV-rate method, JSCC mod-
ified method) with an automatic analyzer (TBA-200FR:
Toshiba Corp., Tokyo, Japan).

Histological examination
The left lung lobes and bronchiolar lymph nodes were
removed and fixed in 10% phosphate-buffered formalin.

After conventional processing, paraffin-embedded sec-
tions were stained with hematoxylin and eosin (H&E)
and examined histopathologically under a light micro-
scope. Moreover, a part of the lung was collected from
one animal of each group and fixed in 2.5% glutaralde-
hyde with negative pressure. The lungs were embedded in
epoxy resin and stained with uranyl acetate and lead cit-
rate for examination with a transmission electron micro-
scope (H-7600: Hitachi).

Statistical analysis

The cell differential ratio as well as protein and LDH
concentrations in BALF were statistically compared with
the control values for each time point. Initially, the vari-
ance was assessed with Bartlett’s test. When the variance
was equal, one-way analysis of variance was used; oth-
erwise, the Kruskal-Wallis test was used. When signifi-
cant differences were seen between the groups, they were
evaluated with Dunnett’s method (homogeneous vari-
ance) or a Dunnett’s type (Steel method; non-homogene-
ous variance) multiple comparison test. The significance
was judged at the 0.01 and 0.05 probability levels. Addi-
tionally, the above values were examined between the
non-ground MWCNT and ground MWCNT groups. Ini-
tially, the variance was assessed with the F test with a sig-
nificant level of 5%. Significant differences between the
groups were then analyzed using the Student’s t test when
the variance was equal; otherwise, the Aspin-Welch’s test
was used.

RESULTS

Grinding effects

The effects of grinding with an agate mortar were
evaluated by observation of the suspensions with a light
microscope and electron microscope (Figs. 2, 3, and 4).
The agglomerates in the ground MWCNT were smaller
than those in the non-ground MWCNT. The number of
fibers finely dispersed was observed in the ground MWC-
NT. The length of the fiber in the ground MWCNT was
smaller than those in the non-ground MWCNT.

BALF analysis

The following results were obtained as compared to
the control values. The total cell count in BALF elevat-
ed in rats given the ground MWCNT on Day 8 and Min-
U-Sil on Day 91. Higher neutrophil ratios in BALF were
observed in rats given the non-ground MWCNT and
ground MWCNT on Day 2, ground MWCNT and Min-U-
Sil on Day 29, and Min-U-Sil on Day 91 (Fig. 5). Higher
LDH concentrations in BALF were observed in rats given
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Fig. 2. Light microscopic view of administered MWCNT suspension: A) Ground MWCNT suspension, sizes of agglomerates were
smaller than non-ground MWCNT suspension and finely dispersed fibers were seen. B) Non-ground MWCNT suspension,
large agglomerates and small number of dispersed fibers were seen. Original magnifications were x 400.

Fig. 3. Transmission electron microscopic view of administered MWCNT suspension: A) Ground MWCNT suspension, short fib-
ers were seen. B) Non-ground MWCNT suspension, long fibers were seen. )

Fig. 4. Scanning electron microscopic view of administered MWCNT suspension: A) Ground MWCNT suspension, uniform sus-
pended condition was seen with small size of fibers. B) Non-ground MWCNT suspension, non-uniform suspended condi-
tion and agglomerates were seen.
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the non-ground MWCNT and ground MWCNT on Day
8, ground MWCNT and Min-U-Sil on Day 29, as well
as Min-U-Sil on Day 91. Higher protein levels in BALF
were observed in all treated rats on Day 91 (Fig. 6).
There were no remarkable differences in these parameters
between rats given the non-ground and ground MWCNT.

Histological examination

Tables | and 2 summarized histopathological findings.
Black patches in the lung and blackish change of the bron-
chiolar lymph nodes were macroscopically observed in
rats given the non-ground and ground MWCNT. MWC-
NT, which was “blackish” in color, and was microscop-
ically observed in the alveolar region of rats given the
ground MWCNT on Day 2. In rats given the non-ground
MWCNT, MWCNT was slightly observed in the bronchi-
al region. On Day 8 or later, focal infiltration of MWC-
NT- laden macrophages were observed in the interstitium
of the lung of rats given the non-ground MCNT, com-
pared to rats given the ground MWCNT, where macro-
phages were observed mainly in the alveolus. Ultrastruc-
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turally, the macrophages in the alveolus of rats given the
ground MWCNT had well-developed lysosomes (Figs. 7
and 9). In the bronchiolar lymph nodes of rats given the
non-ground and ground MWCNT, there were black color-
ed macrophage infiltrations, which were thought to be
phagocytosed MWCNT. The severity of the black colored
macrophage infiltrations in the bronchiolar lymph nodes
progressively increased after Day 29 in rats given the
ground MWCNT (Fig. 8). Focal inflammatory cell infil-
tration in the lungs was observed in rats given the non-
ground and ground MWCNT on Day 2 only, however, it
was observed in rats given Min-U-Sil not only on Day 2
but also on Day 92. In rats given Min-U-Sil, granuloma
in the bronchiolar lymph nodes was observed on Day 92.

DISCUSSION

This study led to a conclusion that the ALS is one of
the most suitable vehicle media to suspend MWCNT for
intratracheal instillation. Buford ef al. (2007) reported
that the vehicle containing some protein, lipid or protein/
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Day8 Day29 Day9l
Days after Dosing

A) Total cell count in broncho-alveolar lavage fluids (BALF) from rats exposed to non-ground and ground MWCNT, and

corresponding controls on days 2, 8, 29, and 91 (day of dosing designated as day 1). Values are mean + S.D. Ground
MWCNT induced significantly increasing of total cell count in BALF on day 8, **p < 0.01. Min-U-Sil induced significantly
increasing of total cell count in BALF on day 91, **p < 0.01.

B) Neutrophil ratio in BALF from rats exposed to ground, non-ground MWCNT and corresponding controls on days 2, 8,
29, and 91. Values are mean = S.D. Ground and non-ground MWCNT induced higher neutrophil ratio in BALF on days 2,
*p < 0.05, and ground MWCNT induced the higher neutrophil ratio on day 29, **p < 0.01. Neutrophil ratio in non-ground
MWCNT on day 29 significantly lower than ground MWCNT, ##p < 0.05. Min-U-Sil induced higher neutrophil ratio on

days 29 and 91, *p < 0.01.
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A) LDH activity in BALF from rats exposed to non-ground and ground MWCNT, and corresponding controls on days 2, 8,

29, and 91 (day of dosing designated as day 1). Values are mean + S.D. Ground MWCNT induced significantly increasing
of LDH activity on days 8 and 29, non-ground MWCNT induced higher LDH activity on day 8 only, *p < 0.05 and **p <
0.01. Min-U-Sil induced higher LDH activity on days 29 and 91, **p <0.01.

B) Total protein concentration in BALF from rats exposed to ground, non-ground MWCNT and corresponding controls on
days 2, 8, 29, and 91. Values are mean + S.D. Ground and non-ground MWCNT, and Min-U-Sil induced higher protein

level in BALF on day 91, *p < 0.05 and **p < 0.01.

lipid component could disperse carbon nanotubes appro-
priately. Since the ALS used in this study is an extraction
from bovine lung, which includes phospholipids, free fat-
ty acids, and triglyceride, the results of this study did not
contradict their report (Buford et al., 2007). Additional-
ly, although no remarkable adverse effects were noted by
dosing of the xenogeneic media, the possible pulmonary
toxicity of MWCNT may have to be evaluated by remov-
ing the influence of the xenogeneic agent. It is considered
that the suspension preparation method recently reported
(Buford et al., 2007; Sager et al., 2007) is suitable for this
purpose.

The results of this study suggested that the wet-grind-
ing in an agate mortar was useful to prepare uniform dis-
persed suspension, because it was confirmed that the
grinding reduced the number and the size of the agglom-
erates in the suspensions. Since grinding with a mortar is
a simple procedure, it was concluded that this method is
appropriate for preparation of any other CNT suspensions
for intratracheal instillation. Furthermore, this method
reduced generation of MWCNT aerosol when conducted
under wet conditions. This suggested that the possibility
of inhalation of aerosolized MWCNT to human could be

Vol. 35 No. 4

reduced with this method.

There were remarkable differences between the ground
MWCNT and non-ground MWCNT in the BALF chem-
istry analysis on Day 29. Higher neutrophil ratios and
LDH levels in the BALF were observed in rats given the
ground MWCNT on Day 29. In contrast, such chang-
es were not noted in rats given the non-ground MWC-
NT. There were remarkable differences in histological
changes of the lungs between rats given the ground and
non-ground MWCNT. In rats given the ground MWCNT,
remarkable macrophage infiltration in the alveolus was
observed, but in the interstitium it was relatively weak. In
contrast, there was predominant macrophage infiltration
in the interstitium of rats given the non-ground MWCNT.

Muller et al. (2005) reported that ground MWCNT
led the pulmonary lesion characterized by the interstitial
fibrosis in the lungs. MWCNT-laden macrophage infiltra-
tion in the alveolus was considered to be attributable to
the relatively short fiber, which was generated by grind-
ing. The acceleration of phagocytic activity, which was
demonstrated as an increase of developed lysosomes sup-
ported our speculation.

There were no inflammatory responses in the bronchi-
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Fig. 7. Light microscopy of the lungs of rats exposed to non-ground and ground MWCNT, and corresponding controls on day 29.
A) Control, no remarkable change. B) Ground MWCNT, foamy macrophage infiltration in alveolus. C) non-ground MWC-
NT, macrophage infiltration in interstitium. D) Min-U-Sil, foamy macrophage infiltration in alveolus.

Fig. 8. Light microscopic view of bronchiolar lymph node of rats exposed to non-ground or ground MWCNT on day 29. A) Ground
MWCNT: remarkable infiltration of macrophage including MWCNT without any inflammatory reactions than non-ground
MWCNT. B) Non-ground MWCNT: infiltration of macrophage including MWCNT without any inflammatory reactions.

olar lymph nodes of rats given MWCNT. Since inflamma-
tory change in the bronchiolar lymph nodes was observed
in rats given Min-U-Sil, the biological activity on the dis-
charge process of foreign body from the respiratory tract
is considered to be remarkably different between MWC-

NT and Min-U-Sil.

It is estimated that the aerodynamic sizes of MWCNT
become smaller than their original size, because MWC-
NT is widely used after the grinding process (Liu ef al.,
2004). In fact, it is expected that MWCNT, which has
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Fig. 9.

Transmission electron microscopic view of macrophage in alveolus of rat exposed to non-ground or ground MWCNT.

A) Ground MWCNT: macrophage in alveolus had lysosomes which developed remarkably. B) Non-ground MWCNT: mac-
rophage in alveolus on day 29, there were no remarkable lysosomes.

small aesrodynamic diameter due to the grinding, reach-
es deep into the lung in an occupational environment. The
pulmonary toxicity of MWCNT obtained in this study
was different from the recent report (Muller et al., 2005).
Consequently, it is considered that the available informa-
tion on MWCNT induced pulmonary toxicity is not suffi-
cient to evaluate the effects on human health. Since both
of the above-mentioned studies did not have characteriza-
tion data of the instilled suspensions, the pulmonary tox-
icity could not be compared between the studies. There-
fore, the fibers in the suspensions must be characterized,
at least for their length, diameter, and dispersion condi-
tions in order to make a comparison with recent reports.
Furthermore, the present study indicated that the different
pulmonary toxicity occurred depending on the size of the
particles in the suspension. These results suggested that
the proper evaluation of the pulmonary toxicity of nano-
material must include characterization of the instilled sus-
pensions, even if it was only a single material.

There were no inflammatory reactions in the lung or
bronchiolar lymph nodes in the rats given MWCNT 3
months after instillation. However, higher protein concen-
trations in BALF were observed in rats given MWCNT.
Moreover, the long term effect of MWCNT on the lungs
caused by grinding or non-grinding remained unclear in
this study. These findings lead us to conclude that addi-
tional studies, such as examination of the fate of MWC-
NT in the lung and its long term effects on the lung are
necessary.
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Progress on OECD Chemicals Programme (16) — SIAM 27 in Ottawa, 2008

BREN. RAERTF'. SHhEH2. EFN—°. EAFMH. FREF. NFH'.
BEX—', IE E'. LEHE’
1) BXEELSEABEMERTEMEYRBHARE Y 4 —RAEMARE.
2) (B) tEYEFEARHBRLETFMIMARA. 3) () FBREHFLELEHER.
4) () EiAREMEFAREVRIHAREZZ2—.
I8 . () EERTREMRETESH AN

Mika Takahashil, Mariko Matsumotol, Shigeki Miyachi2, Seiichiro Kanno3,
Yoshio Sugaya?, Hirata-Koizumi Mutsukol, Ono Atsushil, Eiichi Kamatal,
Makoto Emal®, and Akihiko Hirosel
1) Division of Risk Assessment, Biological Safety Research Center, National Institute of
Health Sciences, 2) Chemicals Assessment and Research Center, Chemicals Evaluation
and Research Institute, Japan, 3) National Institute of Occupational Safety and Health,
and 4) Research Center for Environmental Risk, National Institute for Environmental
Studies, and *present: Research Institute of Science for Safety and Sustainability,
National Institute of Advanced Industrial Science and Technology

EE : ¥ 270 OECD B4 ESLEMEMNLTTMESRE (SIAM 27) AY2008 £ 10 BIZF+
27 (AFT4%) CHRESHh, BEAIELELE3YE (o FLIVRILKRVEEF FYHA
CASEFS 657-84'1. LYVILL/ —)L: CASEE 108-46-3. N-> oy OAFXFI-2-RUY
FT7I—IANLT U7 I F: CASES 95-33-0) OFBPTFEM IO 77 1)L (SIAP) IZ
DVWTEEBMNE LMz, KB TEEALETAENEON-CI D 3 YEOYNLFEXE
[S2VWTHNT 5,

¥—7J—F : OECD. HPV 74 5 L. SIDS ##sE <%

Abstract: The 27th Screening Information Data Set (SIDS) Initial Assessment
Meeting (SIAM 27) was held in Ottawa, hosted by Canada. The initial assessment
documents of three substances, sodium p-toluenesulfonate (CAS number: 657-84-1),
1,3-benzenediol (CAS number: 108-46-3), and N-cyclohexyl-2-benzothiazolsulfen-
amide (CAS number: 95-33-0) were submitted by the Japanese Government with or
without the collaboration with International Council of Chemical Associations
(ICCA). These SIDS Initial Assessment Profiles (SIAPs) of the substances were
agreed at the meetings. In this report, the documents of these substances are
introduced.

Keywords: OECD, HPV programme, SIDS Initial Assessment Meeting
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1 [XC®HIC

BEWMHEAFKHEE (Organisation for Economic Co-operation and Development : OECD)
TIX 1992 FICBFE - EEREESLEMERE IO 5 A (High Production Volume Chemical
(HPV) Programme) I=& Y. MBEREICS T34 EELEYEORLHOTEEFT > TS

(R#NS 19992, i1 2006), BABMFIZAE& Y FHEXEBZRHEL TS Y. 2001 £ 51
E{bP T Ri5&%#< (International Council of Chemical Associations : ICCA) (=& B5F
EXEOREERICEVERLEIEREMBALELTMXEOERRERICSMLTIND, £
26 MFETONEFMEE (Screening Information Data Set (SIDS) Initial Assessment
Meeting : SIAM) [THEWVWTHAXRBFIEYE LERS S UBENERShZILEMEDOTEE
Ot MEREEFLEFREEZE - BEERBAMC OV TIEEHSHBA L TEZ (EAIIS 1999b.
2000, 2001 ; S#&5 2004, 2005a. 2005b, 2006a. 2006b. 2006c. 2007a. 2007b. 2007c.
2008. 2009), #1-. ¥ 1 [E SIAM (SIAM 1) /5 SIAM 18 FTOHERDOMESH & U SIAM 19
M5 SIAM 27 DERFBARICONTHIBA L TE (#2F 5 20052, 2006b. 2006a. 2006b.
2007a. 2007b. 2007c. 2008a. 2008b. 2009),

FHETIE SIAM 27 TEREICE->AFBIAYEDOTEXEOMEZRBNT 5. B8, OECD
HA FSAVIZRILEEERRICOVWTIRAM FSA4 BB 2R LEAGEGESECEL TR
MBI LTERORBRATONDIZELHY ., BROABHRITETI L ELTE,

2 SIAM 27 CARSHh-BFRELVRODUNERE

2008 £ 10 AIZA 47 (h+4) THE SN SIAM 27 2HEWVT. EHVEIZ 3 HEONH
MEXEZREL. Tho2TOMHMFESRSLUBEINERSI,

SIAM (26115 & E X FW (The chemical is a candidate for further work.) & 7=(% LP (The
chemical is currently of low priority for further work.) & L TRENTIVS, FWIE I5# %
EBMOBEAREXELIDETH D). LP X TRROEAKRICSEVTIXBMEEDBEIEA LN
CEETRT,

(1) p PRI ANKR VBT P DL
& A Sodium p-toluenesulfonate (657-84-1) (H AT
PLIV/ "R/ DA VDBEANKUBIE (FRUDL, FUOEZDL, ALY I L,
hoL) OREER (AN, A%, 1F) 28, £ FAO—TH (Hydrotropes) h73
J—IZBE T AT @XEAS SIAM 21 (2005 ) TEEBIhTW5, XPHEERHTFIT)—
BENLHD. AYEICETIEHLGHEBRT —AABONIOT, AT —EIEBICHHASE
EXENER SNz,

1) RERR

FYBEITHRROBE LR, EHFIOEAEILE. 2HOFRFE LTHERSIhS, AMEE
FHRTHE - MIShdizs. BERBOTRELIIEL., F-. XPDEORE - MIBFE
CHETIERANCEEDADHHEEICEAL TIX, BEABITRELSAET—2 (TR0 A, BEX
RWEBEHAITHATWEIOTORNEEZOND, AMEEHRTEThIE=0, REEHMTO
HEEBRZBOTEELHY . £ BRICLIBEIEAON DA, BRIZEHSETRELZOT.
TOERMEXEREINEIEEEI N

2) RARR
FPEIIKBERPCTREISA T VBT 576, KB, GOERETECIZL, BHHEKE

LFEMREERE $F6EFE 25 (2010.12) 180-188 K
BAESE - T158-8501 #EAX EAE 1-18-1 E-mail: hirose@nihs.go.jp
ZHTH 201018 258 ZH 201086 A27H
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SEREEOFAOHER, APHEHLFKBEICKRE SI-ESIEEITKE (99.8%) IBEBT S, =
. AYERBRRICENE L. AE~OEMEBEIXBEN LHE SN S (BCF: 3.16 [EHE{E]D.

KEEMITHT 28HBHICONT. AEOERBIEERE (LCs) 1E 100 mg/LElE (96
Effl, OECD TG 203). =2 >a®LCsld 1,000 mg/LLLE (48 Bf. OECD TG 202). %
BOFHTEERE (ECso) 11,000 mg/LELE (72 B, £ FEEZ : OECD TG 201) TH
otz BHSHICOVWTIK., SPUVIORKELERE (NOEC) 1% 100 mg/L (21 B,
FHEMEE : OECD TG 211) . FHEONOECIK 10 mg/L (72 5. £ E:#&% : OECD TG 201)
TH-o1-,

3) REER ,

v MIERORE, A RITEROBLUVERRNEEICLYREESSEELAMEE 52
FECA EPMIBIREh, FIZRPIZpy FLI VR ILKUEE-SSE LTH ST -, £
fo. 1 XTOMBREFIE 55 TH- 1=,

Sy FrOERRBOKRSEEHER (OECDTG 401) (THVLWTEEAETHLREEHIZEH O
¥, LDsoldl R & 12 2,000 mg/kg bwll ETH o7, Ff-. 2,000 mgkg bw Tl TH
BNH B,

ERORR—TEATTY—I2EVTEILURILRUEAILL YL (28088-63-3) HF
ADRIKRUEEF B oL (28348-53-0, 32073-22-6) IZIEBRERIBMEALLNE Shi-AL.
FMBEEFTILAVETHD (pH=9.6) 2 &M D, BORBICHMEEZ RTAREENAH S, =
=« MLZORNWKRDEEF FUSDA (FILMARIRS, 12068-03-0) MELEY FTHEER
EEERSBVI LMD, APHEICITEBBRAERIEWE SR,

Zw MZ 0. 100, 300 F1-1& 1,000 mg/kg bw/dayDEME £ HIEORE L1- 28 BEKR

ERORSSUHER (OECDTG407) ITH T, RERAETLSHREIRH LT, B
BE5B1EONOAEL(T M ## & 4 121,000 mg/kg bw/day & S f=,

M-Sy KRR 2 BN LSRESEEESH. HTIX 46 BRI, HTIEOBERET 48%
T. 0. 100, 300 F7=I& 1,000 mg/kg bw/day #&HHE QRS L E-EOSEE S ERESRER

(OECD TG 421) 12U T. HEMWTIE 1,000 mgkg bw/day Tl |- FH\CE{E. i#I-E
DIERBICHE T L2EELHBEEREBROXELEREES LURTELEBEANAAL S F-A.
EMEREE I VRORE - FHECOVTEAMEREICLIBEIIHONT, RERSSN
DONOAEL (S fif i & 312300 mg/kg bw/day. SRESEEHMEONOAELIX1,000 mg/kg bw/day
EEhi-,

HMEZRAVIERERTESBELIUFr M Z—X  NLRA—IEEGBREZRANL 264
EEHRT S9mix OGFE/FEFETTRETH 1=, _

4) fEhe &
AMEIREBLURRICH L THEENEL DT, BEEESLUBEEEZOI\TE
LIZLP & Eht-,

(2) LYY=
X4 1,3-Benzenediol (108-46-3) (B : ICCA BAD %)
ANETIEIMEIBUULEDL Y ILL / —ILAEEIZALN O,

1) REBRR
APBESEER. REH. LHES. EXRORHELELTERSATLS, AYBXEESR
TEE - MIEhdl-o, BEREOTEETEN. MEOFERACLYNBERENEL

CFEYRAEE F6XFE2E (2010.12) 180188
EAESE 0 T158-8501 HHEAK LR 1-18-1 E-mail: hirose@nihs.go.jp
Z{tH : 201041 H 25 B ZPFH 201046 8 27H
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5. Ff-. TOEACERICE > THENICRIRICHE S h SAIRENELNH S,

2) BEEE

BANPEBSOFRNOER. KMELKK - 1B - KBIZHESh-IBEEIFEICLE

(63.8%) &KE (36.1%) (Z0#T 5, EPEREIBZICESNBL., AE~AOEYEREELIE
WeHEESh (BCF: 3.16 [HEIED.

KEEYIZHT ZEEFHIZDONT, BEOLCslE 26.8~100 mg/L (FEK. 96 BifE) . 40
~60 mg/L. (1L7K. 96 B5fE) . RO 7 BEEHHEE (OECD TG 212 %) TIXECs ((AE)
[ 54.8 mg/L.. LCsol& 262 mg/LTH>71=0 STV IAMECsold 1.28 mg/L (1k7K, 48 BfE).
FEHBDECsld 97 mg/LLLE (72 B5Rl. &RiEREE : OECD TG 201) TéhHho1=. 1BIESHIC
STk, AED 60 BRISHHEE (OECD TG 210 8X) TIXE/NEZEEE (LOEC) I 32
mg/L, (KE). ECso (BBRE/MERE) (X260 mg/LTHY . 512, LCsold 320 mg/L& Y
REVWZ ELMBPFMIXBEDDossierlZRRHE I TILVD, S P UIDNOECIIRBRESEED
172 ng/L (21 BFE., %HEEE : OECD TG 211) TH Y. EHEONOECIE 97 mg/L (72 BERY.
Y REREE - OECD TG 201) TH-o1=,

3) RERCE

Sy bEVYFICAYPEEROBREL-EC A, EOMNTRIR - ft#Ih, RbicHft s
Nz, FYMEES v M RERORS LEBSICERBMEEOENAA SN, £ FTOR
BRRIRIZEBEPNEN, Sy b OOYTTADEOZSELERICRE - HttEh -,

Sy bOERFORESEERE (OECD TG 401) TOLDsld 510 mgkgbwTHY . =%
fERKE LT, BIETE, FRBE~OFE, B H. BEHT. EE. T0hA, BXUR
ENRO LNz, TOMOFHEBR T, Sy FOEOLDsold 980 mg/kg bw, S v FDIT7
A VLR ALColE 7,800 mg/m3LiE (1 B5RIREE). 2,800 mg/ m3Ll L (8 BRIIRE) THo
fzo BEVHFDEELDsolE 3,360 mg/kg bw. LEMMEDEVLVIEZRAL-IBESIZIE 2,830
mgkgbwTH27z. ChOLDRMEBEHBRTEAPRBERADEENRZHSAT-,

FMEICOHXORES S UVRIZHT IRBMEEZH 5nigh >~ (OECD TG 404, TG
405, 2.5%KB®E) M. BRFLEIFIEFRRKRETRELE-ZFOHMOHABRICENTIE, RELE
RICRBELEO D=, AYEIX. E/IEY b Maximization 5 (OECD TG 406) Tix
PIEED. ¥R LLNAHE (OECD TG 429) TIRBULREBBEMEMERLE, AYEIETE
BREE~ONYFTFA TP ULTF—RIGESIERILE,

MRS < RIZ 0. 40, 80 F1-1% 250 mg/kg bw/day %8 5 B&&IHR OIS L= 90 BREIRE
BOES5E%HER (OECD TG 408) TiE. 250 mg/kg bw/daylZ# Uy Tl Rt MRS
RENH N, MTEEEEMEORS IR LN 00, RS S EEONOAELIE80
mg/kg bw/day & S h -,

Sy bRV EORERFEOXRSHAE (17 B, 1380, F/-(k. 1048 A97
Hh. 17 BRI (AE%E) RERIZH VT 55 me/kg bw/day L DS v M- RE L EERKEE
AHohfzlehb, —EDHBRTRSIELNOAELIF27.56 mg/ke bw/day & Shit-, #ES v
T 104 BEARBORERAE 112 mg/kg bw/dayLl £ TEB)KLTE, REEAGL. FE. REAH
bh., COABRTHRHELVLOAELIF112 me/kg bw/dayd shi-, 104 BREZBROBRERE
225 mg/kg bw/day CISAEHMEOF L LRTOEMELBDONT-, . 104 BERET
FRH OGN >, 13 BRRERICHE L THS - EFEEOEMA M Tk 65 mg/kg
bw/day. H#TIE 130 mg/kg bw/dayTEROH LN, 5T, #x - ANEIBEEOSEINRE
A& 32 mg/kg bw/day Ll EOBDEFES v FTROH LI,

SvbERK. TORERVEZ-EORERFIZEORESER (17 B, 138/, F1-0E.

LFEYREEE F6%E5 25 (2010.12) 180-188 F
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1048/ MThh. 17 B (AEERE) HERIZTH LT 150 mg/kg bw/dayD i< X2
BAL B K IREA A STz 2 &h s, —EDFREBR TR Y IELVNOAELIZT75 mg/ke bw/day & &
ntz, 104 BEFERIZHE T, REHAE 112 mg/ke bw/day bl L T DR (ZES L. 1#
BAGL. IR H o, JH{ELLOAELIZ112 meg/kg bw/day & Sh -, 13 BRFRRICHS T,
BSy FTEEAZHON-BIBERIC. Y YXTIREEAALOSNT-, BIREFED
BEEFEE 104 BRFHBOCTOMOFHBTLROONAEL 12D T, TAODERIITERL
Shit=,

IS v M2 3,000 mg/LOBEE THKIRE L ZHAEESSHE (OECD TG 416)
Tl ER LB PREAERFEECRIBLFBOEEELIFERH ShE, o1, 3,000 mg/L
TEHROHEICHBEDOEENRDHONL, ARETCEDOAHKENDBLICLIEE
EShtz, EERETLEHEEEIEOonT. RERSEHEONOAELTtH & £ (= 3,000
mg/L (4 : 233* mg/kg bw/day. XEZHT - iEIRAIDOUE - 304 mg/kg bw/day. ZZEADIME : 660
mg/kg bw/day., TN ZhF0 &F1 DFHE) ESht-z, F£-. BRIRICEET 25AGT@EN
eIz fThH. 3,000 mg/LE TRRIEADHEEIRH oL, -, EEREIZHT IIE
BIZDOWTHEHKEBIZ 3,000 mg/LETHEFROH NS, EFEEHEONOAELITHEH &
12 3,000 mg/l. (& : 233* mg/kg bw/day. 3RECAT - MEIRHADIME : 304 meg/kg bw/day. BEL
Bl : 660 mg/kg bw/day. ThEhF0 LF1 DFEHE), £1-. F1~OBREIZHIT28E
BEONOAELIT M i# & £ (2 3,000 mg/L (i : 245 mg/kg bw/day. Hff : 295 mg/kg bw/day)
EEnt-, CHOBEEMZXEDDossier Tld 223 mg/kg bw/day & A > Thvd, )

YR 6-19 BDOMES v FZ 0, 40. 80 F7=(d 250 mg/kg bw/day ZFE IR S L= HAHT
REEMHHE (OECD TG 414) Tld. 250 mg/kg bw/day TEENMIOEEIZME OV HE
Hoh, BEEEDONOAELIZ80 me/kg bw/day. F4EIEONOAELIZHE A E D250 mg/ke
bw/day & 2hi-, EFEEERLHENEA, ST,

R 6-15 BOMES v M2 0, 125, 250 Ff=iF 500 mg/kg bw/dayéaﬁﬁ%uﬁ"‘mﬁ% LizE4&E
AIRESHERE (OECD TG 414 ##) TF, BREROCERINZEE L THEDEEIEH LN
T, Fhh EFRELBOONEN -z, BEEME L REBHEONOAELIZHE A E D500
mg/kg bw/day & Sh -,

ErDEIGREBADEBREREICK ZEMREPLEIC 1950 FRICTHOI-BMRBROE
EHo., EVEORBRKRFLIEBOBRSIARRRCEEEZRIFTT ZEATERINLA, BRI
BEEDREBELETCZTOMOZ L ORBRTIERRB~AOEEIEOShiEhot=, LR
HALERESEHER (OECD TG 416) TH. 3,000 mg/L (# : 233* mg/kg bw/day. BECHI -
SEIREAMUME - 304 mg/kg bw/day. ZhEh FO & F1 OF4E) £ TRRBICHEILED bh
Whot=,

HEZRAVAEBRERZEFBRVERTON. EE2TOREENEECTH . —FH. &K
MEFHALBYOEEMBICEBARRE BRBO/MK) ZESIFRI L, mERENMATH

(SCE) &, invitro CIX THBDR 5 BB TROLNT, T, invivo TIZ 3RBOLTIZ
BLWTE DG o1z, v FOFMERERAV:FEY DNA AFERRIIEETH 1=,
RORAY 7+ —IBROFERIT SImix EFETTHHETH> =4, BREhF-ao=Z—#
NEWS, BEFOERCTEL RBEREICEENH D EEX bNt, In vitro/MNERER
T SOmix FHE/EGFET CHBETH >z DVTF 2 NLARS—FHAEB-RBEGRS
BREIBETH Tz In ivo MEHBOBRIZ. HEORB TR, 1HBTBETH- -,
TOMDEBERDEVNRBORREEEZIALE S . RMEBIL in vitro TIHERBERRE %3
FRTHARENENH M. in vivo TOEESHITLEL,

2EM., Sy bETVRICAYPBEERFIROERE GES5 H) LERRBRICBULT. &H %
FRHLAEM STz,

LFEMREEE F 655 2% (2010.12) 180-188 §
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4) #MLEE

AMEXREICHLTHESEYE (BEM) 2F7ITH. BRICBLWTIZ+94EY R EENY
SATWVWADT, BEFZZICONT LP ¢BESht-. BEICHLTLESYE (A2
>3- BEAOSKSH  1~100mg/L) FRTH, T Dra~nEEEtI 21 BRI
BLWTBERETLIROONT., £, FPERBSICESEL. AHICH T35 ERY
DOHEBEIZEN . KEEDICBTA2EMBEBELBEVEETINS, ChEUXPHEIL.
BRIZCBLWTIIEBEBEEIZ DLV TLP L8ESIT-,

(3) N-ooAAFUI2RVIFFI—LALITVFTEF
HE £ N-Cyclohexyl-2-benzothiazolsulfenamide (95-33-0) (B &AER. N4 VK. BE
EU OFFHl X&)
AYE (CBS) OEHLMAKREBIEIANAT ALY FF7J—)L (MBT) (149-30-4), B &
U, ¥90~AFILTI2 (CHA) (108-91-8)THDH. choDMASIEHI-L ZHBHESL
EMEOFEMIFIA ST,

1) BRERR

AMETMBEERE LTTLEROESEICFEREIND, EYBICITHMA K EHEMIZ &
PEEBRIOTURENNH D, HESHRCSVTANEOFEREEZESARHONELD T, B
EZBREOARHRIBENEEZ SN,

2) MEEE

BARNSEBEEEOFAADHERE., AYMEMNKK - 1 - KEBICKESh-BREZEICLIE

(71.1%) LEH (18.9%) I=Hfm L. ZDMh. KB (9.7%) T3 9/ T 5. AMHEIIEBIC
ENBEhT . £-. AE~OEVEBHELIBE N EHESINS (BCF: 1,248 £1=1 3,094 [&
HICEHREED.

KEEYIZHT IRMEEITDONT., BHEDOLCslE 2.1 mg/L (96 B, K. OECD TG
203). 2P ODECsld 0.79 mg/L (48 B§fE. F1bk, #ikFAE. OECD TG 202). EEOD
ECsold 0.15 mg/LELE (72 Fsfl. £ REEE : OECD TG 201) THof=, BHESEMEC DL
TIX. 222 aONOECIHE 0.058 mg/L (21 B, %JEEE : OECD TG 202), EHONOEC
IX 0.0084 mg/L (72 B5fl. £EEE% : OECD TG 201) TH-o1-. AYEOREBRERE LK
~DFEE (0.32mg/L) &YELBMICHLDT, ILKELHTRO ON-HED—SILHBE
BIC&>TEIER I ESN-TEEELNH S,

3) EEER

v MIAMEEROBRELI-L TS, FEOMZRI - R#ShI=, MBT & CHA ~DOMN
KSR in vitro THENT=Z AL, BINATICEBREATERHOMKS B - 2 Ak
MRBHEHEEZ O, BOFLFIBAIZKZBEINEDL 100% EEZ ST, YIRLEH- B
BAZHEE, SBERIREL 10% & Shi,

T bETOROERZORSTOLDslE 5,000 mgkg bwlAl L TH-F-. 9HXDORERT
MLDsold 7,940 mg/kg bwll ETH > 1=,

FYBEFIBREVETEHLEL, APEZETCHERERKICOVWTE MIBITEIYFTFA L
EFIToRECABRBRIBRERIT—RELLEVN, HYFTORES L VRIZH L TIEEHR
HRIAENZED 5N 1= (OECD TG 404.TG 405)  M##ES v FZ 0.4.3.14.4, 71 48 mg/m?
Z6HFHE -85 ARABRE S/ 28 BEREBRASHSARTIX. BEERZICHEEOXEN

LFEMBREEE F6EFE 25 (2010.12) 180-188 H
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STHEREMIZBHONEN FhoiE 24 BRLAIZEE L=, XPEILEILEY b (Buehler
&) TIIEBBERZRILZLD., £ FADNRYFFRAFTHLHLGRESENBDH OO, &
FT—ah5 L REBRELOTREENTEIN-,

Lt 28 BRMIRERASHRBRICENT, BEEETHLLEHOSHEEZIRO LT,
REERE (NOAEC) 1348 mg/m3k shit=,

Z v FZ 0. 25, 80. 250 F£fz1& 800 mg/kg bw/dayDAME Zi4HE 075 L1- 28 AKX
REZOF/SSHHAR (OECD TG 407) 12T, 250 mgkg bw/day bl b TR In ik
EREE. #ICEBOEMREELRICBTIHFHOENNARO LA, REBESERD
NOAELIF i % & 4 (280 mg/kg bw/day & & hf=,

B R DH (20, 125, 500 FfzIX 2,000 mg/kg bw/dayDAE% 1 B 6 BRIBEERSL
1= 21 BEREREHESSHHB (OECD TG 410) IS UT, BERAETLEAYEIC LSS
HEEEIEOLNT. REZSEMHONOAELITIHH & 122,000 mg/ke bw/day & Eh -,

HEZAVWIEREATESR, YORY U I+—VHBROFERIIERHETH-T-, 2B
EERBRTEBVLBENRH Shi=A ZMEOMKIBYTH S MBT & CHA DEES
HEBIETRENETHLIC Lh 6. APBEICEEEEEHIGVESHhE,

X IRICH18 7 AR 95.3 mg/kg bw/day (TWA) OFAMBEEROKE LERBRIZSNT
RAOMERBOLNGEN T, EHIT. 5y MPI DRI MBT F£1-1X CHA #&0O%5 L1
BAORMBRTHLES VHEROSI T, MBT ITOWTITMET IR - #5 v AT 750
mg'kg bw/day. WS v b TIE 350 mg/kg bw/day. CHA [T DWW TIZMERHS v b T 440 mg/kg
bw/day £ T. M~ X Tik 500 mg/kg bw/day £ T. RH U HIXEZHohis-71-,

S v FIZMBT ZEHRE L ZHAHRIZE LT, 8,750 ppm (700 mg/kg bw/day) LA
L THEE BFROME~DEHEELENRO NN, REMAE (15,000 ppm (1,200 mg/ke
bw/day)) THEBEAOFEELEIBHOAEM o1, FDM. 8,750 ppm Ll E TEYIERD
BRI ICHEWRAENFED LA, BIFEOETICKVESHEAET L E SN,

v MICHAZRERORE L-EHOSHHR (R5HM : 3 »A~2 £) Tk, #h
200 mg/kg bw/daybl E THMEZEBEORFREHOEBTHNEDHLNNT-, 3 » BESHERBD
NOAEL(ZE 100 mg/kg bw/day (CBSHIH TI1&276 mg/kg bw/daytB). 2 EMSZHHRERD
NOAEL(F 82 mg/kg bw/day (CBSH#H 13218 mg/kg bw/day#i) THo1=,

3R 0-20 BDOMES v FIZ 0. 0.001, 0.01, 0.1, F£I1X0.5% (0. 0.7. 7.1. 69.6. 288.8
mg/kg bw/dayfi X)) OAYEZBEHRSE L-RESEHBTIX, 69.6 mgkg bw/daybl LT
BAEEMEDET. 288.8 mg/kg bw/day CIEEEEDFH A ERH 5 . BEYDONOAELIZT7.1
mg/kg bw/day & Shiz, £1-. 288.8 mg/kg bw/day Clf A RAES L UKBRBREEDEEA
ROLN., BREBMONOAELIZ69.6 mg/kg bw/day & cht-, iR 6-15 BOMES v FIZ 0.
100, 300. 500 F7=1& 900 mg/kg bw/dayDAEME ZAHBORS LI-BENFKESHRR

(OECD TG 414 ##) TIX (900 mg/kg bw/dayi 513E L L S, SREBF DM . 300
mg/kg bw/day Lt TRAEIZEMEDEME. 500mgkg bw/day THREREEDEBEAZRDH SN,
s 6-15 BHOWES v FIZ 0. 50, 150, 450 mg/kg bw/dayDAYE 245IBOEE L-%4
=R TIX. 450mg/kg bw/day TRAEEMES LS UKRESOEBEARTH SN, =
NoDHBRTEOONLBREEOBELIBASHMEN 15-30%HL LE-BSICBEIN,
FYERSICLIBENTRESHOCRSEEIRO OGNS,

4) MBS

FYEGRRICHLTCEEN (B, REFSSEN) 27T BRIZBLTE+SE
YROEBAREINTVEDT, BESECHOVT LP 853 ht-, BECHLTIEEE
% (Zo00- - BEAOARNSEYE  1mg/LUTF) 2R3, BEZEZONTIEZFW
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Importance of Researches on Chronic Effects by Manufactured Nanomaterials
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(Received September 3, 2010)

Manufactured nanomaterials are the most important substances for the nanotechnology. The nanomaterials pos-
sess different physico-chemical properties from bulk materials. The new properties may lead to biologically beneficial
effects and/or adverse effects. However, there are no standardized evaluation methods at present. Some domestic
research projects and international OECD programs are ongoing, in order to share the health impact information of
nanomaterails or to standardize the evaluation methods. From 2005, our institutes have been conducting the research on
the establishment of health risk assessment methodology of manufactured nanomaterials. In the course of the research
project, we revealed that the nanomaterials were competent to cause chronic effects, by analyzing the intraperitoneal ad-
ministration studies and carcinogenic promotion studies. These studies suggested that even aggregated nanomaterials
were crumbled into nano-sized particles inside the body during the long-term, and the particles were transferred to other
organs. Also investigations of the toxicokinetic properties of nanomaterials after exposure are important to predict the
chronically targeted tissues. The long lasting particles/fibers in the particular tissues may cause chronic adverse effects.
Therefore, focusing on the toxicological characterization of chronic effects was considered to be most appropriate ap-
proach for establishing the risk assessment methods of nanomaterials.

Key words——chronic toxicity; multi-wall carbon nanotube (MWCNT); fullerene

ERHORE, b MEEEBICHTAIRSIIDONTD
RIEZTNBRETHDEEZLNTWS, DFD,

1. [FL&®IC
e, F/ 57703 —0RLMkesEiEsy

HELTOEERF/TFUTIIE, RFEICFORE
EVXEEEBNBNLODHZLEIATHDN, Hil-
KHFENTWSF /YT U 7L ORI
DWTHE, AYNSAEREESICEAINEHE

AIEZERBELEEWRER (T158-8501 FHFHHHM
BXERAE 1-18-1), *AHBH I KRE (T467-8601
LEBTHRBEREIFNE D, HERRERE W
T2y — (T169-0073 HEHEHER T AR 3-24-1),
GERERFEZE (T113-8421 HEEHMIHFX 45 2-
1-1)

*e-mail: hirose@nihs.go.jp

FRHE, AREZLSE I0FERIVRIIALSIST
HEELEDOEPLZERLEDBOTH S,

F/RTUTZNERWEERCEAERSNICSE
T 501213, R2MORIEETD ZEBRART
HB5LBDbNS. Lal, #HERO—BRORCFENE
ERRRZYEFOREMEL, ToHESFEEICBN
THREREIIBRDIZBZFERMOANS Z L BHHE
EENTWSE, Th®z, F/<7UT7N0RFkHEz
ZRLUEAEHFEFEORENEF A>T
5. F7z, EBEMREAICBNWTS, S/
TINORSHMERY, EESBELLGEERINT
$BD, OECD®RISOEZZ#HF.0&E L THMFEOR
BREMREEIC AT AR DB BEITL TNE EZA
TdHdHd. ABETIE, F /37U 7INOELETEmE



