[SSN 0915—4698

Vol. 13

2002

B ) B

# X

RIFRIE -

Il -

B W

BAM L

i %W

& HEREL .

H

B - FROEM - EI VT EEY R
FIOSWES, N F ) VB LU E R
OF ) VEORE (BEX) e,
RS - HH OB BEHBEXA SR BE
Eliv<boeT ) OBAEEICRITTHE

(ﬁj{) ...............................................................

BAREK AT - IO -k 20 51

BREEIC B A A A TETY ORI ELEG  ooeeeeeees
A M BRTHREOT Y < ITF T VIT DN T
RREERE  RIIHID F 2 THBEE o

S boES LEREANTY At F VY

ﬁ(‘fjgﬁe%_ﬁu&_ b'(_ ..........................................
CEENIC K AT A IO BB e
CENHRRIC L ZEPRAE ZORE e

FREEBVERF R

|



Ipn. J. Environ. Entomol. Zool. 13 (3) : 117 —124 (2002)
MR H513% #3%5 :117-124 (2002)

Identification of Benzoquinones and Hydroquinones as the
Secretory Compounds from Three Species of
Okinawan Millipedes

Yasumasa Kuwahara'’, Satoshi Noguchil)‘ * Naoki Mori", and Yoshiko Higa”

1) Graduate School of Agriculture, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan
2) 402 Tomimori, Kotinda-cho, Okinawa 901-0402, Japan

(Received : February 28, 2002 ; Accepted : April 26, 2002)

HREY AT IEOSMMES, RV F/ v EBLTEFOF/ VEORE
B D FOkERD - F ERD - BEa 0 TP ORBRERFELEREN
i, 2 IR R R TR )
MHIAISTRELL VY RFHIF I VY ZAFHEO I + 3 ¥ X 7 Trigoniulus
lumbricinus Gerstaecker, <V VAT BN VY Y RATHROI A IO AT Y VYR T
Spirobolellus takakuwai Wong, E+VY U Y ZAFHEEVATFTR) 29 F 20 ¥/ X
' A 7 Glyphiulus septentrionalis Murakami O Pl i OS> %2 H X 7 a < b
757 (GC) ik, H A7 o GESNERUERSIEBRINZ Ry MVt 4 H
WT ML 3EOSWIL2-A P F 3 AF 14XV F ) UERLEEOEES
4 nh, FOMEl s BRSO IO T 4 —VIEIHEENThICRER & HE L .
VAEORAR : F IV RFITE2-A MF VI AFN-14RVTF )V (GCE—7
MifIh7296) LIAMICRIERSY bovF /) v (25%) OFIERXTHI SN TV M, £
O RIS E LTS B AL, 9545 %523- VA MF V140 F
) QT A NS AFNAARYYEF S (3%) RUMVER® ) v, 2-
AP v ATt Rax/) VERELKE. A7 IH T XYY AT MOE2-4 b
Nl A LN F ) v (95%) £23-UA MFV14ARVTF )V (5%)
LKoY, ol d IS0 D B3RS E23- VA MFYENBR ) v, 23U 4
FF VS AT NGRS F ) 0, 224 M F V3 AF-ENoF/ VERE L.
YadF o0 VNANAYATFHS LIRS 2-A FF V3 A F V14X F ) v
(1009%) LAAKZ 2 ROUSZr 2RI L, 23-U 4 P F V14XV Y F ) VRT2-4 b
FU3AFI-E RaF/ v EME L.

* Present address: Konan Agricultural High School, 1839 Kusatsu, Shiga 525-0036, Japan

— 117 —



Kuwahara et al.

The defense secretions from three Okinawan millipedes, Trigoniulus lumbricinus
Gerstaecker, 1873 (Spirobolida: Pachybolidae), Spirobolellus takakuwai Wang
(Spirobolida: Spirobolelidae), and Glyphiulus septentrionalis Murakami 1975
(Spirostreptida: Cambalo-psidae) were a characteristic mixture of quinones and
hydroquinones. In addition to two quinones already known, 2-methoxy-3-methyl-1,4-
benzoquinone (2) and toluquinone (1), four more compounds were found from T.
lumbricinus in decreasing order of abundance; 2,3-dimethoxy-5-methyl-1,4-
benzoquinone (6), 2,3-dimethoxy-1,4-benzoquinone (3), toluhydroquinone (4), 1,4-
dihydroxy-3-methylbenzene), and 2-methoxy-3-methyllhydroquinone (7). From S.
takakuwai, five compounds were identified: 2, 3, 2,3-dimethoxyhydroquinone (5), 6,
and 7. G. septentrionalis contained 2, 3, and 7. Quinone 2 was the major component in

all three species together with traces of 3 and 7.

Key words: Millipedes, Benzoquinones, Hydroquinones, Spirobolellus takakuwai,

Glyphiulus septentrionalis, Trigoniulus lumbricinus

Introduction

Defensive secretions have been studied in the six
of the ten orders of millipedes and been largely clas-
sified into three groups by their chemical structures.
In the first group, of Polydesmida, are cyanogenic
species that produce mandelonitrile or its decompo-
sition products as a mixture of benzaldehyde and
hydrogen cyanide. In the second group, of Spiro-
bolida, Julida, and Spirostreptida, are benzoquinone
emitters. In the third group, of Glomerida and
Polyzoniida, are emitters of other alkaloids and
nitro compounds. There are no publications report-
ing defensive compounds of species in the remaining
four orders, Polyxenida, Chordeumatida, Platydes-
mida, and Siphonophorida (Eisner et al., 1978).

The secretions were studied extensively in the
1980s when mass spectrometry coupled with gas-
liquid chromatography (GC-MS) was developed,
except for Japan. Most Japanese millipedes (277
species belonging to 27 families in 10 orders) were

not studied, and because more than 979% of the

species in Japan are endemic (Murakami, 1993),
details of their defensive secretions remained
unknown. The chemical compositions of secretions
of the following four cyanogenic species collected in
Japan have been studied: Epanerchodus japonicus
Carl (Polydesmida: Polydesmidae), with benzalde-
hyde, phenol, and mandelonitrile (Mori et al.,
1994), Parafontaria laminata armigera Verhoeff
(Xystodesmidae: Polydesmida), with benzaldehyde,
mandelonitrile, benzoyl cyanide, mandelonitrile
benzoate, and benzoic acid (Mori et al., 1995),
Nedyopus  patrioticus  patrioticus  (Polydesmida:
Paradoxosomatidae), with p-cresol, benzaldehyde,
phenol, and mandelonitrile (Noguchi et al., 1997a),
and the Okinawan millipede Chamberlinius hualie-
nensis Wang (Polydesmida: Paradoxosomatidae) of
seven compounds, benzoic acid, mandelonitrile,
benzaldehyde, benzonitrile, methyl benzoate, « -
methoxybenzyl alcohol, and mandelonitrile benzo-
ate (Noguchi et al., 1997b). Except for benzoic acid
in the last species, the other compounds have been

listed in an earlier monograph (Eisner et al., 1978).
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Benzoquinones from three Okinawan Millipedes

Anolher compound, 2-nitroethenylbenzene, has
been recently identified as a component of secretions
of' the white millipede Eucondylodesmus elegans
Miyosi (Polydesmida: Doratodesmidae) (Kuwa-
laen et al., 2002). It is of interest to identify the
defense compounds of Japanese millipedes as well,
especinlly as new components may be found.

As part of our chemical analysis of Japanese
millipedes, we collected three Okinawan species
belonping to Spirobolida, and Spirostreptida, as
benzoquinone emitters, and examined their defence

seeretions,
Materials and Methods

Millipedes examined

P'rigonindus lumbricinus Gerstaecker 1873 [Spiro-
holidi: Pachybolidae, (minami-yasude in Japanese),
hody lenpth, ca, 3-6¢m, body diameter, ca. 5 mm,
and body weight, 719 mg (n=1)] was collected at a
sigic-cnne field in Ishikawa City, Okinawa, in
November 1990, The species was first found in the
wen nent o US Air Force base and has been
considered 1o be one of the naturalized animals on
the islind CAnonymous, 1996). The species, origi-
milly from Southeast Asia, crawls periodically into
houses, where it is considered a nuisance (Higa et
al,, 1991, When disturbed, the millipede being to
curl up with its head in the center to become a disk
ol ubout 3 cm in diameter. It has a mixture of
toluguinone (1, methyl-1,4-benzoquinone) and 2-
methoxy-3-methyl-1,4-benzoquinone (2) as its defe-
nee seeretion (Monro ¢f al., 1962), and was used
here as the standard in the elucidation of the
chemical components of the other species.

Spirobolellus  takakuwai  Wang  [Spirobolida:
Spirobolelidae; takakuwakaguya-yasude in Japanese
; body length, ca. 2 cm in length; body diameter, ca.
2 min, weighing 72.6212.9mg (mean=SD, n=5)]

was collected at a sugar-cane field in Kochinda,

Okinawa, in November 1996. The species is creamy
white, with a pair of brown secretory glands on the
sides of each body segment, and emits luminesce
when disturbed in the dark (Shinohara and Higa,
1997).

Glyphiulus  septentrionalis  Murakami 1975
[Spirostreptida: Cambalopsidae; ryuukyuu-yahazu-
yasude in Japanese; body length, ca. 2.5cm; body
diameter, ca. 1.5mm, weighing 10.2 = 2.2mg
(mean=SD, n=5)] was collected together with S.
takakuwai from the same soil and on the same date
as mentioned above. The species is slender and char-
acteristically seems to freeze for a monent, to look
like a straight or bent rod, when disturbed. The
species, which is a pale charcoal color, does not coil
up like other species.

All three species were kept alive at 25°C in a
polyethylene bag with raw sliced potatoes as food.
Analytical procedures and conditions

Individuals of S. takakuwai and G. septentrionalis
were placed in MeOH (0.5 or 0.2 ml, respectively)
for 3 min, and the yellow liquid obtained was
decanted. Portions of extracts thus prepared were
examined by gas-liquid chromatography (GLC)
or GC-MS at the condition indicated below.
Extraction and analysis were repeated three times
with three individuals of each species. A 2-ml
MeOH extract from one individual of T.
lumbricinus was used as the standard for analyses.

GLC was done on an HP-5890 series II Plus
apparatus (Hewlett Packard) equipped with an
flame ionization detector and an HP-5 capillary
column (0.32 mm X 30 m; film thickness of 0.33
1 m) at a programmed temperature increase condi-
tion from 60 °C to 290 °C at 10°C /min with an ini-
tial pause for 2 min. Each sample was analyzed in a
split-less mode with He as the carrier gas, and the
chromatogram was processed by an HP 3396 series
II Integrator. GC-MS was done by an HP-5989B
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mass spectrometer, operated at 70 ¢V, with the same
column and operating conditions as above.

An NMR spectrum was obtained by a Bruker AC
300 MHz apparatus to elucidate the structure of
benzoquinone, with crude extract of millipedes
soaked in CDCl; (800 u1) for 3 min. The yield of
each component in MeOH extracts from the three
species was determined by GLC with 2-tridecanone

as the internal standard.

0 (@)
Me i Me, i
MeO
(9] (®)
1 2
OH

4 OH

Results and Discussion

All compounds found in the three species are
listed in Fig. 1. The aromatic proton region (5 6.40
-6.80) of the NMR spectra (Fig. 2), indicates the
proportion of the component; 7. lumbricinus indi-
cated spectrum of a mixture composed of more than
two compounds, whereas that of G. septentrionalis
was one almost pure compound. Two ortho-coupled

protons (10.05 Hz) as two sets of doublets at § 6.60

(@)
MeQ, MeQO Me
MeO MeO
3 6

H OH
Me MeO Me
MeO MeO :
OH OH
5 7

Fig.1 Structures of quinones and hydroquinones identified in three species

of Okinawan millipedes.

A B

| I | T T T

5 6.80

| I I T
6.40 5 6.80 6.40

Fig. 2 NMR spectra (§ 6.4-6.8) of three species of Okinawan
millipedes, measured in CDCl; with a 300 MHz spectrometer.

A @ Trigoniulus lumbricinus, B : Spirobolellus takakuwai,

C : Glyphiulus septentrionalis
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Benzoquinones from three Okinawan Millipedes

nud 6,70, together with methyl and methoxy pro-
tons at & 1.96 and § 4.03 (not shown) suggested
the shared major component to be 2-methoxy
L-methyl-1, 4-benzoquinone (2). Results of GLC
UI'nble 1) showed seven peaks (1-5, 7 and 8) for the
uxtruet of 1% lumbricinus, among which two peaks
1, relntive abundance, 25% ; ca. 0.4 mg/millipede,
and 2,72% ;ca. 1.1 mg /millipede) were of major
componnds. The extract of S. takakuwai gave six
penks (2, 3, and 5-8), among which peaks (2 and 3)
were of the major components, with relative abun-
divnee of 959 (241.6292.7 @ g/millipede, mean =
S, e 85) and 594, respectively. The extract of G.
veptentrionalis gave three peaks (2, 3, and 8) ; peak
2w major and the other two peaks were minor.
Ihe mnjor component (peak 2) in all three
defense seerefions gave an M and base ion peak at
m 2 152 C100%), with the following fragment ions:
PAT 683%), 134 (39%), 122 (35%), 109 (15%), 94
(AN, B2 L1290, 60 (149%), and 53 (12%), and
the structure was clucidated to be 2-methoxy-3-
methyl L 4-benzoquinone (2). The structure was
congstent with the NMR  spectrum mentioned
nhove, This compound was reported earlier as being
found 1 12 lumbricinus, together with toluquinone

(1, penk 1Y CMonro ef al., 1962). The presence of 1

in 7. lumbricinus was confirmed not only by GC-
MS of the compound in peak 1, which gave an M~
and base ion at m/z 122 (100%) together with the
following diagnostic ions: m /z 94 (57%), 82 (38
%), 68 (16%), 66 (26%), and 54 (25%), but also
by the following NMR data; methyl protons at &
2.06 together with aromatic protons’ multiplet
around § 6.78-6.58.

Besides these quinones 1 and 2, two more
quinones (peaks 3 and 7) were detected in T.
lumbricinus and G. takakuwai, and peak 3 was de-
tected in G. septentrionalis. Results of GC-MS of
peak 3 indicated an M ion at m /z 168 (98%) and
base ion at m/z 123 (10094), together with the fol-
lowing diagnostic ions: m /z 153 (449%), 139 (14
%), 125 (20%), 95 (18%), 82 (27%), 69 (31%),
and 54 (1996). On the basis of this mass spectrum
and NMR spectrum of the extract from S.
takakuwai, in which the compound was found at 5
96 relative intensity, the structure of the compound
in peak 3 was unambiguously elucidated to be 2,
3-dimethoxy-1, 4-benzoquinone (3), the O-CH;
protons of which appeared by NMR to overlap at
6 4.03 with those of 2. Peak 7 (3 % relative inten-
sity in T. lumbricinus) indicated an M" and base

ion at m /z 182 (100%), together with the following

Tuble 1 Relative abundance of quinones and hydroquinones in three species of Okinawan millipedes

tie” i Compound Percentage in:
pueink nin identified T. lumbricinus S. takakuwai G. septentrionalis
) 002 Tolugquinone (1) 25 nd2’ nd
bl K. 00) 2-Methoxy-3-methyl-1,4-benzoquinone (2) 72 95 100
\ 10, 54 2,3-Dimethoxy-1,4-benzoguinone (3) tr?) 5 tr
4 10). 82 Toluhydroquinone (4) tr nd nd
5 11,00 Structure not identified tr tr nd
O 11.24 2,3-Dimethoxyhydrogquinone (5) nd tr nd
7 11.86 2,3-Dimethoxy-5-methyl-1,4-benzoquinone (6) 3 tr nd
8 11,89 2-Mcthoxy-3-methylhydroguinone (7) ir tr tr

1) tr: Trace (intensily) less than 194.
2) nd: Not detected.
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ions: 167 (47%), 153 (15%), 139 (249%), 137
(899%6), 136 (25%), 111 (17%), 83 (32%) and 69
(22%). The structure of the compound in peak
7 was suggested to be 2,3-dimethoxy-5-methyl-1,4-
benzoquinone (6), methyl protons of which were
confirmed at & 2.06 overlapping with those of 1.
Mass spectra of peaks 4, 6, and 8 were character-
istically composed of an M™ and M~ —m /z 2 ion
set (M" and M™ —2 ion set, hereafter) as follows:
peak 4 gave an M~ (and base ion) at m /z 124
(100%) and m /z 122 (99%), together with ions at
m/z 123 (51%), 94 (52%), 82 (38%), 68 (18%),
66 (29%) and 54 (289%). Peak 6 indicated an M~
and base ion at m /z 170 (100%) and m /z 168
(7496), together with ions at m /z 155 (489%), 153
(36%), 137 (11%), 123 (62%), 112 (16%), 109
(2296), 95 (119%), 82 (14%), 69 (23%), and 54
(11%). Peak 8 showed an M~ ion at m /z 154
(47%) and base ion at m /z 152 (100%), with ions
at m/z 139 (32%), 122 (35%), 111 (219%), 109
(15%), 94 (8%), 82 (15%), 66 (15%), and 53
(1296). Such characteristics suggested that these
were hydroquinones (Budzikiewicz et al., 1967).
Trial measurement of hydroquinone (1, 4-
dihydroxybenzene) as the model compound showed
the same phenomena. Hydroquinone at a dose
around its detection limit indicated an M™ (and
base ion) at m/z 110 (100%) and M —2 ion at m
/z 108 (729). In this mass spectrum, an M* and
all other fragment ions from benzoquinone also
were present. However, intensities of the ions
seemed to differ depending upon the sample size. At
higher doses than its detection limit, the intensity of
the M" ~2 ion decreased to 11% or less against its
M™ (100%), dose-dependently. Intensities of other
fragments at a higher dose were as follows: 82
(19%), 81 (22%), 55 (16%), 54 (18%) and 53
(18%). Whereas the corresponding benzoquinone
gave an M ™ and base ion at m /z 108 (100%), with

ions at m /z 82 (2296), 80 (23%), and 54 (37%).
We, therefore, concluded that peak 4 was of
toluhydroquinone (4), that peak 6 was of 2,3-
dimethoxyhydroquinone (5), and that of peak 8 was
of 2-methoxy-3-methylhydroquinone (7), respec-
tively.

Peak 5 indicated an M~ at m /z 182 (59) and
base ion at m /z 45 (100%), together with the fol-
lowing fragment ions; 151 (9%), 137 (15%), 122
(36%6) 109 (4%, 93 (3%), 82 (8%), 67 (5%), 63
(6%) and 53 (8%). The structure of the compo-
nent in peak 5, however, remained obscure at pre-
sent.

The three Okinawan species, belonging to the
orders, Spirobolida, and Spirostreptida, were
quinone emitters, as reported by Eisner et al.
(1978). A total of four benzoquinones were identi-
fied, three of which were accompanied by traces of
the corresponding hydroquinone. A total of six
hydroquinones have been reported in the secretion
from the spirostreptid Telodeinopus aoutii by Deml
and Huth (2000), among which hydroquinones 5
found in S. takakuwai was the second example.
Those hydroquinones probably were biosynthetic
precursors, as suggested by Deml and Huth (2000).

Quinone 1 is widely distributed among those three
orders, as is 2 (Eisner et al., 1978), but 1 was not de-
tectable in S. rakakuwai or G. septentrionalis.
Compound 2 was the only component present in all
three species, where it was the major component
found with its corresponding hydroquinione 7 as a
trace. The proportions and absolute amounts of the
seven components differed with the species, and
these profiles seemed to be species-specific. T,
lumbricinus had compounds 2, 1, and 3 in dcreasing
order. Likewise, S. takakuwai had compounds 2 and
3, and G. septentrionalis had only compound 2.

The chemical components of secretions of four

Okinawan millipedes have been published (Kiku-
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Benzoquinones from three Okinawan Millipedes

wnpn et al,, 1993); two of them, C. haulienensis
Waung (Polidesmida: Stronglyosomidae) and Riu-
Kiuria pugionifera Verhoeff (Polidesmida: Xysto-
desmidne) are cyanogenic. From C. haulienensis,
three compounds (mandelonitrile, benzoic acid, and
mnndelonitrile benzoate) have been isolated and
wlentiticd among seven reported by Noguchi et al.
CI997h)  as  mentioned in  the introduction.
Mundeloniteile, benzoic acid, and benzyl alcohol
from R, pugionifera have been identified. The other
two species Anaulaciulus okinawaensis Shinohara
U halida: Julidae) and Prospirobolus joannise Attens
(Streptidn: Rhinocricidae), are quinone emitters.
Viree compounds (4, 2, and 6, in the amount of
1100.4, 195 and 31 mg, respectively) are isolated

il identificd from 1.5 kg of A. okinawaensis, and

two compounds, 4 (30 mg) and 2 (9 mg) were ob-
tnined Trom BOO g of P joannise (Kikunaga et al.,
1994, That toluhydroquinone (4) was the main
camponent in two species is unexpected, because
hydroguinones are usually distributed as traces

CDeml und Thuth, 2000).
In this study, quinones 1, 2, and 3 were accompa-

wiedd by n minute amount of corresponding

hvdroguinones 4, 7, and 5 (quinone 6 was the only
exception), Quinones 2 and 3 and hydroquinone 7
were found inoall three species, including the case as

tences, Oninone 2 was the major component of the

delense werelions,
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The effect of the environmental relative humidity (RH) on the feeding activity of
Reticulitermes speratus (Kolbe), which is one of the major pest species and is distributed
throughout almost the whole country, was investigated by acoustic emission (AE)
monitoring. Two trials of fixed and variable RH tests were conducted. In the fixed RH
test, although no significant difference was observed, higher AE events were observed
at 7096 and 80 % RH than at other RH levels. The AE event rates generated by the
feeding activities of workers under stepwisely-changed RH gradient (50-90-50%

RH) increased with environmental RH rising, and decreased rapidly when RH lowered.
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The highest feeding activities were detected at 80% and 90%RHs in the variable test.

From these results, it seems that the feeding activity of R. speratus workers is restrained

by lowering environmental RHs,

Key words : Reticulitermes speratus (Kolbe), RH change, Feeding activity, AE moni-

toring

Introduction

Termite is the most serious pest affecting wood
and wood-based materials in Japan. Environmental
concerns have been promoting the development of
novel termite control strategies, i.e. Integrated
Termite Control (ITC) based on the ecological
knowledge of the target species. Relative humidity
(RH) is one of the most important environmental
factors affecting termite activity (Wigglesworth,
1965). The effect of environmental RH on the feed-
ing activity of Coptotermes formosanus Shiraki, a
major pest species in southern Japan, has been
studied by acoustic emission (AE) monitoring
(Suda et al., 2000; Yusuf et al., 2000), which has
been applied to investigate the feeding activity of
termites not only in laboratory trials (Imamura
and Fujii, 1995 ; Matsuoka et al., 1996) but also in
field situations (Fujii et al., 1998; Yanase et dal.,
1999, 2001) as a non-destructive and useful tool.
For C. formosanus it was reported that the highest
feeding activity occurred around 75%RH (Suda
et al., 2000; Yoshimura et al., 2000; Yusuf et al.,
2000).

Another major pest species, Reticulitermes
speratus (Kolbe), which is distributed throughout
almost the whole country (Mori et al., 2002), is
thought to need to ingest wet woods, while C.
formosanus ingests relatively dry woods because
the latter has a water reserving capacity (The
Society of Materials Science, Japan, 1982). So it is
likely that the RH-dependence of these two major

pest species strongly differs even though both insects
are subterranean species classified in the same
family, Rhinotermitidae.

In this study, AE monitoring was used to examine
the effects of environmental RH on the feeding

activity of R. speratus.
Materials and Methods

Termite and wood specimen

Workers of Reticulitermes speratus (Kolbe)
collected from a field colony maintained at the Uji
Campus of Kyoto University were used in this
study. Test insects were starved for 1 day prior to
the experiments to activate their feeding activities.

Wood blocks of Japanese red pine (Pinus
densiflora Sieb. et Zucc.), measuring 35mm (R) X
35mm (T) X 50mm (L), with 5 holes (5mm in
diameter and 20-30mm in depth) were air-dried
and served for the experiments. Mean water content
of the blocks was 12.8 9.
AE sensor

A piezoelectric AE sensor with a resonant
frequency of 150Hz (NF, AE-901s) was attached
on the surface of the wood block. The signals from
the sensor were filtered through a high-pass filter
with a cut-off frequency of 100kHz, amplified 66
dB, and discriminated at a threshold voltage of 0.1
V with an AE apparatus (NF, AE-9501).
Experimental unit

An acrylic cylinder (80mm in diameter and
50mm in height) with the plaster bottom was used

as a test container. A test wood block with an AE
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senwor was put in the bottom center of a test
contuiner with 100 workers of R. speratus. The
mwembled test container was set on moist cotton

pivds (Il 1), so that the workers could take up

wiler from the plaster bottom. The control unit
without workers was set up to detect background
toleeirie) noises,

AE sensor

Moist cotton mats

Plaster bottom

Termite
Fig. 1 An cxperimental unit.

I*erlodiclty of the feeding activity under constant
onvirenmontal conditions

lo recopnize the periodicity of the feeding
wetivity of R, speratus workers under constant
suvivonmental conditions, a test unit was installed
i n tempernture- and RH-regulating chamber
(EYELA, KCL-1000) with 7096 RH and 25 °C,

and AE measurement was carried out for 2 days.
Relative Humidity (RH) conditions

Two trials were conducted in the present investi-
gation. As the first trial, the fixed RH test, a test
unit was installed in the chamber at 50, 60, 70, 80
and 90%RH respectively at 25 °C for 8 hours. Six
replicates (3 times x 2 channels) were employed at
the fixed RH test. For the second trial, the variable
RH test, the RH was increased and then decreased
in a stepwise manner from 50-60-70-80-90-80-70
-60-50 %RH at 2-hour intervals at 25 °C, and the
cycle was repeated 2 times (1 cycle required 1 day).
Three replicates (total 6 cycles) were employed in
the variable RH test.
Statistical analyses

A moving average was calculated for smoothing
the fluctuation under constant environmental condi-
tions. In this study, every continuous 12 data of
cumulative AE events for 5 min were averaged to
discuss the periodicity of feeding activities. In fixed
and variable RH tests, relationships between RH
and AE events were statistically analyzed using F-

test and £-test, respectively.
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Fig. 2 AE event rates produced by workers of Reticulitermes speratus for 48
hours maintained at 25°C and 70 % RH.
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Result and Discussion

Periodicity of the feeding activity

Figure 2 shows typical patterns of AE events per
5 min (AE event rate) for 2 days at 25 °C and
70%RH. AE event rates fluctuated for 2-4 hour
intervals throughout 2 days with the highest and
lowest AE event rates of 100-200 events /5min and
less than 50 events /5 min, respectively.

Transforming the data into the moving averages
clarified the trend during the 2 days, showing 2-4
hour periodic fluctuations (Fig.3). These results
suggest the 2-4 hour periodicity of the feeding
activity of workers of R. speratus under constant
environmental conditions. Therefore, AE events
were monitored for 8 hours and 24 hours in the
fixed RH test and the variable RH test, respectively,
to separate the effects of environmental factors and
the endemic factors.
Fixed RH test

Figure 4 shows the relationship between RH and
cumulative AE events over 8 hours at various fixed
RH levels. The cumulative AE events were averages

for 6 replicates. Although there were no significant

w
[~
<

Cumulative AE event (count)

RH (%)

Fig.4 Cumulative AE event for 8 hours by wor-
kers of Reticulitermes speratus at various RH
levels.

differences (F-test, p<0.05), more frequent AE
events were obtained at 70 96 (ca. 31,000 events /8
hours) and 809%RH (ca. 30,000 events) than those
at 50% (ca. 26,000 events), 60% (ca. 25,000
events) and 90%RH (ca. 23,000 events). It was
reported that the feeding activity was highest at
75%RH (ca. 21,000 events /8 hours) when 100
workers of a field colony of C. formosanus collected
from Kagoshima Prefecture, were AE-monitored

under a fixed RH condition (Yusuf et al., 2000).
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Fig.3 Sixty-minute moving averages (12 data points) transformed from the data

in Fig. 2.
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Effects of Humidity Changes on Reticulitermes speratus

I e yenrly nverage RH of Kyoto Prefecture and
Kagoshimn Prefecture, collecting sites of R. speratus
were 68 % and 74 %6RHs
1992),

venpectively, 1t seems natural that the feeding

awd L formosanus,
¢ Nutlonul  Astronomical Observatory,
allvity ol lermites is optimized at the yearly
avernge environmental conditions such as RH.

However, it also should be noted that the feeding
nitivity of the termite was not significantly lowered
vven in the lower RH conditions (Fig.4). This
nugpentys (he environmental flexibility of R. speratus,
which is distributed widely in Japan. The lack of a
witer - holding enpucity in R. speratus (The Society
ol Mierinly Science, Japan, 1982) may have facili-
tnted the flexibility.
Virlnhlo RH test

Flgure 8 shows a typical change in AE event rates
jenernted by the feeding activities of workers under
alupwine - chinnges in the RH gradient (50-90-50
WD,

venomentnl RID vising, and decreased rapidly when

I'he AL cevent rates increased with envi-

101 Towered, In 2 other replicates (4 cycles), AE
evend res fnetunted with RH gradient in the simi-

Live imnnner,

Averaging the AE event rates per 5 min for each
RH condition in 2 cycles (Fig. 5), RH-dependence
of the AE event rates could be assessed quantita-
tively (Fig. 6). Figure 6 shows the data in the 60-90
-60 %RH gradient, because the complete data set
was not obtained at 50 % RH condition. The highest
AE event rates were obtained at 809 and 90 %RHs
in the rising stage (350-400 events /5 min). On the

other hand, the lowest AE event rate was observed
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Fig. 6 AE event rate per 5 min at rising (ll) and
lowering ([]) RH stages averaged from the data
in Fig. 5. : not served for statistical analyses.
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Fig.5 A typical change in AE event rates produced by workers of Reticuli-
termes speratus under stepwise-changes in the RH gradient (5096 -90% -

50%RHs).
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at 60%RH in the lowering stage (ca. 50 events
/S5min) (Fig.6). A significant difference was
observed by the r-test (p<0.01) between AE event
rates at the rising stages (black bar: 170-450 events
/5min) and the lowering stages (white bar: 5-300
events /5 min), with each 6 samples (3 RH stages
X 2 cycles). When comparing AE event rates at the
same RH in both the rising and lowering stages, a
significant difference was admitted only at 70%RH
(z-test, p<0.05). Based on these results, it is prob-
able that the feeding activity of workers of R.
speratus is restrained by lowering environmental
RHs.

The optimum RH condition for the feeding
activity of C. formosanus, which was categorized as
the subterranean species like R. speratus, was in 70-
759%RH at the fixed RH (Yoshimura et al., 2000 ;
Yusuf et al., 2000). In this study, the highest feeding
activities of workers of R. speratus were obtained at
70-809% and 80-90% RH in the fixed (Fig.4) and
variable RH tests (Fig. 6), respectively. As descri-
bed above, R. speratus does not have a water-hold-
ing capacity (The Society of Materials Science,
Japan, 1982). This fact might result in the develop-
ment of a sensitivity against lowering environmental
RH levels in the species. From the present results, it
is suggested that the positive control of humidity in
houses would contribute to the development of the
Integrated Termite Control (ITC) in the future. As
a next step, the water-dependence of workers of C.
formosanus and R. speratus is now under investiga-

tion.
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Callecting n Panesthia Cockroach  Species, Panesthia
wigiatipennis spadica (Shieaki) in Kyoto and Its Rearing
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abbn Paagt VU Omnkn Seikei Womens  College, 10-62,
Vil Vohoane, Hhigashi-Yodogawa-ku, Osaka 533-0007,
Pagrisn, 1910 Yuden, Tunabe, Kyo-Tanabe, Kyoto 610-
DA Japan, U hmperind College Science, Technology and
Mudicine, London SWY7, 2AZ UK, YYKSK Institute for
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Aol aned nvimphs o an outdoor wood-eating cock-
voach spwciva, Pasesthia angustipennis spadica (Shiraki),
wair codlvcted trome totting: wood in a southern area of
Iovobn wind were tented under unheated room  condi-
tonn A couple of adulis survived for more than two
aned il yowas, ol the femnle produced a batch of
fonn thn thivly nymphs only once in summer every
v Nowly oo nymphs prew very slowly, and they
ventld ot beeomne ndules within three years, suggesting
i the nymplind stnge should extend for four years or

Key words : Wood-eating cockroach, Panesthia angusti-
pennis spadica, Nymphal period, Adult longevity,
Reproduction
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Opisthoplaria  orientalis (Burmeister) in  Shizuoka,
Contral Jupan,  Hideakira Tsuji]) and Makoto Kito?’
U prm, 2o | Nishino-Rikyu-cho, Yamashinaku,
Byoto  6O7-H345, Japan, 271-24-4  Kamariya-nishi,
boanisnwickn, Yokohama 236-0046, Japan). Jpn J.
Poviron Entomol, Zool. 13 0 139-141 (2002)

Ashilts and nymphs of an outdoor cockroach species,
Ogpivthopdaria artentalis (Burmeister), were found living
b Hlienoka city, Central Japan., This species had been
Eoown 1o he  dndigenous  species  limited to  south
Woyusho, nouth Shikoku, and to the whole of the
Wynkyie Ialunds in Japnn. Body lengths of 12 nymphs
vt o Mineh 21, 2002 ranged from 12 mm to 27
o D aymphs and adults were observed  actively
vating Toblon dend lenves and excreting. These facts sug-
gont that they might not enter diapause in a specific
atage vven b winter, This is the first record of this spe-

cls Wviog osddoor in the Main Island, Japan.

Koy wonds  Cdoor cockroneh, Opisthoplaria orientalis,

Nhienoka, The Madn Islinnd Japan
ke &IC

W e fy S Opisthoplaria  orientalis
Chaemeister) (EJCIH SRS, PUIK SR, BRERGE S
S A e oY = ) T (B
G 1990, KOPRMAAT WL s JE IR} & & T

W5 (R, 1994). RN TITBIEMY &I
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3 H21H OREYE, BRBIUHHESICH
B, GIABLcTEBT LS EELELS
tz. ChiZREOEBRICLSZ b0 EEbRL. A
EHMXOKBEIEBTH LM, T THHYLD
D&y 7Y — b FOBUREIZAEFELTNS
CERHEMOBERIZNA T &, RESh KRR
TOBRIEIL > THBEEZEL NS,

HHOBERIRNESEFET, EAELTH—
Ho®kE (mm) BUTOHEOITHS, MR
(38mm), %hH (12, 13, 16, 17, 18, 19, B X 1820
mm4%& 1§D, 22mm3 B, 27mm2 8§) (X 2
E, B, TGN A - NVEEN ST TE

hym ) Environ, BEntomol, Zool, 13 (3) @ 139—141 (2002)
AN IR N3 139 141 (2002)
WA 200241 4 )18 s AZPL 200241 6 H28H
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1 L4y adx7)aRBgERS (BOD
L MRS ORI EBAN), FERA ORI
mofﬁﬁtbm;hﬁ%,*ib&ﬁwﬁﬁ
o—pl, PRoBEiIca 7 ) - bFBELT
Wa (A%7zhmk), F:avsy—1tha
AEEL, HELEYYy<IF: TV O—BER
cl

1 B DA B IE30mmTH - 72, TH S Ok
i, BRI E D SEMEOERNTRRIS LT
Co#EAL (B2TF), AiF O —# 3 THRR
LTRRICANT PRS OELIEHKE 2 BH T
HLRL, IoILBHOBERLI
THSOHEER, RRINERSRNSEL
FDRF—UT, LhrbHEOELELEOHA
EE AT ENOBEA LERTH S EETE

20 mm

20 mm

20 mm ® afle ]
- S
= ) ”% - »
22
ofh - &
8‘?;_.‘ . %Q %
LS N > @
oyt
5 )
0% &

2 F:BE1ITo—#PoMmiR (K38
mm) ER/NgE (12mm), o BE—#AK
D128 L MR, T BRSO
moBAFTIIULAE BROLDDEREN 4
mm).

+%. THbbiEDRT— Y THRIRIREIZAS
LOTIITINWESTZ 5.

B 7 == v 7 A< is Lol (il
) ohEBEbLAONAERBHK TS S, LRE
DEDRAFEO R CAREESHEE L oRRS
HaH, SRGMOBETRERDLD,, T
AV DRATRRBRTE LMo, HETENT
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Wattiafly  Community in - Akasaka Imperial Grounds
ol Tokyo, Munehiro Yoshida'? and Tatsuhiko Ando®’

"Pavokty ol Eogineering, Kansai University, Suita,
Disaka Al HOKO,

Japun, ) Junior College of Tokyo

Ulnbvaralty ol Aprienlture, Sclagaya, Tokyo 156-8502,

Vgt g o Environ, Entomol  Zool, 13 1 143-147
M)A

Phe  Banedlly - community  at - Akasaka  Imperial
Chisnnds ol Tokyo wis monitored by transect-counting

x e Do Octoher 1997 o April 1999 and com-
paid v ot the Imperinl Palace Grounds.  Six
Painihin, 4 spwecion, oud 708 individuals were observed.
Vho et abwndant specics was Pseudozizeeria maha.
Vhs Maiatonos yntio of envirtonmental stage (ER) showed
it the lugporinl Chrounds were in the rural stage. The
tinit iy donnmnnity sf Akasnka Imperial Grounds was
foen hiveran iid lens mnnesous than that in the Imperial
Pl Chionnda pralmbly beennse of the frequent weed-
g e the sominess ol the dwarf-bamboo bushes.

Wey wonle  haterfly community, Urban environment,

Vit vt ing, Tokyo

kL &Ic

P YA b L 2 SE NI ASERE &
ol AN A e s R eI S 0 TR
P b e AR AT R T

3 (Ao, 1991 ; A3« I, 1996 ; #H, 1997
12E). —F, HREROIBICTFET 2 BT AR PR
HTEARIELS &R B F 2 VEBENRLL
ThAEFEEINSEHN, bSUo27 MlREICKLS
HAFIE RY 2 S0, EEA M — RSB K
Sh-ABRUNCEED XS Ic—fRICEBRE
T WA ODOhFEELTHW S, 40, —
RSB S T OO T B B FRIRBETAHIIC B
WTF aHO NS vy VRAEETOBEER
12DT, TOEREBR~NS.

AEMEHE

1. FRIRHAMOEE

FIRAH GUEESX IR 3R 1R Y
EHOWEEOTEMTEE 1km ICALE L, M)
ROBIICH > ERERFEET 2 HNTEED
BHTh 5. PUBEREIIHS1ha THHILEL L <D
DONEEI K » THERIN TS,

INEEL, ¥+ (Zelkova serrata), 1 O /%
3 Y (Acer palmatum), & 7 / F (Aphananthe
aspera), T/ % (Celtis sinensis) 13 & DIRIEMID,
vooN F
(Camellia japonica), ¥ (Cryptomeria japonica),
B VHR EORBHOBER LI &S -T2,
BABEOEEN S FREOLRINTITHS.
ZhoRIFRRICHEI N b0 L2 DRICH
HELEGOMNBRLTED, BRI O HKOHE
Bidnbw 3 REFOHEAKEIZRT > T 5.
MMOBHIZIIEALITDOTE S THIRERICE
BHEHEIHO. ZOHDHRIKELDOFI80% 1T 1
WrBmE L, B0 0R0%iIcBOTRADELE
FEomED T X< ¥ Y (Pleioblastus chino) %
2 < ¥4 (Sasa veitchii) O BEE P 7T A F
(Aucuba joponica) OPALEMRAD LN BICT EX
V. THh SO O IR RIEA SN (D
hdH b, ot RNADETE6DH D, TORK

2 %/ % (Cinnamonum camphora),

S ) Binvivon, Entomal, Zool, 13 (3) 0 143—147  (2002)
WAL M M Y ) 147 (2002)

S 2005 T AR 20024 6 J110H
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3 km

2

=

B1 REERONE (HHEEE S 550 1K TR

BRU THREILE] & 0).

R I3#90.9haTH 5. Hho 2 DI B FRER D
HZ, 30 EIC, Mo 1 S INERO Ficd
5. —HOMDFEHIZEIAADSEREOZ SO
TRARA Y HOEENBH SN B,

EAM A DT, —EhMEM, B, sk
HIBER PN 7L OO B RH &2 > T B
W, REHEY Y VER EMERS NS hEER
TH5. FMERKTEOTEMNBEMBESNZ YD, =
5 DPFHEL 4~ 103 D i 1I~5@OF Ah
DITbN S, T OHEAFO QA IE IR
EEINBDM, T~z 7 X (Pueraria lobata)
DEXPAD NS, FHEAAMERO LT3
BWREINTBO L5931 44 (X547 5+¢
4 b, Orpchophragmus violaceus) O BH HE8H
5h 5.

2. AE

AR IZ 3.5km DIV — R 28T L, F 5

DHEO NS vy MARETo . WTHhOBE

HAETI0KED S BHIR L, 80~1004 2043 T & 11
PoBBUIKF a7 OEE & AERKATEL .
KRBT VY ZDMEIZONTREE R R EILT
DY, — rDHTH, R, LHEELREL, T
2RV DERABEREETICERTE LS
DED. FEIZI997E 9 A 5 19994F 4 B iz
TOMREM L. U L19974E9 H, 19984F4 1,
1998 E1IH D 3EIIMMR & 7 BIRED 72D F a ™
THETEXTHENBIL S M-, Bh, £7-
BENEL 20 0 RETKEMSCL ETH D,
ARAEDREAL U 72 DI 19974E10H, 199845, 7, 8, 9
A, 8XU199% 450 6ETH - 72.

3. BRI

Boh7c HBERBAET UBMER s EE,
VRS R B U, ek & 5B E AR
TREIRkmB ) DIEITHE L 72 b 0% HaE
sl
FavFREOREERE L RTHEMEL T,
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=AY
L7z,
ELfT
L, ¢
SNt
iz
F4H,
"3

> D,
8,9

Bz
R

LT,

)

Shimmon-Wenner |W 8 (H : £ L), Pielou
el e 0 M2 RREED, Simpson® A R
oo 4, FroBME U/ 4) REEELK
R oK), F e F aDREICX B EATITE
LR & LT, MR (1988) 12 & B IR
ML R U (1993) DEIfEE A+ EH

[

EREER

UMM GO CIIRENIZF 3 ¥ OEERE
AN b THA, 6MOFEETOF

Ao hbmns T RE N F g

#

24FETORMEIAR D F 2 v MBE S h/o. BIEMAEK
NhobtbEhoIBEIY< by Y3 (Pseu-
dozizeeria maha) TH V), HEEKEE D 58.8% % &
Bl WNTEWERRT Yo F a7 (Pieris
rapae, 13.8%) TH O, TA X I 74/~ (Gra-
phium sarpedon, 4.7%), 1 ¥ V&% (Par
nara guttata, 3.19%), + 3 74 7~ (Papilio xuthus,
2.7%) M hickins Fi, Tho RIS HEO
EEEICHT 5 HARIIEINTH - 1.
R2ILF a VEHEOZHRERS SEEREEE
FLwl. Yo by VI 1EBEEOBYHE S

B 82 @ h &
(L 1997 1998 1999 . EEEE
18.0ct.  31.May. 27.Jun. 25.Jul  5.Sep.  17.Apr.
R ]
/ b Papilio xuthus 1 1 6 7 4 0 19 0.905
BTy Pupilio protenor 0 1 4 2 2 0 9 0.429
[ T Papilio helenus 0 0 0 1 0 0 1 0.048
) Pupilio machaon 0 0 0 1 0 0 1 0.048
| gl Graphium sarpedon ] 3 7 17 5 0 33 1.571
W s Y
! Rty W Pieris rapae 2 66 11 12 3 4 98 4,667
(O SR LI Pieriy melete 0 10 1 2 5 0 18 0.762
L vy Colius erate 0 2 1 0 0 0 3 0.143
ah 4 1 Furema hecabe 2 0 0 0 0 0 2 0.095
) fa
e Vanessa indica 3 0 0 0 0 1 4 0.190
R R Nanivka cunace 0 0 0 0 1 0 1 0.048
W& Molygontu - aureum 10 3 0 2 0 1 16 0.762
IO "y G Hestina juponica 0 2 0 0 0 0 2 0.095
\ R R Ll
(Rl R Lethe steelis 1 10 0 0 4 0 15 0.714
! I v Yphima argus 0 0 0 3 7 10 0.476
U Ay g Nowpee goschkevitschii 0 1 0 1 0 13 0.619
g W
il Curctiy uctita 2 2 0 0 0 1 5 0.238
[ / Rl arata 0 0 1 0 0 0 1 0.048
{yvuena phlacas 0 0 0 0 0 2 2 0.095
e 2 Celastrina argiolus 0 11 0 0 0 2 13 0.619
£ Everen arglades 0 0 1 0 0 0 1 0.048
W ) Mewlozizeeria maha 80 1 25 22 286 2 416 19.810
[ T e ]
Voo V%G Witanthus flavus 0 3 0 0 0 0 3 0.143
(IR [ER Y Nirnura guttata 0 1 0 0 21 0 22 1,048
il 102 127 58 69 339 13 TOB 33.714
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ol #
®R2 FEHAOF 2 VEBEOEZKRERER BEOCHKIShdic b LHMTx 3. ) g
E BRI HEAGEOF s vEBEICET s MEE LT Lol
T 24 i, BB 2 BERNHARYE (AES, AR
EooN: - 33.71 2000), ERIEIFEYHNB OALERN OB N
Sl MR (ERVE IR AAA%E B, 1984), TR
et o B L OB AOROAH RS (F% KR RFH i

1- 2 (Simpsontg %0 0.630 £,1991) HEMBTF oG, TR AAEE N -

1/ 2 (FRFoOBIEED 270 DER->THEEFBEDLEAETS. BFEICHIT AN |
BB B A 19965 4 A 519994 11 F 1S3 TAH 1 TN
g&iﬁﬁ&) N [&EFHSEIEfBENTE D, SE3TED F 5 7 M "”
ERps 1.85 BRI TS, RICEREFREA THE silvinaing

ERas 2.70 ahikEir s e, BETHERESH, AT A

ERzs SRED BETEUM-LF a7 BUEIIOE 7. J0 TR

ERus L0 X5 7 AR O, R, ERE (S Ry
(115ha), MHRFEAH (51ha)), 4, FHEH (haf

W52, WTNOEZHEERES RN E OFESEBLTWEEEDN A, bRLHG
15 o7z, EMEEIZ43TH D, Bl (1993) o4 HE TR S MM CBIZE T X 1 - 72 145 sl
Ero ARG (BEK) B - AR (FH ORT, Fr/3Rt+Y (Pelopidas mathias) I HUBLI
5 oHhEINTBERRESHES N, —7, [E 1FEY YR ) EOHBARRETCH L &, T Pod £y
MEE T, Ers M KETH % HiEBas & D& v F aw (Libythea celtis) 38H (= / +) N
PINSWT En s, ZREBRE (BAER) OREE [T BTv5 5 F 3w (Hestina japonica) R
EHEXNT. DEESNTVWE I ER S, FERED DI OH G I
AU AR E A TOREIIERN T O AHtToFEETRAERE LiLametng v, £ B I KE)
MOMIZ T ENLMd-Toh, BE, BEE, KFILx BWHHOBBTH AL AT H Y 7T (Cynthia R
NENEROORENRITTETED, Fa 9 cardui), 3 F Yk a v (Argynnis paphia), () g

®3 AREAMEZBICHOTHRS N/ FEO LR

RIREARE EFOMA THES W 231

¢
Al

FITHN, 7aTHN, BEVFETHN, TAHERITH /N, EvaFay, XPr7avyaFavy, T2
FFam, FFaw, THITFN, VYT, R5Fn, T2F5F 39, eAFFay, EA95F 1
Su ) A HFRERYSEAN, USELUYUL, b5 TV, RIUUL, WYL UL, UNAL T,
Y hUUL, #2555k, AFEY UL

BER0ATHEINE

HSATHN, Dra0FTHN, YEFad, EXTHAITFN, I KbavEy, AV ¢/ A, Z
ua/)wFay, FrrFaY, THFEYS, 1M 0+ AP, T4V U, v F IV,
Frixtey, aF A xR -

FIRGIFIH T O 5 BB S h i
FTF A

YRR EO A FRERIEF T 3FITREMG L. BBOT -7 RAFES (2000) 12X 5.
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ELT
B S,
DEIE
984),
R B
& AR B
ZBlF
THI1
3 78
CHIZE
AT
. ZD
(87
thiE B

b2 14%&
1s) 1S

/ 4:)
onica)

Y|

ynthia
hia),

5111

W\ v (Parantica sita), U I F IV V3
Clampides boeticus) (ZIA T HETE 50/
LAt s, SR S R L LTk <,

R 1 B AR S DTN T & 5,
R e bRUIcEETE Y 5 Y v Y

VI DA IR &l 5. I XM o
{0 A Antigius attilia) Z3HEHHA A&
RN S (O AR It B S R7OREI -3 Y = AN A 3 el
WP 5 OO DI BEAEIH3X D B

(T S, ¥y a7 4 N (Byasa
whiinons) e v 0 v (Anthocharis scolymus)
PR N L,
WO Y ET B A RBIRARICK

(0 B A Lo, oo & 5 foFE i3 4 A #th
g, e lofiis s TR 0, B
PR PR oK E HD TN S,
LI MK TS 35 1 B S S O A B IR DL
S L T TH AT EERT HOERE
Cova O 000 G, KBTI © #R T g
Wl B A AR DS, Y ROF 3T DFE
WD) S G A B o0 TR LT EREE O RIS
SO LT A PR R D RRIRERIC I 1 B
R TR AN (R Ao YU = B N =2 A

e A s, AN oRERISAH D R
el f s Wik E AATEEEEA R L TD

#

TREAM TOREOHREEL T Iz
ERTSLCERAFERRICHELZETS. B
AP HAF RSB ZMRE (RRFR
(C), No.12680534) Ik B bDTH 3.

51 A 3k

SJEER « RE - ARHES (000) EHIF
%R 36 : 169-183.

SHELH - EEME (1996) IRWEHE 8 : 23-34.

A Fe il E - JREBRK - RERES
(1991) RBIE 4 183-195.

fiF# £ (2001) IHEEHE12 : 187-193.

EALRE IR A AEE R (1984) [EZFH
FHYKEITE AR EREEY H & pp.
118.

HIEME (1998) SRR AEFRIM U@
[F a3V OR~T] BRBREHWERZRR,
pp. 69-91.

HEEERRIFS (1990 Sl MlEE Bk
[HRAROBE | 13+ & HAR, pp. 192-197.

B o\ (1993) BEEBEENIEO Ak THAR
EEFom T LR# B2%] BABEYS
pp. 83-90.

M 3 (1988) i & 2 BREFTMoO—FH .
[EEEOREDES (B ABHFE R
& (6) | HABEAT 2, pp.527-566

FHSE5A (1997) RE)E 8 - 198-207.
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bpar b Vovion, Entomol, Zool. 13 (3) + 149—156 (2002)
AL W MY 3 149156 (2002)

MR
. = v, 1),2)
iz bDESLUEBRERILVE Y
— A4 A F Y VHEEREPIE LT
otiib i
R TR
LI % U8 PCB, 7ulFr, P TFIAX
' - {L&4), DDTH.
L G SRR L ED @ HIKEES P EAERE RO, BED

U e L i, s, B B IR ITEY
M A R Ob s DR, BT,
PG PR, RN LI e LT B AR
PR RO AT S 5. A
LR, IS N R ) D B SRR AR
ORCDY S T0 I, il B E T
Sl L Bl L s B RO BRI ARV
i s, AL, cheobold, 1)3E
@EON, 2 S ey T RF 7D
BP0 WA, N B R OORY, BRI, AR
BN, et RO, Y R
POAATT A MY, S o DR, 5) TEEAR
SN i o oo T Y =i B
D W
R0 2 4 AR IR~ D 1
S VIR ), i (RER
VTR ML OB o S EER

ECRI ) A s S O MG HE 5 T
P4 U Ak e R B

AV A &

| [t A LA A

EENEEEMER LAY TRV Y, T4l
Fyy, HCH, TV, ¥V

B BRI > ThB N, HEEE PR
BEICELTF -y OEHEBLET/LE  EX
Jx)—VA, RAFL VAL <—, AFL Y
<=, J =T )=

@ LFEREEBITOVWTESHORE « TR
o - LA OSHOBRERVE Y.
FRO LS, BEACBOTROOME PR
LKA 7 NEREOBRERLVESTHD,
Hiz, FA4AF Y VERBAEORERRLANT
ARIC A Rz g alfetaim CEEEhTh 2
Foob, RN F HE A 5 0 75 B O S i
BHOoNTWS. #-T, KR TRIAAF ¥
IOV TREOEH L MEAERHT 5.

FA44F L VEOENBR

19984 5 §IcWHO (1 R{REEMED &, 71
*EVURORAR—HENETH AME—HE
KE (TDI) o #e{E4%10pgTEQ/kg/ BH 5
1~4pgTEQ/kg/H (1pgid 1k D 1g) WKEE

AL, B S ey il (2001451 LB 16H, KBFRIASE) k13 3 #ENAICMELI6DTH S
Vo O Dives amd Eavicasmental Hormones - As an example of pollution by dioxin analogues -.
Vo biideakl Miyats Setsanan University, 45-1 Nagaotoge - machi, Hirakata, Osaka 573-0101)

— 149 —



e

95 & & H1IT, PCDDs, PCDFs iZ 1 & CTH 7212
Co-PCBs % # il M & L7/ (R 1). WHO s
HUEHEALE UHME, BloMEIcL-Ts
AT FY HN, WHREBZ SN T WL D SUE
TR (K -T8RY, RBmGl, A2,
HRESE) P TENBRBELRE T &S »
XD oTH S,

R2IIRT LI, ChoDpEEEAED T&/N
MHERICE T 5 BRI RN ERRIT, RE
1kg 2472 1) 1228,000~73,000pg DMEIT T X751,
B, Bex—BEBCBT I3 EERANARREES,
000~6,000pg TH 5. L L, —BHETH SERN
EDOHA1320,000~30,000pg TH D, LR opEE
PWEIZENEMEIZELTHA, J0LH5HC
ERZDOEEEICEBLTNE, DRy,
WHO (35 1 A4 F > VI & B ARE LD ERAL
PLETH S EHEAL T 5.

WHODHIEA 1) T, bHAET & TDID K #E
EAtwF S, 19994 6 HiZ10pgTEQ/kg / H 2
5 4pgTEQ/kg/HICEE N 7e (hoeEsis sk
SRBERMEESIEN, 1999). Ll, 202 E%
D20014E 5 A, MARICHE Y A4 F v VMO
BB T & 2 RERERE T, REEEDSE
L0 &K 1pgTEQ/kg/ Hiz#&xE L1z, & 7z,
EUZEE & 2pgTEQ/kg/ H (K23 14pgTEQ/ kg

1 KREICBIE5 A AFY HOWE—AE
B (TDD -3 EER4LE (VSD) (WHO
/IPCS, 1999)

TDIZ 7212 VSD
E4 5 5 3B 4 (peTEQ ke / H)
BN 41)
T 10
WHOWMNHIR R 1~4") (BAEE 1 ki)
*5 4 22 (Co-PCB %4 1:)
2Y 2 —F 22 (Co-PCBA A1)

KAy 22 (Co-PCB %4 t:)

1FY % 22 (Co-PCB%5&H)
14507 22 (Co-PCB% &%)
K E RS R T 1

KEHY T+ =T H 0, 007%
KERGEEDT 0. 063

1) Co-PCB% 42,

2) KEBEOMFIETSH 5 14pgTEQ kg ' MA —H 27 h (Ziw
L 721,

3) FAXFY UHEREYHE LT, BT LSS TERE
U714,

/) OFEBEMEIZE E L 2 (EUROPEAN CO-
MMISSIOH, 2001). & 512, WHO!Z, i 4, TDI
D HHEAEA60pgTEQ /kg/H (2pgTEQ/kg/HAA
M) KEETETETH B,

Ubo ki, EE F4 4+ v HoBEMIE
WKLY &EFEMS N 2 EMIZH b, TDID A
HET AR 2peTEQ/ kg / H & 3 M # 1L

%2 WHOILKAZTDIEEDORKIIL - A4+ v D&Mk EKNATE (WHO /IPCS, 1999)

BROBEBEICEITS EROEHBEIZL S

7 fE sy
HRE R BADERBE (pg/ke) HEBRE (og/kg/ 1)

FVr1 6 (1997) T b 28, 000 14
T T E I

=)L & (1997) VAR 50, 000 25

B b EZAALINE 4 v 2 (1998) A O S BE )

LA 5 (1997) AR 73, 000 a7
T O AR AT

ey ER—< L (1989) bl 42, 000 21
A (7 0 Wi

Y75 (1993) Y 42, 000 21

T PR
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—H &
(WHO

1)

PN
BT
2K
B
X0
L)

CRE

B TRE

N CO-
-, TDI
g/ HH

B
DI D A
zhll

5
/ H)

%

[ L iin- T3, &L, HREICEES
N O WHO R REEEA LT L2 o1, D
(LD ARG L, EEBEAEES N B AR
AN W, bR A A F Y VR
Pt II|!UWuU:t2~SpgTEQ/kg/EI'C‘%é.
Lol DS R 75 sk BE D 2pgTEQ/kg / HIZ
Qs G, MBI TDIAEET A 2 &I
LA Y U BIC K ARERERBRAE SN
Wiy s, Bt T, TDIOEHE & &I, 18
0 R AT 2 D ORBR SN EES S,
POl Il S Y A o F 2 VEEREOF90%13
MRt Lnedhsd, £0kn, BHEFEBOFE

VLA ) 22 TN R KRB AR o 5 R HEfE
R AR I AL F T, REBERIR PR
P 2 e s X R EEO T E &
RS 1 A

oA S A IR E S, A3 KR
PO LN O LA E T 5 & SRR &
b RO IRE IR S A F 2 VRO

VA i T, RETSEIIBIR &
R R S (A £ g 2 = = Ry
sty PR RO REESZT T
G e, ISR SRR B T E AR

Gl ARy s T e B ChETEER
P i e o W IR BE A R AN R
Bopbhckes o, KEoREIIREE

Cidcin o Ui, AU, BREER 3, BETE
PLAE & UM L, o 12 150ppTEQ /g A R e ¥e &

! At/
YAANL MO FEORIK

OO TE oo b Sk Y A F o SRR
I W v RO E B X O S T
ey, Al R O A ) BERUREO
L WL 2 o R e F IR L,

S A R KRS h D s EINTL A,
L (R ST TR/ IR AV E: ;- Jol: 1
IS R B L1 N HA TR TRl A e O o S
T AU A 3 by s o, TRI3EI2H 18 H IS

NFE LT (BB, 2001). 2E0BREHAICE
FEARBHERTH Y, DOBEICBIT 2REFROD
FELYD THO NI 2 EBWZL S, LTI
ZOBEABNS 5.

RITRT L O, —HIRE (05#), A4
R (189H1) B LUWE (Q6HLA) 1tk
ZRIAFITAAF v VHOEMTHEESE, 20
Z1 0.14pgTEQ/ m?*, 0.15pgTEQ/ m’, 0.17
peTEQ/m* TH H, WTFhoMSITB LT HIEM
U7oiBgHkii T 5. 2E9204h &, REFHHE
D 0.6pgTEQ/m* £ BB L 7o S 1%, &4 D 1.1
WITHUTB107FFTH D, £ORNRIT BRERE
T4 rpn, REBRALT6 rHiEi>T5S

INFERIKIBOKRE 1B 1 B e RR I, R
1,612 45T 0.36 pgTEQ /L, 7B 1043 4 T 0.22
peTEQ/L 5 & UHFIR400H &5 T 0.13pgTEQ /L &
755 TH O, HEE<OME <N DN e A2
BEFCRABEEICH . AN, 11650
M, 3,991 9 % 83 A 1T B W TAH K
KEFHHED 1pgTEQ/ LA L Tz, @ L
783t A SO I EIITH Y, TDOFEMITERS
IR, A OZWEGEH IR, BHER, ®
S, KB, —EE, FriRRTHS. 4%,
S DB AT B B EYRIFEFH LR NBELR
RBER5.

1,479 85 TR S h o T K E o T 75 4L i
FIIE <, BRECHYUE 1 pgTEQ/LD#y 1/101CHH Y
T 50.097pegTEQ/LIZTEM L, i, ARSI N
foath S CIREEREMEA 7 U T LT,

ANFEFKIRIES 1,836 051 B ARETI
T YHBEE, I (9.2pgTEQ/g), #MW (11
peTEQ/g) ¥ X U#EH (11pgTEQ/g) &b iC
EYL T UL, AP HEIcE T 2 &S
412 1,400peTEQ /g B8 L U'470pgTEQ /g IX &
HoTHD, BOTEL. BB Lz Lo, BE
THR I ANBHIICER T 2700, HiEE A
BT HIERER & B ENLREEN S, 2Ok
HIZh, EEREMEORMERMNEL SN S

AE 3,187 A T HBICHANITO N, 1HiA
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F3I THRDREES A AF U VBICGZRERAEE GRES, 200D

i

&

HAL - R&Kpeg-TEQ/m’ /KEpg-TEQ/1 JEHpg-TEQ/g +Hpg-TEQ/g
. . B HOE R
RESEA MRS 4 TR b T 2 " —

| RS | B/ME RAH

— AR IR 705 | 4 0.14 0.0073 | 0.76

F A U5 ] 3 189 | 6 0.15 0.0078 | 1.0

K&K - .

AR ] 26 0 0.17 0.018 0.53

£ 920 10 0.15 0.0073 10.0

il 1,612 80 0.36 0.014 48

iR 104 2 0.22 0.028 2.3

AR AE = —

HER 400 1 0.13 0.012 2.2

2k 2,116 | 83 0.31 0.012 48

Tk 1,479 | 0 0.097 0.00081 0.89
aplll 1,367 - 9.2 0.0011 1,400

itH7A 102 - 11 0.20 47

AN RIS

HEIR, 367 - 11 0.018 470

B 1,836 - 9.6 | 0.0011 1,400

—RERER 1,942 0 4.6 [ 0 280

+i% Bt P T 1,089 1 o o | 1,200
Atk 3,031 1 6.9 0 [ 1,200

(0.03%) T-HIFRIEFE¥D 1,000pgTEQ /g % &
BLT, 2ERAEICOVLTIE, Z0EHriIoy
SHRPEEAE (9HhE) B X OFERIEMER
HE (6HE) MEMSh, 2HhA TRERAMED
EEH S ARSI N TS,

BIRIA A X VEOFEREZOR
mAbE

RAIRT LT, BRARHICBI 2 HE—7
RUAIC BT 2 OB FE S 4+ V8
B, 15~33pgTEQ/g THB. ZDF—%IC
HEOSOTEN LSRRI L 3 ROBEENH,
67~149pgTEQ/kg/H &7 0, A —HERE I
W U 7o Re BRI E D 2pgTEQ /kg/ H % 344%
~T0E BT S, &5, ~BRETLAEED
BAITIE100~2000E OB@AFEIZN S, 20k H i

EEMCRIEYHELBL CRILOLTE2M AR
BT ILEDH B I EMEFIN TG,
HhETEIARS A4+ VHOBEIZOLTIE,
RANBEEIRTH 20 RBFHETH 200 AHD
RETH -7z, LU, BHELRFFHLEIE
ORFAMHEICEL D, BIAF O A4+ VHOK
FYREOHILENCEFETOLDICHET S I L
MBS &1 - 7o (Miyata et al., 2001).

RSIRT IO, EE®RSHBE~6 r AHICE
3% 7T ADIR—AY0ICEIT S A4 F
v oHo—OBEEZ, 257~384peTEQTH D,
FRAR I R E A EBIERAD o, ZofR%E
EETHE, BHENICEBRL TV A 14+ 0
e UTRIHRICHIE s h 2561013, BEL
RO 5 A4 F 2 BBEIIRENIC - EoRDR
R, UL L, B REDOFH —-HBP R,
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EE R
T3,
NTH,
i
Fil &
IOPN
5 &

Ik
{4+
50,
T3
- Y
=)
HIE,

f#

R A IO B Y ok Y IR R

VI I
; - !
A | (mﬁEﬁm o
0 10 I 474 1.3 =1.4 10
i 0,20 I A : 1.4« 1.5 ._-6—
T [T1] 211 I 1.5« == 1.6 _._ 8
(IRLI 040 I IR I Lo = 1.7 _._ 5
i 05 I KN .77 1.8 1 5
i A 0 6h | 00 LR<CE 1.9 1 2
il 00 | i I 1.9<E2.0 | 2
(T 0 N0 | 20 | 2.0« % 3.0 . 13
i W [ARE | ek 30 .40 2—
i) 10 | WK 4.0 .50 . 1
R Il (M I 5.0 - 10 0
(N [ O | 10 2
| [ I 0 :

S s ToopplrQ, 1 fI~3 5 AT
O VO T b bR BRI R & <
P izll~xT, 35 H~6
LR W N v s e, o XD kR

PR 7 Ay o8, REREO L

T TR AU TR T

OBERTH D, ENEBEREBKD & DI EIRKT
BB EMPES M EN 5.

ek, HAERELS KRB & L THE
Bz bAmEsh Ty, BRI BILEH
WEBLORESITOATE., LhL, @0
HIRIZCNEET OO TH S LRI, BFLO
EORGABINT 5 - S0 X 0 Bl b & 15
TE 5 EAVHREL 7.

RUELET - ZIVEEYOEIEGNIE
[CEAg BRI EEE A1 F T2 iFE

20014E 7 H, TARVIB(LE 7 x ZVEEEH D&
BB B RSB AT hic. 15
ERTHARSE S TLARVE/AE T 2 =)
(PCB) % pET5 2 HMNET EET
bH.BIE FAAF v, RV YT
5> (PCDFs) BXU a7 3+ —PCBs (Co-
PCBs) O 3RO EMEEE I A4 FV V&
BRLUTHM EN T 3. Co-PCBs 2 PCB D —
DS THY, BE, ¥4+ F v U8 ELTHME
AHEEL - THALDER2EBHENSH 5. 19874,
HABXIUT A U HOHKPCBELHIZDINT 3
D Co-PCBs BEMHRIE I NI, R6IIRT &
I, bAETREICHEH SRy TS

PN MG O ALY A A F 2 HAE RIS BT B BIE ORI

AR Ui

F AW i CprTEQ/ g BN

¢ YAk V% (pgTEQ/ H)

(BN UY: TL AT

B L kg

(I cp

BRI Cp ke /D

WYL (g kp /1T

YA A s MU (peTEQ/kg/ B

YA A MUY (peTEQ/ BD

BRE R 6 A

15.0 12.9 1.9

0.261) 0.0352) 0.011%

2.43 3.26 3.99 3.15

3,17 4,46 6.34 7.75
51.61) 31.32) 15.7%

155 118 99.7
3.77 5.70 4.69 3,14

81.1 85.5 60.5 37.4

| 257 381 384 290

RN W V2R R (RIS
SRR | R W § R T X [
Vi~ o R (R,
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3

5t

%6 PCBEGHTD/) ANV 75F—PCBEER

275+—PCBEHA=E (ug/g)

3,3,4,4-TCB ] 3,3,4,4°,5-PeCB | 3,3,4,4°,5,5’-HxCB & &t
fxy = | :
300 4,300 18 ND N [ 4,318 N :
400 8,000 68 | 0 8,068 o
500 1,700 28 | 1 1, 7? )
- 600 970 5 | ND 975 -
77— o -
1242 5,100 19 ND ) 5,119 o
1248 6,200 52 ND 6,252
N 1254 620 38 | 659 -
1260 250 3 ND 253 N

MKanechlor 300~Kanechlor 60012 ¥ 1} 4 B E {3
975~8,068 £ g /g (0.0975~0.8068%) T & %
(Kannan et al., 1987). Z OBEEEILITHHAIT 5
L 1L TDCo-PCBs DEEIZPCBD 5%
MECLLsAbOEELIONS. 2L T, 205%
EEDCo-PCBsiZy 1 4+ ¥ v HBEE L LT,
PCB1g X7 DI H i peTEQIZHNT 5. — 4,
EFTICTFT LI, PCBEED NI VvABKET
Mide L7cia, 1gDPCBh o 7144+ v vERK
Mg T 2 i~ 4 fE pgTEQ @ PCDFs S EK T 5
CEMHAE XN TS (Des Rosiers and Lee,
1986).
PUEDXSICPCBRRAZH I A AF v VO
YHETH 5. BifE, SEO BT, NFER~RFE, 1
2F I OHEERICPCBEED T VAPV T

VH—RREEIhTWAN, Chox@BIEMDR
BNCFE T B o &MY A A F L SEBREERD
THBDOTEETH 5.

EEYENRRICEIIRRRIMTF
Y UEORERE

W, FEOYAFF Y VI ERBETAEKIEA
CEMA L DERRIAAF Y VEMERSINT
W3, FAYTRIDRERIAAF Y VHESY
A AFVUEERABIIHEI LI ->TED,
19944F, ABLF 1T 2 PR HENRES NI
(Basler, 1994). ¥ 4 A& % ¥ VHAERENEEE
OB NT, RRRFAAF LV VHII>0T
REAFEL, MEIENIEELHRT &0 -
T3,

£=7 KRIZEBZPCBAODREVEMY N 7T v DHR

1g ® PCB 5 A L 7 PCDFs D&
% e PCBO PCB 0 5 R = s =
5 E= g1
(ug/ml) (%) al HEEESE
EHE (pg) (peTEQ)
S % wh 5,000 82 ~ 88 7. 500, 000, 000 375, 000, 000
$ 1 i 500 87 ~ 92 4,140, 000, 000 207, 000, 000
L 4 50 88 ~ 90 3, 560, 000, 000 178,000, 000
1) EH&E&D1/20& UTEH.
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InD R
IR D L

&1EH
=nT
Hx s
cCk D,
an
LIRS
2T
EM -

#

Wi, S oAy y, BREE, BEMEICRE
AMW AT KRN Eh TS, Zh o OER
AL Gl ah s ERRRT A A F Y

HiAVND D, RAERTAAF Y VERERRR
(1 ¥ {44 (PBDDs), RELSNV VT T

D, AL RS A A F L B LT
SRR ST v e NEFROLE
BRI O 4, WERT A F Y VR, B
b skl A s hto I X D $95,0008 O
W RO B A A F Y B
Y o e - T, TR I & 5 B
ARG D S MR T A A F Y Y BROR
B amm s, BIWCAT LI, BRER

T Wi, MiAAL Y 1 A Fv VB
VO L PO S8 o 10~20% R E T H

CAO s N L LRI R A R KGE
i ik, 2000y, Ly L I T o FEER A8 IR

A Ay, i e L TIRE S T
VAN Gt i b, YRR L~ RE
O oty LR T S
TN R (RO [ R S R 8 BT VI R f A e o

TRATIE (TR vy (395K o

LETIOESAMREE LTHIES L. 2032
BEZVAAF L UHORLI/TICTERD. B
T, WHAEEGNEH SO, 2RBRF A F ¥
VHAENSEE LTHEBESALEOE, TORER
BIERRI A4 F L UBIEEYULCBEIZLS D
O EfEE NS,

HEAZICE 2 AEBROBMEIZIRD L1121
3. RSB T LT, ST D —RRBEESBEL
ok BP0 2 5 A A F v L EOF K
ARy, 851ng/m’ TH . RERIAAF L ¥
FHOELBEIZ8. Tng/m* THY, YA AF ¥
D116 %ICHYT 2BETHS. RERS 1A
U UBORER, B/ RERVEMNT A F Y
VERESTED, £TOEHR AwS VEFNRE
EEFTHIAFENST A AFV VHIE, <1 F—
B EE > TOA. FH UKL &ERBRIKPEEA
RicoWTh@DONA.

—F, 187 Fr DL BERMBEEIEEI 17 5 HF
HZAPDF A+ F Y VEOTEEE E511ng/m’
ThHoMN BERFAAFY VHEED19.9%I
M9 2101.8ng/m' Thot. RIPoHoH
15 &5, —ARBEE IR T L TR BEBE R

Ron it R O U Y B E RERS A A Y RRE

CRALL —R e BRI (STHIAD
VAN | BERIA AR R Lk (96)"
| €/ BEAYERC | BRI 5 3
| FAxFY Y FAAFY VR
T m'le Hsl 7,52 98.7 11.6
MR g i) § 128 { 234 0.11 234.1 17.6
WAL ) I X! 0.11 3.11 9.4
CTY PER RIS (181577
R TB BERFAAF Y VH ek (%)
) RERVERE | RER & ot |
Wi G At 86.5 15.3 101.8 19.9
(LT | A0 72.4 0.88 73.2 14,6
WA g ) : 1A . 0.19 4.89 14,0
R A B M Y Ay o REIE) X 100,
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YIBEHIRERIZ R BRI A A F ¥ U EHORAE A
HHICZ L. Chid, RREIERE S — R E
MEOGEEREFEMICLOZEHFEShBZZ &
BRTZ2LDEEZLNS.
RERFAFFV VHICHET 2 HMERDPHE
B, 74 A4F L VHITHANTORDENTH S,
LinL, ChEToORICLD &, REZRY 14
FUUHRSAFF L B ERBEIC, AL T
Y= UTHEREEL oL, 72, ~aX
VOBEBRMELERESRE LTSI, BERS A
AR I T4 F D VI E RS BRI E
R EMHEIL T B CREF, 2000). 5 - T
Sk, RRITEEROREER S & L b, L
W PBRER JEEOBHTAEBLE L Ebh
5.

5| A 3k

Basler, A. (1994) Regulatory Measires in the
Federal Republic of Germany to Reduced the
Exposure of Man and the Environment to
Dioxins. Organohalogen Compounds, 20 : 567-
570.

FRBEFEBRBERENS, £FREERS,
HonfiEAs (1999) ¥4 4% v OlitsE
—H#ERE (TDD IZ20T.

Des Rosiers, P. E. and A. Lee (1986) Correlation of
chlorobenzene isomers and PCB homologue
contents of PCB fluid with PCDD and
PCDF contents of soot. Chemos-phere, 15 :

1313-1323.
EUROPEAN COMMISSION (2001) Opinion of
the scientific committee on food on the risk

assessment of dioxins and dioxin-like PCBs in

food.
BREEE (2001) PRRIZEE S 1 A+ ¥ VU ED
LR AKR.

Kannan, N., S. Tanabe, T. Wakimoto and R.
Tatsukawa (1987) Coplanar polychlorinated
biphenyls in Arochlor and Kanechlor mix-
tures. J. Assoc. Off Anal. Chem., 70 : 451-
454,

BB R R KGERREEEE (2000) AR 114EH
FTAXAFY VERSHKBERE 201
BET 14+ VSO LERE.

Miyata, H.,, T. Nakao, O. Aozasa, S. Ohta, F.
Ochiai, Y. Shimizu and Y. Fujimine (2001)
Investigation on main source of dioxin
analogues in human greast milk. Organoha-
logen Compounds, 52 : 234-238.

KEF#EA (2000) EAERFEVIFLER &S HPF5
HEE (V1A F Y VHORNATRICET
% MR 2 WFSE), ~FRCIAE R A Rl
MEBEERLBAWRBE.

WHO /IPCS (1999) Executive Summary Report
of ‘“Assessment of the health risks of dioxins:
re-evaluation of the Tolerable Daily Intake
(TDI).
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HEOGIC & BT O B
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R = =2

(=4 VX. )Y pui

B RN o fe DTNy ZEREEDSRE AT

G DR R ey Lo oo IR AR I S,
WA e e ), REOBRARICH
VRIS AT 4 O BI S RIRE & 72 > T &
Sy, Kiw 7 oo ENELT
R B L S JERDIA DB Lo
P s iy s hcnz, ChsDH LR A
P A D PR TE AR B B
VT R S sl 2 Yo B RO E T
GEM IR S e R, SRR U Y
R LA 7L [ R I W (ko i M OB A Vi
Wt i, & L g o e kg B Wit P
COL NN T B (B S,
COnE P, oo, une gL e E LT,
i GnvEdym by, h=Fh—a DAt
DT )AL TIRED
Il ERIR LY
SN AR, T Y BB D 72
POONENRG 0 AR S s, BYEY
GBI A AR L, SRR b o
SRR R A DR AR LB ] @
G WAy ok e e T

R U1

] -] I« £2

VAR R Y

B4 IMEHLUON, BRIEET T NEK
KEI4T573TEL, ADFEEDESHLTY
LAY "B 5.

FEEENS Vv TICLBERER

1. Y HOREN, E#EG

YA OEBITEMIE [BHEIKE), REIE (hEE
5] LTHEY, YHORME~DORA, REDOK
HREREINEESEC0ABC 5. HERHEET
I EVHOERMNHEMEGL TEESIH I 5.
ZOBPEEREBENATROIAREOLIEMBH ST
UV WY A TREREIET LT ESLTL,
A IS S RSB A A 5 2 LN TE 5.
—7, L PHFEDO Y HEHTRIRRZD & DB
EEBZHOTIEAL, BERFBEIIS AN
BRI L Z OB EPELERNTHEELEFZ 5.
FDw, BOENT V7 & ST U HR E WS
S, EIAMAZ S DICHERYT 2 SRty
HOBEEERNICREIL TS, ~NZE YT b
2 O BB R OB EISFOEIR AR 1, B2
AT FUREICBOTRIME Y A o#HEE 01
Btk 2 7o IC B EREE (FESRD
1k EEhTns (FHE, 1983).

(HR) PHZEMKE &L FrIcEFES

| booia, H b b ds )% 4
Mhmvd s

ol of Mesiceal Peata by Yellow Fluorescent Lamps.

Wy D ERBR ] (0014E11R 16H, KIRFALKSE) 131 5 #HAAICMEL

Vb bosak s CMaiabi Bectric Works, Ltd, 1048, Kadoma, Osaka 571-8686, Japan. E-mail : kosaka@cec. mew.
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M1 ~REYIMYOER (HEER VR
HERD).
{, BEFroZtEARAEIC LIcROEAKILO
4 1M E L& @F s oo llEEO T %
WH (A, 1983).
2. BREES v TORRDH
ABOBIEELTRERL 520, H£E380nm
(%) »5780nm (FR) DEEMICH b, ARMHM
BLUAHLEENDEREOHBERLIZSDMN
BEE ALRA R GRELHARE) TH 5. B3
IZ Bickford ® B OB D43 45 (Bickford,
1964), fE¥ES LB R R O HEATRT v 7O
SN HETRT. ThEhOMEaMITkKESE

1

K2 ~ZXEYIIVOKER (REEIGF) (VM
FEKD.

100 LT3,
3. ESREBENEERENIT (M - HER)
EYWY V- RET (H4) BREY
Em— o ZETHBITE LTHHAIN S, &
B HEVEKEE £ Ot 8 R Tl %
FiF, BERKFICETEN A, HE MR
DREX, BBSIILL-TEN S, RIERE 1
VT AEFERTELLIICHET S MR v
FERB REORERK MOMTRIICE X5
10aX72 0 BEZI108~45LETH . HRE
KT OBLM SRR T HEE I RO RARE

09 ABORRK /

08
07 }
06 |

e

RO05 |

7

oq | EEOW

X

0.3 |
02 }
0.1 f

0

AN

240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690 720 750 780
BEE tm)

K3 EROHE, ABMOHEE, HAMOLS » 70408404, (Bickford, 19644 )
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2. RIRIEORE

HENIT LSS SRS EYIC 52 585
Rl B i, BMER TR, RETHEROT
HERACETHERE (PPFD) % #lEd 5.
ZDE Y —OaLRE R IRER OO BRI
SORZNTERSERARNREIRELSRL -
TWa. 4k, SHREPRENITRES O HEHE
(Ix) doXAERBEIE T REE (PPFD) % i
BT A2 EMNEETHOERLEIBER TRAL
Tk, HEOIOES v 7OoREMS X S0t
FOBMEEAR 1IIRT.

R1 OLERAMEE T HEERERK

; 1000V &7 &
x " %9 @ PPFD "
BERST Mtz v ) 10
LU TFEEZEHE L - 7A0, 1995)
A5 7 19
IWEBFELBAOES » 7 (EX-N) 14
BEdEs v 7 (W) 13
AZNNTA KT T (SO 14
BEFNITLS S 14
VIS S 12

1) PPFD : Photosynthetic Photon Flux Density. B {3 ¢ mol*
2e-1
m2s-,

BHRHEHETJIZEBD—FR—=V3vDOPHD
PhieEBROM (EERILRBRERINE Y
¥ —TOER) (A S, 1996 /\# S, 1996)

1. h—=R—Y 3 VOV HIILBHEARR
H—R—v a3 iE3NT, F7EEHRIRIERH
DUEDTHD. h—F—VvarOfEEILHES
5z zpldtAyNarTe, ®El, #—x%x—Va
OB UEINT . Z IR L, 4
HOBEEOHFAAD, AEEROTRST. £0k
B, A—Fx—varo [{E] & U TOR @il b
WL ->TLED. £, "NAELVI M P YD
AFEVI MYEEECEIL, BEL I ShanEE
rREETEL ®7EAA5s N abol, K83+

X8 AAFNaHoHhR U\EIFEED.

FEZNATDOHHTH S,

2. HERIGAR

AR R HERZMBPEATICHEN 5 RiE
EHERALKE. A—F—Ya VORREITE AT A b
St F AU, 19944 5 HaNzE ML 7. — 4,
BEAZTLAOHBERE LT, ABRE» o8
200mEENIH S RIBET, FUOKETH 5
RS, 6 APAEM L. h—x—Ya v
O HERZBROBITICNE > . KRBRHM PO
KQBREOY, KECHBZRAMKEhTE
b, YHEZARICEREONNETEERTEBR
RIZHE - T 3.

3. BEFHE

HEZF 6 AP (B 9) Ak, FRHELN
SN0k T D ET 608k %, XIRX TIHEE D60#k D
HEZEITIT - 72,
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