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(1) GC/MS�6��:���

GCyKb��39®¯?DB-1�30m×0.32mm×3.0µm�'°±²��³K´µ�°±²��³K¶

·[¸¹z�b GC º»3¼½:¾¿�39À:/�ÀÁo�Â�6>�+t2/cÃ�9U´µb

3AlÄÅ?Æno�50ng/mL Ço���/��78AlÄÅm?�¨ G>�È��ÉÊ:ËÌ'

�Í�TEAghª«¬2À'ÎzÉ/�Al2l�9ÏÐ/ÑÒ89�Figure 1ÓÔ�UÕ9?yK

:Ö×/Øl2Ùz��Ú/!�Ã�9UTEA ���'��4?

«¬%&:¦ÛÜHmÎzÉÝÞ/ßAÍ?[¸¹z�-à±��

��1á1�>�ÀÁoâÂ�6>�9UGC/MS��b Table 1'

ã*U

(2)  G}~gh���e:��

}~Ob��39®¯?TEA�ä�yå�mR.°æ:}~O'�çè/él9ê��/ëì>0

+/?Sep-Pak Plus C8bBl4 Backflush��*+t2'�Í?r�:��>��>�+t2/c

Table 1 GC/MS conditions

GC/MS: Agilent 6890/5973

carrier gas: He

column: DB-1(0.32mm x 30m x 3.0µm)

        �pre-treated with 1µL Na2CO3/MeOH

oven temp: 40�(1min)�10�/min�����

�30�/min�280�(1min)

injection temp: 150�

injection volume: 1µL

injection method: splitless (1min)

interface temp: 230�

ion source temp: 230�

ionization method: EI

monitor ions: m/z 101 and 86 for TEA,

�������

m/z 116 for IS (TEA-d15)����
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Air sample Collection 

Sep-Pak Plus C8 

0.7 L/min×24h 

Drying 

MeOH-AcOEt (1:1) 2 mL 

backflush extraction 

IS (triethylamine-d
15

) 100 ng 

GC/MS(SIM) 

Extraction 

Nitrogen gas 30min

Figure 2 Flowchart of Triethylamine analysis 

Ã�9U�����[¸¹z�>Àâl/?íî: GC/MS �6'ïð+Áo:QÃÒ[¸¹z�-à

±����1á1�239U(1)gh(2):�

�®¯ÃÒcd�e� Figure 2:2ïÍ

239U

(3) cde:ñò

ó IDL?MDL?MQL gh¢£v¤ ¥

:®¯b Table 2'ã*UAï?TEA�

��;>ô:Ý>À§õ34l+t2/

ö÷Ò8+t2ÃÒ?TEA ô±ôb TEA 2\]:��>

GC/MS cd392tø TEA 234��78+t2/c�

99ê�Figure 3�?TEAô±ô'=l4À¢£v¤ ¥b

©�9U

IDL MDL MQL recovery

(ng/mL) (ng/m3) (ng/m3) (%)

TEA 2.3 (n=7) 8.0 (n=7) 21(n=7) 89.1(n=9)

TEA hydrochloride - - - 95.5(n=2)

Table 2  Method evaluation

(4)  G¦§. ¥

TEAb¢£3!" Gb}~39 Sep-Pak Plus C8yz

��{|?gh[¸¹z�-à±����1á1�>��39

 ¥Z'=l4?s8ù8½¿ghúû¦§:ÄÅ:¦§.

b��39U�Tables 3 and 4�

storage time none 1week 2 weeks 1 month 2 months

stored at room temperature 100 99.3 100 88.4 78.4

stored under refrigeration 100 - - - 88.3

Table 3  Storage test of TEA (Sep-Pak Plus C8)

storage time none 1week 2 weeks 5 weeks

stored at room temperature 100 102 96.0 90.3

stored under refrigeration 100 94.6 98.7 95.1

Table 4  Storage test of TEA (eluate)

(5) �¨ G:�6

��	
ª:<ü!"ý�þ���ý�þ�gh�

����Ê�6þ��	
�6þ�'ïl4!" G

b��3	cde'�Í�6392tø?��> nd�8

ng/����27 ng/m
3

�24v:�� 3v���?�	


> nd�35 ng/m
3

�4v:�� 1v���: TEA/�

�789UFigure 4'�6�bã*U

�	��

	cde'�Í?!";: TEAb6��� 21 ng/>6�*+t2/>�?��!";:nopq

�b��>�+2ö÷Ò8+U9�3?6��'�<�:ô�TEAô±ôT�/�Õ8+U

������

1) ���������%&�z¸qzÊ�http://db-out.nies.go.jp/kis-plus/�

2��� 2�o��%&cde�Y��jk� p.1-9 

3) ��%&������:������ 20�o��

 ó 	����� 20?21�o��!��%&������:<�234��39À:>0+U

ó ó

Figure 3. Chromatograms obtained by 

injecting TEA (upper) and  

TEA hydrochloride (lower)

Figure 4 Chromatogram of an air sample 

collected at Tobata on February 22-23, 2010
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�������	
����������� JIS C 2320 1�	
���� PCB�������

��� ��!"#$%�%&'()*+,!DMSO��-1
�����.�/012 3456

7�8���93�!DMSO �/:01;<3=>!
��?�@ABC PCB 	���DE�

F��8G.!�HIJ���KL�M�N�OPQJ(R�9STUV���8WL6!XY�

:!(Z[\%� 2 ]^P�A_A`a�%&'()b�cdef�g.hi�jJkl%9

Supelclean Sulfoxide*SUPELCO-2-6
�����.!Mmno9��2 �pq�.8W	er!PCB

stuC	v1wx�y��!z{	5|�}.	6~���8

�!" 

Supelclean Sulfoxide*6g/20mL�+,!SPC-S��-� 20mL	^�����,�g����

�.�!40mL 	 n-�'��6�����.8��!45��	s PCB tuC*AccuStandard �

M-1668A-0.01X SET��f���.T	-����!40�L	 n-�'��6v1�g.89�!40mL

	 n-�'��:!0�10mL�10�11mL�11�12mL�12�17mL�17�22mL�22�27mL�27�32mL�

32�33mL�33�34mL�a� 34�40mL	 10�����.8���!10��	����Z�^�

�� ¡�����!HRGC/HRMS*micromass� AutospecUltima-�� HT8-PCB[�¢6��

£¤9stuC	v1wx�¥¦�.8

�#$%&' 

40mL 	 n-�'��6v1�.er!SPC-S ��	 PCB stuC§¨<:!55�125%67�.8

§¨<	=�tuC�y��:!v1v©ª	«¬3®���L��!¯��°��v©ª�

60mL G6±��g.pq���.8W	er!s�	tuC���� 80%+²	³´9§¨�}�

L31µ.8

G.!Tabl¶�· n-¸'��v1¹��(R�����!v13º»¼�½�.tuC�v1�¾

�¿�½�.8Table 1��!Deca�OctaC9S	@ABtuC3ÀÁ�Â>v1��ÃÄ3¥¦�

�.89�!DMSO�/01����TÅt��@ABtuC	§¨<Æ,ÇÈ3¥¦���L�

�!SPC-S����TÉÊ	wx3½Ë��.8���!ÌÍ	Î�Ï�Ð�AB�Ñ.9�tuC

PCB elution profile on Supelclean Sulfoxide SPE 

Koji FUNAKOSHI
1
, Tomomi IWAMURA

2
, Yoko KAJIWARA

3
, Kiwao KADOKAMI

4
, Toshiro 

KANEKO
5

1 KAWASAKI TECHNOLOGY CO., Ltd. , 1-1 Kawasaki-cho, Akashi, Hyogo 673-8666 Japan, Tel +81-78-921-1673, 

Fax +81-78-921-1604 

2 Aqua Research Center, The University of Kitakyushu 

3 Kitakyushu City Institute of Environmental Sciences 

4 The University of Kitakyushu 

5 Sigma Aldrich Japan ����
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12(17mL #143/#44/#78/

#35/#81/

27(32mL

#204/#207/#209/

#208/#121/#30/

#197/#155/#23/

#29/#184/#201/

#14/#188/#111/

#148/#7/#154/

#9/#68/#65, #75/

#137/#73/#17/

#205/#24/#21/

#160/#118/#106/

#185/#144/#140/

#124/#109, #107/

#76/#58/

#87, #115/#150/

#149, #139/#66/

17(22)L 22(27mL

#120, #110/#122/

#41/#16/#19/

#134/#174/#53/

#173/#129/#170/

#45/#157/#37/

#105/#56/#89/

#136/

34(40mL

#202/#203/#90/

#198/#100/#1/

#168/#103/#2/

#34/#196/#99/

#161/#146/#62/

#133/#192/#3/

#165/#183/#206/

#159/#25/#175/

#182, #187/#31/ 

#48, #47/#153/ 

#50/#61/#26/

#92/#6/

#112, #119/#108/ 

#199/#10/#67/

#28/#178/#57/

#101/#74/#114/

#8, #5/#80/#181/ 

#180/#123/#166/

#39/#147/#167/

#72/#36/#63/

#49/#38/#172/

#200/#191/#43/

#52, #69/#162/ 

#88/#104/#113/

#18/

#86, #117, #97/ 

#194/#4/#32/

#125, #116/#193/

#27/#141/#151/

#13, #12/#64/ 

#11/#94/#158/

#83/#142/#127/

#15/#85/#189/

#190/#186/

#102, #93, #98, 

#95/#22/#176/

#156/#20, #33/ 

#60/#130/#70/

#179/#138/#145/

#135/#171/#195/

#59/#152/#51/

#91/#79/#42/

#164, #163/#55/ 

#71/#131/#177/

#84/#82/#96/

#54/#128/#46

#132/#40/#126

#169/#77/

Ò 2,4-Ó!3,5-Ó!2,3,5-Ó!2,4,5-Ó�a� 2,4,6-Ó	Ê�ÔmfKAB�Ñ.9�tuC	v13Â

>9�ÃÄ�7�.8Õ2!v13Ö>9�AB��Ó���!2,3-Ó!3,4-Ó!2,3,4-Ó!3,4,5-

Ó	Ê�ÔmfKÓ��AB�F��T	`a 2,6-ÓÒ 2,3,6-Ó	tuC3¥¦��.8G.!×�°

��!jZ�IIÎ�Ï��y�� SPC-S 	 HPLC �[�¢����.v1wx¥¦���.e

r!ÉÊ�AB3ÔmfKÓ������.tuC	v1ÖØÃÄ3¥¦��.8+²	L��!

Î�Ï�Ð²	ABÙÚ	��Ó��Ûm37m�Ü����tuC�y��!SPC-S 	ÝÞß�

3±���ÃÄ�7�àá�.8

�#� 

DMSO �/01:!ßâ3ãä67måæ�.§¨�}�.ç�:!ßâY	èé�êë��8

���93�!PCB�ì�:!n¾æª 3íîï^%c���9S�Mm!ðæ	ñ¡�%J��

�c3òG����8LK�.óô��!õmö�3no6!@�÷Çu3øù6ú� SPC-S���

� PCB	v1wx�¥¦�.8pq	er!v1	Â�T	��!@ABC!ÌÍ	Î�Ï�Ð�

AB�Ñ.9�tuC!2,4-Ó!3,5-Ó!2,3,5-Ó!2,4,5-Ó`a 2,4,6-Ó�AB����.tuC3¦

ç��.8Õ2!v1	Ö�T	��!2,3-Ó!3,4-Ó!2,3,4-Ó�a� 3,4,5-Ó�AB����.t

uC3¥¦��.8���!jZ�IIÎ�Ï�����pq�y��T!AB3ÔmfKtuC	

v1ÖØÃÄ3¥¦��!PCB	wxÅu�ûÑ��er3}��.8
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1-@üýþ��Ð�cd�Vol.5�pp.647-675�1995

2-�Ú����� 16§Ð�cdq��ë	
�pp.818-819�2007

3-Masahiko NUMATA��Journal of Chromatography A�Vol.120�pp.68-75�2008

4-�Ú����� 17§Ð�cdq��ë	
�pp.422-423�2008

5-������ 17§Ð�cdq��ë	
�pp.430-431�2008

6-�����Ð�ðæ���No.11�Vol.36�pp.13-22�2009

Table 1. PCBs eluted in each fraction
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� � � � � 5.1 � 18 � 0.87 6.2  � � 1.6

1�2� �  PM2.5)D�oHYÄÅÆ�

11 � 26 a�12 � 12 a* 11 {�D`XI"ªW�e��"Be"Tl"Th"U }�P 21 /01Na"

Mg"Al"K"Ca"V"Cr"Mn"Fe"Co"Ni"Cu"Zn"As"Se"Mo"Ag"Cd"Sb"Ba"Pb2}{Ã�"'

�������c��D 4/0B� !"hiN{ÃGHe1Na#749�0.00 ng/m3"Fe#566�118 ng/ 

m3"Zn#427�18.7 ng/ m3"K#349�56.5 ng/ m32Z

"� #$�%&

��"PM2.5 0ghij�kkl}~��YD_eK"$ËT%c�I{|}n3&�B_Yeü"'

(!D���D PM2.5����r}VÞ�eB"�Õ")*+,qrsc� B-.u/�=01G2

IªW}34�YccîD"PM2.5*¢º��kyzÄÅÆß}ªW�Y5WN_YZ

6ö78� 12'��� 9:-&./01PM2.5239�������� �� 20� 3�

����



��������	
�������������������������

�� !"	#$%&#'()�*+,-.�

�

��� ������ 	
���� ������ ������

������������� !"#����$%&���'�#�������()$%*�+���

t-iwamura@env.kitakyu-u.ac.jp 

�

Accumulation levels of polychlorinated biphenyls, polybrominated diphenyl ethers and 

hexabromocyclododecanes in crucian carp in Japan 

Tomomi IWAMURA, Yoko KAJIWARA*, Daisuke JINYA, Kiwao KADOKAMI** 

 

Aqua research center, The university of Kitakyushu 

Kitakyushu city institute of environmental sciences* 

Faculty of environmental engineering, The university of Kitakyushu** 

Hibikino 1-1, Wakamatsu, Kitakyushu, Fukuoka, 808-0135, Japan 
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Abstract

Polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) and 

hexabromocyclododecanes (HBCDs) were determined in crucian carps (Carassiusauratus (gibelio) 

langsdorfii) collected during 2003-2005 from 14 sites, located in large cities, small cities, agricultural 

areas and remote areas in Japan. The concentration of �PCBs, �PBDEs and �HBCDs in muscle of 

crucian carps ranged from 51 to 2,700 ng/g, 2.4 to 160 ng/g and 5.7 to 15,000 ng/g lipid weight, 

respectively. In present study, residue levels of target compounds in remote areas were relatively low 

compared with other sites. Among PCB analyzed, penta- and hexachlorinated biphenyls were dominant 

and #153, #138 and #118 were principal congeners. The predominant PBDE congener was BDE-47 

followed by BDE-100, BDE-28, BDE-154 and BDE-49. α-HBCD was the predominant isomer of HBCDs 

except for in large cities and 2 of small cities where γ-HBCD was abundant. PBDEs and HBCDs had 

similar spatial distributions that showed high concentrations in urban areas. 

 

Key words: PCB, brominated frame retardant, PBDE, HBCD, freshwater fish, residue level ����
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Contribution of Benzo[a]pyrene to Mutagenicity 

in Ambient Air Collected at 11 Sites in Japan. 

Daisuke Nakajima
1

, Shiho Kageyama
1

, Ryo 

Kamata
1

, Fujio Shiraishi
1

, Shinichiro Nagahora
2

,

Takashi Sakuma
3

, Eiji Watanabe
4

, Kimiyo 

Kumagai
5

, Yoshiko Imazu
6

, Fumikazu Ikemori
7

,

Astushi Yoshida
8

, Yasuyuki Okayama
9

, Norihito 

Chaya
10

, Kiyomi Ohmori
11

, Kiwao Kadokami
12

,

Hirofumi Yajima
13

, Qing Yue Wang
14

, Sumio 

Goto
15

, Hrioaki Shiraishi
1

 and Noriyuki Suzuki
1

1

Natl. Inst. Environ. Studies; 
2

Hokkaido Pref.; 
3

Miyagi Pref.; 
4

Yamagata Pref.; 
5

Gunma Pref.; 
6

Shizuoka Pref.; 
7

Nagoya City; 
8

Tottori Pref.; 
9

Kitakyushu City; 
10

Kagoshima Pref.; 
11

Kanagawa

Pref.; 
12

Univ. Kitakyushu;
 13

Tokyo Univ. Sci.; 
14

Saitama Univ.; 
15

Azabu Univ. 

The mutagenicity of ambient air collected using a 

high-volume air sampler with PUF in summer and 

winter at eleven sites (Hokkaido, Miyagi, Gunma, 

Ibaraki, Tokyo, Kanagawa, Shizuoka, Tottori, 

Fukuoka, and Kagoshima prefectures) in Japan was 

evaluated by the microsuspension method using 

TA98 and TA100 strains. The contribution rate of 

BaP to atmospheric mutagenicity was estimated 

from the concentration of BaP and its mutegenic 

potential. The contribution in TA100 (+S9) tended 

to be higher than that in TA98 (+S9). The 

contribution in winter was higher than that in 

summer. In any case, the contribution rate of BaP 

was 1% or less. Moreover, the correlation was not 

shown between the BaP concentration and 

mutagenicity. Therefore, the presence of the 

mutagen whose contribution is larger than BaP was 

suggested.
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Seasonal variation of tumor-promoting potential 

of airborne particulate and gaseous matter at ten 

places in Japan  

Kiyomi Ohmori
1

, Youhei Sato
2

, Daisuke Nakajima
3

,

Shiho Kageyama
3

, Fujio Shiraishi
3

, Shinichiro 

Nagahora
4

, Takashi Sakuma
5

, Yoshimi Ohtani
6

,

Wataru Kawai
7

, Atsushi Yoshida
8

, Kimiko 

Haraguchi
9

, Masahito Yoshidome
10

, Hirofumi 

Yajima
11

,   Sumio Goto
2

1

 Kanagawa Pref. Inst. Public Health; 
2

 Azabu 

Univ.; 
3

 Natl. Inst. Environ. Studies; 
4

 Hokkaido 

Inst. Environ. Sci.; 
5

 Miyagi Pref. Inst. Public 

Health & Environ.; 
6

 Gunma Pref. Inst. Public 

Health & Environ. Sci.; 
7

 Shizuoka Inst. Environ. & 

Hygine;
8

Tottori Pref. Inst. Public Health & 

Environ. Sci.; 
9

 Kitakyushu City Inst. Environ. Sci.; 
10

 Kagoshima Pref. Inst. Environ. Res. & Public 

Health;
11 

Tokyo Univ. of Sci. 

The tumor-promoting potential of samples 

collected from total suspended particulates and 

gaseous matter using a high-volume air sampler in 

summer, winter and spring at ten places (Sapporo, 

Sendai, Maebashi, Tsukuba, Shinjuku, Sagamihara, 

Shizuoka, Touhaku, Kitakyushu, and Kagoshima 

cities) in Japan was evaluated by cell 

transformation assay using Bhas 42 cells. We report 

the seasonal variation of tumor-promoting potential 

of the samples and discuss the importance of the 

promoting potential based on the analysis results.
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Fig.2  Concentrations of PCBs, PBDEs and HBCDs in crucian carps
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