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�� ��������	
��
������������������������, ����

 !"#$%-&%'(�)*+, 5-.�/012 1-34��56 317�89(PCNs)2 217�

:;<=(PBDEs)>?@6AB�CDE�FGHBIJKLMNOPQR. S PCNs2 PBDEsTUA

BVWXYZ[. S PCNsAB\]^ 212 ~1209 pg/g (dw), _ 38` PCNs^a. S PBDEsAB\]

^ 117 ~ 5510 pg/g (dw). ab_ 6-8_c(A 6-8)^a. deLM6 PCNsLfghij�klmUn

op. PBDEsqabLf�rst. uPXYZ[vwxyz{z|6}~��, �"/��)*+�

PCNs� PBDEs6�bLM. )*+,�35 PCNs2 PBDEs�#��/01�����. PCNs6S

FGHBIJ��� PCBsSFGHBIJ.

��� ��� ����� �	
 �� 
���

���(polychlorinated naphthalenes: PCNs)��

���	
��
����(PCBs)�������

����(POPs), �� 75 ������(� 1(a)).

PCNs  !"#$%&'(%)�&*+,-./&

#012345/6. 789, :; PCNs <9=>

?@AB PCBs� 10%[1]. PCNs�CDEFG��H

IJ&KLMN6. PCNsO PCBs�PQRS@TU

VWXYZ�[�\]. PCNs ��^_���, �

`"a�bc� 2,3,7,8-TCDD, de>= EROD O

AHH 6fg [2]. 7hi, PCNs �a�j?klm

�noT&pq�&=�PrstSu PCBs�vw.

mx�yz3{|}~s���u PCNs[2].

� � � � � (polybrominated diphenylethers:

PBDEs)3������ (HBCDD, hexabromocyclo-

dodecane)����������� , �@?!"-

.W��������/, �,�&�~r�3��.

PBDEs�� 209 ������(� 1(b)). �"�B-

./��	
��� , ��� >rs¡¢£¤¥

W�¦s. PBDEs
 HBCDDQ���§m"x�¨

©s[3]. 789, ª«W�¦s� PBDEs Q¬­®

26000 ¯ , °¬m±²�³©´�{|s�µ£u

PBDE 47, 99[3]. Q�¶7·¸¹n��º�
 PCBs

O PCDD/Fs ��¶?»�a�¼Q��½¾¿À�

ÁÂ3�ÃÄÅÆÇÈ3yÉÊ[3].

PCNsO PBDEsº�ËÌÍ�&ËÎÏ(&ÐÑ

Ò6Ó� , ÔÕpq�ÖB¹����×qØ [4,5].

ÙÚs PCNs, PBDEs �RSÛÜÝÞ��ßà3Ù

Ú=áâ�ã�ä¢¤¥pq�3Ù>rs . �"

���åA�(AÇ&Aæ&Açèé'), èêëì

íx�îï. ð��=ñòóôõ, ¢´dö÷, è

ø½gùúûÌ�s�������?º�üý�

þ��. ½s��Ùpq�3ÙÚ=�s PCNs O

PBDEs ���G��hi. ��	�
��
��

����½���� 5����·�pq�3 1��

��ðs 31 � PCNs, 21 � PBDEs 3 HBCDD ��

?�?&¿�Ó�3��EF¤�����.

� 1 PCNs �����(x + y � 8) (a)� PBDEs 	


���(x + y � 10) (b)

1 ��

( ) Pr!". ·�pq�Pr!" 1997# 7

$3 1999 # 6 $, %!&'ó!P%m�
�¾(

)�
�*+OÙ,-.à�Ù/ 5 ��0!"u

·�pq�Pr. ��¿��� 2 12, !P���
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34l3Pr56�· 1. �ðPr" 2002# 6$!

"78��(Pr9: M2). !"�ð�PrBº�3

:;<&¶?�&¿�=��>=�?@��AAB

�ð(Mytilus edulis Linne). Pr!"CD"EF"

−20GHIJ§.

� 2 �������	
��
��

� 1 ����
����

�� �� �� �� 	
 ��
�

A2 36o15.23�120o19.28� �������������� 1999.6.30

B7 36o15.27�120o18.84� �������������� 1999.6.30

J02 36o12.86�120o13.16� ���������� ���1997.7.16

J06 36o11.34�120o20.55� 6 m� ��������!�� 1997.7.16

J07 36o07.42�120o19.05� 10 m �������"��� � 1997.7.16

(K) 	/
L�M�NOòP. ¿Qs1!	

/RB HPLC» (S� Riedel-de HaenTU>r). 13C

��VWX� PCBs, PCDD/Fs WPEYZ�

Cambridge��V[\]. ^�B Silica Gel 60(0.063

~ 0.200 mm, S� MERCK TU ), _	`B CN

Alumina B-Super a(S� ICN Biomedicals GMBHT

U), bcd�B Bio-Beads S-X3 Beads (200 ~ 400e,

Z� Bio-Rad TU).

��QM�NOòP�f: ñ	^�: ghis

450Gjk 24 h, lmsHn, o§mp�qr�s

tus. _	`: Ô!vw!ñ	, xyJ§mz{

�lm%s.

�»|�^��QM: ¾} 2 cm, lP~M.  

M������~M����B: 1 g �Ì Na2SO4,

1 gñ	^�, 2 g 33%H	^�, 1 gñ	^�, 4 g

44%�	^�, 1 gñ	^�, 1 g�ÌNa2SO4, ZPr

�v, ! 30 mL������M�, ��L�MÔ¹

nßà/¿�R�.

bcd��QM(GPC): ¾} 2 cm. �� 6 gb

cd�(�LÞ���)D"����s^�S�, �

P~M, �! 1�1�����/���Í�����,

� 3  ¡¢�£¤bcd�¥dR�¦pÑWM�

��. ! 100 mL �q§ 1�1 �����/���Í

����M�CZPr.

_	`�QM: ¾} 1 cm, lP~M,  M��

����~M����B: 1 g�Ì Na2SO4, 4.5 g _

	`, 1 g�Ì Na2SO4 , ! 25 mL������M�.

(¨) PCNs O PBDEs v©�. PCNs O PBDEs

v©�òP!!ª�«¬­Ó@
���ª���

�v©�òP[6, 7], mf6}¿ B, Cs, è 4��®

��^_ PCBs O��ª/¯°B fg »Ì^, ±wÁ

Â PCNsO PBDEs�@õ. pq�Pr: Pr3HI

lmC�², �� 5 g¡¢�Pr
�ÌNa2SO4³�,

D"´µ¶·%s, m^�Nus.¥ 400 mL��,

.¥¸¹º»2�¾W(13C 1,2,3,4,6,7,8-HpCDF, 13C
1,2,7,8-TCDF, 13C 1,3,6,8-TCDD, 13C PCB 138, 13C
PCB 153, 13C PCB 180, 13C PCB 209), ´µ¶· 16 h.

�¶·�s.¥ 0.5 mL¼�, ½äÎ�¬ 0.5 mL¡

¢, ¾k¿�! 5 mL���õ?ä¢¬�»|�^

��QM. ! 150 mL �����, �À�k¿¬ 5

mL ¡¢, .¥ñ	�ÁÂ, ÃÄ&ÅDS�C!�

��õ?ä¢¬ 20 mL�stÆu, !ÇO�ÈTÉ

¬ 0.5 mL ¡¢, ��Æus.¥ 0.5 mL ����,

! 1�1�����/���¾Cä¢¬bcd���

QMs, ! 50 mL 1�1�����/���Í���,

v 16 mL�À�ÊË, ¹"C 30 mL�À�, ¾C!

ÇOÈT�É¬ 0.5 mL ¡¢. !­? 7% ����/

���³��¾k¿�õ?ä¢¬_	`�QM ,

! 12 mL 7% ����/���Í���Õ}¿ A,

ÌC! 6 mL ����Õ}¿ B, �! 30 mL 1�1�

���/���Í���Õ}¿ C. �¼�� PCNs�

}¿ AO B, !ÇO�ÈT�É¬ 0.5 mL¡¢, ä¢

¬¤Põ$Æu, .¥ PCB208&209 ���Í��

B¤P¾W, �!ÈTÉ¬ 15 µL, Z�¿Q PCNs.

¾¿QC�Í�
Z6}¿ C �¼, !ÇO�ÈT

�É¬ 0.5 mL ¡¢ , ä¢¬¤Põ$Æu , .¥
13C-PCB141, 13C-PCB208�B¤P¾W, �!ÈT�
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É¬ 15 µL, Z�¿Q PBDEs.

ð�Pr: Pr3ÒI, �£Í�Î��¿ÏÐ

Ö�Ñ, D"HIlm�lm¬ÒÓ. � 7 g ¡¢P

rÔpq�Pr�òP¶· . �£�õ�q�­?

�¶·�, mÈT�fÉ¬ÒÓ, @õ{|�?. Õ

Ö�¶·�!½äÎ�×k¿W 1 mL ¡¢, ! 100

mL ���¾k¿�ä¢¬¿�Ø', ÙÙ.¥ 50

mLkÚ�ÃÄ 2 min, ���ÛL'ÜCÊË, Ô!

kÚ�g|¶�ÝW���c¸BÞ . ����.

¥ 50 mLËß�Ì, ÃÄ¿�C, ÊËÌ�. ¾��

�RS~��Ì Na2SO4 �Ø'Sà¬á�Nu, ¼

!���â�¿�Ø'3SàØ' , �Jã:�ä

¢. �¾Pr�k¿¬ 2 mL, �f�ä�lpq�

Pr´µ¶·å�C�©�òP.

(æ) L���@õçè. PCNs @õm EI 3

SIMéóf!T�L�-����(Finnigan PolarisQ)

¤�. L�MB CP-Sil 8(50 mê0.25 mm ê0.1 µm).

L�Mël : 80G(2 min)-25G /min-200G-4G /min-

315G(10 min). ¤P.ël: 270G. ìT: íîïT,

�ðB 1.0 mL/min. RS½§�� 2-8�� Halowax

1014 PCN ³W(ª�«¬­Ó@
·ñ)¤�õ? .

1�
òó¤�uo�
¸¹ºô�.

PBDEs @õm EI 3 SIM éóf!T�L�-�

���(Fisons MD-800)¤�. L�MB DB-5MS (30

mê0.25 mmê0.1 µm). L�Mël: 100G (2 min)-

20G /min-140G -4G /min-200G (13 min)-4G /min-

300G(10 min). ¤P.ël: 250G. ìT: íîïT,

�ðB 1.0 mL/min. õõ?�RS¾W��¤��.

1�
òó¤�uo�
¸¹ºô�.

�"pq�Prs PCNs O PBDEs �?óm pg

», �j" PCBs �Ì^, 1�!Ë¿öº��×@

õå:��÷ø . %!�O����V� Ìùl

§½[� PCNO PBDE���¤�?ú.

(û) üý¿Q PCNs ©�òP. Pr.¥¾W

C!´µ¶·%¶· , ¶·�3k¿CR¥þ��

�(florisil)M¤�}¿¿ß. RS�ÌC!��ñ�

�M¾ PCN
 PCB��y���¿ß�E. ��ñ

��M� 100 mg AX-21ñ��/^�³�� (³�§

B 1�20) �m	� 50 mg ^���¤�Ö. }¿ 1

�� 5 mL 30%�����/�����£, ���®

�3�¿ü®�� PCBs. }¿ 2� 5 mL����£,

��
®�3Õf�ü®� PCBs. ¾}¿ 2 .¥

PCB208, 209���Í��B¤P¾W, �!ÈTÉ

¬ 15 µL, Z�¿Q PCNs.

(�) üý PBDEs ¿Q©�òP. Pr.¥¾

WCD"´µ¶·%s! 250 mL����¶· 16 h.

¶·�½Î¬ 2 mL, R¥ 2.5 cm¾}&20 cmí��

�ñ	^�/Ú�	^��?§B 2�1 ��QM, !

350 mL �����. ¾�£�:�¹"C½Î¬ 2

mL C¤��!d�bcL�M(GPC)¤�}¿¿ß.

GPCM� 6 gd�bc
{�Ö. PrÍ�.¥MC

(3ê0.5 mL), ! 1�1���/������. ÊË�

16 mL�£�, ÌC¹" 15 mL�£�, ¾CmÈT

�fÉ¬ 0.5 mL, .¥ 13C-PCB141,13C-PCB208�B

¤P¾W, �!ÈT�É¬ 15 µL, Z�¿Q PBDEs.

2 �����

2.1 PCNs �����

½����pq�s PCNs�¿Q
ò�· 21

2. 3-�W 4��¸¹ºB 90% ~ 100%. �"���

��mþ���MZ�c�ßà , 5-��¸¹ºB

25% ~ 90%, 6-�¬ 8-��¸¹ºB 0 ~ 90%. o�<

^RB 0.3 pg/g. µ£�B 1 pg/µL. ���Ù·�p

q�s¿ß�õ£ 31� PCNs. �· 1��, � PCNs

bí�?£�mÙ,--.©�� J06, ¸�í"C

D��. � PCNs �?�� �
�s��� J07 �

212 pg/g (dw)WÙ,--.©�� J06� 1209 pg/g

(dw), ^R<B 585 pg/g (dw). í" 7-��� PCN�

��@óË"µ@�.

ÁÂÙÚpq�s POPs�?¿��èV���

EF&ÙÚ��çè(#^RTë&Ìë&Ù�&�

�6)&pq��}Ö(Þl&����?6)6. �


���IJ3x."sm������, èø, PCNs

�� �y"sm�
��� . �
�±�3�±

���(A2, B7)pq�s� PCNs�?
�
���

(J02, J06)�§¸�üË. �
�b@�����(�

5 ����)(� 2)[8] �
��� Y�±, !"�

#�� , Y$.Ìi%�ê¸ , �ðówtS 10

cm/s, �"¹��£&ò��ðü'������

§m, $.à�������((%¢¬@)�p,

ê*�O*±+¢dö°', AÔ��&±�BË�

�p. PCNs,"ÐÍ&-�ßà��, m�
�¾Ù

���éóf, ÈÖu¸��Ì^¿�./.

0Ì���	��R1�2B�y�O3��
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���ÝÞ�
�m�Ä� , èø���kl11

!����?4�	 . x7hi [9], mª�5� ,

PCN �?
����?�6�w@. 7è����

"8539:	;Ö���S? . ø<=�m@�

��ÙÚO@5,s�?����?OpqR?¥

¸�
pqì�����6. mÆ5,�>�, ÝÞ

�&���&Ì�?@£¤óüA, <�B¥�£¤

'	ÄuÓy��! . �
��½EC�o¤Dl

ü@�Ì�, èøpq�s PCNs �¿�EFWÞl


����?�ÁÂ. �?���f: Ù,-.©�

� J06(3����GLÎH)I�
�±��� A2,

B7, J02(JK�L�)I�
�s��� J07(K-JK-

L�).

2.2 PBDEs �����

�w@�himYÌYùlüí� PBDE 47, 99,

100, 153, 209. ��hi½����pq�s 21 �

PBDEs3HBCDD�¿Q
ò(· 3). ¸¹ºB 60.1%

~ 104.2 %. o�<B 0 ~ 0.15 pg/g. µ£�B 1 pg/µL.

� PBDEsbí�?£�mÙ,-.©�� J06, §C

D����?í£¬­��¶?». � PBDEs �?

�� �
�±��� B7� 117 pg/g (dw)WÙ,-

.�� J06� 5510 pg/g (dw), ^R< 1380 pg/g (dw).

HBCDD Mm�
��±��� J02 µ£, N�?ü

í(45.3 pg/g (dw)), 7è�O¤��P¸. PBDEs�

y� 6-��f(� 6-�)B�, 7-8� PBDEs@óË"

µ@�. �" PBDEs
 PCNs�Pó�0Ì����,

èøZ66"Ù�&pq�Þl&����?�ÁÂ

 
 PCNs�`. <ÕQR�� J06Prs PBDE 153

S��?� 87%, ·¸8��0�Óõ� PBDEEF.

ê�<hi [10]�ÙÚOTÌpq�s�?üí�

PBDE 100 m����pq�s1S§Ó¼w@, g

ùu PBDE�EF
U+VßWA�w�.

2.3 PCN � PBDE ���	


XYC¸��s1�Z�“EF”�[��\ .

��F�]¿B0FO_F . ½ÙÚpq�EC^

�¿B�FO_F. �F�B0F��B_F. ½�

Ì`«, “0F”�R\Qw�Ýa>= PCN 
 PBDE

�EF, ê�3S3"OU+C�¤aEF. _FR

S@TBbWÙÚs���, cÔ7E�0F, �]

óQUV� , ½ÙÚECQÖB_F . PCNs 


PBDEs �EF^�¿BÔ!EF
�»EF. Ô!

EFwd�ÝaG�¤a�ó
 PCNs 
 PBDEs �

IJ>rÔ!�6 , ()¹n���me�¸¹%

!Sfs�g� . �»EFhEYx�ñ´s
±

R=>Sfs>=� PCNs 
 PBDEs �	I>rs

�i>�&KLMN&�j6.

k� PCNs EF�òPevÔ!��y�“»l

P”OmnP. »lP�»��EF� PCNs º��

�����&����}Ö. oEFwÞ��, »l

pq**�Pö2 . �ZZ½pq¤��9
©�

 dÕWw�EF�vw , x�"����mU+

Sfs�"rl&)�¤¿s�¶�3t	
¿Òð

º�w� , »lE�='	 . ½"ÙÚpq�EC ,

�" PCNs uv:��U+êE, èø��s“EF”

�y�»B¥EF, ¼
�»lP��EF�¶e.

mnP�»RS½pq�wxs� PCNs�?


PCNs >r#=>?yzX{�3�� PCBs �?�

§üEk| PCNs �}EYÔ!EF~��EF. 7

hi[9], PCNs m5,s�pqR?�#��'	


PCBs �`, c Ü�W�·�bíõ©�»¶�@,

ÌC�ÆW·� . ¹�'	Ó���¦gùu��

Q��Þ=>�	
���yz'	mn . pq�

wxsX{� PCNs�úû<��Z�¼®Wõ<�

#�y§ PCBs� 20#, ¹
 PCNsO PCBs=>


Ô!�£¤÷����. PCNs �Ô!CEm���

����f�­. m�Z6��, j�@?Ô!�m

60 #��v, êKLMNi@?£�h�m�u�

# [11].  8»£�� , �Z�!»lPG�mnP ,

������1w�, èø !£ º�¿Q.

����pq�s PCNs���¿����Ó0

� 3�� PCNs�?bí(· 2). �ò PCNsMM�R

S@TWVßBbêE, ê
EYà�0F, h 


PCBs ����`, cË¿�?���S�n[12]. Ì

ê�� J06� 4-7� PCNs�����?uv
 3�

� PCNs �^, ·¸ PCNs EF"}Ö³��B¥,

êwMM�_VßBb, ¼N�@?í�� PCNs B

¥ . ;Ö¹����7è�BÙ,-��Ì�H�

ÝaB¥ , ���3�����-.pq�m��

3Ù���!f;Ö�{|��� PCNs�3"c1

�“���!”. ���Ì�H��	\�
ò·¸

©�S���s PCNs�?y§½���í£ 1.5 ~6

�[13]. 1Ô!��Ì�Hs� PCNs �?B 250000
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pg/g. ��Ù,-�H� PCNs �?¶7evG��

Õ, x� | J06 ���dFW���Ì�H�Á

Â.

����pq�s�¡PCN/¡PCB §<mÙ,

-.©B 0.04, ±���B7B 0.74, CD��B 0.18

~ 0.26. �n
¢[12]·£@Ts¡PCN/¡PCB §<

m 0.20 ~ 0.25�¤B PCNQUV��oTT£úû

<Ó�, ê§<�¤@" 0.25 h�·EY�UV�

�“0F”�vw. �ø��, ���Ù� PCNs �@

A¿B	�EF. ��� J06��B�·����H

EF, ����ß�ü_� J07��B�·�@TE

F. J07 ��©"�¥�����Z¦, èøÙ,-

�Ì�Hm�£&ò�����!fwEU+W8

¦0.

�n PCNs����m�NSfs�Bi>�>

=. 7hi[11]PCN 39, 44, 45/36, 54, 66/67�3 73�

m§¨s�Ö. ��himKLMNi§¨s PCNs

kl��B 4�O 5 ������6 �O 3��2 ����

�O ���������[8]
��m@Tsµ@Wm PCNO

PCBIJ>rsw§m� PCN���, �B 2,3,6,7-

������, � PCN 39, 44, 48, 54, 60O 70[9]. è

ø¹n�����B�NSfEF�»2� . ��

��pq�3ð�sµ@W PCN 45/36O PCN 66/67,

x¼�Bµ@W PCN 39, 44, 48, 54. ��KLMN©

é
�ò���§üÆ , !Z6�NEF»2�k

|��¦���§�w@ , x¹¼w`ª����

pq�s PCNs ��N>�EF. ���jSdF


��§«ü@ , êQ�ã7·¸�j�>=
PCN[1,11].

�B��/-.� , �"��	
��� ,

PBDEs � >rs¡¢£¤¥W�¦s . èø

PBDEs �EF �y�¿�UV&KL�N&e�

¸¹�.ISf6. Q¬@W PBDE 47O 99�¤�

WVßU+W _¦� [13]. 7him�n9­�®

oTs PBDE 47, 99, 1536�?tS 10 µg/kg ¨¯,

PBDE 209�?B 260 ~ 490 µg/kg ¨¯, HBCDD�

?B 840 ~1400 µg/kg ¨¯[14]. 7pmº�9­��

]¾oTs�¨¯�x°±" PBDEs �b�y�²

}. m±²¦�ÙÚ³©´�s PBDE 47O 99��

?°¬tSùl³í� PCB153[15]. ½����pq

�EC, ªu-.©<, PBDEs EF �y�_F,

UVC3@TpÑ¤¥ÙÚ.

2.4 ���� PCNs � PBDEs

�����ðð´Prs� PCNs O PBDEs �

?¿�B 1150, 753 pg/g (dw) (· 2O 3). oµ­Ö{

|s�?({|�? 8.31%), � PCNs, PBDEs�?h

¿�B 13800, 9055 pg/g{|. ð´s PCNs�?


pq�^R<�§3"u@¶ 2�, {|s PCNs�

?
pq�^R<�§3"u@¶ 24�.

�ðs� PCNs���3����½��?�v

w
pq�å:w�. 3-�O 7-� PCNs m�ðs�

?:�Ë"µ@�, ê1�pq�s 3-� PCNsS�

·¼N@�µ£u 7-� PCNs. ½§�f, pq�s

5-� PCNs @ó�µ£, êð´s 5-� PCNs �?n

�jí. ð´s 4-� PCNs�?bí(S� PCNs�?

� 95%). 7è�d�(1)�ð¸¹�ß¹&`º�n

PCN ���; (2)�ð¸¹�ÑÒ�nË��Oí�

� PCN���.

�ðs� PBDEs ���3����½��?�

vw
pq��§¼�»@�� . pq�s PBDE

47, 99, 153�?tS~a� 100 pg/g (dw), ê�ðs

�?tS 100 pg/g (dw)� PBDE 28, 32, 47, 99. Qh

i¼½-ð��¸¹�¦q< PBDE 47[15]. PBDE 47

��¾�N���Óy� 5-����, Q��§m

"oT&â�3x�}~s , b�ÕW=¿6Q .

Jones6x[16]·£ PBDE 47m�¦s��À§m��

B PBDE 47  yzÁ@fE�ü@�EFÙ(¦ª

«£E~�e�¸¹%!1;Ö���ã7. PBDE

28, 47, 99m.Â@Ã@Ä3Å±ÆÇx©s��?

Q¿�® 0.22, 3.39, 1.19 ng/g {|[17], �����

ðs¹å����¿�B 1.2, 1.4, 1.4 ng/g{|, g

ùuâ�ã½���������3"q�È .

ð�Pr
pq� PCN�a�j?kl(ΣTEQ)

ó©"Æ" 1 pg TEQ/g (dw)�Ì^(· 2), b@<£

�m�� J06(0.65 pg (TEQ)/g (dw)). TEQ�vw�y

EY PCN 66 (TEF = 0.00385)O PCN73(TEF =

0.001)[2]. ð�Prs�" PCN 73 �?Ë"µ@�,

± PCNΣTEQ=� 0.063 pg (TEQ)/g {|. <ÕQR

��, J06©� PCNΣTEQQí"ª���n��(^

R< 0.046 pg (TEQ)/g (dw))[11]. ÉdQ� PCN¡TEQ

moT&pq��3=�PrstSu����

(PCBs)�hi [11], x����pq�3ð�s

PCNΣTEQRË" PCB¡TEQ [18].
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� 2 �������	 PCNs 
��
������ a) (��: pg�g−1)

J02 J06 J07 A2 B7 M2
���� IUPAC �� ���

(dw) (dw) (dw) (dw) (dw) (dw) (lipid)

PCN 3-1 PCN-19 1,3,5- 5.0 23.2 6.2 13.2 24.0 nd nd

PCN 3-2 PCN-14/24 1,2,4-/1,4,6- 40.6 93.4 11.9 85.3 16.3 nd nd

PCN 3-5 PCN15 1,2,5- 15.1 8.4 11.3 22.6 22.9 nd nd

PCN 3-6 PCN 16 1,2,6- 11.9 25.2 9.0 9.3 21.5 nd nd

PCN 3-7 PCN 17/25 1,2,7-/1,6,7- 15.4 26.5 33.2 50.7 87.8 nd nd

PCN3-10 PCN 23 1,4,5- 14.6 164.3 72.6 46.2 109.2 nd nd

PCN 4-1 PCN-42 1,3,5,7- 5.5 nd nd nd 2.7 21.0 252.8

PCN 4-6 PCN-33/34/37 1,2,4,6-/1,2,4,7-/1,2,5,7- 20.7 47.4 1.9 27.6 1.0 458.4 1259.7

PCN 4-7 PCN-47 1,4,6,7- nd 3.5 nd 6.0 nd 137.0 236.8

PCN 4-8 PCN 36/45 1,2,5,6-/1,3,6,8- 7.9 29.8 9.8 15.6 40.1 23.9 1786.9

PCN 4-10 PCN-28/43 1,2,3,5-/1,3,5,8- 9.4 34.2 0.4 11.7 5.1 104.7 1263.7

PCN 4-11 PCN 29/30 1,2,3,6-/1,2,3,7- 5.8 20.2 2.1 10.6 20.6 19.7 871.3

PCN 4-15 PCN-35 1,2,4,8- 6.6 nd 0.9 nd 37.7 148.5 5516.4

PCN 4-16 PCN-38 1,2,5,8- 16.7 26.7 4.0 10.9 88.1 105.0 1648.7

PCN 4-18 PCN-46 1,4,5,8- 11.3 98.3 19.9 9.1 59.7 72.4 287.5

PCN 5-1 PCN-52/60 1,2,3,5,7-/1,2,4,6,7- 29.1 87.3 nd 22.0 nd 1.4 16.3

PCN 5-2 PCN 58 1,2,4,5,7- 2.8 16.2 5.4 7.3 12.9 4.0 nd

PCN 5-3 PCN-61 1,2,4,6,8- 6.7 25.8 nd 17.0 10.1 8.3 nd

PCN 5-4 PCN-50 1,2,3,4,6- 6.2 22.2 nd 8.5 0.9 9.8 48.0

PCN 5-8 PCN-57 1,2,4,5,6- 1.0 5.0 nd nd nd 7.0 99.8

PCN 5-9 PCN-62 1,2,4,7,8- 5.9 20.1 nd nd nd nd 118.1

PCN 5-10 PCN-53 1,2,3,5,8- 1.4 6.3 nd nd nd nd 83.9

PCN 5-11 PCN-59 1,2,4,5,8- nd nd nd nd nd nd nd

PCN 6-1 PCN-66/67 1,2,3,4,6,7-/1,2,3,5,6,7- 46.7 128.1 7.2 32.4 3.9 4.2 50.3

PCN 6-2 PCN-64/68 1,2,3,4,5,7-/1,2,3,5,6,8- 10.8 28.0 nd 5.1 nd nd nd

PCN 6-3 PCN/69 1,2,3,5,7,8- 38.7 49.8 nd 5.8 15.8 16.8 202.0

PCN 6-4 PCN-71/72 1,2,4,5,6,8-/1,2,4,5,7,8- 9.0 15.0 nd nd nd nd nd

PCN 6-5 PCN-63 1,2,3,4,5,6- 11.1 24.1 3.4 5.0 3.2 7.3 88.4

PCN 6-6 PCN 65 1,2,3,4,5,8- 0.6 nd nd nd nd nd nd

PCN 7-1 PCN-73 1,2,3,4,5,6,7- 65.1 153.6 12.9 55.4 9.7 nd nd

PCN 7-2 PCN-74 1,2,3,4,5,6,8- 9.9 26.2 nd 3.7 nd nd nd

� 3-Cl 103 341 144 227 282 nd nd

� 4-Cl 84 260 39 92 255 1091 13124

� 5-Cl 53 183 5 55 24 30 366

� 6-Cl 117 245 11 48 23 28 341

� 7-Cl 75 180 13 59 10 nd nd

ΣPCNs 	
�: 585 432 1209 212 481 593 1149 13831

ΣPCBs[18] 1683 32635 1164 2233 796 8415 101295

ΣPCN/ΣPCB 0.26 0.04 0.18 0.22 0.74 0.14 0.14

ΣTEQ 0.25 0.65 0.04 0.18 0.02 0.005 0.063

a) nd: �
�

� 4�������	
��
�������

��������	
����� PCNs � PBDEs

��� . � !"��#$�%
�� PCNs �

PBDEs ����&'�(�)(��*�+,- .

����	
�� PCNs� PBDEs���./0-

�(123456�(1.

3 ��

789:����%	
����� PCNs �

PBDEs ����;<=>�?@A�B4 �CD,

EFG:HI:
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� 3 �������	 PBDEs
��
������ a) (��: pg�g−1)

�� ��� J02 J06 J07 A2 B7 M2

(dw) (dw) (dw) (dw) (dw) (dw) (lipid)

17 2,2�,4-TriBDE nd nd nd nd 11.2 nd nd

28 2,4,4�-TriBDE 13.9 119.9 9.1 19.2 nd 106.3 1279.1

32 2,4�,6-TriBDE 13.1 3.8 6.3 8.1 19.2 193.3 2326.2

35 3,3�,4-TriBDE 11.3 8.8 nd 9.4 8.2 11.0 132.3

37 3,4,4�-TriBDE 15.8 28.6 6.3 19.8 nd 48.8 587.2

47 2,2�,4,4�-TeBDE 96.9 67.9 41.7 35.4 0.4 114.3 1375.8

49 2,2�,4,5�-TeBDE 9.8 11.9 nd 9.6 4.9 50.3 604.7

66 2,3�,4,4�-TeBDE nd nd 41.2 2.8 nd nd nd

71 2,3,4,6-TeBDE 4.1 1.9 nd nd nd nd nd

75 2,4,4�,6-TeBDE 22.2 28.8 22.6 27.6 30.6 21.9 263.2

77 3,3�,4,4�-TeBDE 11.3 31.3 1.2 11.6 10.5 6.2 75.0

85 2,2�,3,4,4�-PeBDE 6.6 nd 10.1 5.8 nd 10.2 122.6

99 2,2�,4,4�,5-PeBDE 96.2 175.5 89.0 121.6 nd 112.9 1358.1

100 2,2�,4,4�6-PeBDE 6.4 7.4 nd 8.9 nd 21.3 255.8

120 2,3�,4.5.5�-PeBDE 41.1 19.5 nd 8.5 17.7 0.7 8.6

138 2,2�,3,4,4�,5�-HeBDE 14.5 28.3 nd 22.4 10.0 7.3 88.3

153 2,2�,4,4�,5,5�-HxBDE 108.6 4791.0 48.7 172.8 4.0 25.7 308.9

154 2,2�,4,4�,5,5�-HeBDE 20.0 186.8 5.7 12.0 nd 22.3 268.7

166 2,3,4,4�,5,6-HeBDE nd nd nd nd nd nd nd

181 2,2�,3,4,4�,5,6-HpBDE 3.8 nd nd nd nd nd nd

190 2,3,3�,4,4�,5,6-HpBDE nd nd nd nd nd nd nd

ΣPBDE ��	: 1380 496 5511 282 496 117 753 9055

HBCDD 45.3 nd nd nd nd nd nd

a) nd: 
��

� 4 ������������������� 	 PCNs! PBDEs��(pg/g (dw))"#


� ΣPCNs ΣPBDEs ��

������

������ 210 ~ 200 120 ~ 5500 ��

�� � ��� 60 ~ 25200 [10]

!"��� 70 ~ 10700 [10]

#� !"��� 490~12148 [9]

$%��� 300 ~ 368000 [16]

�� (1990) 420 [11]

�� (1980/1) 2700~16000 [11]

&'( )*+,! 58 ~ 956 [19]

-. � ��� 140~1310 1100 [20, 3]

/�0'!1 80 ~ 18670 900 ~ 2000 [21, 22]

23

���� � 23 1150 860 ��

45 � 23 (PBDE47)900 ~ 4300 [23, 15]

6723 (PBDE47)700 ~ 17000 [23, 15]

8� � 23 80~110(ng/g 9:) [2]

(1) ��� 31 � PCNs, � PCNs ���	�


��
�, ���������	�. � PCNs �	

��� 212 ~1209 pg/g (dw), �� 585 pg/g (dw). 7-

���� PCN !"#$%&�. PCNs'()*+

,-� 3 �. PCNs �	��. /0123�
�

PCNs456789:�;<, �=� 4-7�. PCNs

>?@�.

(2) ��� 21� PBDEs3 HBCDD�*ABC.

� PBDEs ���	�
��
�, �������

��	�. � PBDEs�	��� 117~5510 pg/g (dw),
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�� 1380 pg/g (dw). PBDEsDE� 6-��F(� 6-�)

�D, 7-8� PBDEs#$G6&HI.

(3) �JK0LMNOP3QR)�S?T78

UVF, QR)W PCNsX PBDEs�	Y8Z[\�

]�*+^_. `2�ab)cdef2gh. �	

ij� : /k�
�#	l�mno�pqars

JK012t-ut-vwsJK0W2utoQR.

(4) xyz{|m[\� PCNsX PBDEs-ab

5, _245� PCNscm}~�4�����T�

������. PBDEs�DE4�������*�

gh. QR)W PCNsX PBDEs�������#�

MN������8 . ��
�}~��4���

a]ar�UV , #�Q¡��xy¢/ PCNs £

PBDEs�¤E45.

(5) xy¢¥¦§W PCNsX PBDEs$¨©6Q

R)mlª«¬ . ��	£­ /]3®]§¯¨

°±G�, PCNs��²³´	µ?�G6 PCBs��

²³´	µ?.

(6) PCNsX PBDEs��	¶�­ /·3¸k

QR)�	���G¹W�{ . abº»¼���

�]�(JK0W2)�½?ab�]�(/k��
).

�� ��������	
��
����
����,

�������	 K. C. Jones������ !, "#$

%&'. ()*+,-./0�	123456(789:

Z99E03):�;�<=	>�?�@A12B�56.
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