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#�$%&'()� *� +�,-�./01234�

456789�:;<�:="

�

����

����
(psi) ���	 OA DTX1 YTX PTX1 PTX2 PTX6

2000 � 7.23 7.98 0 6.5 26.9 0


���0.5�L 106 102 0 5.11 12.1 0


���1.0�L 132 145 2.36 0.15 2.1 0


���1.5�L 97.1 99.1 33.7 0 0 0


���2.0�L 92.3 97.8 75.6 0 0 0

80�
���0.5�L 31.9 42.9 0 35.3 98.9 0

����0.5�L 3.99 5.94 0 14.8 46.8 0

����1.0�L 4.24 23.6 0 42.2 67.4 0

�������0.5�L 26.8 32.8 0 52.7 74.3 0

�������1.0�L 28.7 29.3 0 40.4 45.8 0

��� ����	
���	� 

�� 2000psi����	 40
������ 15 �� 

����� 20 �

��� LC-MS/MS ��� 

��� Waters X Terra MS C8� 2.1mm × 150mm�3.5μm)

��	 A
0.1%��+10mM������������B
������

��� 5μL

���� ESI

 !�"# Multiple Reaction Monitoring(MRM)

IS$% �&'�600( �)'�500(

IS*+ �&'�5kv� �)'�-4kv

MRM(m/z) �&'� Quantitation                     Confirmation

PTX1      892.6  ,839.6          892.6  ,821.6

PTX2      876.6  ,823.5          876.6  ,841.6

PTX6      906.5  ,853.3          906.5  ,835.5

�)'� Quantitation                     Confirmation

OA 803.6  ,255.3          803.6  ,113.0

DTX1      817.5  ,255.3          817.5  ,113.0

YTX       1141.6 ,1061.7        1141.6 ,855.4

��� ������������� 

�����
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� ABCDEFGHIJKLMNOPQRS�@THG�UVWXYZ[\]CPQR^_`V

abIcdefgIhiOjkl�f.mnI12fgopqrOstujkl�vwxyFpR

z@{HG�R|}V~�@e�����opOC��nIq�

�

� ���

� M��@T�I����O�����nIp?O�R���^FG=��� �� ' 8% 7 %� ��

���� �&� MZ�¡@¢I��Y£@{HG¤@THG�abp ¥¦§¥ ¨�S�@sIPQR

©S�fDEabGHIqFvFufw�PQR©@=��^=�ª¢CgI��«¬O�R

®¯bGT°�±wbpPQR©SO²��@ªFG=����O³´efµH^O¶·¸f³¹

abGºpq�

��»=�rOstu�¼@½¾�¿ÀÁÂÃÄ�ÅÆO.ÇÈÉ�PQR©S^ÊËFG

s°Á�@�����Ì¾wbIPQRS@Y£ÍÎ�ÏÐnI3�Ñ?GHIq#$ %5 ' 5

7 %� �Ò�MPM.Ó 8865%�668 � ÔÕV³´OÕV@{HG¤@THG���»=Ö×ØÙ

@ÚF�Y£ÛO3@ÜLnI²��ÝÞOp?@PQRS�ÔÕV³´^nIßàáFpqr

bâã�AB@THGPQR©SO�^~�FGPQRSO��O3uw�@²��ÝÞ

��oGºp^räCgIq�

�

å PQRSO��@{HG�

PQRSO�=]æàá@THG³Vabp UVWXYZçè[\@sIé
êë
ìíî

��4âï ðñ;�¤@s°DEFpqUVWXYZçè[\^FG=òójk�îçè[\4ôî

éõö÷;�ÜLFpq�@THG=M~�@øOùúû�üýþ�� 6����� O ðñ Cä�

F�ä��O ðñ �òójk�îçè[\]@�ÒF %%	
�5��C[�Fpq[\@®¯bI.

WXYZ@s°PQROjkl�=��PQR©4PQRâ�;=���4/<;�øO�O

Q��R=���nIq�ë��eR=[\@®¯bIë�óî���òó��O�L@s°.

mf� abI4p!F��ë��eRf"#@$%Fp&'=� d(fµïnI&'fgI^

é�)�*+@æ,abGHI;q[����jkl��)�
ònIr^@s°PQRS�-

SFpq�
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ònI^PQR©S^O2'ef3bu4uI5O6«vw�7%�

ABC= PQRC=uHO¤^`8FGHIq�

rOstu�RO$%@{HG=rb¯C�BCO��f�vopp?�AB@THGRzOx

y~�@���DEFpq#$ %& '�@�FpÙOt9�:;M 5 Ù�<NM 8 Ù@{

HG[\]C.mFp�hjkl�vwRz�xyF�rbw@{HGR|�}VFpq�

�

= >?�

4<;R|}V@xyFp �Rz@{HG�ë����op^rä�AGf�ë��eBRCg

opqrbwORz�êC�BRD}VEõò4FGH8�+�MIJ;�LHG}VFp>?�rb

w=AGêC�BRCg°�/KÄ���@L4$%nIR|CgIr^fMvop4/�;q

�V� HBW>568
��*XYZ[	\�

]^_`a� bc� ���dB� 	b�
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4�;R.m@T�I ðñ ONO@]æOêC�BR=�P¬CgbQ.mf� abI=RCg

Iòójk�îçè[\]Ojkl�vwxyabpqrO7Sf ðñ ONO@s°*>GHI^

HtTU�VnIp?�[\@�ÒFp ðñ /W]CRz�XY[�FpO^�àZO[\ï

C[�FpO�ÊËFp4/å;qêC�BR=àZ[\ïCO[�C=]^fA4_wbuv

opO@ÚF�ðñ ]C=]^f_wbpqrb@ÚFPQR�PQR©@ªFG= ðñ O��=N
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ABCDEFGHIJK�LMN�F�OP-MQRSTU�VIJWXYUZW[ 
\]�̂ _`abcdABCefDEFGHIJK�L X (ghiMC)Fjkl�QRSTP-(m
noQSP-pqkr[)UstMCuCqvwxlycz{Ok(15mg/L)|}~Z{zUd���
�F�k���}�T(mnoNO2pqkr[)U�VIJK[ 
�����hi��nC��U��JKU�OQSP-��Fycc�d� NO2 U�VIJWq
kr67U�Jz�qcd��M����dcF�WK�F����K[ 
�K��M��Fjkl�QSP-qS� ¡¢	�ST�P-F£�WN¤M¥¦�§KM~

¨©�ª«�W[�

 
� ����


(¬) NO2MQ®F£�WDE 
¯ ghiMCF°kl±�(ABCefDE)��k(�L Y)��L Xq�L YMC²³�
�
vwxK[ 
´x��L Y�hiµ¶b~�z·��µ¸¹Fº{»CIJKyM~ZW[ 

¼ vwM½¾�NO2FºW�nC���¿�dJzc�KU�NO2UOQSP-��Fy£�
d�QxK������WK�F�À¥P-(0.04 ÁÂ 0.1mg/L)M NO2 �ÃÄxKDÅ9Æ
ÇÈÉC@F�ÊËÌFÍ�ST�ÎÏÐÑÒÓÔ(mnoÍ�Õpqkr[)�ÃÄx�QSP
-MÖ�q×Ø�NO2qÍ�ÕMÙÚÛÜ�mnÝÞÑMºrFxlÖ�IØ�Q�W NO2
P-�ß¤xK[ 

Ý DÅ�àáâ	ãÝä	å{æç(mn�oæçpqkr[)F»`xKè�Í�Õ�ÃÄ�W[
(ÙÚÛÜÈ0é)
¡ DÅ�êëìíëîF»{�Í�Õ�ÃÄxKè�ïðñòóôxKèæçF»`�W[(Ù
ÚÛÜÈõ 10é)
Ñ DÅ�êëìíëîF»{�Í�Õ�ÃÄxKè�õ 10ðñòóôxKèæçF»`�W[

(ÙÚÛÜÈõ¬ö)

÷ �LøFjklO��ùxK ClúMûü�ýþ�WK�F��zW��MÍ�Õ(No.¬Þ
No.3)�Bk�ÉC�ÆÇqxl��QSP-F��xKÍ�ÕûüM ClúP-�ß¤x�A h
iMCqvwxK[�  

(�) QSP-qST�P-F£�WDE 
¯ OP-MQRSTU�VIJKXY��Mö	 ~ZWoST�pUC²���
�W�JU

Z�KK��Í�Õ���¬Þ���:��Bk�ÉC�ÆÇqxl��QSP-F��xKST�P

-�ß¤xK[�

� zj�ST��ABCN]DEM���~Z{�efDEM���F�å�lkzk[�

� ¼� �,-MABCefDEMGH�LFj�W�QSP-F���WST�P-¡¢	���

Ï������������xK[�

 
� ��


(¬) NO2MQ®F£�WDE 
¯ �Løq±��L Y F°klvw�Wq(4 1)��Lø��NO2�ClúÁÂ TOC U� F
O�~Z{�IdFQSP-U!�q�"£FºWß¤~��dcz#U$dJK[ 
¼ NO2Q%��QSP-º{�Í�ÕMÃÄ0óô&�('ÙÚ0(�ÛÜ)�FºW)*M+

�����



rU,-kq.�JK[ 
÷ ClúUOk��qxl��N]ÌF/01C�x23MóåM45®Uù6IJWU��L X
�QSP-UOc�KK��Í�ÕM78ÃÄFºW45®yZ{��MXY�ghiµ¶bU

9B�WÍ�ÕM:�U;�dJW[ 

(�) QSP-qST�P-F£�WDE 
¯ ST�P-��ÃÄ�WÍ�ÕM8FGx��Kê�<�Fº{=¶8F>kUZ�K[ 
¼ Í�Õ?M Cl�UOkXY��MST�P-yOk@AUZ�K[ 
÷ �L X F°kl��¡¢	���Ï�~M�B�(���)��~�ZWU�ST�P-Uõ

1.6mg/L(C²��È0.6mg/L)~Z{��üzdC�ABDE~Z�K45®UOk[ 
F H29,-MABCefDEMGH�LF�ST�P-U����
�xKq.�JWhiCU
Z�K[ 

� ���


�L X ��Cl�ÁÂ TOC �GÄIØ�Í�Õ�HI�W ²UJxlÍ�ÕqMÙÚUDKö
qz�KK��QSP-UO�~yNO2UQxK45®UZW[ 
�K�78MÍ�ÕMJFº{�HLM/) ~ZWST�MP-UGÄx��ü�ABCqx

lDE~Z�K45®UOk[ 
zj�Í�Õ?M Cl�ÁÂST�M=¶8��ê�<�Fº{#UZW�qUù6IJK[ST�
�Í�ÕMö	M/) ~yZW�qcd��NOPFº�lyÖ��W�qU;�dJW[ 
QFST�F°kl��Í�ÕM�N|R3Fº{�QSP-UstMCuCqSâTU~Z�l

y����
��W45®UZW�qU�c�K[ 
º�l�^_`ab��QSP-V�~z·�ST�3�HLM/) P-F°klyNW�WX

©UZW[ 
IdF�^_./YZ¹M[\å{�M]F��ST^å_`ab_M�N|R3Mcdye©

~ZW[�

 

����� ���	
���

��� �� �������� �� ��������

������ ��������� ������� �

�	
��������� ������� ������

	
�����	
��������� ���� ����

��� !"������� #� �$�

%&�'()%&*+,(-./00������� ��$� $���

12 3� 4��� 4���
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<=� �=�� ���#� ���#�

>=� �=�� ����� �����

?@� A<BC� A<BC�

D"EFD��� ������� ����#� ����#�

GH�(IJ&K0� ������� ��$� �#�

GH�(LM0� ������� ���#� ����

��N� OPQRS� TUQ%N�

�������	
���  
������������������� !�"�#$ 0.1(mg/L)%& 
��'()*+,-.*
*+/�0(mg/L)%1 
�WHO
23��'456758/�9(mg/L)%1 
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Cooperative research on analytical methods and environmental monitoring of 

emerging contaminants in water and sediments 

 

��� � ����	
������� � ��� ������ �� 

������ � � � � � � � � !"� #$% 

&'� � � � � � � � � � � � ()� *+ 

,-� � -�./� 0� � � � � � �  CHO Hyeonseo 

� -��	�1� � � � � � � PARK Kyunghwa�LEE Jinwuk 

The17th Korea-Japan GOM & Joint Symposium on POPs Research22018/02/01302� 45�6 

��� 

POPs789 POPs :;<;=>?@ ABCDEF7GHIJ>?;KLABMNA

OP?;QLAB7RS?/NRS?;KLABTUVWXFLYZ[\]^89UV@ 

AB2Emerging Chemicals6;_`abcdMeNfghijkClmY^m7JBMn

BiopqrY�	st�u�v;wlTxmyXYZ[;^m��	J;z{|}~@

�A2PFAAs6;�	��abqNA���;��i�y�CrY��i��^Z 

���� 

.- 5 ��2��������������6�y�	J�nB���2��� 1 �

�6����2��� 20330��6i��]^ZR opi perfluorocarboxylates (PFCAs)

; C5A3C14A�perfluorosulfonates (PFSAs); C4S�C6S�C7S�C8S�C10Sq]��,¡

¢£WX^R ¤i¥LF¦§¨�LC/MS/MS¡©h]^Z 

������� 

2017 H;ª�«¬�y;®;¯��¬�§°I��	J¡ 67ng/L�nB¡

0.64ng/g-dry���¡ 4.0ng/g-dry����¡ 78ng/g ¡±�^Z�ª�«¬²;. PFAA O

³I����C´LF 2016H;ª�«¬qgµ;�§¶·T¸yX^Z 

201332017H;ª�«¬¡ PFAAO³;¹Hº@ik»]^q[¼�st�u�v]

^ 5H½;¾��¿À:[�yÁ�XYÂÃÄÅ�yI�ÆÇ;ÈD¶·MÉÊ¶·I¸

yXYT��kËÈD¶·MÉÊ¶·I¸yXÌ�ÍÎÏÐL¶·¡±�^Z 

ÑÒÉ°2IL6±^Ó;nBq��CÔÕXY£Ö; PFAAO³;×ØCÙLF�2017

H;ª�«¬ÚÛD]F¾��;ÜÝi��^q[¼�C8A3C12Aq C8S; 6Þ¡zß

C×Ø]FLY[qik»]^ZÂÃÄÅ;¶à�y���;O³2IL±^Ó6qnB;

O³2IL±^Ó6;áIâ 132ã³qËY[qT�y�qË�^Z 

[XÕ¡�	J�nB�������; PFAA O³;st�u�viaä]Fà^²

¡åyX^æçËè¸I�é�	Jq����y�§ê;KL C9A3C12Aq C8SCÙL

F��	J;O³q���;O³CÙLFIë;×ØT¸yXY[q�ì�	JqnB;

O³2IL±^Ó6CÙLFI C9A�C11A�C8S¡×ØT¸yX��	²¡I|í�BË

î;z{Aqï�]^ð¡_`]FLY[qTñòWXY[q�ónB;O³2IL±^Ó6

q���;O³CÙLFÚ�C9A�C11A�C8S¡×ØT¸yX�nB;O³2IL±^Ó6

�y���;O³iwh¡àYôõ?T±Y[q�ö����;��I PFCAq C8S¡I

¶·T÷Ë�FLYÚ;;�:Xy;NAOPøùI PFAA; Log KowqØúT±Y[q�

Ëî¡±YZ 

�	²CIûÞ; PFAA TüýC_`]FLY[qI�y�¡±Y[q�y�þ¨Ú

��]F�	J;O³qnB��������;��;ØøiWyCS�]��	st�

u�v��i��]FL�[qI�	C
ç¡±YZ 
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-. /01234567689:;<��=>?@-. AB2 /C 0DEFGHI1

��JK LMNO .P=>?@-. AB 2 AC QDEFGHI1

1

RSTUVWXY=Z[\5]^_`ab5cdefgd[hijklmno@pqE

rstuvIwE\xy��)z{|}~�E���5���X��Z[�g��y���

[���X������ stu ����Z[Xw��d
������[�E�54]�

���[�gXd[�stu 5 o¡5¢d��4£��5}¤wE�*¥E4¦�§;

¥E¨©¥Xgª�«¬��[®5��[�¯°±²wE4¦X³´[lmnoµ¶

g·��P�¸¹~���[�º»¼�£�Estu ���5�P�½¾·��1

R¿ÀU��5zaÁ�Â"oiÃX·�®5@Ä ÅÆÇÈIXEÉÊ Ën!mÌ ÍÎÏ

À�ÐÑ"Ò�ÓÔ·� stu ]^¥5ÕÖ×Ø@/Æ/QÙÅB�ÐÑ"ÚÛÜI�Ý
·Þßg

·��ÕÖ×Ø5Ý
àXá�âã3Þäå@/Æ/QÙÅB�ÐÑ"Ò stu Ý
Ig�ã3

Þäå@/Æ/QÙÅB�ÐÑ"Ò stu Ý
I5 /æç�èé·���º»¼êëwrìíÆ1ÎîïLv

@ðñéòI�ó£·��stu Ý
��zaÁXô·�Eõö5÷3q�Eºø BEABBE

õBBNÍùE
º�úûü Ç�EÅB �EÇ� /°E5ýþ�»¼��ª���º»¼�5�

ÞßX���E��Ë��"	
�Xá[� Ð" ¨���ª��E� ��� 

� Ð"n��Xá� stu �ã�·����xy]^_������}À�� ÏsM ��
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Comparison of generation and discharge load units of perfluoroalkyl acids derived from influent and effluent between sewage 

treatment plants, by Katsumi IWABUCHI (Iwate Prefectural Research Inst. Environ. Sci. and Publ. Health), Shinichiro NAGAHORA, Ruriko 

TAHARA (Hokkaido Research Organization, Inst. Environ. Sci.), Tomoaki ORIHARA (Sapporo City Inst. Publ. Health),Toshinari SUZUKI, 
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(Osaka Inst. Publ. Health), Takashi MIYAWAKI (Fukuoka Inst. Health and Environ. Sci.), Kiwao KADOKAMI (Univ. Kitakyushu) 
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Table 2   Generation load ratios and discharge load ratios of PFAA

STP A B C D E mean±SD A B C D E mean±SD

C5A 0.58 0.77 0.50 2.4 2.6 1.4±1.0 1.9 0.64 0.93 2.4 4.4 2.1±1.5

C6A 1.1 0.65 0.67 3.6 26 6.5±11 1.8 1.9 1.5 3.1 71 16±31

C7A 0.69 0.49 0.36 1.5 3.5 1.3±1.3 0.73 0.53 0.91 1.1 5.3 1.7±2.0

C8A 1.3 0.81 2.3 3.1 16 4.7±6.3 2.3 1.8 3.3 2.9 16 5.3±6.0

C9A 0.84 2.4 0.39 0.79 13 3.5±5.5 1.0 2.1 1.4 0.70 47 11±21

C10A 0.08 0.26 0.50 0.15 0.78 0.35±0.29 0.19 0.32 0.33 0.14 0.62 0.32±0.19

C11A 0 0.47 0.39 0.21 3.9 1.0±1.6 0.08 0.20 0.17 0 3.2 0.73±1.4

C12A 0 0 0 0 0.57 0.11±0.26 0 0 0 0 0.07 0.01±0.03

C13A 0 0 0.23 0 0.61 0.17±0.27 0 0 0.07 0 0.10 0.03±0.05

C14A 0 0 0 0 0 0 0 0 0 0 0 0

C4S 0 4.8 0 0.43 0.58 1.2±2.0 0.22 0.12 0.62 0.90 3.7 1.1±1.5

C6S 0 0.71 0.28 7.7 3.6 2.5±3.3 0.09 0.54 0.37 7.3 12 4.0±5.2

C7S 0.48 0 0.25 0.56 1.0 0.46±0.38 0 0 0 0.24 3.5 0.75±1.5

C8S 1.8 3.1 2.2 7.1 27 8.2±11 1.3 1.5 1.1 5.9 130 27±56

C10S 1.5 0 0.73 1.1 1.0 0.86±0.55 0 0 0 0 0 0

influent effluent

(mg/1000capita/day)

Table 1   PFAA concentrations in influent and effluent of each STP
(ng/L)

ST P A B C D E mean±SD A B C D E mean±SD

C5A 1.4 1.8 1.3 7.6 4.9 3.4±2.8 4.6 1.5 1.5 7.7 8.3 4.7±3.3

C6A 2.7 1.5 1.7 11 49 13±20 4.3 4.5 2.4 10 130 31±57

C7A 1.7 1.1 0.92 4.9 6.5 3.0±2.5 1.8 1.2 1.5 3.4 9.9 3.6±3.7

C8A 3.2 1.9 5.9 10 30 10±11 5.5 4.2 5.5 9.3 30 11±11

C9A 2.1 5.6 1.0 2.5 25 7.2±10 2.5 5.0 2.2 2.2 89 20±38

C10A 0.19 0.61 1.3 0.47 1.5 0.80±0.54 0.46 0.75 0.53 0.46 1.2 0.67±0.30

C11A n.d. 1.1 1.0 0.66 7.2 2.0±3.0 0.20 0.47 0.28 n.d. 5.9 1.4±2.6

C12A n.d. n.d. n.d. n.d. 1.1 0.21±0.48 n.d. n.d. n.d. n.d. 0.13 0.03±0.06

C13A n.d. n.d. 0.59 n.d. 1.1 0.35±0.51 n.d. n.d. 0.11 n.d. 0.18 0.06±0.08

C14A n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

C4S n.d. 11 n.d. 1.4 1.1 2.7±4.8 0.54 0.28 1.0 2.9 6.9 2.3±2.7

C6S n.d. 1.7 0.72 25 6.7 6.8±10 0.22 1.3 0.60 23 22 9.4±12

C7S 1.2 n.d. 0.64 1.8 1.9 1.1±0.80 n.d. n.d. n.d. 0.76 6.5 1.5±2.8

C8S 4.3 7.3 5.7 23 50 18±19 3.2 3.5 1.9 19 240 53±100

C10S 3.6 n.d. 1.9 3.4 1.9 2.1±1.4 n.d. n.d. n.d. n.d. n.d. n.d.

n.d. : below LOD

effluentinfluent
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1) Kadokami K.,K.Tada and K.Nakagawa(2005) Journal of Chromatography A,1089,pp219-226 

2)   KADOKAMI K., D. JINYA and T. IWAMURA�2009�Journal of environmental chemistry,19,351-360 
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