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Summary 

The pollution level of perfluorinated compounds (PFCs) including perfluorooctane sulfonate(PFOS) have been surveyed in the water 

environment. Until 2009, the emission sources of PFCs were surveyed and the load of PFCs was calculated to determine effects of PFC 

discharge reduction efforts by industrial world in 2009. Results clarified that the respective loads of PFOS and PFOA had greatly decreased 

from levels recorded in 2005. The reason for these decreases is that PFOS, its salts and perfluorooctane sulfonyl fluoride (PFOS-F) were listed 

in Annex B of the Stockholm Convention in 2009 and Perfluorooctanoic acid (PFOA), with its precursor, was registered on the object of a 

2010/2015 PFOA Stewardship Program. In 2010, 65 groundwater samples were analyzed in order to clarify the pollution of PFCs in the water 

environment comprehensively. At a few points, PFCs that measured in this study were not detected at all. On the other hand, at some points, 

concentration of total PFCs was higher than 100ng/L. And PFCs were detected at higher level in the samples collected at Tama District than 

those of 23 Wards Area frequently. 
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#�%��{� 

� ������ 65 {�
U���^�������

500mL ��DN9��< 4¡L��^��{��¢

£�¤�4¥X^ 

#¦%§S¨©"k 

§S¨©"k� PFOS�PFOABC@�ª��«¬"

k#a|@�ª�­PFAS«®�­PFCA«®��2 %̂


�*^¯°"k� Wellington ±²�¯°³´

#PFAC-MXBµ¶dr 2·g/mLµ¸;¹67º´%�

PFHpS ¸;¹67º´#50·g/mL%�»!¼½��¯

°»!¸;¹67º´#¶ 200ng/mL%��²��^�

¾¯°"k��¿À� Wellinton±²������ !

"PÁ7 Â�»!¯°³´#MPFAC-MXAµ¶dr 2

·g/mL ¸;¹67º´%�¸;¹67
¼½���¾

¯°»!¸;¹67º´#¶ 200ng/mL%��²��^ 

 

 

 

 

 

 

 

 

 

#Ã%rÄÅÆ 

� rÄ�96�¤¦4¥X^��Ç 500mL ÈÉ�¸=

ÊD<Ë6
ÌÍ4§zÎz�Ï?
 pHÐÑf4�Ò

�� Ó̂f�������Ï?ÔGb4ÕP=Ö×ØÙ

#¡ÚÛÜÝ 0.4·m%
ÞßØà��áÓ.�ºâ.

�4rã�� á̂Ó.�����¾¯°»!¸;¹67

º´� 20μLÔG��̧ ;¹67
äåæç'�1t�^

ºâ.����áÓ.�¿è4�¾¯°"kº´�ÔG

é�Waters±²�êëì6íD�îìPQ OASIS-WAX�

Plus �ï�\xð 5mL/r
êëç'��^���È\

ñ�é����¡L�\���DN9��< BCòM

4ï��ÕP=óô«�õö4Þ÷�� PFCs�º'�

ø*�[�pH4�Ï?�º´ 50mL�Ï??ù¸;¹6

7 30mL
úûü��ý�üþ´�¿è�ú�
êëì

PQ4x��^�é4êëìPQ4 1%�<�����

¸;¹67 5mL ���:�P�Ê�Æ4Kzñ��

PFCs «�º'��^º'´�	�
]��4Kzl�

é��:¸;¹67=�µ��º´
 2mL 4S
��^

rÄ�LC/MS/MS(Waters±²� PremierXE)� ��ï��

�¾¯°Æ
SÉ�� r̂Ä���ºâ.�áÓ.�!

����lf��\�'�� �̂�§S��rÄ���

w�4�§S��¶"k�SÉ�8<�̈ �X*�¾¯

°"k����w¦4¥X^ 

#Ð%�'|���' 

�'|���a|�ÅÆ
�[�^ä�� 500mL 4

¯°»!¸;¹67º´������lf��\

2ng/Lë�4)*K2ÔGé������ 7��z���

@�ª� !�ï�\�'��^_`�wÃ4¥X^ 

�'|�=t(n"1,0.05)#σ
n-1

×2� � �   

n;§S�$#��
� 7% t(n-1,0.05);%&' 5%�(

)f n-1� t�#*+%  σ
n-1

;¯,¯°-. 
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��� PFHxA PFHpA PFOA PFNA PFDA PFUdA PFDoA PFTrA 

MDL 1.3 1.3 0.7 1.0 1.0  1.3  1.3 1.0 

 

��� PFBS PFHxS PFHpS PFOS PFDS 

MDL 1.2 1.9 1.3 1.3 1.7 
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���  PFBS PFHxS  PFHpS PFOS PFDS  

����	
 4 6 7 8 10 

��
�� 299>80  399>80  449>80  499>80  599>80  

��
�� 299>99  399>99  449>99  499>99  599>99  

�����

� 

18
O2-PFHxS 

13
C4-PFOS 

��� PFHxA PFHpA PFOA PFNA PFDA PFUdA PFDoA PFTrA 

����	 6 7 8 9 10 11 12 13 


��
� 313>269 363>319 413>369 463>419 513>469 563>519 613>569 663>619

���
� ― ― 413>169 463>219 513>269 563>319
 

663>419

���� 

�� 

13
C2-PFHxA

 13
C4-PFOA

 13
C5-PFNA

 13
C2-PFDA

 13
C2-PFUdA

 13
C2-PFDoA 
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PFBS PFHxS PFHpS PFOS PFDS PFHxA PFHpA PFOA PFNA PFDA PFUdA PFDoA PFTrDA

���� N.D. 5.8 N.D. 6.1 N.D. ( 2.5 ) ( 2.1 ) 8.8 2.4 N.D. N.D. N.D. N.D.

�� ( 1.5 ) ( 4.4 ) N.D. ( 2.0 ) N.D. ( 1.4 ) ( 1.7 ) 6.0 N.D. N.D. N.D. N.D. N.D.

��� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

	
� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.0 ) N.D. N.D. ( 1.3 ) ( 1.6 )

��� N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.0 ) N.D. N.D. N.D. N.D. N.D.


�� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

��� 3.9 N.D. N.D. 3.5 N.D. ( 1.8 ) ( 2.1 ) 6.6 13 N.D. N.D. N.D. N.D.

��� ( 1.8 ) ( 3.9 ) N.D. ( 2.9 ) N.D. ( 1.9 ) ( 1.7 ) 5.5 N.D. N.D. N.D. N.D. N.D.

���� ( 2.4 ) N.D. N.D. ( 2.7 ) N.D. ( 1.7 ) ( 2.0 ) 2.0 ( 1.6 ) N.D. N.D. N.D. N.D.

���� N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.1 ) N.D. N.D. N.D. N.D. N.D.

����� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.2 ) N.D. N.D. N.D. N.D.

����� N.D. N.D. N.D. ( 2.9 ) N.D. � 1.5 ) N.D. ( 1.1 ) ( 1.8 ) N.D. N.D. N.D. N.D.

����� 4.9 N.D. N.D. N.D. N.D. N.D. N.D. ( 1.7 ) N.D. N.D. N.D. ( 1.5 ) N.D.

��� N.D. 7.2 N.D. ( 1.8 ) N.D. ( 2.2 ) N.D. 5.5 ( 1.3 ) N.D. N.D. N.D. N.D.

��� N.D. N.D. N.D. N.D. N.D. N.D. N.D. 2.2 N.D. N.D. N.D. N.D. N.D.

��� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

��� ( 1.4 ) ( 3.7 ) N.D. ( 2.4 ) N.D. ( 1.5 ) N.D. 5.0 N.D. N.D. N.D. ( 1.3 ) N.D.

�� N.D. N.D. 5.9 3.9 ( 2.4 ) ( 3.1 ) 4.2 7.2 ( 1.9 ) N.D. N.D. ( 1.3 ) 7.9

 �� N.D. N.D. N.D. N.D. N.D. N.D. N.D. 3.0 N.D. N.D. N.D. N.D. 2.9

!"�� ( 1.3 ) ( 2.2 ) N.D. N.D. N.D. 8.1 22 36 N.D. N.D. N.D. ( 1.4 ) N.D.

!"�� 9.3 29 ( 2.7 ) 51 N.D. 7.1 10 30 4.6 N.D. N.D. N.D. ( 1.5 )

#$�� ( 1.7 ) 5.8 N.D. 9.0 N.D. 3.4 ( 2.5 ) 6.2 3.2 N.D. N.D. N.D. N.D.

#$�� N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1.9 N.D. N.D. N.D. N.D. N.D.

%&�� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

%&�� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

%&�� N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.2 ) N.D. N.D. ( 1.5 ) ( 1.4 ) N.D.

'(�� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

'(�� N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.1 ) N.D. N.D. ( 1.4 ) ( 1.6 ) N.D.

)*��� ( 2.1 ) N.D. N.D. N.D. N.D. ( 2.1 ) N.D. ( 0.7 ) N.D. N.D. ( 1.7 ) ( 1.7 ) N.D.

)*��� N.D. N.D. N.D. N.D. N.D. N.D. N.D. 2.6 N.D. N.D. N.D. N.D. N.D.

+,-.� N.D. ( 2.6 ) N.D. 3.5 N.D. ( 1.7 ) ( 2.4 ) 5.8 5.4 N.D. N.D. N.D. N.D.

+,-.� N.D. ( 3.2 ) N.D. N.D. N.D. ( 1.4 ) N.D. 67 N.D. N.D. 3.4 6.4 N.D.

+,-.� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.3 ) ( 1.3 ) N.D.

+,-./ N.D. N.D. N.D. 3.5 N.D. ( 2.1 ) ( 2.4 ) 7.1 5.1 N.D. N.D. 5.8 N.D.

+,-.0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 2.5 N.D. N.D. 4.2 6.7 N.D.

&�. 30 160 8.8 230 N.D. 63 21 42 N.D. N.D. N.D. N.D. N.D.

12�. N.D. 14 N.D. 27 N.D. 5.6 ( 3.1 ) 8.5 4.4 N.D. N.D. ( 3.1 ) N.D.

34. ( 1.9 ) 6.5 N.D. 15 N.D. 4.2 ( 2.4 ) 7.9 7.7 N.D. N.D. N.D. N.D.

56. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.7 ) ( 1.8 ) N.D.

7�. 28 200 8.2 140 N.D. 72 32 43 4.0 N.D. N.D. N.D. N.D.

8�. ( 1.3 ) ( 2.5 ) N.D. 8.7 N.D. ( 2.5 ) ( 2.5 ) 6.4 14 N.D. N.D. 3.9 N.D.

9:. N.D. ( 3.1 ) N.D. N.D. N.D. ( 2.2 ) N.D. 2.2 N.D. N.D. N.D. 3.9 N.D.

;�.� N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.1 ) N.D. N.D. N.D. N.D. N.D.

;�.� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.6 ) ( 1.6 ) N.D.

;�.� N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.8 ) ( 1.6 ) N.D.

<=>. 4.3 22 N.D. 46 N.D. 8.4 ( 2.1 ) 9.5 7.3 N.D. ( 2.1 ) ( 1.7 ) N.D.

<?. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

@�. N.D. N.D. N.D. 5.4 N.D. ( 2.8 ) ( 1.5 ) 4.8 ( 2.4 ) N.D. N.D. N.D. N.D.

�AB. ( 1.7 ) N.D. N.D. ( 1.5 ) N.D. N.D. N.D. 1.9 N.D. N.D. N.D. N.D. N.D.

CDE. 3.8 21 N.D. 23 N.D. 7.7 5.3 12 7.3 ( 1.2 ) 3.3 5.5 N.D.

C&. 28 230 7.9 160 N.D. 77 27 73 ( 1.9 ) N.D. N.D. N.D. N.D.

FG. ( 1.3 ) N.D. N.D. 6.1 N.D. 5.4 5.6 13 5.9 N.D. N.D. ( 3.0 ) N.D.

H). 5.0 22 N.D. 30 N.D. 8.2 ( 2.9 ) 8.5 12 N.D. N.D. N.D. N.D.

��I. N.D. N.D. N.D. N.D. N.D. ( 1.8 ) ( 1.3 ) 3.2 N.D. N.D. N.D. N.D. N.D.

JK. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

�LMN. N.D. N.D. N.D. 7.4 N.D. ( 2.8 ) ( 2.4 ) 5.9 5.5 N.D. N.D. N.D. N.D.

12AB. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 2.2 N.D. N.D. N.D. N.D. N.D.

OP. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

QR. N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.0 ) N.D. N.D. N.D. N.D. N.D.

SA. ( 1.7 ) N.D. N.D. 4.4 N.D. ( 2.6 ) ( 3.1 ) 8.7 ( 1.7 ) N.D. N.D. N.D. N.D.

TUV�. ( 2.1 ) N.D. N.D. 3.8 N.D. ( 1.5 ) ( 1.7 ) 5.4 ( 1.9 ) N.D. ( 2.8 ) 5.3 N.D.

W�
. 11 47 ( 2.2 ) 15 N.D. 38 13 12 N.D. N.D. N.D. N.D. N.D.

XY; 5.1 35 N.D. 40 N.D. 12 6.2 17 4.6 N.D. N.D. N.D. ( 1.2 )

@Z[; N.D. N.D. N.D. N.D. N.D. N.D. N.D. ( 1.0 ) N.D. N.D. N.D. N.D. N.D.

\OP; N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

��� 37% 34% 9% 46% 2% 52% 43% 75% 40% 2% 18% 34% 8%

��� 30 230 8.8 230 ( 2.4 ) 77 32 73 14 ( 1.2 ) 4.2 6.7 7.9

N.D. :������	,  ( ) : �����
��
����	

�	
�
���ng/L�

�� �����	�

� ������	
��
����30�������

�

35���������������� �9���!"

#� N.D.��$�%&��'("#�)��PFOS* 

 ��� ����	
��
�����������

�������	
��
 ����

���



 

0

100

200

300

400

500

600

700

���2 ��� �	� 
��� 
�� ���� ���

PFTrDA

PFDoA

PFUdA

PFDA

PFNA

PFOA

PFHpA

PFHxA

PFDS

PFOS

PFHpS

PFHxS

PFBS

PFOA�������	� 46%
75% �
���
�

�� N.D.� 230 ng/L
N.D.�72 ng/L ��������

��������
���� !"#$%&

'PFHxA() 52%
���� !"*+%&' PFHpA() 
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 ���� !,-%&'PFNA() 40%. PFOS
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PFOA ����M��	� 46%
75%�
NO�
�

230ng/L
72ng/L����� 
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PFHxA�TU� PFOS
PFOA./012���MVW
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~�
���� !"#$%9�:%&(PFHxS)�NO

�
�
PFOS.12���DE6����  

� ��`[DE'���������
M 100ng/LH�

���DE(���5���������VW^H�]�

��X����
M 100ng/LH�}���
7�H��

��deDf�gh��6������r
DFG��

����D��VW��R�.|}j�5�lm^��
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