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40%

10%
POPs(Persistent organic




POPs
POPs
POPs

2010

2005 2010 2004
2005
24
( 10 )

100g

(E25)
(1) @)
(GPC)
3) (4)
GC/MS ECNI
DDTs,
HCHs, CHLs HCB
3.7ng/day
DDTs (77ng/day) 5%
50 5
DDT
o B 33 24
ng/day
(18 ng/day)
(50kg) (EDI,
ng/kg bw/day)
EDI
0.074 1.14 ng/kg
bw/day FAO/WHO
PTDI, 2pg/kg bw/day for
dicofol ADI,

6ug/kg bw/day for endosulfans
0.0037% 0.018%



(Cl;-MBP

Br4Cl,-DBP) Cl-MBP 50

40

8.65 ng/day
101ng/day
Cl;-MBP
BI‘4C12-DBP 50 31
1.9 ng/day
16 ng/g

Cl;-MBP  Br,Cl,-DBP

80%

(EDI)
2 ng/kg bw/day for dicofol,
6ug/kg bw/day for endosulfan

Cl,-MBP

80% Br,Cl,-DBP  90%

Cl;-MBP

BI’4C12-DBP

GC-ECNI-MS

24
100

23

GC-ECNI-MS

21



(E25)
5mL
2:1:3 wvol / vol
/ / 9mL
13 PCB
Dechlorane plus 500pg
8mL
10mL
10mL 8g
Florisil PR
20mL
10% /
40mL
1mL
0.1mL 13Cq2
CB-111 GC/MS
PCB (11 cogeners) 15.2-

242 ng/g lipid mean 76.2 pg/g lipid

PCB
2005
2012

B8-HCH HCHs 80%

2012 B-HCH

0.24-58.86 ng/g lipid mean 10.7
ng/g lipid 2008

2009

2.78-58.93
ng/g lipid mean 11.58 ng/g lipid

2007
10 ng/g lipid
20 ng/g lipid 2012

2009

0.05-3.45 ng/g lipid mean 0.55 ng/g
lipd

2012
0.04-3.19 ng/g lipid mean 0.46 ng/g
lipid 0.05-0.70 ng/g
lipid

39.76 ng/g lipid
trans-chlordane cis-
chlordane trans-nonachlor
heptachlor
oxy-chlordane
heptachlor
heptachlor epoxide
trans-nonachlor
oxy-chlordane



2007 2009

30-40 ng/g lipid

2012

2012
0.20-6.32 ng/g lipid mean 1.31 ng/g
lipid 0.39-350

ng/g lipid mean 9.50 ng/g lipid
1

P26 P50
2008 2009
DDTs p,p’-DDE
DDT
3.28-670 ng/g lipid mean 73.49 ng/g
lipd 2007 2009
DDT 107-257 nglg
lipid 2012
Dechlorane
Dec602, 603,
605 1 ng/mL. Dec 604
20 ng/mL

POPs

POPs

Dechlorane

307ug/ /
206pg/ /

265ug/ |/

713png/ /

24

373

373



24

Sp g/

48

LC-MS/MS

24

24

24

24

SM g

2u g

168

24
373
2009 2014
2u g/ /
24
-30
E25 E2166
BMI
SU g
96
2U g 24
24
3.29 pg/day
1.14 ng/day
0.51 pg/day
4 0.07 pg/day
12
3.66 ug/day
1.94 ng/day 0.86



pg/day
0.53 pg/day

64.5ug
10%
1%

Dechlorane 605 Dechlorane Plus
(DP)

Dechlorane Plus

GC /ECNI/MS

5¢g 1:1 wvol / vol



16

10mL 40
1:1
/ 30mL
8g
Florisil PR
30mL
10% / 30
mL 1 mL
GC /ECNI/MS
M]
Dechlorane
Dec604 Dechlorane
1/20
15m
0.25um
Dechlorane
13 DP
4 1 Dec602
16 ng/g 1
39ug/day
Dechlorane

POPs POPs

endosulfan pentachlorophenol

(PCP) 2,4,6-tribromophenol (TBP)

tetrabromobisphenol A (TBBPA)
polybrominated diphenyl ether

(PBDE) (OH-PBDE)
20
1993, 2004 2011
24
(30 )
100g
(E25)



(1 )

(GPO)  (3)
KOH+EtOH/

( ) @)

GC-MS

(1993, 2004 2011
POPs DDTs, HCHs,
HCB POPs
endosulfan
PCP TBP TBBPA
hydroxy-PBDE

)
CHLs

dicofol

1993
TBBPA DDTs
CHLs endosulfans Cl,-MBP
HCHs 2011
DDTs TBBPA endosulfans CHLs
2011 POPs
DDTs, HCHs, HCB, CHLs
1993 49%
dicofol 20 ng/day 0.6 ng/day
endosulfan 40 ng/day 20 ng/day
(50kg) 1kg

(EDI, ng/kg bw/day)
dicofol, endosulfans EDI
0.3 5 ng/kg bw/day
FAO/WHO
PTDI, 2pg/kg bw/day for dicofol
ADI, 6ug/kg bw/day

for endosulfans 0.015% 0.08%
TBP
10.7 27.8 ng/day
PCP
1993 19.8 ng/day 2011
4.0ng/day TBBPA
30 8
90 ng/day

hydroxy-PBDE 6-OH-BDE47
11 ( 6.8 pg/g wet)
2’-OH-BDE68 5 12.6
ng/day
(ADI) TBBPA
EDI 1.8 ng/kg bw/day
ADI
methoxy
TBA PCA 6-MeO-BDE47
2’-MeO-BDE68 1993
TBA TBP
0.05 2011
0.09 PCA PCP
1993 0.01, 2011
0.05 6-OH-BDE47
6-MeO-BDE47
1:1 TBBPA  dimethoxy
POPs
dicofol,
endosulfan HexaBB,
TetraBB
endosulfan
a - B 1:1 2:1
a
a
-endosulfan
TBP
2004
1993 2010
TBA TBP 1/10
TBA TBP



PCP 1993

99 ng/day 2004
2010 20 ng/day
PBDE 6-OH-BDE47
BDE-47
( )
dimethoxy-PBDE
dimethoxy-PBDE68 2 ’

-methoxy-BDE68
dimethoxy-PBDE

TBP
TBBPA

PBDEs

TetraBB, HexaBB BDE-47
TBP, TBBPA

hydroxy-PBDE

dicofol, endosulfans
pentachlorophenol
ADI

2009 2010
18 35 20
29

(E25)

(D
(2)
(GPC) (3) KOH:EtOH

( ) (4)
(5) GC-MS

DDTs (69 ng/g lipid) CHLs
(46.1 ng/g lipid) HCHs (25.9 ng/g lipid)
HCB (7.4 ng/g lipid)
TBP
15.6 ng/g
lipid TBBPA 9

-10 -



3.6 ng/g lipid
TetraBB (1.93 ng/g lipid)
endosulfans (1.7 ng/g lipid), PCP (0.90
ng/g lipid)

2’-MeO-BDE68 ( 95%) 0.77
ng/g lipid BDE-47 (0.61 ng/g lipid)
20
4 6-OH-BDE47 0.25 ng/g
lipid HexaBB
TetraBB 1/6
BI‘4C12-DBP
Cl;-MBP 0.35, 0.63 ng/g
lipid
(5 kg,
700mL )
(EDI, ng/kg bw/day)
dicofol endosulfans EDI
1.0 4.8 ng/kg bw/day
PTDI (ADI)
3 TBP
TBBPA EDI 44
10 ng/kg bw/day CHLs EDI
130 ng/kg bw/day ADI (0,5
ug/kg bw/day)  26%
Dicofol endosulfan
EDI (2 6
ng’kg bw/day)
TetraBB
HexaBB
HexaBB TetraBB
HexaBB
TetraBB
HexaBB TetraBB
PCP
PCP TBP

PCP

PBDE 6-OH-BDE47

BDE-47

6-OH-BDE47

OH-PBDE

OH

POC
2,4,6-tribromophenol
(TBP), pentachlorophenol (PCP),
tetrabromobisphenol A (TBBPA)

hydroxy-tetrabromodiphenyl
ether (OH-BDE)

OH-BDE
(5-chloro-2-(2,4-dichlorophenoxy)
phenol; TCS)

TCS

TCS
TCS

-11 -



TCS

3
POPs
24
(30 )
100g
2010
30 38 10
32 2009
25 30 10 28
2010
21 37 10 32
(E25)
TCS
49 ng/g lipid
47 ng/g lipid 77 nglg
lipid 217
ng/g lipid TBP
19
25 ng/g lipid
4 ng/g lipid
TBBPA 10
2 3

3
15 ng/g lipid OH-BDE
2’-OH-BDEG68
TCS TBP PCP
TCS
1990 1.5 pg/day
2009
3.4 pg/day
TCS 2.5
3.7 ug/day
TBP
PCP
OH-PBDE
2’-OH-BDEG68 30
13
6-OH-
BDE47 5
7.4 pgl/day
TCS
3
TCS
nd( )
300 ng/g lipid
0 2100 ng/g lipid
1 800
g/day
TCS 77 nglg
lipid 2.3 ng/g milk
TCS 1.8 ug/day

-12-



4.8 ng/day

TCS NOAEL
50 mg/kg/day
4
TCS
TBBPA 30 5
1080 ng/day 24
TBBPA
TBBPA 4.5 ng/g lipid
TBBPA (EDD
(COT)
TBBPA
ADI 1 mg/kgbw/day
TBBPA EDI/ADI
OH-PBDE 2’-OH-BDEG68
6-OH-BDE47
6-OH-BDE47
2’-OH-BDEG68
PBDE
POC
POC
MeO
HBCDs,

2,4,6-'TBP, TBBP-A

POPs

PBDEs
brominated flame
retardants :BFR

HBCD TBBP-A 2.4,6-TBP

6
64
2008 2010
a-HBCD 2.2ng/g lipid
HBCD
83% (24-100%)
B-HBCD  y-HBCD 9.6%
(0.08-51%) 7.0% (0.12-75%)
HBCD 2.2ng/g
lipid BFR
2,4,6-TBP TBBP-A 90% 97%
0.9
2.9ng/g lipid
a-HBCD 2008-2010
HBCD
HBCDs
(0.25-0.86ng/g
lipid)
HBCDs TBBP-A PBDEs
TBBP-A

-13 -



a-HBCD PBDEs
TBBP-A

TBBP-A ( , 2.9 ng/g lipid)

(
0.4 ng/g lipid)
2,4,6-TBP

130 pg/g lipid

POC
2,4,6-tribromophenol (TBP)
pentachlorophenol (PCP)

tetrabromobisphenol A (TBBP-A)
hydroxy-tetrabromodiphenyl
(OH-BDE)

ether
(5-chloro-2-
(2,4-dichlorophenoxy) phenol; TCS)

TCS
OH-BDE

TCS

TCS

TCS

TCS
TCS
TCS
TCS
TCS
POPs
2007
24 48 19
35 2009
24 69 19
52
E25)
TCS PFB
TCS

3.08 ng/mL.  0.97

- 14 -



7.7 ng/mL 1.07 ng/mL 0.4

3.5 ng/mL TCS
p<0.001
POPs
POPs trans-NC dicofol
PCBI153
HCB B-HCH a-endosulfan
<LOQ 0.66 ng/mL
TCS POPs
TCS
TCS
TCS
POPs
TCS POPs
TCS HCH trans-NC
PCBI153
(p<0.05)
1) TCS
TCS
TCS
TCS
TCS
Hong Kong TCS

0.15 10 ng/mL

0.1 9.2 ng/mL (total TCS)

TCS 0.52 ng/mL
4.1 13
ng/mL TCS

TCS
1.1 ng/mL
TCS
NOAEL  50mg/kg/day
1/20
TCS
2) TCS
TCS
3 ng/mL
TCS POPs
TCS POPs
TCS hydroxy-BDE
TCS
PFCAs
(PFCAs)
8 PFOA (C8)
PFCAs

-15-



2000
PFCAs
PFCAs
PFCAs
PFCAs
1980 2010
PFCAs
1981 1992
2004 2011
1979 1993 2003-2004
2011 12-26
1981 1997 2003
2011
1983 1993 2004-2005 2011
15-30
1 PFCAs

C8 C9 C10 C1i1 C12 C13 Ci4
72+ 11% 73%

15% 79+ 7% 83+ 5% 91+ 11%
89+ 12% 104+ 20%
PFCAs
cs Cl4
2010 (2011  122ng/day)

2000
79ng/day) 1990
67ng/day) 1980

21ng/day)
C11 1980

(2003-2004
(1993
(1979

2000
2010 C8
C8 1980

C13 1990 C8
2000 2010
C9
1980 1990
2000
2010
PFCAs
(C8 Ci14
) 2010 (2011
1990
70ng/day) 2000
45ng/day) 1980

37ng/day)

89ng/day)
(1992

(2004

(1981

C11
C11 1980
1990
2000 2010

C8 C13

2 PFCAs

c8 C9 C10 C11 C12 Ci13 Ci14

87+ 12% 94+ 8%
87+ 6% 95+ 7% 96+ 5% 99+ 6%
106+ 7%

PFCAs (C8 C14
) 2010
15.2ng/ml)
(2004-2005
(1993

(2011
2000
10.2ng/ml) 1990
60.4ng/ml)

-16 -



1980 (1979  29.1ng/ml)

C8

C9 (1993 )
C8 PFCAs

PFCAs (C8 C14
) 1980 (1981
0.4ng/ml) 1990
13 (1992
5.2ng/ml) 2000 (2003
69.9ng/ml) 2010 (2007

67.6ng/day)
C8

C11 C8
2004
2011

PFCAs

PFCAs
1482ng/day (  PFOA
100ng/day) (2011
) 2014
PFCAs
(TDD
PFOA
(EFSA) 1500ng/kg-

50kg

/day

PFOA TDI

0.1%
2 PFCAs

C8 PFOA
C8

3M 2002

25%

C8
C8
2003-2004
2011
2004
2011 C8
C8 Cl4
PFCAs
PFCAs 2004
50kg 1-
PFCAs (C8 Cl4
)
2010 6.2ng/ml 2000
2.9ng/ml 1990 1.8ng/ml
1980 0.5ng/ml
2010 2.1ng/ml 2000
0.7ng/ml 1990 1.3ng/ml
1980 0.4ng/ml
C8 1981
Cc8 3 9
3M
2002
PFOS 60% PFOA
25%
PFOA(CS) PFCA
(C9-C13)

-17 -



PFCAs

PFCAs
n-3

2013 131

c8 C9 Ci10 C11
C8

PFCAs PFCAs  50%

Cc9 Ci11 Ci13

C10 C12

PFCAs
c8 C9 Cio Ci1
C12
/ (EPA/AA)
C8 C9 C10 C11 Ci12
EPA/AA

EPA/JAA C8
C9 C11 Ci12

PFCAs PFCAs
PFCAs

PFCAs

EPA/AA

PFOS
[PFOA,8 C8
]
PFNA C9
PFDA C10
PFCAs
PFOA

C6-C14 PFCAs

PFCA
v 24
PFCAs
CSF
PFCA
v
PFCA
v
01 3 6 12 24
CSF

- 18 -



2-
PFCA
2_
v
C7
C8-14
PFCAs
C7-C14
C8 6 7%
<1%
61 79 %
1.3 1.4% C9
C14 PFCAs
C8
C9 C14 PFCA
C8
64 80 % 46 55 %
v C8

13.1 mL/d/kg 9.8
mL/d/kg C7

336.7 mL/d/kg
216.3 mL/d/kg C7

C7
C9
C7 347.4
mL/d/kg 265.7 mL/d/kg  C10
2.2 mL/d/kg
2.8 mL/d/kg
1\Y
PFCAs
PFCAs

94 % 104 %
PFCAs
2
C9 C9 Cl14
PFCAs
PFCAs
PFCAs
PFCAs
PFCAs
2
PFCAs
C8
Cc9 Cio0 C11-C14
PFCAs
CSF
PFCA 100
C10 C14 PFCAs
PFCAs

C9 C11 PFCAs

C6 C7 PFCAs
PFCAs

PFCAs

PFCAs

-19-



C6 C7 PFCAs
C7 PFCAs
PFCAs
PFOA
PFCA (C8-C13)
PFOA(CS8) PFCAs
14-9 FBV/N
(n=4) PFCAs(C5-C14)
3.17nmol/g 24
PFCAs
PFCAs C8
(c7 (C9-C13)
(nmolg/ml-

serum; C7:1.43, C8:15.56, C9:13.71,
C10:3.82, C11:3.47, C12:1.22, C13:

PFCAs
(nmolg/ml-milk; C7:2.16,
(C8:5.58, C9:4.73, C10:0.79, C11:0.66,
C12:0.39 C13:0.30)

0.68)

PFCAs / C7
1.56 C8 C13 0.22
0.54
24
PFCAs
PFCAs/ PFCAs C7
C8-C13
PFCAs (C7) PFCAs(C8
—C13)
POPs
2003
1 2

-20 -



E25 POPs

3 mL
3000 rpm
10
3 mL
2013
1993
1996 1997
2003 2011

=21 -

2012
11

8

11-12

500mL



102
1990 2010
30
2008 30
150 1990
2008
2014 5 15
23
429
24
182
25
130
24 3
171
25 2
25
26

294

30

30

2008

150

2008

120

2007

1990

2011

2010

2010

22

2003

55

1990

102

2013



perfluorinated calboxilic acids,
PFCAs 8

perfluorooctanoic acid, PFOA
1940

PFCAs

PFCAs

7 14 PFCAs
PFHxA PFOA PFNA PFDA
PFUnA PFDoA PFTrA PFTeA

2013 5 8 44
PFOA
PFCAs
2000
2004 5 3
PFOA
45.4 ng/LL

-23 .



PFCAs

3 1
PFOA
PFOA 40% PFCAs
PFHpA PFNA 20%
PFOA
PFNA PFCAs
PFDA PFUnA
2.13 77.4 g/day
PFCAs
PFCAs
PFCAs
237 g/day
PFOA PFHpA PFNA
PFOA
PFCAs 77.4
64.2 g/day
PFOA 38.6
20.1 g/day (polyfluoroalkyl phosphate esters; PAPs)
PFCAs PFCAs
PFOA
PFCAs
133 g/day
49 kg PAPs

-4 -



PAPs

PFCAs 6 14
SCCPs
2007 2012
15 9 SCCPs
PAPs 5
2010
Agilent
SCCPs 3ng m
3
PFCAs
77-81%
15 13
9 8 PFCAs
PAPs SCCPs
PFCAs PFCAs
6-14 5.9
u glg 19u g/g 4 1 2
PAPs
35.0u gl/g 2.5 g/g
PFCAs SCCPs
consumer products
PFCAs SCCPs
PFCAs CPs
SCCPs
2010
PFCAs PAPs
60 CPs
PAPs PFCAs SCCPs

_25.-
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POPs

ng/day

ng/day

ug/kg bw/day =

POPs
50
GC/MS/
50 41
5 DDE
a B 33
, 6 ug’kg bw/day = )
Cl7-MBP
Br4Cl2-DBP 31
8.6 1.9 ng/day

3.7

24
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41

Cl7-MBP  Br4CI2-DBP

2011, 2012a

(Weber et al., 2010; Briz et a., 2011;

POPs Hoekstra et al., 2006; Chan et a., 2009)
DDT
1994
Fujii et al.,
CYP1A DDT
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POPs
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2010
2005 2010 2004
2005

Koizumi et al., 2009) Table1
24
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100g

(E25)
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AccuStandard
POPs Pesticide mix
1111 1037
C|7-M BP BI’4C|2-DBP
(Wu et
al., 2002; Gribble et al., 1999)
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4’-methoxy-BDE121

Wako gel
S-1
130 3
3)
€] (2)
(GPC)
3) 4)
GC/MS ECNI
Fig. 1
10 0.1% (5 mL)
: ‘n-
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GC/MS

4)
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6890N-GC

ECNI
Table 2 GC/MS
(LOQ)
5)
10
Table 2
1-100 ng/mL
70-91%
<15% (n=5) LOQ
/ =10
0.1 1.0ng/mL
(Table 2) LOQ
LOQ 12
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Standard Reference
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Milk, NIST) 4,4’-DDE, HCB,
trans-nonachlor
15%
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DDTs,
HCHs, CHLs HCB
Table 3
Fig. 2
3.7ng/day
DDTs (77ng/day) 5%
50 5
DDT
o B 33
24 ng/day
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(EDI, ng/kg bw/day)
EDI
0.074 1.14

FAO/WHO
PTDI, 2pg/kg bw/day
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ng/kg bw/day
for dicofol

endosulfans
0.018%
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(Fujii et al., 2011)
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DDT
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5 DDT
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0}
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B
B

Weber et al.,
2010

(EDI) 2 ng/kg
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Fujii et al.,,
2012b
Cl;-MBP 80%
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Cl;-MBP
BI‘4C12-DBP
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Tittlemier et al., 2003
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Table 1 Information on dietary samples used in duplicate diet study from five districts

n

2010 10 26 54 1980 2.09
2005 10 21 - 1787 2.39
2010 10 38 - 1538 2.39
2004 10 69 - 1905 1.66
2005 10 38 - 1875 1.70
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Table 2. GC/MS condition for selected ion monitoring (SIM) used in this study

Carrier gas
Injection mode

Column

Oven

Temperature

Tonization mode

Helium (head pressure 3 psi)

Splitless

HP-5MS (30% dimethylpolysiloxane, 30 m x 0.25 mm i.d. and
0.25 pm film thickness, J&W Scientific, CA, USA)

70 °C (1.5 min), then 20 °C/min to 230 °C (0.5 min), and then
4 °C/min to 280 °C (5 min)

Injector (250 °C), transfer line (280 °C), and ion source (150 °C)

Electron capture negative ionization (ECNI)

Reagent gas Methane
Analytes GC tg (min) Target ion (M/2) LOQ* (ng/mL)
4,4’-DDT 14.45 71 (235) 1.0
4,4’-DDD 13.60 71 (235) 1.0
4,4’-DDE 12.76 318 (316) 1.0
dicofol 11.21 250 (139) 0.4
HCB 9.47 284 (286)** 0.1
a-HCH, 9.37 71 (255) 0.2
B-HCH 9.65 71 (255) 0.2
v-HCH 9.74 71 (255) 0.2
trans-chlordane 11.77 412 (410) 0.2
cis-chlordane 12.14 412 (410) 0.2
oxychlordane 11.78 424 (426) 0.4
trans-nonachlor 12.51 444 (446) 0.1
cis-nonachlor 13.78 444 (446) 0.1
a-endosulfan 12.40 404 (4006) 0.1
B-endosulfan 13.51 404 (406) 0.1
hexaBB 15.91 79 (161) 0.1
tetraBB 9.62 79 (161) 0.1
BDE-47 16.45 79 (161) 0.2
Cl,-MBP 12.46 386 (388) 0.2
Br,Cl,-DBP 17.98 79 (544) 0.2
2’-MeO-BDE68 17.74 79 (161) 0.2
6-MeO-BDE47 18.29 79 (161) 0.2
a- [*C] endosulfan (IS) 12.40 385 (387) 0.1

*Limits of quantification; S/N = 10, **confirmation ion
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Table 3. Dietary intake (ng/day) of organohalogens from five districts in Japan

region freq Loo Kyoto Holkdaido Miyagi Gifu 'Yamaguchi total
% mean SD median min max mean SD median min max mean SD median min max mean SD median min max mean SD median min max mean SD median min max
DDE 100 1 12719 7642 123.04 2821 21659 5295 6948 2989 373 20215 3154 4031 1210 327 12012 2042 2947 4.20 188 9270 6301 7566 2979 212 21564 59.02 6990 2989 188 216.59
DDD 84 1 1451 1545 8.89 104 5053 1308 1446 1010 110 4638 736 1047 373 50 3406 459 5.59 204 .50 1808 1512 2293 5.24 50 6993 1093 1492 599 50 69.93
DDT 2 1 11.51 786  10.74 130 2397 1008 1375 540 500 3965 402 424 n 50 1064 3.02 5.27 129 S0 1732 569 572 4.3 50 1748 6.86 848 3.52 50 39.65
dicofol 84 0.4 126 96 80 20 2n 81 64 54 20 2,04 867 939 443 68 2554 1.44 218 45 20 615 632 9.08 228 20 2847 3.70 6.55 103 20 2847
HCB 100 .1 10.55 9.03. 6.01 167 2684 1624 1157 1540 165 3339 1194 102 1010 416 3904 1199 903 1016 3.86 3495 2099 1672 129 749 5594 1434 1184 1042 165 5594
alfaHCH kL 0.z 188 163 14 43 804 4.94 836 140 Jd0 17.00 136 112 97 38 335 197 2,08 125 36 723 401 456 203 110 1495 283 384 131 10 17.00
betaHCH 100 0.z €03 7.25 3.54 32 2344 5.24 839 296 28 2075 2385 282 201 &4 1004 230 180 174 38 645 4.27 233 319 203 932 414 471 261 28 2344
gammaHCH 98 0.2 202 207 L2 45 630 122 96 96 08 324 129 &7 107 38 283 B 52 34 10 189 226 246 152 23 713 145 162 a1 08 713
transCHL 98 0.2 118 94 96 28 362 73 56 50 A8 184 34 A1 35 10 5L 54 34 42 22 14 5.58 407 444 275 1662 167 2,69 &L 10 1662
endl 100 0.1 2208 7.00 2183 1213 3319 3743 1682 3411 830 6057 4466 1852 3749 2044 5162 3570 939 3484 2106 5287 2493 511 2484 1496 3030 328 1471 3019 830 8162
endll 100 0.1 1146 770 1042 362 2087 2620 1852 2342 646 6583 3967 2521 3088 1214 5517 21.08 791 2070 780 3624 2033 923 1784 1119 3503 2375 1753 1948 362 8517
HeBB 410 0.1 78 1.02 54 05 316 A7 12 15 05 34 07 04 06 05 17 A2 10 a1 05 33 11 14 07 05 43 .25 52 09 05 316
TeBB 1] [N} 34 31 25 05 B5 39 69 12 05 231 09 09 07 05 34 a7 11 14 05 41 09 09 Ao 05 28 2 36 10 05 231
BDE47 1] 0.2 633 5.41 490 126 1579 49 87 18 10 289 59 50 30 10 197 .50 57 33 10 181 62 65 51 10 230 170 334 42 10 1579
MeQ68 B4 0.2 2954 2982 1669 381 8421 39 46 2n 10 1.55 122 155 89 10 516 .53 1.09 19 10 3.58 1.56 234 &7 10 766 665 17.29 51 10 8421
MeQ47 64 0.2 1319 1515 515 00 3895 20 22 16 A0 77 65 101 3 10 3.28 45 .58 24 A0 181 160 230 76 10 766 3.22 831 35 00 3895
BriCI2 i3 0.z 303 476 128 10 1579 392 635 31 A0 1623 54 81 34 10 287 26 26 a8 A0 80 174 294 30 10 932 190 391 26 10 16.23
Qa L 0.z 3200 3560 1523 76 10064 138 163 64 05 4.82 246 681 28 10 2185 201 435 19 A0 1386 538 14.27 g2 21 4596 865 20.58 70 05 100.64
TBP 100 .1 2780 1635 2451 320 5096 2064 1501 1490 7.04 4987 7792 4573 9122 1207 13724 4107 5514 2804 98 18833 1052 1018 712 165 3201 3559 4013 2319 98 18833
TBA kL '8 358 372 239 28 1235 361 353 340 27 1246 1.50 29 104 82 357 291 374 124 05 1024 174 204 84 20 .06 267 3.03 144 05 1246
PCP 10n 0.1 430 230 3.83 &7 9.10 167 12 140 A6 4.58 191 121 189 36 372 A1 25 38 £a7 85 278 367 1.09 34 1141 Py 248 1.20 07 1141
pPCA 94 0.1 109 92 115 05 211 24 14 22 05 56 29 A1 25 15 49 19 10 Bt 05 36 30 15 28 05 55 42 53 24 05 2n
Diet homogenate (10g)
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(E25)

Table 1

POPs DDTs
(p,p-DDT, p,p-DDE, p,p’-DDD)
PCBs (PCB-118, PCB-138, PCB-146,
PCB-153, PCB-156, PCB-170, PCB-
180, PCB-182/187, PCB-194, PCB-
199, PCB-206) hexachlorocyclo
hexane (a-HCH, 8-HCH, y-HCH)
chlordanes (cis-CHL, trans- CHL,
oxychlordane, cis-nonachlor, trans-
nonachlor) pentachlorobenzene
(PeCB) hexachlorobenzene (HCB)
heptachlor cis-heptachlor epoxide
(HCE) toxaphenes #26, #50)
octachlorostyrene Dec 602 Dec 603
Dec 604 Dec 605

Expanded POPs Pesticides
Calibration  Solutions CS1-CS6
(ES-5464) Expanded POPs

Pesticides Cleanup Spike (ES-5465)
syn-DP anti-DP POPs Toxaphene
Calibration Solutions with PCB
Syringe (ES-5351)
octachlorostyrene (ULM-4559)
Cambridge Isotope Laboratories
Native PCB Solution/
Mixture for MS Detection (BP-MS)
Mass-Labelled PCB  Congeners
(P48-M-ES)  Wellington Laborato
ries Dec 602 (95%)

Dec 603 (98%) Dec 604 (98%)
Toronto Research Chemical Inc.
(Toronto, ON,)

13C12-2,3,3 ',5,5' -
CB-111 CIL

5mL

2:1:3 wvol / vol
/ /
13 PCB
Dechlorane plus

9mL

500pg

8mL

10mL

10mL 8g
Florisil PR
20mL
10% /
40 mL

1ImL
0.1mL 13C12

CB-111 GC/MS
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GC/MS Agilent 6890 59731
HP-5MS 30mX
0.25mm 0.25um DDT

IDL SIN 3
IDL
MDL IDL
(n=100) Table 2
PCB
PCB (11 cogeners) 15.2-

242 ng/g lipid mean 76.2 pg/g lipid

PCB
2005
2012
HCHs B-HCH
HCHs 80% 2012
B-HCH 0.24-58.86 ng/g lipid
mean 10.7 ng/g lipid 2008
2009
2.78-

58.93 ng/g lipid mean 11.58 ng/g
lipid
2007

10 ng/g lipid

20 ng/g lipid 2012

2009

0.05-3.45 ng/g lipid mean 0.55 ng/g
lipd

(4)
2012
0.04-3.19 ng/g lipid mean 0.46
ng/g lipid 0.05-0.70
ng/g lipid

39.76 ng/g lipid
trans-chlordane cis-chlordane
trans-nonachlor
heptachlor
oxy-chlordane
heptachlor
heptachlor epoxide
trans-nonachlor oxy-

chlordane
2007 2009
30-40 ng/g lipid
2012

mirex, toxaphenes

2012
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0.20-6.32 ng/g lipid mean 1.31 ng/g

lipid 0.39-
350 ng/g lipid mean 9.50 ng/g lipid
1
P26 P50
2008 2009
DDT
DDTs p,p’-DDE
DDT
3.28-670 ng/g lipid mean 73.49
ng/g lipd 2007 2009
DDT 107-257
ng/g lipid 2012
Dechlorane
Dec602, 603,
605 Ing/mL Dec 604
20 ng/mL
POPs
(5-7)
POPs
Dechlorane

(1) Bird, Winifred A., and Elizabeth
Grossman. "Chemical aftermath:
contamination and cleanup
following the Tohoku earthquake
and tsunami." Environmental
health perspectives 119.7 (2011):
a290.

(2) Shibata, Tomoyuki, Helena
Solo-Gabriele, and Toshimitsu Hata.
"Disaster waste characteristics and
radiation distribution as a result of
the Great East Japan Earthquake."
Environmental science & technology
46.7 (2012): 3618-3624.

(3) Koizumi A, Harada K, Inoue K,
Hitomi T, Yang H-R, Moon C-S,
Wang P, Hung N, Watanabe T,
Shimbo S, Ikeda M. Past, present,
and future of environmental
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specimen banks. Environmental
Health and Preventive Medicine
2009;14:307-18.

(4) Damgaard IN, Skakkebaek NE,
Toppari J, Virtanen HE, Shen H,
Schramm KW, Petersen JH, Jensen
TK, Main KM. Persistent pesticides
i human breast milk and
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Perspect 2006;114:1133-8.
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Comparative survey of levels of
chlorinated cyclodiene pesticides in
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China, Korea and Japan.
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polybrominated diphenyl ethers in
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Table 1. Characteristics of donors of breast milk samples

Sampling site Japan Sendai
Year 2012
n 100
Age (year)® (mean+SD) 31.5+5.0
(range) 20-42
Parity(n) 58
2 29
3 8
4 3
Smoking non 48
ex 18
current 1
Drinking® non 29
ex 56
current 0
social 12
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Table 2. Mean concentrations (ng g”pid_1) of POPs in breast milk samples from Sendai, Japan.

Compounds Sendai, Japan
2005 (n=40) 2007 (n = 20) 2009 (n =10 (30) 2008-2009 (n=20;2012 (n = 100)
Inoue et al. Haraguchi et al.  Fuijii et al. Present study
CB74 2.75(1.55) 4.21(2.81) - 2.82(1.46) -
CB101 - 1.16(1.26) - 1.01(0.91) -
CB99 4.15(2.13) 4.32(2.81) - 4.36(2.63) -
CB118 5.65(3.28) 7.25(4.34) - 6.18(3.63) 1.31(1.37)
CB105 - 2.01(1.34) - 1.58(0.88) -
CB146 2.56(1.42) 4.41(3.05) - 3.80(2.46) 3.88(2.86)
CB153 23.83(12.37) 22.78(17.04) 35.93(9.32) 25.16(14.22) 26.21(18.47)
CB138 13.58(6.82) 15.62(10.60) - 14.59(8.28) 18.09(13.34)
CB128 - 1.10(0.71) - 0.90(0.55) -
CB155 - - - 1.88(1.28) -
CB156 1.85(1.03) 3.23(2.20) - 1.96(1.10) 0.83(0.71)
CB174 - - - 1.21(0.69) -
CB187 5.11(2.86) 4.15(3.48) - 5.82(3.47) 6.56(4.73)
CB182/183 - 1.74(1.28) - 1.56(0.92) -
CB179 - - - 1.20(0.77) -
CB180 9.68(5.46) 9.27(7.20) - 8.06(4.42) 11.83(8.31)
CB170 3.50(1.95) 4. 47(3 27) - 2.87(1 59) 3.90(2.68)
CB199 0.97(0.54) - 1.31(0.85)
CB194 0.94(0.52) - - - 1.03(0.65)
CB206 0.21(0.11) - - 0.28(0.55)
>PCB 78.57(40.56)  86.42(55.39) 84.98(46 53) 76.16(51.36)
a-HCH - - 0.26(0.11) 0.13(0.09) 2.09(2.60)
B-HCH - - 6.90(5.29) 46.73(23.46) 10.65(10.08)
y-HCH - - 0.11(0.23) 0.05(0.09) 0.67(0.77)
>HCH 46.91(23 46) 13.41(11.08)
PeCB - - - 0.55(0.49)
HCB - 47.00(56.70) 19.30(7.53) 10. 27(4 88) 11.58(7.40)
Octachlorostyrene - - - 0.46(0.45)
Oxy-chlordane - - 14.44(5.99) 9. 61(6 62) 10.76(9.74)
Trans-chlordane - - 0.21(0.17) 0.09(0.06) 0.46(1.35)
Cis-chlordane - 2.01(3.11) 0.25(0.10) 0.16(0.11) 0.44(0.61)
Trans-nonachlor - 20.91(28.11) 37.38(19.89) 20.34(10.88) 24.73(24.32)
Cis-nonachlor - 7.13(8.28) 5.62(3.28) 3.03(2.40) 3.37(3.21)
>Chlordane 30.05(38.76) - 33.23(19.29) 39.76(35.71)
Heptachlor epoxide - - 5.15(1.89) 4.37(1.94) 4.20(4.57)
Mirex - - 1.11(0.35) 0.58(0.76) 1.31(0.99)
Toxaphene (P26) - - 1.11(0.38) 0.95(1.04) 1.52(5.33)
Toxaphene (P50) - - 2.09(0.72) 1.65(1.85) 1.64(6.34)
>~Toxaphene 2.59(2.86) 3.17(11.62)
ppDDE - 246.75(229.05) - 104.56(53.86) 69.59(88.33)
ppDDT - 6.87(4.46) - 2.08(1.64) 2.24(2.65)
ppDDD - 1.70(0.95) - - 1.66(2.12)
>DDT 256.50(231.65) 106.64(54.63) 73.49(90.09)

Data are presented as Mean(Standard deviation).
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EFSA Journal 2013;11(12):3471. doi:
10.2903/j.efsa.2013.3471
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CT USA
Sigma-Aldrich
MO USA
-dé6
-d3 -d3
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-d4 Dr. Ehrenstofer
-d3
-d4 @rtMolecule

CDN isotopes

ImL
-d3 -d3
-d4
-d4 -d4 0.2ng
-d3 2ng
InertSep
K-solute 2mL
2 10
25mL
2 10mL
ImL
Supelclean ENVlIcarb-1I/ PSA
A500 mg
B500mg Sigma-Aldrich
10 10mL 20
/ v/v
30
Nexera
6500

MS/ MS AB SCIEX MA
USA
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100mm 2.1 mm 3J m Waters MA
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Koizumi, 1983
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EU commission, Amending
Implementing Regulation (EU) No
540/2011, as regards the conditions of
approval of the active substances
clothianidin, thiamethoxam and
imidacloprid, and prohibiting the use and
sale of seeds treated with plant protection
products  containing  those  active
substances. COMMISSION
IMPLEMENTING REGULATION (EU)
No 485/2013 of 24 May 2013

EFSA Panel on Plant Protection Products
and their Residues. Scientific Opinion on
the developmental neurotoxicity potential
of acetamiprid and imidacloprid. EFSA
Journal 2013;11(12):3471.

Koizumi A. Development of

methodological and theoretical basis for
preventive toxicology with  special
reference to hepatotoxicity. Ph. D thesis,

Tohoku University. 1983;
http://hdl.handle.net/10097/19566.
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2014 1 5 2013
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Table 1. Demographic characteristics and vegetable intake of the study participants

Total Male Female
n 373 45 328
meantSDrange meantSDrange meantSD range
Age (yr) 37.9+23.318-87 48.2+23.521-85 36.5+23.0 18-87
Height (cm) 158.247.3120-185169.5+6.4 156—-185156.7+5.9 120-171
Weight (kg) 52.9+8.7 34-87 66.2t7.6 50-87 51.0+7.1 34-80
Parity - - - - 0.6+1.0 04
Food
consumption (g/day)
cereal 245+155 0-720 253+144 0-540 2441157 0-720
potato 25+54  0-600 3951 0-150 23154 0-600
vegetable 245+207 0-1338 297+290 0-1338 239+196 0-1265
fruits 57105 0-545 1131167 0-545 50194 0-520
tea 143+250 0-1500 2311289 0-1000 1331244 0-1500
Insecticide use  (No. of items) 0.3+0.8 0-5 0.24¢0.7 0-3 0.3£0.8 0-5
% % %
Vegetable eating
habit? often 74.7% 73.9% 74.8%
sometimes 25.3% 26.1% 25.2%
Drinking current drinker 34.6% 75.6% 28.9%
ex-drinker 4.1% 11.1% 3.1%
non-drinker  61.4% 13.3% 68.0%
Smoking current smoker0.8% 0.0% 0.9%
ex-smoker 7.3% 40.0% 2.8%
non-smoker  91.9% 60.0% 96.3%

2 'often' means eating vegetable at least once a day.
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Table 2. LC-MS/MS conditions for the determination of neonicotinoids

Liquid chromatography

Instrument
Column

Column temperature

Mobile phase

Mobile phase gradient

SHIMADZU Nexera

Atlantis T3 (2.1 mm(i.d.)x100 mm, 3 ym) (Waters)
40°C
A: 0.1% formic acid/10 mM ammonium acetate in water
B: Acetonitrile

Mobile phase flow

Injection volume

0—4 min A95 B5

4-15 min A95>50 B5>50
15-18 min A50>0 B50>100
18—23 min A0 B100
23-30 min A90 B10

0.2 mL min™

10 pL

Mass spectrometer
Instrument

lonization

Monitored ion (m/z)

Acetamiprid
Clothianidin
Dinotefuran
Imidacloprid
Nitenpyram
Thiacloprid
Thiamethoxam

Desmethyl-acetamiprid

Desmethyl-thiamethoxam
Thiacloprid amide

Acetamiprid-d3
Acetamiprid-d6
Clothianidin-d3
Dinotefuran-d3
Imidacloprid-d4
Thiacloprid-d4

Thiamethoxam-d4

TripleQuad 6500 AB SCIEX

Electrospray positive ionization (multiple reaction

monitoring)

Quantification
223.0>126.0
249.9 > 169.0
203.0>129.0
256.0 > 175.1
271.0>99.0

252.9>125.9
291.8> 2111
209.1 > 125.9

278.0>132.0
271.0>125.9
226.0 > 126.0
226.0 > 126.0
253.0> 1721
206.1 > 1321
260.1 > 1791
296.0 > 215.0
296.0 > 215.0

Desmethyl-acetamiprid-d3 212.1 > 125.9

Confirmation
223.0>90.0
249.9 > 132.0
203.0 > 1141
256.0 > 209.0
271.0>125.9
252.9>90.0
291.8>181.0
209.1 >90.0

278.0>174.0
271.0>73.0

Declustering  Collision

potential (V)
71
21
1
56
51

Retent

ion

time

energy (V) (min)

29 12.7
19 11.7
17 8.4
25 121
39 9.7
29 13.9
17 10.7
25 11.9
25 12.6
35 11.8
31 12.7
31 12.7
19 11.7
19 8.4
25 121
29 13.9
17 10.7
25 11.9
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Table 3. Calibration curves, detection limits, and recoveries for neonicotinoids analyses

Recovery
Detection %
Range Calibration curves (Y=ax+b)? limit®  (RSD%)°
Intercept (b) Linearity

Target analytes  (ng mL™) Slope (a) (1) (ngmL™")  (n=7)
Acetamiprid 0.005-2 0.886 0.00529 0.9999 0.005 91 (10)
Clothianidin 0.02-5 0.905 -0.00721 0.9999 0.020 100 (15)
Dinotefuran 0.01-10 1.29 0.00201 0.9999 0.010 64 (21)
Imidacloprid 0.01-1 0.881 0.0168 0.9999 0.010 97 (17)
Nitenpyram 0.01-2 7.87E+05 1.04E+03 0.9999 0.010 72 (6)
Thiacloprid 0.005-2 1.02 0.00442 0.9999 0.005 80 (5)
Thiamethoxam 0.01-1 0.909 0.00396 0.9999 0.010 89 (16)
Desmethyl-acet
amiprid 0.005-2 1.66E+06 8.55E+03 0.9999 0.005 72 (12)
Desmethyl-thia
methoxam 0.02-2 2.43E+05 2.30E+03 0.9999 0.020 75 (4)
Thiacloprid
amide 0.005-2 4.24E+06 1.30E+04 0.9999 0.005 69 (8)

2Y and X are Area counts and Concentration (ng/mL), respectively, for external standard
method; and are Analyte Area / IS Area ratio and Analyte Conc. / IS Conc. Ratio,
respectively, for internal standard method.

®1-mL sample
¢ RSD: relative standard deviation
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Table 4. The model parameters in Eq3 and Eq10 determined based on the observed
urinary excretion of labeled compounds after instantaneous dosing. R? values indicate
correlation of the observed excretions and the modeled ones.

r a(day’) B (day™) n R?
Clothianidin 0.596 1.20 — 31 0.88
Imidacloprid 0.133 0.479 — 34 0.46
Dinotefuran 0.899 4.20 — 15 0.96
Desmethyl-acetamiprid 0.586 3.08 0.419 32 0.42

Table 5. The estimated daily intake M (Mean £ SD) based on Eq13, Eq15, and Eq18
assuming steady state conditions before 2 pg day™ of instantaneous dosing. R? values
indicate correlation of the observed excretions and the modeled ones.

M (ug day™) n R?
Clothianidin 1.26 £ 1.12 90 0.20 (p << 0.05)
Imidacloprid 1.58 + 3.37 89 0.11 (p = 0.0012)
Dinotefuran 5.18 £ 6.40 83 0.077 (p = 0.011)
Desmethyl-acetamiprid 293+124 93 0.057 (p = 0.021)
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Table 6. Levels of urinary excretion of neonicotinoids and estimated daily intake.

Urinary excretion (ug/day)?

n>LOD meantSD median 75%ile 90%ile max
Acetamiprid 91 0.0210.09 n.d. n.d. 0.04 1.38
Clothianidin 360 0.51+0.95 027 053 115 123
Dinotefuran 348 3.29+5.80 1.02 420 863 57.9
Imidacloprid 286 0.07+0.20 0.03 0.06 0.14 259
Nitenpyram 44 0.07+0.34 n.d. nd. 0.01 3.62
Thiacloprid 29 0.00410.019 n.d. nd. nd. 022
Thiamethoxam 343 0.18+0.36 0.07 016 041 3.64
Desmethyl-acetamiprid 373 1.14+£2.07 040 116 292 20.48
Desmethyl-thiamethoxam 4  0.00041+0.0040 n.d. nd. nd. 0.06
Thiacloprid amide o - - - - -

Intake (ug/day)®

meanzSD median 75%ile 90%ile max
Acetamiprid 1.94+3.53 0.67 1.97 498 34.9
Clothianidin 0.86+1.59 046 089 1.93 20.7
Dinotefuran 3.66+6.45 113 467 9.60 64.5
Imidacloprid 0.53%£1.52 019 043 1.06 195

@ Urinary excretion was calculated assuming that daily creatinine excretion was 1.5 g for
males and 1 g for females.

® Intake was calculated based on portion distributed in the compartment 'r', derived from
dosing study.
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Table 7. Association between urinary excretion of neonicotinoids and participants

characteristics
Clothianidin Desmethyl-acetamiprid
r p valuea r p valuea
Age 0.21 <.0001 0.19 0.0002
Height 0.01 0.79 -0.01 0.81
Weight 0.01 0.88 0.01 0.81
Parity 0.25 <.0001 0.24 <.0001
Food consumption
cereal 0.06 0.28 -0.05 0.41
potato 0.03 0.58 0.004 0.94
vegetable 0.09 0.14 0.06 0.28
fruits 0.14 0.02 0.14 0.02
tea 0.10 0.10 0.05 0.40
Insecticide use -0.05 0.38 -0.05 0.37
mean+SD p value?® meantSD p value
Sex male 0.7+1.8 0.16 1.31£3.1 0.48
female 0.51+0.8 1.1+1.9
Vegetable eating habit®  often 0.6+1.1 0.08 1.242.2 0.055
sometimes 0.3+0.3 0.6£1.0
Drinking current drinker 0.5+0.6 0.02 1.2+1.8 0.20
ex-drinker 1.243.1 2.0+5.2
non-drinker 0.51+0.8 1.0+1.8
Smoking current smoker  0.13+0.15 0.77 0.31x0.31 0.70
ex-smoker 0.51+0.5 1.3+1.2
non-smoker 0.5+1.0 1.1+£2.1
2 ANOVA.

® 'often' means eating vegetable at least once a day.
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Table 7. (continued)

Dinotefuran Imidacloprid Thiamethoxam
r p valuea r p valuea r p valuea
0.21 <.0001 0.23 <.0001 0.06 0.23
0.05 0.29 -0.10 0.06 0.01 0.90
0.08 0.15 -0.10 0.07 -0.05 0.40
0.24 <.0001 0.17 0.004 0.07 0.24
0.18 0.002 -0.02 0.74 0.02 0.71
0.04 0.47 -0.007 0.91 -0.05 0.36
0.12 0.03 0.27 <.0001 0.03 0.56
0.14 0.02 0.17 0.005 0.004 0.94
0.10 0.13 0.11 0.09 0.04 0.55
-0.07 0.24 0.01 0.81 -0.004 0.94
meantSD p value meantSD p value meantSD p value
4.1+9.0 0.34 0.07£0.20 0.98 0.17+0.23 0.86
3.215.2 0.07+0.20 0.18+0.37
3.2+4.4 0.12 0.06x0.10 0.07 0.19+0.43 0.07
2.3+£3.1 0.03+0.06 0.09+0.11
3.948.1 0.23 0.11+0.31 0.02 0.21+042 0.29
4.014.6 0.03+0.03 0.21+0.23
2.9+4 1 0.05+0.11 0.15+0.33
0.07+0.12 0.005 0.05+0.04 0.66 0.04+0.04 0.72
6.7+11.6 0.11+0.25 0.15+0.19
3.1£5.0 0.07+0.20 0.18+0.37
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Table 8. Parametric correlation coefficients among neonicotinoids.

Thiame  Desmethyl- Desmethyl-
Acetamiprid Clothianidin Dinotefuran Imidacloprid Nitenpyram Thiacloprid thoxam  acetamiprid thiamethoxam

Acetamiprid 1

Clothianidin 0.15 1

Dinotefuran 0.09 0.19 1

Imidacloprid 0.31 0.26 0.12 1

Nitenpyram 0.11 0.13 0.49 0.30 1

Thiacloprid 0.07 0.21 0.26 0.30 0.49 1

Thiamethoxam 0.04 0.33 0.15 0.09 0.07 0.05 1
Desmethyl-

acetamiprid 0.30 0.54 0.14 0.26 0.05 0.07 0.18 1
Desmethyl-

thiamethoxam -0.02 -0.02 0.02 -0.03 -0.02 -0.02 -0.03 -0.04 1
Bold figures indicate statistical significance

(p<0.05).
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Oral Ingestion
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POPs
GC-ECNI-MS

Dechlorane Dechlorane 602,
603, 604, 605
Dechlorane 605 Dechlorane Plus (DP)

OxyChem

(USEPA, 1998)

Dechlorane Plus
(Sverko E et al., 2011)
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( ,2012)

GC /ECNI/MS

Dec 602 (95%), Dec 603

(98%), Dec 604 (98%) Toronto
Research Chemical Inc. (Toronto, ON,)

syn-DP, and anti-DP
Cambridge Isotope Laboratories

PC1»-2,3,3 5,5 -

CB-111 CIL

SCCPs

5¢g 1:1 wvol / vol
/ 200mL 13
DP 10ng

16

1 mL
10 mL

10mL 40
1:1
/ 30mL

1 mL 8g
Florisil PR

30mL

10% /

30 mL
1
mL 0.5 mL
BC,  CB-111 GC /
ECNI/ MS
GC /ECNI/MS Agilent 6890 5973i
DB-5MS 15mx 0.25 mm
0.1y m
[M]
IDL S/N 3
SCCPs
IDL MDL
IDL
S5g
[M]
1 Dechlorane
Dec604
Dechlorane
1/20
2
15m 0.25um
Dechlorane
13 DP
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Dec602, 603, 605
1 I ng
Dec 604 20 ng
4 1 Dec602
16 ng/g 1
39ug/day 3

Dechlorane
POPs

Dechlorane

Dechlorane

(1) USEPA, Letter to Manufacturers/
Importers, 10/9/98, High Production
Volume (HPV) Challenge. 1998.
http://www.epa.gov/chemrtk/pubs/genera
Vceoltrl.htm
(2) Ed Sverko, Gregg T. Tomy, Eric J.
Reiner, Yi-Fan Li, Brian E. McCarry, Jon
A. Arnot , Robin J. Law , and Ronald A.
Hites. Environ. Sci. Technol., 2011, 45
(12), pp 5088-5098
3) ,
GC/MS

Dechlorane Plus
61(9), 2012.
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tribromophenol, tetrabromobisphenol A, pentachlorophenol,

hydroxyl-PBDE

POPs (DDTs, HCHs,

CHLs, HCB) POPs (endosulfan dicofol)
1993 2004 2011
POPs 2011 1993 49
dicofol endosulfan
tribromophenol
tetrabromobisphenol A
1993 2004 2011
pentachlorophenol 1993 19.8 ng/day 2011
4.0 ng/day PBDE 6-OH-BDE47 11
2" ,6-dimethoxy-BDE68 2004
2011 4780 ng/day
(Meerts et al 2000;
Kawashiro et al 2008)
POPs POPs TBP
endosulfan  pentachlorophenol (PCP) TBBPA
2,4,6-tribromophenol (TBP)
tetrabromobisphenol A (TBBPA) (Watanabe and Sakai,
polybrominated diphenyl ether (PBDE) 2003)
(OH-PBDE) PBDE
PCB PBDE
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hydroxy-PBDE

PCP
TBP

20
1993, 2004 2011

POPs 4
POPs

DDTs, CHLs, HCHs,
dicofol,
PCP

HCB

endosulfan
TBP

TBBPA 6-hydroxy-

BDE47

PBDE

24
(30 )
100g

(E25)

Table 1

)
TBP, TBBPA

Wellington Laboratories
a- [*CJendosulfan,
4-OH-[C]PCB187
Cambridge Isotope Laboratories

PCP

(Dr. G. Marsh)
4’-methoxy-BDE121

Wako gel
S-1
130 3
)
(1) (2)
(GPC) (3)
KOH+EtOH/ -
( ) 4
GC-MS
Fig. 1
(1) 10g 0.1% (5mL)
: :n-
(2:1:7) 20mL
(0-["*Clendosulfan,
4-OH-[C]PCB187 1.0 ng/mL)
2)
(DCM) : n- (1:1 v/v)
Bio-Beads S-X3 (
)
4 mL/min 96-mL
64-mL
(3) GPC n- (10
mL) IM KOH-
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(7:3) (2mL)
1 mL
1M
HCI2 mL n- :
(8:2, v/v, 10 mL)

O-
I mL
(4)
(0.2 g, Wako gel S-1)
DCM/n-hexane (12:88, v/v, 15mL)

4’-methoxy-BDE121
GC-MS

200uL

)
GC-MS Agilent GC/MSD-5973i

6890N-GC

ECNI
GC/MS
Table 2
)
10
Table 2
1-10 ng/mL
74 99 %
12% (n=5)
(LOQ) / =10
0.1 10 ng/g lipid
(Table 2). LOQ
LOQ 1/2

0.1 5.0 ng/mL

( 0.99)
Standard Reference Material (SRM1954,
Organic Contaminants in Non-Fortified
Human Milk, NIST)
4,4’-DDE, HCB,
BDE-47

trans-nonachlor,

15%

POPs
(1993, 2004
POPs DDTs,
HCB POPs
endosulfan
PCP TBP
hydroxy-PBDE
Table 3

2011 )
HCHs, CHLs
dicofol

TBBPA

Fig. 2
1993 TBBPA
DDTs CHLs endosulfans
Cl;-MBP  HCHs 2011
DDTs TBBPA endosulfans
2011 POPs
DDTs, HCHs, HCB, CHLs
1993 49%
dicofol 20 ng/day 0.6 ng/day
endosulfan 40 ng/day 20
ng/day (50kg) 1kg
(EDI, ng/kg
bw/day) dicofol,
endosulfans  EDI 0.3
5 ng/kg bw/day
FAO/WHO
PTDI, 2ug/kg bw/day for dicofol
(JMPR, 1992) ADI,
oug/kg bw/day for endosulfans Lu,
1995 0.015% 0.08%

CHLs
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TBP

10.7 27.8 ng/day
PCP
1993 19.8 ng/day 2011
4.0ng/day TBBPA
30 8
90 ng/day
hydroxy-PBDE 6-OH-BDE47
11 ( 6.8 pg/g wet)
2’-OH-BDE68 5 12.6
ng/day
(ADI) TBBPA
EDI 1.8 ng/kg bw/day
ADI

methoxy
PCA 6-MeO-BDE47
2’-MeO-BDE68 1993
TBA TBP
0.05 2011
0.09 PCA PCP
1993 0.01, 2011
0.05 6-OH-BDE47
6-MeO-BDE47
1:1 TBBPA

TBA

dimethoxy

MeO-PBDE
30 13
1 dimethoxy-PBDE

2’,6-dimethoxy-2,4,3’,5’-tetrabromodiph
enyl ether (diMeO-BDEG68)

Fig. 3 1993
2004 90%
2010 10%
2010
4800 ng/day 4

2’-OH-6-MeO-BDE68,
2’-MeO-6-OH-BDE68,
2’,6-dihydroxy-BDE68

dicofol endosulfan
POPs
dicofol,
endosulfan HexaBB,
TetraBB
endosulfan
Fujii et al
2012a
endosulfan
(Desalegn et al 2011)
a- B I:1 2:1
a
(Weber
etal 2010
a-endosulfan
TBP
2004
1993 2010
TBP
39 ng/kg dry wet
Whitfield et al 1999
TBP 3000

Watanabe and
Sakai, 2003; Suzuki et al 2008
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TBP
TBA TBP 1/10
TBA TBP
Allard et al 1987)
TBBPA 30
5 1080 ng/day
TBBPA
45 26)

(Ashizuka et al 2008 Watanabe et al
1983b) TBBPA

2000pg/g wet  TBBPA

Shi et al 2009 TBBPA
(George and Haggblom 2008)

dimethoxy-TBBPA

(Watanabe
et al 2003)
TBBPA (EDI)
EDI Driffield et al
2008 TBBPA
EDI
COT TBBPA
ADI
Img/kgbw/day
TBBPA EDI/ADI
TBBPA
Hagmer et al 2000
2011 TBBPA
PCP 1993 99

2004 2010
20 ng/day PCP

ng/day

(Suzuki et al
2008) PCA PCP 1/20
PCP

(Mardones et al 2009; Watanabe et al
1983)

11 PBDE
6-OH-BDE47
BDE-47
(Haraguchi
et al 2011) ( )
2’-OH-BDE68

(2>-MeO-BDE68)

hydroxy-PBDE
hydroxy-PCB

T4
(Meerts

et al 2000)

dimethoxy-
PBDE
2" -MeO-BDEG68

PBDE
PBDE

dimethoxy-PBDE68
2’-methoxy-BDE68
dimethoxy-PBDE
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PCA, TBA MeO-BDE
O-
2012
TBA
TBP
PCA
PCP

Ikeda and Sapienza 1995
hydroxy-PBDE
methoxy-PBDE
Wan et al 2010

POPs
POPs POPs
2011 1993
TBP,
TBBPA hydroxy-PBDE
POPs
endosulfan
TBBPA EDI ADI

hydroxy-PBDE
dimethoxy-PBDE
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Table 1 Information of dietary homogenates in duplicate diet study from Kyoto 1993, 2004 and
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2011.

Area Sampling year | n | Homogenate (g) | Age Body weight (kg) | Fat (%)
Kyoto 1993 10 | 2205 53 (47-59) | 54.6 2.20
Kyoto 2004 10 | 1905 69 (63-76) | 48.4 1.66
Uji 2011 10 | 2972 65 (62-75) | 51.0 1.19

Table 2. Selected ion monitoring (SIM) used in the GC/MS analysis for dietary food from Kyoto
area.

Carrier gas Helium (head pressure 3 psi)

Injection mode Splitless

Column HP-5MS (30% dimethylpolysiloxane, 30 m x 0.25 mm i.d. and

0.25 um film thickness, J&W Scientific, CA, USA)
Oven 70 °C (1.5 min), then 20 °C/min to 230 °C (0.5 min), and then
4 °C/min to 280 °C (5 min)

Temperature Injector (250 °C), transfer line (280 °C), and ion source (150 °C)

Ionization mode Electron capture negative ionization (ECNI)

Reagent gas Methane

Analytes GC tg (min) Target ion (NMV/2) LOQ* (ng/mL)
4,4-DDT 14.45 71 (235) 1.0
4,4’-DDD 13.60 71 (235) 1.0
4,4’-DDE 12.76 318 (316) 1.0
dicofol 11.21 250 (139) 0.4
HCB 9.47 284 (286)** 0.1
a-HCH, 9.37 71 (255) 0.2
B-HCH 9.65 71 (255) 0.2
v-HCH 9.74 71 (255) 0.2
trans-chlordane 11.77 412 (410) 0.2
cis-chlordane 12.14 412 (410) 0.2
oxychlordane 11.78 424 (426) 0.4
trans-nonachlor 12.51 444 (446) 0.1
cis-nonachlor 13.78 444 (446) 0.1
a-endosulfan 12.40 404 (406) 0.1
B-endosulfan 13.51 404 (406) 0.1
hexaBB 15.91 79 (161) 0.1
tetraBB 9.62 79 (161) 0.1
BDE-47 16.45 79 (161) 0.2
Cl;-MBP 12.46 386 (388) 0.2
Br,Cl,-DBP 17.98 79 (544) 0.2
2’-OH-BDEG68 (methylated) 17.74 79 (161) 0.2
2’-MeO-BDE68 17.74 79 (161) 0.2
6-OH-BDE47 (methylated) 18.29 79 (161) 0.2
6-MeO-BDE47 18.29 79 (161) 0.2
2°,6-diMeO-BDE68 19.51 79 (161) 0.5
TBP (methylated) 8.90 79 (81) 0.05
TBA 8.90 79 (81) 0.05
PCP (methylated) 9.52 278 (280) 0.05
PCA 9.52 278 (280) 0.1
TBBPA (methylated) 22.13 79 (81) 10
Dimethoxy-TBBPA 22.13 79 (81) 10
4-OH-["C]-PCB187 17.38 438 (422) 0.2
o- ["*C] endosulfan (IS) 12.40 385 (387) 0.1

*Limits of quantification; S/N = 10, **confirmation ion
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Table 3. Dietary intake (ng/day) of organohalogens in dietary homogenate collected in 1993, 2004
and 2011 from Kyoto

analyte freq LOQ 1993 2004 72011 total
% ng/mL mean SD median min  max  mean SD median min  max  mean SD median min  max  mean SD median min  max

34-DDE 100 10 14462 11088 10221 3751 36900 12719 7642 12304 2821 21659 8664 9303 5576 707 28227 11948 9446 9562 707 369.00
44007 100 10 4812 4218 3272 1407 13735 1451 1545 889 104 5053 1761 1142 1651 177 3515 2675 3008 1795 104 13735
44-DDD 100 10 4185 5273 2138 615 18036 1151 786 1074 130 2397 1166 864  7.80 8 2679 2167 3340 1402 89 18036
dicafol 87 04 310 462 107 56 1521 136 96 80 20 27 58 34 54 20 113 165 285 20 20 152
HCB 100 0.1 821 873 568 150 2583 1055 903 601 167 2684 1235 1630 412 61 4472 1037 1159 53 61 44712
a-HCH 100 02 1052 771 821 175 2602 188 18 141 43 604 262 122 274 & 409 501 5% 274 260
p-HCH 100 02 1961 528 2126 820 2706 603 725 354 32 344 594 331 480 329 1406 1053 843 61l 32 2106
y-HCH 100 02 592 344 491 228 1417 202 207 12 45 630 205 109 203 6 402 33 297 240 45 1417
trans-CHL 100 02 523 42 332 115 1278 118 94 96 28 36 1072 879 66 122 2442 571 617 263 28 442
cis-CHL 100 02 1595 1693 757 365 5303 196 76 204 104 372 447 153 413 267 748 746 1132 381 104 5303
trans-NC 100 02 4345 4362 2035 550 12628 1302 898 1347 232 2653 2011 1528 1483 406 5847 2553 2937 1506 232 12628
cis-NC 100 02 2504 2692 601 209 7076 515 330 516 52 1353 704 567 615 143 2088 1241 1796 601 52 7076
ony-CHL 100 04 1045 951 685 325 338 481 346 460 107 1105 465 397 292 152 1450 664 665 425 107 3383
T 100 0.1 3857 4449 1342 431 11253 2209 700 2183 1213 3319 3553 1682 3098 1522 6544 3206 2735 2351 431 11253
p-endosulfan 100 0.1 4109 4660 1947 350 14037 1146 770 1042 362 2087 1635 721 1397 652 3014 2297 2971 1393 350 14037
HexaBE o) 0.1 51 29 10 05 256 102 64 05 316 11 20 il 05 69 47 81 09 05 316
TetraBB 40 0.1 13 09 10 05 k) 24 Eil 2 05 88 05 00 05 05 05 17 2 08 05 28
BDE-47 b 0.2 711 1071 182 78 870 633 541 4% 126 1579 218 382 90 71 1305 52 735 147 7 2870
2'-OH-BDEGS 17 0.2 .1 .0 .1 Rl Rl 3.3 4.5 3.8 RN .2 7 .2 . 2.2 & 2.3 .5 4 1E
2'-MeO-BDEGS 100 0.2 9.1 90 56 36 385 95 557 167 3 1842 170 3411 87 2 10874 552 1981 67 2 10874
6-OH-BDE47 7 0.2 8.5 103 5.7 . 8.8 285 330 (0.8 1 1zns 4.5 8.1 2.3 LB 124 251 3.3 113
6-MeO-BDE4T b 0.2 905 1392 215 10 3607 1720 2486 515 10 7895 1235 2766 449 10 962 1287 2238 399 10 %062
2'6-diMe0-BDEGS 43 0.2 .10 .0 .10 .10 L0187 18 9.6 .1 BLO 482.3  I511.4 1.1 .1 47845 1B5.5 72,5 1.0 147845
BrCI2-DBP 53 0.2 103 155 39 10 505 302 477 128 00 1579 276 594 212 10 1758 2271 442 24 0 1758
CI7-MBP 97 0.2 a5 7285 101 10 21525 4300 5535 1523 76 15064 480 880 62 33 637 2979 5427 250 10 21525
TBP 100 0.1 1072 823 821 293 2684 2780 1635 2451 320 5095 1502 1548 859 173 5L16 1785 1526 1168 173 5L16
TBA 97 0.1 53 45 36 05 153 655 801 350 56 3013 135 162 66 05 442 281 578 79 05 3043
pcP 100 0.1 1976 1489 1749 152 4480 430 280 383 67 910 399 328 330 51 1119 935 1143 406 51 4480
PCA 57 0.1 18 2 12 05 & 117 85 115 05 271 2 25 il 05 byl 52 69 20 05 m
TBBPA 2 10 17676 35540 6040 500 108804 1568 1820 1340 500 6250 7673 22684 7673 500 72234 8972 24461 1012 500 108804

Diet homoegenate (10g)
+0.1¢oformicacid
+ethanol:diethrvl ether Hexane

ernal scandard

| Gel Pameation Chromatoegraphy

3

Fractionation
+ Hexane/ 1 M-KOH: ethanol (7:3}

‘ Neutralfraction ‘ | Phenolic fraction

l l +diazomethane

Silicagel Chromatography
eluted with 122 DCA-Hexane

GO MS-ECNI(ET
for neutral pesticide

GO DMS-ECNI
for phenolic comp ouncls

Fig. 1 Analytical methods for neutral and phenollic organohalogens in dietary homogenate from
Kyoto area.
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Fig. 2-2 Temporal trend of organohalogen contaminants (HCB and HCH) in duplicate diet study
from Kyoto
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study from Kyoto
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Fig. 3. GC/MS (EI mode) of brominated contaminants (peak C) found in diet homogenate from
Kyoto 2011. Interposed chromatograms are selected ion monitoring profiles for methoxylated
tetrabromodiphenyl ethers in neutral fraction from diet homogenate; Peaks a and b represent
2’-MeO-BDE68 and 6-MeO-BDE47, respectively. GC/MS conditions are the same as given in a
literature (Haraguchi et al 2009)
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hexabromobenzene (HexaBB), 2,4,6-tribromophenol (TBP), tetrabromobisphenol A

(TBBPA) POPs POPs (endosulfan)
(dicofol, pentachlorophenol)
2010 20 HexaBB
0.33 ng/g lipid 1,2,4,5-tetrabromobenzene
(TetraBB) 1.9 ng/g lipid TBP
15.6 ng/g lipid TBBPA 9 (45%
) 3.6 ng/g lipid (nd 16 ng/g lipid) dicofol,
endosulfans pentachlorophenol 0.37, 1.7 0.9 ng/g lipid
TetraBB
2" -MeO-BDEG68 Br4Cl,-dimethyl bipyrrole 0.77 0.35
ng/g lipid (r=0.573, p<0.01)
TBBPA PTDI (Img/kg bw/day) 3
methoxy-PBDE bipyrrole
(Meerts et al.,
POPs (dicofol,  2001; 2002; Kawashiro et al., 2008)
endosulfans pentachlorophenol TBP
(PCP)) (2,4,6-tribromophenol TBBPA
(TBP) tetrabromobisphenol A
(TBBPA)) PCB (Watanabe and Sakai, 2003)

polybrominated diphenyl ether (PBDE)

PBDEs
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POPs
TetraBB, HexaBB
BDE-47
TBP, TBBPA hydroxy-PBDE
dicofol, endosulfans
pentachlorophenol
ADI
)
2009 2010
18 35 20
29
(Koizumi et al., 2009)
(E25)

Table 1
)
POPs DDTs, HCB, HCHs
(CHLs)
PCP,
TBP, TBBPA, 2’-OH-BDE&®68,
6-OH-BDE47

Wellington Laboratories

a-[*CJendosulfan,
4-OH-[C]PCB187
AccuStandard

POPs

4’-methoxy-BDE121
(Dr. G. Marsh)

Wako gel S-1
130 3
)
(1)
()
(GPC) (3) KOH:EtOH
( ) (4)
(5) GC-MS
Fig. 1
10 0.1% (5 mL),
n-
2:1:3 20 mL
(0-[*CJendosulfan
4-OH-["*C]PCB187)
Bio-Beads S-X3 (
)
(DCM) : n- (1:1
V/V) 4 mL/min 96-mL
64-mL
n- (10 mL) IM
KOH/ (7:3) (2 mL)
I mL

-9) .



M ImL n-
: (8:2, v/v, 10
mL)

O-

(0.2 g, Wako gel
S-1) DCM / n-hexane (12:88,
v/v, 15mL)

4’-methoxy-BDE121
GC-MS

200uL

)
GC-MS Agilent GC/MSD-59731

6890N-GC

ECNI
Table 2 GC/MS

LOQ

ng

10

Table 2
1-10 ng/mL
74-98 %
12% (n=5)
(LOQ)
=10
LOQ

(Table 2)
LOQ 112

0.1
5.0 ng/mL
(>0.99) Standard

Reference Material (SRM1954, Organic
Contaminants in Fortified Human Milk,

NIST)
4,4’-DDE, HCB, trans-nonachlor
BDE-47

15%
(ANOVA) p=0.05
Table 3 DDTs (69

ng/g lipid) CHLs (46.1 ng/g lipid)
HCHs (25.9 ng/g lipid) HCB (7.4 ng/g
lipid)

TBP
15.6 ng/g lipid
TBBPA 9

3.6 ng/g lipid
TetraBB (1.93 ng/g lipid) endosulfans
(1.7 ng/g lipid), PCP (0.90 ng/g lipid)
2’-MeO-BDEG68 (
95%)  0.77ng/glipid  BDE-47
(0.61 ng/g lipid)
20 4
6-OH-BDE47 0.25 ng/g lipid
HexaBB TetraBB
1/6
BI‘4C12-DBP
Cl;-MBP 0.35, 0.63 ng/g
lipid
(ANOVA)
B -HCH p=0.044
P>0.05, Fig. 3
endosulfans 4,4’ - DDE, dicofol
TBP p<0.05,
Table 4) TBP TBBPA
2’ -MeO-BDE68  BrsCl,-DBP
r=0.572, p=0.008,
Fig. 4
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(5 kg,
700mL )
(EDI, ng/kg bw/day)
dicofol endosulfans  EDI
1.0 4.8 ng/kg
bw/day PTDI
(ADI) 3
TBBPA EDI
44 10 ng/kg bw/day
CHLs EDI 130 ng/kg bw/day

ADI (0,5 pg/kg bw/day)  26%

TBP

TBP  PCP 6-OH-BDE47

TBA, PCA

6-MeO-BDE47
TBA TBP

0.10

0.03, PCA PCP
6-OH-BDE47
0.15 ng/kg bw/day
MeO-BDE 1/2
2’ -OH-BDE68
dimethoxy-TBBPA

dicofol
endosulfan
2011;2012b

Fujii et al
dicofol endosulfan
endosulfan «
B 1:1
Desalegn et al 2011
10:1 B

B o
Weber et al 2010

Dicofol endosulfan
EDI (2
6 ng’kg bw/day)
Lu, 1995
HexaBB 350

1994-2001
Watanabe and Sakai 2003

HexaBB TetraBB
Fujii et al 2012a
TetraBB
TetraBB
HexaBB

HexaBB
TetraBB
HexaBB TetraBB
HexaBB
TetraBB
(Yamaguchi et al

1988)

TBP
TBP

(Haraguchi et al., 2010)
TBP
3000
Watanabe and
Sakai 2003; Suzuki et al 2008
TBP
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TBBPA 20 9
45
TBBPA nd-14 pg/g wet 30%
(45
26) TBBPA  10-110 pg/g wet

(Ashizuka et al 2008; Watanabe et al

1983b) TBBPA
TBBPA
Hagmer et al
2000
TBBPA ADI
COT
Img/kgbw/day (Driffield et
al 2008) (5 kg) TBBPA
(EDI) ADI
PCP
PCP TBP
PCP
PBDE 6-OH-BDE47
BDE-47
6-OH-BDE47
6-OH-BDE47 PCB
T4
Meerts et al
2001
OH-PBDE
OH
TBBPA

(George and Haggblom, 2008)

PCA, TBA
MeO-BDE
2012 TBA
PCA
PCP

Ikeda and Sapienza 1995
methoxy-PBDE

Wan et al
2010
POPs
TetraBB
BDE-47
MeO-PBDE
TBP> TBBPA> PCP>
OH-PBDE ADI
TBBPA
EDI ADI
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Table 1. Information of breast milk used in this study

area city sam p lihg year age occupaton parity fath
N agasakil Sasebo 2009 28 2 116
N agasaki?2 Sasebo 2009 30 3 109
N agasaki6 Sasebo 2009 34 2 302
N agasaki7 Sasebo 2009 35 3 337
N agasaki8 Sasebo 2009 18 1 183
Nagasakill Sasebo 2009 24 1 311
N agasakil2 Sasebo 2009 22 1 218
N agasakil6 Sasebo 2010 29 2 157
Nagasakil7 Sasebo 2010 33 2 131
N agasakil8 Sasebo 2010 28 1 207
N agasakil9 Sasebo 2010 25 3 207
N agasaki20 Sasebo 2010 29 2 162
N agasaki2l Sasebo 2010 34 1 220
N agasaki22 Sasebo 2010 29 2 128
N agasaki23 Sasebo 2010 30 1 114
N agasaki25 Sasebo 2010 34 2 235
N agasaki27 Sasebo 2010 30 1 253
N agasaki28 Sasebo 2010 26 2 172
N agasaki29 Sasebo 2010 34 3 155
N agasaki34 Sasebo 2010 25 1 182
average 289 18 195
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Table 2. Selected ion monitoring (SIM) used in the GC/MS analysis for breast milk.

Carrier gas Helium (head pressure 3 psi)
Injection mode Splitless
Column HP-5MS (30% dimethylpolysiloxane, 30 m x 0.25

mm i.d. and 0.25 um film thickness, J&W
Scientific, CA, USA)

Oven 70 °C (1.5 min), then 20 °C/min to 230 °C (0.5
min), and then 4 °C/min to 280 °C (5 min)
Temperature Injector (250 °C), transfer line (280 °C), and ion
source (230 °C for EI, 150 °C for ECNI)
Ionization mode Electron capture negative ionization (ECNI)
Reagent gas Methane
Analytes GC Target ion LOQ*
tg (min) (m/2) (ng/g lipid)
4,4-DDT 14.45 71 (235) 1.0
4,4’-DDD 13.60 71 (235) 1.0
4,4’-DDE 12.76 318 (316) 1.0
dicofol 11.21 250 (139) 0.2
hexachlorobenzene (HCB) 9.47 284 (286)** 0.05
a-HCH, 9.37 71 (255) 0.1
B-HCH 9.65 71 (255) 0.1
v-HCH 9.74 71 (255) 0.1
trans-chlordane 11.77 412 (410) 0.1
cis-chlordane 12.14 412 (410) 0.1
oxychlordane 11.78 424 (426) 0.1
trans-nonachlor 12.51 444 (446) 0.1
cis-nonachlor 13.78 444 (446) 0.1
a-endosulfan 12.40 404 (406) 0.1
B-endosulfan 13.51 404 (4006) 0.1
hexabromobenzene (HexaBB) 15.91 79 (81) 0.1
tetrabromobenzene (TetraBB) 9.62 79 (81) 0.05
2,244’ -tetraBDE (BDE-47) 16.45 79 (161) 0.1
Cl,-MBP 12.46 386 (388) 0.1
Br,Cl,-DBP 17.98 79 (544) 0.1
2,4,6-tribromophenol (TBP) (methylated) 8.90 79 (81) 0.1
2,4,6-tribromoanisole (TBA) 8.90 79 (81) 0.1
pentachlorophenol (PCP) (methylated) 9.52 278 (280) 0.1
pentachloroanisole (PCA) 9.52 278 (280) 0.1
tetrabromobisphenol A (TBBPA) (methylated)  22.13 79 (81) 0.5
dimethyl-tetrabromobisphenol A 22.13 79 (81) 0.5
2’-OH-BDE68 (methylated) 17.74 79 (81) 0.1
2’-MeO-BDE68 17.74 79 (81) 0.1
6-OH-BDE47 (methylated) 18.29 79 (81) 0.1
6-MeO-BDE47 18.29 79 (81) 0.1
o-["*Clendosulfan (IS) 12.29 385 (387) 0.1
4-OH-["*C]PCB187 (IS) (methylated) 17.38 438 (422) 0.1

*Limits of quantification; S/N = 10, **confirmation ion
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Table 3. Concentrations of organohalogens in human breast milk from Nagasaki 2010

analyte freq LoQ primiparous, n=8 multiparous, n=12 total, n=20
% ng/g lw _mean sD median  min max mean sD median  min max mean sD median  min max

4,4'-DDE a0 1 8393 5597 60.61 3461 199.47 5068 20.50 4171 2818 8834 63.98 4095 4972 2818 199.47
44'-DDD 45 1 175 1.55 112 .50 465 11 112 110 .50 332 143 130 feli} .50 465
44'-DDT 100 1 451 4.24 250 1.28 12,68 242 172 247 .50 562 341 315 275 .50 1269
dicofol a5 0.2 A5 ar A4 15 J1 31 17 25 10 10 37 18 33 10 1
HCB 100 0.05 8.43 6.97 6.09 76 1863 6.70 5.68 498 .80 1865 739 611 498 16 18,65
a-HCH 30 01 07 05 07 05 19 15 14 14 05 47 12 12 abl 05 A7
B-HCH 100 01 3475 20.04 24.50 16.57 69.85 19.56 1149 1833 6.74 45.59 2564 16.81 21.02 6.74 69.85
¥-HCH 75 01 10 05 10 05 20 18 31 07 05 115 15 24 08 05 115
trans-CHL 40 01 14 10 16 05 30 11 10 08 05 30 12 10 09 05 30
cis-CHL 75 01 25 18 2 05 56 34 34 19 05 96 30 28 20 05 96
trans-NC 100 01 34.06 26.40 2781 10.81 9313 24.54 1535 18.44 9.02 53.01 2835 2040 2295 9.02 9313
cis-NC 100 01 1195 9.20 1098 135 3160 6.69 344 581 177 1325 879 6.71 6.64 135 31.60
oxy-CHL 100 01 851 11.20 494 51 3491 933 1947 237 38 69.57 9.00 1631 260 39 69.57
a-endosulfan 100 01 161 .28 161 11 199 148 15 142 36 255 152 B0 151 36 255
B-endosulfan &0 01 23 18 25 05 57 11 06 a1 05 22 16 a4 12 05 57
BDE-47 95 01 NES 42 76 05 124 53 29 A3 12 1.02 b1 35 54 05 124
HexaBB B0 01 37 31 33 05 5 31 27 35 05 B7 33 28 35 05 B7
TetraBB 100 0.05 257 213 183 AL 6.03 151 1.08 123 07 368 183 162 151 07 6.03
2'-0H-BDEGE 0 0 0o 00 00 .00 00 0o 00 00 .00 00 0o 00 00 .00 00
2'-Me0-BDEGS 95 01 76 54 66 .08 136 78 B3 .54 pE) 207 a7 62 .54 08 207
6-0OH-BDE47 20 0.1 .06 03 06 05 A3 .08 06 07 05 .25 07 05 .06 05 25
B6-MeQ-BDE4T 20 01 03 .06 08 05 19 13 27 13 05 97 11 ral 06 05 a7
BrdCI2-DBP 85 01 28 26 16 .09 B4 39 61 15 05 215 35 49 16 05 215
CI7-MBP (Q1) 90 01 66 86 22 05 244 61 57 A5 A5 189 63 58 36 05 244
TEP 100 0.05 1510 8.51 1523 235 3093 1597 9.29 19.44 242 27.05 1562 8.76 1735 235 3093
TBA 100 0.05 33 15 32 07 56 A6 40 37 03 131 A1 32 32 03 13
PCP 100 0.05 N =2 19 19 11 101 B5 74 06 228 80 55 14 06 229
PCA &0 01 07 03 08 01 12 10 o7 08 05 24 09 06 08 01 .24
TBBPA 45 2 385 471 240 1.00 1440 345 490 138 1.00 16.23 361 4.70 146 1.00 1623

Table 4. Correlation in concentration between selected organohanogens in human breast milk from

Sasebo 2010.
dicofol p-HCH trans-nonachlor  a-endosulfan tetraBB TBP
4,4’-DDE 0.593** 0.346 0.405 0.451%* -0.096 0.172
dicofol 1 0.449* 0.743** 0.620** 0.429 0.428
B-HCH 1 0.719** 0.323 0.460* 0.121
trans-nonachlor 1 0.513* 0.407 0.279
a-endosulfan 1 0.060 0.608*
tetraBB 1 0.051

*#<0.01, *<0.05
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l Nenfralfraction | | Phenolic fraction

l l +diazomethane
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for neufral pesticide for phenolic comp ounds

Fig. 1 Flow chart of analysis for organochlorines in breast milk
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POC

TCS
3 2009-2010 TCS
49 ng/g lipid 45 ng/g lipid
77 ng/g lipid 1990 2009
TCS
3 ug/day
TCS 10
tetrabromobisphenol A (TBBPA)
2,4,6-tribromophenol (TBP) PBDE 6-OH-
BDE47
TCS

POC

2,4,6-tribromophenol  (Rodorix 2010) TCS

(TBP) pentachlorophenol (PCP)
tetrabromobisphenol A (TBBPA)

hydroxy-tetrabromodiphenyl
ether (OH-BDE)

(Fujii et al., 2012;
Fujii et al 2014) OH-BDE

(Bedoux et al 2012)

TCS

(Dayan, 2007;

(5-chloro-2-(2,4-dichlorophenoxy) Dannand Hontela, 2011)

phenol; TCS, Fig.1)
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(Allmyr et al 2006;
Dayan, 2007)
(Canosa et al
TCS
(Miyazaki et al
1984; Okumura et al 1996)

2008)

TCS
TCS
3
POPs
)
24
(30 )
100g
2010
30 38 10
32 2009
25 30 10
28 2010
21 37 10
32

(Koizumi et al., 2009)

(E25)

Table 1
Table 2

)
TCS TBP TBBPA PCP

Cambridge Isotope Laboratories

13C-triclosan 13C-methyltriclosan
13C-endosulfan 4-OH-[13C]
PCB187 Wellington Laboratories

(Dr. G. Marsh)
4’-methoxy-BDE121

Wako
gel S-1
130 3
(Fujii
et al 2014) (1) 2
(GPC) (3
KOH+EtOH/ -
( ) (4)
GC-MS
Fig. 2
(1) 10g 15g
0.1% (5 mL) :
‘n- (2:1:7)
20mL

(13C-triclosan, 13C-methyltriclosan,
13C-endosulfan, 4-OH-[13C]
PCB187 2.0 ng/mL)
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(2)

(DCM) : n- 1:1 viv)

Bio-Beads S-X3 (40g,
)
4 mL/min
96mL
64mL
(3) GPC n- (10
mL) 1M KOH-
(7:3) (2mL)
1mL
1M
2mL n- :
(8:2, v/v, 10 mL)
3
O_
1mL
(4)

(0.2g, Wako gel S-1)
DCM/n-hexane (12:88, v/v, 15mL)

4-methoxy-BDE121
200 pL GC-MS

)
GC-MS  Agilent GC/MSD-5973i

6890N-GC
ECNI

GC/MS
Table 3

10

Table 2
ng/mL
74 99 %
(n=5)

/ =10
0.1 10 ng/g lipid
(Table 2) LOQ

LOQ 1/2

1-10

12 %
(LOQ)

0.1
5.0 ng/mL
( 0.99) Standard
Reference  Material (SRM1954,
Organic Contaminants n
Non-Fortified Human Milk, NIST)
4,4-DDE
HCB trans-nonachlor
15 %

) POC
Table 4

POCs TCS

49 ng/g lipid 47 nglg
77 ng/g lipid
217 ng/g lipid

lipid

TBP
19 25 ng/g lipid
4 ng/g lipid
TBBPA
10 2 3
3
15 ng/g lipid
OH-BDE 2’-OH-
BDE68

1

) POC
POCs
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Table 5 TCS TBP
PCP
TCS 1990
1.5 pg/day
2009 3.4 pg/day
TCS
2.5 3.7 pg/day
TBP
PCP
OH-PBDE 2’-OH-BDEG68
30 13
6-OH-BDE47 5
7.4 ng/day
) TCS
TCS
3
TCS
nd( )

300 ng/g lipid (Adolfsson-Erici

et al 2002)

0 2100 ng/g lipid
(Dayan 2007)
TCS
1.3 ng/g milk
(Toms et al 2011)

3 % 43 ng/g lipid

Allmyr (2006)
TCS
TCS
TCS
1
800g/day
TCS 77
ng/g lipid 2.3 ng/g milk
TCS 1.8
ug/day 4.8 pg/day
TCS
NOAEL 50mg/kg/day
(Dayan, 2007) 4
TCS
) POCs
TCS 2009
3
3
TCS
(Riidel et al 2013)
TBP TCS
2009
TBP
TBP
39 ug/kg dry wet
(Whitfield et al
1999) TBP

(Suzuki et al 2008) TBP

TBBPA 30 5
1080 ng/day
TBBPA

- 106 -



(45 26)

(Watanabe et al 1983)

2ng/g wet TBBPA
(Shi et al 2009)
TBBPA
1280 ng/day Shi  (2009)
(Shi
et al 2009) TBBPA
TBBPA
4.5 ng/g lipid
TBBPA (EDD)
(Driffield
et al 2008)
COT TBBPA
ADI 1mg/kgbw/day
TBBPA EDI/ADI
TBBPA
TBBPA

(Hagmer et al 2000)
OH-PBDE 2’-OH-BDEG68
6-OH-BDE47
6-OH-BDE47

2-OH-BDEG68

PBDE
(Haraguchi et
al., 2010)
OH 2’-
MeO-BDEG68 6-MeO-BDE47

OH-PBDE
T4
(Meerts et al., 2001)

POC

TCS
methyltriclosan
(Balmer et al 2004) TBP
TBBPA
(Allard et al 1987;
George and Haggblom 2008)
TBP

TBP

( 2010)
POC

(Wan et al., 2010;
James et al., 2012)
POC
MeO

TCS
3 TCS
TCS

TBP TBBPA PCP

POC OH-BDE

OH-BDE TCS

- 107 -



Adolfsson-Erici, M.; Pettersson, M.;
Parkkonen, J.; Sturve, J.,
Triclosan, a commonly used
bactericide found in human
milk and in the aquatic
environment in Sweden.
Chemosphere 2002, 46:
1485-1489.

Allard, A. S.; Remberger, M.;
Neilson, A. H., Bacterial
O-methylation of
halogen-substituted phenols.
Appl Environ Microbiol
1987,53: 839-845.

Allmyr, M.; Adolfsson-Erici, M.;
McLachlan, M. S.;
Sandborgh-Englund, G.,
Triclosan in plasma and milk
from Swedish nursing
mothers and their exposure
via personal care products.

Sci Total Environ 2006, 372:
87-93.

Balmer, M. E.; Poiger, T.; Droz, C.;
Romanin, K.; Bergqvist, P. A.;
Muiller, M. D.; Buser, H. R.,
Occurrence of methyl
triclosan, a transformation
product of the bactericide
triclosan, in fish from various
lakes in Switzerland. Environ
Sci Technol 2004, 38: 390-395.

Bedoux, G.; Roig, B.; Thomas, O.;
Dupont, V.; Le Bot, B.,
Occurrence and toxicity of
antimicrobial triclosan and
by-products in the
environment. Environ Sci
Pollut Res 2012, 19:
1044-1065.

Canosa, P.; Rodriguez, 1.; Rubi, E.;
Ramil, M.; Cela, R.,
Simplified sample
preparation method for
triclosan and methyltriclosan
determination in biota and
foodstuff samples. J
Chromatogr A 2008, 1188:
132-139.

Dann, A. B.; Hontela, A., Triclosan:
Environmental exposure,
toxicity and mechanisms of
action. J Appl Toxicol 2011,
31: 285-311.

Dayan, A. D., Risk assessment of
triclosan [Irgasan®] in
human breast milk. Food
Chem Toxicol 2007, 45:
125-129.

Driffield, M.; Harmer, N.; Bradley,
E.; Fernandes, A. R.; Rose,
M.; Mortimer, D.; Dicks, P.,
Determination of brominated
flame retardants in food by
LC-MS/MS:
diastereoisomer-specific

- 108 -



hexabromocyclododecane and

2010,58:12385-12391.

tetrabromobisphenol A. Food James, M. O.; Marth, C. J.;

Addit Contam Part A 2008,25:
895-903.

Fujii, Y.; Ito, Y.; Harada, K. H.;
Hitomi, T.; Koizumi, A.;
Haraguchi, K., Regional
variation and possible sources
of brominated contaminants

Rowland-Faux, L., Slow
O-demethylation of methyl
triclosan to triclosan, which is
rapidly glucuronidated and
sulfonated in channel catfish

liver and intestine. Aquatic
Toxicol 2012, 124-125: 72-82.

in breast milk from Japan. Koizumi, A., Harada, K.H., Inoue,

Environ Pollut 2012,162:
269-274.

Fujii, Y.; Nishimura, E.; Kato, Y.;
Harada, K. H.; Koizumi, A.;
Haraguchi, K., Dietary
exposure to phenolic and
methoxylatedorganohalogen
contaminants in relation to

K., Hitomi, T., Yang, H.R.,
Moon, C.S., Wang, P., Hung,
N.N., Watanabe, T., Shimbo,
S., Ikeda, M., 2009. Past,
present, and future of
environmental specimen
banks. Environ Health Prev
Med 2009, 14:307-318.

their concentrations in breast Meerts, 1. A.; Letcher, R. J.; Hoving,

milk and serum in Japan.
Environ Int 2014,63: 19-25.

George, K. W.; Haggblom, M. M.,
Microbial O-methylation of
the flame retardant
tetrabromobisphenol-A.
Environ Sci Technol 2008,42:
5555-5561.

Hagmar L, Sjodin A, Hoglund P,

S.; Marsh, G.; Bergman, A.;
Lemmen, J. G.; van der Burg,
B.; Brouwer, A., In vitro
estrogenicity of
polybrominateddiphenyl
ethers, hydroxylated PDBEs,
and polybrominatedbisphenol
A compounds. Environ Health
Perspect 2001,109: 399-407.

Thuresson K, Rylander L, Miyazaki, T.; Yamagishi, T.;

Bergman A. Biological
halflives of
polybrominateddiphenyl
ethers and
tetrabromobisphenol-A in
exposed workers.

Matsumoto, M., Residues of
4-chloro-1-(2,4-dichloropheno
xy)-2-methoxybenzene(triclos
an methyl) in aquatic biota.

Bull Environ Contam Toxicol
1984, 32: 227-232.

Organohalogen Compd 2000, Okumura, T.; Nishikawa, Y., Gas

47:198-201.

Haraguchi, K.; Kotaki, Y.; Relox, J.
R.; Romero, M. L. J.; Terada,
R., Monitoring of naturally
produced brominated
phenoxyphenols and
phenoxyanisoles in aquatic
plants from the Philippines. J
Agric Food Chem

- 109 -

chromatography-mass
spectrometry determination
of triclosans in water,
sediment and fish samples
via methylation with
diazomethane. Anal Chim
Acta 1996, 325: 175-184.



2,4,6-tribromoanisole

2012,
44: 215-223.

Rodricks, J.V., Swenberg, J.A.,

Borzelleca, J.F., Maronpot,
R.R., Shipp, A.M.,Triclosan: a
critical review of the
experimental data and
development ofmargins of
safety for consumer products.
Crit Rev in Toxicol 2010,
40:422—-484.

Ridel, H.; Bohmer, W.; Miller, M.;

Fliedner, A.; Ricking, M.;
Teubner, D.;
Schroter-Kermani, C.,
Retrospective study of
triclosan and
methyl-triclosan residues in
fish and suspended
particulate matter: Results
from the German
Environmental Specimen
Bank. Chemosphere 2013,
91:1517-1524.

Shi, Z. X.; Wu, Y. N.; Li, J. G.; Zhao,

Y. F.; Feng, J. F., Dietary
exposure assessment of
Chinese adults and nursing
infants to
tetrabromobisphenol-A and
hexabromocyclododecanes:
occurrence measurements in
foods and human milk.
Environ Sci Technol 2009,43:
4314- 4319.

Suzuki, G.; Takigami, H.; Watanabe,

M.; Takahashi, S.; Nose, K.;
Asari, M.; Sakai, S.-1.,
Identification of brominated
and chlorinated phenols as
potential thyroid-disrupting

-110 -

compounds in indoor dusts.
Environ Sci Technol 2008,42:
1794-1800.

Toms, L. M. L.; Allmyr, M.; Mueller,

J. F.; Adolfsson-Erici, M.;
McLachlan, M.; Murby, J.;
Harden, F. A., Triclosan in
mdividual human milk
samples from Australia.
Chemosphere 2011, 85:
1682-1686.

Wan, Y.; Wiseman, S.; Chang, H.;

Zhang, X.; Jones, P. D.;
Hecker, M.; Kannan, K.;
Tanabe, S.; Hu, J.; Lam, M.
H.; Giesy, J. P., Origin of
hydroxylated brominated
diphenyl ethers: natural
compounds or man-made
flame retardants? Environ
Sci Technol 2009,43:
7536-7542.

Watanabe, 1., Kashimoto, T.,

Tatsukawa, R., The flame
retardant
tetrabromobisphenol A and
1ts metabolite found in river
and marine sediments in
Japan. Chemosphere 1983,
12: 1533-1839.

Whitfield, F. B.; Helidoniotis, F.;

Shaw, K. J.; Svoronos, D.,
Distribution of bromophenols
in species of marine algae
from eastern Australia. J
Agric Food Chem 1999, 47:
2367-73.



Table 1. Information of breast milk samples collected in Korea, China and Japan.

Area year n Age (range) Parity Lipid %
Seoul 2010 10 32.1(30-38) 2.0 2.0
Beijing 2009 10 27.8(25-30) 1.0 2.5
Kyoto 2010 10 31.6(21-37) 1.6 3.1
Table2. Information of dietary homogenatesin duplicate diet study from Seoul (Korea),
Beijing (China) and Kyoto (Japan), 1990 and 2009.
Area Sampling  Number of Age Dietary Lipid (%) of
year pooled homogenate homogenate
(2
Seoul 1990 10 (5 pooled)  37.8(35.8-45.6) 1777 0.73
2009 10 (5 pooled)  35.8 (33.6-41.6) 2062 1.70
Beijing 1990 10 (5 pooled)  35.5(33.0-38.4) 2249 1.30
2009 10 (5 pooled)  26.5(25.8-27.8) 3054 2.34
Kyoto 1990 10 (5 pooled)  21.6(21.0-21.8) 1693 1.57
2009 10 (5 pooled)  26.6 (22.0-36.0) 1579 1.75

Table 3. Sdected ion monitoring (SIM) used in the GC/M S analysisfor dietary food from

Kyoto area.

Carrier gas Helium (head pressure 3 psi)

Injection mode Splitless

Column HP-5MS (30% dimethylpolysiloxane, 30 m % 0.25 mm i.d. and
0.25 pm film thickness, J&W Scientific, CA, USA)

Oven 70 °C (1.5 min), then 20 °C/min to 230 °C (0.5 min), and then
4 °C/min to 280 °C (5 min)

Temperature Injector (250 °C), transfer line (280 °C)

Tonization mode

ion source (150 °C for ECNI, 230 for EI)
Electron ionization (EI) and electron capture negative ionization

(ECNI)

Reagent gas Methane for ECNI

Analytes GC tg(min) Target ion (M/2) LOQ* (ng/mL)
4,4-DDE 12.76 318 (316)** 1.0 (EI)
HCB 9.47 284 (286) 0.1(ECNI)
B-HCH 9.65 71 (255) 0.2(ECNI)
trans-chlordane 11.77 412 (410) 0.2(ECNI)
PCBI153 13.75 360(362) 0.5(EI)
Triclosan (methylated) 12.14 302 (304) 0.1(ED)
TBP (methylated) 8.90 79 (81) 0.05(ECNI)
PCP (methylated) 9.52 278 (280) 0.05(ECNI)
TBBPA (methylated) 22.13 79 (81) 10(ECNI)
2’-OH-BDE68 (methylated) 17.74 79 (161) 0.2(ECNI)
6-OH-BDE47 (methylated) 18.29 79 (161) 0.2(ECNI)
4-OH-["*C]-PCB187 17.38 438 (422) 0.2(ECNI)
a- [*C] endosulfan (IS) 12.40 385 (387) 0.1(ECNI)
B(C-triclosan (methylated) 12.14 314 (316) 0.1 (EI)
PC-methyltriclosan 12.14 314 (316) 0.1 (EI)

*Limits of quantification; S/N = 10, **confirmation ion
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Table4. Concentration of selected or ganohalogen compoundsin breast milk from Korea, China and Japan.

Concentration (ng/g lipid, mean+ SD)

Congener Korea (Seoul) China (Beijing) Japan (Kyoto)
phenolic
triclosan (TCS) 49429 (13-101) 45+61 (13-217) 77+69 (16-199)

2,4,6-tribromophenol (TBP)

pentachlorophenol (PCP)

2'-hydroxy-BDE68

6-hydroxy-BDE47

tetrabromobisphenol A (TBBPA)
POPs

4,4'-DDE

B-HCH

hexachlorobenzene (HCB)

trans-nonachlor (t-NC)

PCB153

19420 (4.0-7.3)

0.6+0.4 (0.1-1.5)
0.1+0.2 (nd-0.8)
nd

0.3+0.7 (nd-2.1)

116115 (17-413)
13.4 +8.7 (4.9-34)
49+14 (22-68)
2.4+1.2 (0.7-4.4)
18+10 (4-35)

25+30 (6.9-89)
0.8+1.0 (0.2-3.2)
0.0+0.1 (nd-0.3)
nd

4.5+13 (0.0-4.0)

20671409 (172-4977)
315198 (0.0-728)
221490 (51-346)
2.241.0 (0.9-4.5)
24+12 (7.1-43)

4.3+£3.0 (1.4-12)
1.1£1.1 (nd-3.8)
nd
nd
2.4£4.6 (nd-15)

125+77 (38-242)
25416 (7.1-46)
63420 (38-93)
16+8.5 (7.8-33)
6039 (19-128)
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Table5. Mean dietary intake (ng/day) of organohal ogen congener s by women in Korea, China and Japan

Mean dietary intake ng/day

Congeners Korea (seoul) China (Beijing) Japan (Kyoto)
1990 2009 1990 2009 1990 2009
phenaolic
triclosan (TCS) 1474 3346 3308 3731 2470 3346
2,4,6-tribromophenol (TBP) 890 2336 1134 1328 1804 925
pentachlorophenol (PCP) 371 587 3143 567 868 94
2'-hydroxy-BDE68 54 30 8 113 394 7
6-hydroxy-BDE47 nd nd nd nd 7463 197
tetrabromobisphenol A (TBBPA) 953 327 1449 1280 322 566
POPs
4,4-DDE 579 11162 11236 993 1509 394
beta-HCH 159 244 2041 355 236 60
hexachlorobenzene (HCB) 519 3485 2536 4555 1824 747
trans-nonachlor (t-NC) 26 352 16 3 244 49
PCB153 59 661 53 27 554 169
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Fig.1 Sructureof TCS

Diet homogenate (10g)
+0.1% formic acid
+ethanol/diethyl ether/Hexane
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Extraction of lipid

‘ Gel Permeation Chromatogr aphy

3

Fractionation
+ Hexane/1M-KOH:ethanol

(7:3)

Neutral fraction Phenalic fraction
l +diazomethane

Silicagel Chromatogr aphy
eluted with 12% DCM/Hexane

GC/MS-ECNI (El) GC/MS-ECNI
for neutral pesticide for phenolic compounds

Fig. 2 Analytical methods for neutral and phenolic organohalogens in breast milk and
dietary homogenates.
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Table 1. Sample information of human breast milk in Japan

Region N Sampling Number of births Mean age
year 1st 2nd 3rd
Miyagi 17 2009 10 4 3 29.7
Tokyo 2 2010 - - 2 28.5
Gifu 3 2009 - - 3 32.0
Kyoto 3 2009 - - 3 333
Hyogo 19  2008-2009 10 6 3 30.9
Nagasaki 20  2009-2010 8 8 4 28.9

Table 2. List of analytes and parameters of LC-MS/MS detection

Compound Abbreviation  Formula tr MRM:-transition DP CcP DEP CE CXP
(min) (m/z) ™ ™ ™ ™ ™
2,4,6-tribromophenol 2,4,6-TBP C¢H,Br;0 7.9 328.6—78.8 50 3.0 14 52 2
Tetrabromobisphenol A TBBP-A C,sH,Br,0, 8.8 540.5—78.9 80 7.0 32 86 0
a-hexabromocyclododecane o-HBCD C,HsBrg 10.2 640.4—78.7 25 8.5 30 48 2
B-hexabromocyclododecane B-HBCD C,HsBrg 10.6 640.4—79.0 40 6.0 28 30 2
y-hexabromocyclododecane y-HBCD C,HsBrg 10.9 638.4—78.9 45 4.0 48 56 0
13C-2,4,6-tribromophenol 13C-2,4,6-TBP  C4H,Br;0 79 334.6—78.7 55 11.5 32 54 2
13C- Tetrabromobisphenol A 3C-TBBP-A Cy5sH,Br,0, 8.8 554.6—79.6 80 7.5 50 86 0
13C-g-hexabromocyclododecane 13C-0-HBCD C,H sBrg 10.2 652.5—78.7 30 6.0 26 32 2
13C-B-hexabromocyclododecane 13C-B-HBCD C,H sBrg 10.6 650.5—78.8 30 9.5 25 32 2
13C-y-hexabromocyclododecane 13C-y-HBCD C,H sBrg 10.9 652.5—78.7 35 8.0 26 28 2
d1g-B- hexabromocyclododecane d,s-B-HBCD C,H sBrg 104 659.5—81.0 40 70 26 50 0

API 3200 MS/MS parameters of declustering potential (DP), entrance potential (EP), collision cell
entrance potential (CEP), collision energy (CE), collision cell exit potential (CXP), and the retention
times were also presented for all targeted analytes and internal standards.
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Table 3. Concentrations of a-HBCD, f-HBCD, y-HBCD, TBBPA and 2,4,6,-TBP in Japanese
breast milk

Concentration (ng/g-lipid wt)

a-HBCD B-HBCD y-HBCD TBBPA 2,4,6-TBP $HBCD
Primipara n>LOQ (%) 28 (100) 23 (82) 15 (54) 27(96) 28(100) 28(100)
Mean=SD 28+2.1 0.18£0.15 0.24+0.80 6.7:10.6 0.7120.44 3.17£2.67
Median (Range) 23(0.22:9.4) 0.15 (<LOQ-0.7) 0.031 (4.3-0.01) 1.65(39.9-0.01) 0.73(1.90) 2.48(0.46-13.9)
GM (GSD) 2.1(0.00) 0.1 (0.00) n o 0.034(0.04) n o 1.56(0.94) n o 0.44(0.00) 2.44(0.00)
Secundip n>LOQ (%) 18 (100) 18 (100) 12(67) 18(100) 18(100) 18(100)
Mean=SD 1.6%0.6 0.24£0.15 045+ 1.42 17.6+35.7 0.80 £0.54 227+1.62
Median (Range) 1.6 0.7-2.6) 0.20 (0.09-0.7) 0.051 (6.1-0.01) 337(151-0.7) 0.72(1.78) 1.95(0.86-8.12)
GM (GSD) 1.5 (0.0) 0.2 (0.0) n o 0.055(0.1) n o 534(0.0) N 0.44(0.0) 1.95(0.0)
Tertipara n>LOQ (%) 18(100) 17(94) 15(83) 17(94) 18(100) 18(100)
Mean=SD 20£08 0.17£0.12 0.19£0.17 1384517 1.02£0.75 2.36+0.92
Median (Range) 1.8 (0.8-3.4) 0.14 (<LOQ -0.4) 0.14 (0.57-0.0) 3.96(2209-0.0) 0.81(3.36-0.30) 2.01(1.02-4.28)
GM (GSD) 1.8 (0.0) 0.1(0.0) no0.11(0.0) N 4474.7) n o 0.84(0.0) 2.19(0.0)
Total n>LOQ (%) 64(100) 58(91) 42(66) 62(97) 64(100) 64(100)
Mean=SD 22+15 0.19£0.14 0.29+0.92 46.7+276 0.82+0.57 2.69+2.04
Median (Range) 1.9 (0.2:9.4) 0.15 (<LOQ -0.7) 0.08 (6.1-0.0) 3.20(2209-0.0) 0.75(3.36) 2.20(0.46-13.9)
GM (GSD) 1.8(0.0) 0.13 (0.0) 0.06 (0.0) 2.97(0.9) 0.53(0.0) 2.22(0.0)

LOQ: Limit of quantification, SD:

standard deviation; GM: geometric mean; GSD: geometric
standard deviation. Concentrations lower than the detection limits were considered to be equal to
half of the detection limit for statistical analyses. “Means and GMs with different letters differ
significantly (p<0.05, Tukey—Kramer HSD test). For example, the letters A and B inhdicate that the
corresponding values differ significantly at p<0.05, while A and AB or AB and B indicate that the
corresponding values do not differ significantly

Table 4. Speaman’s rank correlation coefficients between analytes (N=64).

Age Parity o-HBCD  B-HBCD y-HBCD  TBBP-A TBP
Parity 0.374**
o-HBCD -0.039 -0.144
B-HBCD 0.05 0.005 0.000
y-HBCD 0.378** 0.263* 0.171 0.161
TBBP-A 0.057 0.169 0.059 0.440** -0.103
2,4,6-TBP 0.188 0.147 0.000 0.320** 0.185 0.286*
SHBCD 0.040 -0.108 0.960** 0.096 0.296* 0.111 0.031

*. Correlation is significant at the 0.05 level (2-tailed).
**_ Correlation is significant at the 0.01 level (2-tailed).
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Rodoricks et al.,
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Canosa et al., 2008
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Allmyr et al 2008;
Dayan et al 2007
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a 2011; Dayan et al 2007
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TCS

TCS
POPs

2007
24 48 19
35 2009
24 69 19
52
Koizumi et al., 2009
E25)

)
TCS Cambridge Isotope

Laboratories
BC-triclosan  C-methyltriclosan
PC-endosulfan Wellington
Laboratories

Dr. G.

Marsh

4’-methoxy-BDE121 TCS
pentafluorobenzoate

chloride Sigma-Aldrich

Wako gel
S-1
130 3

Fujii et al., 2014; Haraguchi et
al., 2009 (1) (2)
(GPC) (3)
KOH+EtOH/ -
(PFB) 4)
(1) ImL 0.1% (5 mL)
: ‘n-
(2:1:7) 20 mL
(*C-triclosan,
BC-methyltriclosan

PC-endosulfan 2.0 ng/mL)
(2)
(DCM) : n- (1:1 v/v)
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Bio-Rad )
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64-mL
(3) GPC n- (10
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(7:3) (2mL)
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4)
IM
2 mL n- :
(8:2, v/v, 10 mL)
3 2 mL
1 mL
PFB(10 pL) 40 30
PFB
1 mL
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(4)
(0.2
g, Wako gel S-1)
DCM/n-hexane (12:88, v/v, 15mL)

4’-methoxy- BDEI121
200pL GC-MS

4)
GC-MS Agilent GC/MSD-5973i
6890N-GC

ECNI
GC/MS
Table 1 TCS
PFB-"C-TCS
5)
10
Table 1 0.2-10
ng/mL 74
99 % 12%
(n=5) PFB-TCS
(LOQ) / =10
0. 10 ng/mL (Table
1) LOQ
LOQ 172
0.2 10
ng/mL (
0.99) Standard

Reference Material (SRM1954, Organic
Contaminants in Non-Fortified Human
Milk, NIST)

4,4-DDE HCB  trans-NC

15%

1) TCS
TCS ECNI-GCMS
(1) (2) O-
(3) O-PFB

(1)
0.25 ng/mL (m/z 266) (2) 0.18 ng/mL
(m/z 302) (3) 0.05 ng/mL (m/z 484)
O-PFB

0.1 mL
GPC
PFB
93% LOQ 0.06
ng/mL
2) TCS PFB
Table 2
TCS
TCS
3.08
ng/mL 0.97 7.7 ng/mL 1.07
ng/mL 0.4 3.5ng/mL
TCS p<0.001
3) POPs
POPs trans-NC dicofol
PCB153
HCB pB-HCH a-endosulfan
<LOQ 0.66 ng/mL
4) TCS POPs
TCS
Fig. 1 TCS
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TCS POPs
Table 3 Table 4
TCS POPs
TCS HCH trans-NC
PCBI153
(p<0.05)
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TCS LC/MS/MS
GC/MS/ECNI Dirtu
et al 2008 Geens
GCMS-ECNI Geens et al.,
2009 TCS PFB
1
mL
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TCS
TCS
TCS
TCS
Hong Kong TCS
0.15 10ng/mL Wuetal., 2012
0.1 9.2 ng/mL
(total TCS) Geens et
al., 2009
TCS 0.52 ng/mL
Dirtu et al., 2008
4.1 13 ng/mL
TCS Allmyr et al.,
2008 TCS
1.1 ng/mL
Ye et al., 2008; 2009
free TCS total TCS

10%

Allmyr 2006 TCS
TCS
TCS
TCS NOAEL  50mg/kg/day
Dayan et al., 2007
1/20
TCS
2) TCS
TCS 2009
TCS
TCS
TCS
TCS
O-
Allard et al., 1987 methoxy-TCS
MeTCS)
MeTCS
(<0.2 ng/mL)
MeTCS
Balmer et al., 2004
TCS POCs
POC
POCs
James et al., 2012;
2012  TCS POCs
T4
Meerts et al.,
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Table 1. Selected ion monitoring (SIM) used in the GC/MS analysis

Carrier gas Helium (head pressure 3 psi)
Injection mode Splitless

HP-5MS (30% dimethylpolysiloxane, 30 m % 0.25 mmi.d. and 0.25 pm
Column

film thickness, J&W Scientific, CA, USA)
70 °C (1.5 min), then 20 °C/min to 230 °C (0.5 min), and then 4 °C/min

Oven to 280 °C (5 min)
Temperature Injector (250 °C), trans fer line (280 °C)
ion source (150 °C for ECNI, 230 for EI)

Ionization mode electron capture negative ionization

Reagent gas Methane

Analytes GC tr (min) Target ion (M/z) LOQ* (ng/mL)
HCB 9.604 284 (286)* * 0.05
B-HCH 9.787 71 (255) 0.35
dicofol 11.387 250 (252) 0.25
trans-nonachlor 12.745 444 (446) 0.20
a-endosulfan 12.627 404 (406) 0.10
B g-endosulfan 12.627 415(417) 0.10
PCB153 14.216 360 (362) 0.15
TCS (triclosan) 12.271 252 (254) 0.32
methyl-TCS 12.404 266 (304) 0.20
PFB-TCS 17.127 482 (484) 0.10
Beres 12.271 266 (268) 0.32
methyl-">C-TCS 12.404 288 (290) 0.20
PFB-"C-TCS 17.127 494 (496) 0.10

*Limits of quantification; S/N = 10, **confirmation ion
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Table 2. Concentrations (ng/mL wet) of triclosan and POPs in human serum from Japan and Korea

Japan (Kyoto) Korea (Seoul)

n>L0Q(%) mean+ SD  (range) n>LO0Q(%) mean+ SD  range p value
age 523+149 (24-69) 34.8+7.81 (24-48)
TCS 19 (100) 3.08+1.56 (0.97-7.73) 19 (100) 1.07+0.66  (0.4-3.5) <0.001
HCB 19 (100) 0.06+0.05 (0.01-0.18) 19(100) 0.11£0.15  (0.01-0.66) 0.160
B-HCH 19 (100) 1.48+228 (0.11-8.0) 19 (100) 0.37+1.12  (0.02-5.0) 0.065
trans-NC 19 (100) 0.68+0.81 (0.13-3.73) 19 (100) 0.17+0.10  (0.02-0.34) 0.001
a-endosulfan 19 (100) 0.22+0.11  (0.07-0.50) 18 (95) 0.03+0.03 (<LOQ-0.15) 0.155
dicofol 19 (100) 0.03£0.02 (0.02-0.09) 17 (89) 0.01£0.01 (<LOQ-0.04) 0.006
PCB153 19(100) 1.92+1.76 (0.53-8.5) 19(100) 0.40+0.36 (0.11-1.42) 0.001

LOQ: Limit of quantification, SD: standard deviation; Concentrations lower than the detection limits
were considered to be equal to half of the detection limit for statistical analyses.

Table 3. Speaman’s rank correlation coefficients between age and concentrations of analytes in
Japanese women (N=19).

Age TCS HCB B-HCH trans-NC a-endosulfan  dicofol
TCS 0.267
HCB 0.263 -0.069
B-HCH 0.593**  0.490** 0.282
trans-NC 0.413 0.647** 0.341 0.642**
a-endosulfan -0.069 0.123 0.626 0.056 0.327
dicofol 0.059 0.244 0.066 0.429 0.332 0.189
PCBI153 0.618**  0.675** 0.036 0.674** 0.748** 0.005 0.458*

*. Correlation is significant at the 0.05 level (2-tailed).
**, Correlation is significant at the 0.01 level (2-tailed).

Table 4. Speaman’s rank correlation coefficients between age and concentrations of analytes in
Korean women (N=19).

Age TCS HCB B-HCH trans-NC a-endosulfan  dicofol
TCS -0.386
HCB 0.428 0.006
p-HCH 0.107 -0.409 0.005
trans-NC 0.264 -0.194 0.224 0.764**
a-endosulfan -0.186 0.269 0.178 0.364 0.345
dicofol 0.278 -0.420 0.011 -0.011 0.567* -0.066
PCBI153 0.394 -0.058 0.193 0.960** 0.844* 0.269 0.561

*. Correlation is significant at the 0.05 level (2-tailed).
**, Correlation is significant at the 0.01 level (2-tailed).
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Fig. 1. Relationships between the age of females in Japan, Kyoto (a) and Korea, Seoul (b) and serum

concentrations of TCS. Speaman’s rank correlation coefficients, (a) r=0.267, p=0.269; (b) r= 0.386,

p=0.102
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PFCAs

(PFCAs)
1980
2010 PFCAs ( 8 14
PFCAs
(C8 C14 ) 2010 (2011 122ng/day)
2000 (2003-2004  79ng/day) 1990 (1993  67ng/day
1980 (1979 21ng/day PFCAs
(C8 C14 ) 2010 (2011 89ng/day)
1990 (1992 70ng/day 2000 (2004
45ng/day) 1980 (1981 37ng/day PFCAs
2000 PFOA
( 8) TDI 0.1%
C8 3 9
PFCAs
8 PFOA (C8)
(PFCASs)
(CF3 (CF2)n-:
/Rf (Apelberg et al., 2007 Feiet al.,
Rf 2007)
PFCAs

2000
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(Calafat et al. 2007; Harada et al.
2011) (Glynn et al. 2012)
1982
PFCAs
PFCAs ( 9, 11)
1990
(Yeung et al. 2013)
PFCAs

(D'Hollander et al. 2010)

PFCAs
(Kéarrman
et al., 2009; Vestergren et al., 2012
PFCAs
PFCAs
( 23
(
PFCAs
1980
2010
PFCAs
PFOA (C8)

perfluorononanoic acid (PFNA; C9)
perfluorodecanoic acid (PFDA; C10)
perfluoroundecanoic acid (PFUnDA;
C11) perfluorododecanoic  acid
(PFDoDA; C12) perfluorotridecanoic
acid (PFTrDA; C13),
perfluorotetradecanoic acid (PFTeDA;
C14) 7

Tablel
1981 1992

2004 2011
1979

2011

1993  2003-2004

12-26
1981 1997 2003
2011
1983

1993  2004-2005

15-30

2011

PFCAs )
1g 0.1ml

13C C8
C11 C12 t
(MTBE)1ml 0.5M
(TBA

C9 C10

0.3ml
0.6ml
24

0.5M

MTBE 1ml 24
(2
ngl1H-PFUnDA
24
GC/MS (Agilent 6890GC/

5973MSD, Agilent Technologies
Japan, Ltd., Tokyo, Japan)
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DB-5MS ( 30m
0.25mm 1pm)
Single ion monitoring
150 70
2 100 20 /min
280 30 /min
Table 2
(IDL) /
=3
Milli-Q water
( 8
3
Method
detection limit (MDL)
500pg
50pg
11H-PFUnDA
(Table2)

PFCAs

c8 C9 C10 C1i1 C12 Ci13 Ci4
72+ 11% 73%

15% 179+ 7% 83+ 5% 91+ 11%
89+ 12% 104+ 20%
(Table2) PFCAs
(ng/day) Table3
PFCAs
cs Cl4
2010 (2011  122ng/day)
2000
(2003-2004  79ng/day) 1990
(1993  67ng/day) 1980
(1979 21ng/day)
(Fig.1. )
C11 1980 2000

2010 C8
(Fig.1. ) C8 1980
C13 1990 C8
2000 2010
C9
1980 1990
2000
2010
PFCAs
(C8 C14
) 2010 (2011 89ng/day)
1990 (1992
70ng/day) 2000 (2004
45ng/day) 1980 (1981
37ng/day) (Fig.1. )
C11
(Fig.1. ) C11 1980
1990
2000 2010
Cs8 C13
PFCAs

C8 C9 C10 Cl1 C12 C13 C14
87+ 12% 94+ 8%
87+ 6% 95+ 7% 96+ 5% 99+ 6%
106+ 7% (Table2)
PFCAs Table4

PFCAs (C8 C14
) 2010
15.2ng/ml)
(2004-2005
(1993
1980

(2011
2000
10.2ng/ml) 1990
60.4ng/ml)
(1979  29.1ng/ml)
(Fig.1. )
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C9 (1993
) (Fig.2. )
C8 PFCAs

PFCAs (C8 Cl4

) 1980 (1981
0.4ng/ml) 1990
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5.2ng/ml) 2000 (2003
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(Fig.2. )
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PFCAs
PFCAs
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PFCAs
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PFOA
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2003-2004
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2004
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C8
PFCAs
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Table4 C8
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C8 3 9
PFCAs

C14

6.2ng/ml
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0.5ng/ml
2.1ng/ml 2000
1.3ng/ml

(Fujii
et al. 2013)
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Table1 Study area and study population

Sample type 2::23/ Year City N Age
ferr({gllles) Mean (SD) Range
Diet Kansai 1979 Wakayama 15 52.0 (11.6) 35-69
1993 Kyoto 25 53.7 (4.0) 47-61
2003, 2004 Kyoto 18 51.8 (21.1) 21-76
2011 Kyoto 18 66.0 (4.9) 57-75
Tohoku 1981 Miyagi 18 44.8 (8.6) 31-57
1992 Miyagi 12 52.9 (10.8) 31-68
2004 Miyagi 16 21.5 (0.5) 21-22
2011 Fukushima 26 55.1 (13.0) 30-79
Serum Kansai 1983 Kyoto 15 43.7 (3.2) 40-50
1993 Kyoto 30 44.1 (3.0) 40-50
2004, 2005 Kyoto, Wakayama 30 37.7 (11.9) 24-63
2011 Kyoto 30 57.1 (14.3) 23-69
Tohoku 1981 Miyagi 27 453 (8.2) 33-57
1997 Miyagi 30 209 (1.2) 19-23
2003 Miyagi 30 45.2 (8.6) 30-59
2007 Miyagi 30 42.8 (9.9) 23-59
Table 2
Recoveries and method detection limits for PFCAs analysis of serum and diet
Compound (carbon  Quantification ions  Instrument detection Procedural
atoms) (confirmation ions) limit ® (pg) Recovery of PFCAs ° % (SD%) blank (SD)
m/z (pg, n=8)
(S/N=3) Serum (500ng Diet (50pg spiked,
spiked, n=6) n=6)
PFOA (C8) 413 (394) 0.003 87(12) 72(11) 1.2(0.4)
PFNA (C9) 463 (444) 0.003 94(8) 73(15) 1.4(0.9)
PFDA (C10) 513 (494) 0.004 87(6) 79(7) 1.1(0.3)
PFUNDA (C11) 563 (544) 0.004 95(7) 83(5) 1.3(0.4)
PFDoDA (C12) 613 (594) 0.005 96(5) 91(11) n.d.
PFTrDA (C13) 663 (644) 0.005 99(6) 89(12) n.d.
PFTeDA (C14) 713 (694) 0.007 106(7) 104(20) n.d.

SD: relative standard deviation
@1 uL injection
® All native PFCAs were spiked into samples before extraction.
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Table 3

Dietary intake of PFCAs from composite food samples (ng day’1)

ng day”
Area Year (No. of  City PFOA PFNA PFDA PFUNDA PFDoDA
pooled diets) (C8) (C9) (C10) (C11) (C12)
Kansai 1979 Wakayama % of detection 73 40 67 67 33
Median (Range) 2.6(0.4-9.8) 0.7(0.4-8.9) 2.5(0.9-7.9) 9.6(2.6-24.1) 0.6(0.4-14.3)
(n=15) Mean+SD 3.7£3.0 2.1+2.5 3.242.2 10.717.7 3.314.5
GM 24 1.2 25 8.0 1.3
1993 Kyoto % of detection 92 96 64 92 60
Median (Range) 11.7(0.6-27.8) 8.6(0.7-22.8) 3.4(0.8-33.7) 27.3(3.3-69.6) 2.3(0.3-15.3)
(n=25) Mean+SD 12.818.1 9.9+5.2 4.346.3 28.2+18.9 3.6+3.9
GM 9.3 8.3 2.8 21.0 2.0
2003-2004 Kyoto % of detection 100 78 61 83 56
Median (Range) 16.4(2.3-72.1) 6.3(0.4-32.2) 2.8(0.7-34.4) 17.0(2.1-203.6) 1.5(0.4-40.0)
(n=18) MeantSD 18.9+£16.3 7.848.3 7.5£10.2 50.1+67.0 9.1£12.6
GM 14.6 3.9 3.2 20.5 24
2011 Kyoto % of detection 100 100 89 83 44
Median (Range) 31.2(14.6-99.5) 12.8(3.5-379.5) 6.3(0.9-603.2) 32.5(2.5-336.5) 1.0(0.5-67.6)
(n=18) MeantSD 34.6+18.9 35.2+86.5 41.7£140.3 68.2+92.0 14.1+20.1
GM 31.2 15.2 8.2 29.6 3.5
Tohoku 1981 Miyagi % of detection 56 67 11 67 83
Median (Range) 2.5(0.6-10.3) 7.0(0.5-24.4) 1.5(1.0-14.7) 9.2(2.7-24.6) 4.3(0.5-27.0)
(n=18) Mean+SD 3.5+3.2 8.818.3 2.3+3.1 10.617.0 6.2+6.9
GM 2.2 43 1.7 8.6 3.9
1992 Miyagi % of detection 83 83 92 83 67
Median (Range) 9.0(0.6-21.0) 6.9(0.6-26.2) 7.1(1.0-14.1) 28.4(2.9-98.5) 6.0(0.6-26.4)
(n=12) Mean+SD 9.246.3 10.419.4 7.0+4.1 32.7427.9 8.1+8.9
GM 6.4 5.9 5.7 20.9 3.9
2004 Miyagi % of detection 81 88 94 88 38
Median (Range) 5.2(0.4-14.4) 7.5(0.4-18.6) 4.4(0.8-7.9) 14.1(2.3-41.3) 0.6(0.3-73.1)
(n=16) MeantSD 5.7+4.5 8.2+5.1 4.6+1.9 16.3£11.6 6.8£18.0
GM 3.5 5.8 41 12.5 1.5
2011 Fukushima % of detection 96 92 58 81 65
Median (Range) 8.0(0.6-217.6) 6.5(0.6-239.5) 4.6(0.7-43.3) 31.0(3.2-182.3) 11.8(0.4-61.0)
(n=26) MeantSD 21.9+42.1 19.2446.2 8.5£10.3 58.0+59.7 16.4+17.8
GM 10.5 7.5 4.2 28.3 6.0

SD: standard deviation; GM: geometric mean;
Concentrations lower than the detection limits were given a value of half the detection limit for statistical analyses.
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Table 4

Concentration of PFCAs in serum samples (pg ml™)

ng day”
Area Year (No. of  City PFOA PFNA PFDA PFUnDA PFDoDA
pooled diets) (C8) (C9) (C10) (C11) (C12)
Kansai 1983 Wakayama % of detection 100 100 100 100 80
Median (Range) 1475(220-7098) 331(141-2498) 150(80-707) 311(164-1646) 45(0-269)
(n=15) MeanzSD 227412222 7361813 2181174 4961425 53+65
GM 1580 454 175 377 17
1993 Kyoto % of detection 100 100 100 100 100
Median (Range) 3169(1082-9894) 991(260-1925) 423(93-1770) 1086(279-2899) 84(17-216)
(n=30) MeantSD 3777+2137 10174459 546+369 12724694 94452
GM 3183 887 430 1066 80
2004-2005 Kyoto % of detection 100 100 100 100 90
Median (Range) 5051(2153-35337)  1864(571-9701) 609(178-3603) 1337(224-9040) 96(0-1401)
(n=30) MeantSD 705116325 2430+2197 8541730 169711590 1571246
GM 5694 1899 697 1379 67
2011 Kyoto % of detection 100 100 100 100 100
Median (Range) 8504(1610-16837)  3759(867-11384) 1123(243-7587) 2033(499-4998) 144(31-527)
(n=30) MeantSD 907514230 412342532 1419+1389 214441047 172199
GM 7914 3451 1057 1896 147
Tohoku 1981 Miyagi % of detection 100 96 100 100 19
Median (Range) 175(60-654) 54(0-335) 26(4-54) 139(71-246) 0(0-46)
(n=27) MeanzSD 195+116 73187 27+11 143143 5+12
GM 171 45 24 140 1
1997 Miyagi % of detection 100 100 100 100 100
Median (Range) 2237(1134-10531)  849(335-3332) 378(206-1295) 1203(593-2845) 84(46-229)
(n=30) MeantSD 258611659 10431699 410+191 12424454 99+41
GM 2292 885 377 1163 92
2003 Miyagi % of detection 100 100 100 100 100
Median (Range) 2523(1147-5858) 1114(396-2631) 421(191-767) 1418(748-3108) 93(13-231)
(n=30) MeantSD 27031115 11781434 443+131 15981622 10757
GM 2499 1103 424 1490 90
2007 Miyagi % of detection 100 100 100 100 77
Median (Range) 2185(686-6382) 1655(656-3906) 549(200-1161) 1662(589-5053) 124(0-465)
(n=30) MeanzSD 2617+1364 17711837 6331304 205341201 143119
GM 2314 1585 555 1714 36

SD: standard deviation; GM: geometric mean;
Concentrations lower than the detection limits were given a value of half the detection limit for statistical analyses.
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Figure 1. Profile and trend of PFCA levels in food samples
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Figure 2. Profile and trend of PFCA levels in serum samples
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Table 1. Serum concentrations of PFCAs in Kyoto, Japan in 2013
Age (yr) Concentration (pg mL™")

n PFHpA PFOA PFNA PFDA  PFUNDA PFDoDA PFTrDA PFTeDA

Total 131 MeantSD 6315 63+30 462612449 302012202 869+1132 99841602 141+79 19172 17+113
Median 67 57 4079 2509 659 895 124 183 ND

Male 37 MeantSD 60+18 61+37  4102+2629 3022+3025 1024+£1968 920+568 13167 203101 26+150
Median 66 52 3305 2229 618 813 115 195 ND

Female 94 MeantSD 64+14 64+27  4832+2358 3019+1799 8081529 10291615 144+83 187157 14495
Median 68 60 4571 2695 686 933 126 183 ND
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Fig. 1. Association between serum PFCAs concentrations and age of donors.
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Fig. 2. Association between serum PFCAs concentrations and eicosapentaenoic acid/arachidonic
acid ratio.
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. Study profile of PFCA toxicokinetics in mice

. . Dosage . Tissue sampling
Adm:gtlsérjélon amount Sex (N) Serum sampling fecL(ignsea;ijin (liver, kidney, brain,
( umol/kg) ping adipose tissue)
Time course
, Male (9), (0,0.5,1,3,6, 24 hr after ,
intravenous (1V) 0.31 Female(9) 12, 24hr after dosing 24 hr after dosing
dosing)
Time course
Male (9), (0,1,3,6, 12, 24 hr after .
gavage 3.13 Female(9) oahr after dosing 24 hr after dosing
dosing)
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. Demographic characteristics of human donors

No sex Age Disease Treatment
(yrs)
CSF%-serum
pair
1 male 56 liquorrhoea spinal drainage
2 male 73 hydrocephalus gfter cerebrol bone and duraplasty after craniotomy
infarction
3 male 74 cerebral hemorrhage ventriculo-peritoneal shunt
4 male 70 hydrocephalus after cerebrol cerebral drainage after external
infarction decompression
5 female 80 cerebral hemorrhage cerebral drainage
6 male 60 normal pressure cerebral drainage
hydrocephalus
7 male 74 normal pressure cerebral drainage
hydrocephalus
Bile-serum
pair
1 female pg  carcinoma of the head of the Nasobiliary drainage
pancreas
2 male 74 choledocholithiasis percutaneous transhepatic biliary
drainage
3 female 90 choledocholithiasis Nasobiliary drainage
4 male 75 cholecystolithiasis percutaneous tran.shepatlc
gallbladder drainage
5 male 81 choledocholithiasis Nasobiliary drainage
Urine-serum
pair
1 male 23 healthy volunteer -
2 male 21 healthy volunteer -
3 male 22 healthy volunteer -
4 male 21 healthy volunteer -
5 male 21 healthy volunteer -
6 female 22 healthy volunteer -
7 female 22 healthy volunteer -
8 female 21 healthy volunteer -
9 female 22 healthy volunteer -
10 female 28 healthy volunteer -

a. cerebrospinal fluid
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. Target ions and method detection limits

Compound Quantification
(carbon atoms) lons Method detection limit®
(confirmation
ions)
Animal samples Human samples
V& gavage® Serum® Bile® Urine'  CSFe
m/z nmolg” nmolg” ngmL"' ngmL" pgmL’ pgmL?!
PFHxA (C6) 313 (294) 0.02 0.2 - - - -
PFHpA (C7) 363 (344) 0.02 0.2 0.04 1.2 6.4 5.6
PFOA (C8) 413 (394) 0.003 0.03 0.2 1.0 3.5 16
PFNA (C9) 463 (444) 0.001 0.01 0.1 04 1.3 4.0
PFDA (C10) 513 (494) 0.001 0.01 0.05 0.3 0.8 1.3
PFUNDA (C11) 563 (544) 0.001 0.01 0.04 0.3 0.5 2.5
PFDoDA (C12) 613 (594) 0.0003 0.003 0.02 0.1 0.3 1.0
PFTrDA (C13) 663 (644) 0.0003 0.003 0.02 0.1 0.8 1.0
PFTeDA (C14) 713 (694) 0.0003 0.003 0.01 0.1 0.2 0.2

a. The method detection limit is defined as the concentration that produces a signal three times higher
than that of the blank.

b. Sample volume was approximetely 10mg.
c. Sample volume was approximetely 1mg.
d. Sample volume was approximetely 0.5mL.
e. Sample volume was approximetely 1mL.
f. Sample volume was approximetely 30mL.
g. Sample volume was approximetely 10mL.
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. Recoveries of PFCA in each sample

Compound
(carbon atoms)

Mice Liver Kidney Brain  /\dipose Feces
tissue
1 ng spiked 1 ng spiked 1 ng spiked 1ng 1 ng spiked
(n=3) (n=3) (n=3) spiked (n=3)
(n=3)
PFHxA (C6) 116(10) 101(21) 133(12) 59(16) 120(51)
PFHpA (C7) 108(6) 125(22) 144(26) 84(26) 166(64)
PFOA (C8) 105(5) 128(22) 139(23) 89(34) 90(16)
PFNA (C9) 109(7) 134(27) 145(23) 97(38) 89(5)
PFDA (C10) 100(4) 127(25) 128(20) 91(35) 81(3)
PFUNDA (C11) 98(8) 120(23) 115(17) 93(39) 103(3)
PFDoDA (C12) 95(3) 96(20) 98(17) 80(36) 107(2)
PFTrDA (C13) 84(4) 107(29) 98(14) 89(45) 74(1)
PFTeDA (C14) 91(5) 106(20) 100(14) 89(38) 62(6)
Humans Serum Bile Urine CSF
1 ng spiked 0.1 ng spiked 0.1 ng spiked 0.1 ng
(n=3) (n=3) (n=3) spiked
(n=3)
PFHxA (C6) 69(15) 74(7) 100(15) 74(24)
PFHpA (C7) 58(14) 84(19) 76(4) 80(27)
PFOA (C8) 65(14) 97(10) 72(3) 80(22)
PFNA (C9) 73(13) 97(6) 68(2) 90(23)
PFDA (C10) 71(10) 80(7) 71(3) 90(25)
PFUNDA (C11) 67(11) 69(5) 77(1) 74(22)
PFDoDA (C12) 68(7) 56(10) 82(6) 58(14)
PFTrDA (C13) 57(8) 54(3) 70(5) 61(16)
PFTeDA (C14) 62(7) 64(7) 63(4) 79(16)

a
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Elimination of PFCAs determined by the two-compartment model in mice after IV or gavage

administration

a. Intravenous injection with a target dose of 0.313 umol/kg

PFHpA PFOA PFNA _ PFDA _ PFUNDA PFDoDA PFTIDA PFTeDA
(C7)  (C8)  (C9) (C10) (C11)  (C12)  (C13)  (C14)

Male

C4( umoliL) 0803 0201 0201 0402 0301 0201 0201 0301
) 159 003 018 082 075 0.38

M(hr) 050 002 o011 120037 455 g3z 062032 45,

Co( umoliL) 3809 1604 1304 1.0 02 0702 0401 0401 0401

0.00004
i 020 o4 000014 6 0.00013 0'%0885540.00035 0.00058  0.0043
o(hr) 20 0.1 "5 0001  0.0000 0.0001 : 0.0002 0.0003  0.002
4

AUC of 24 hours 33.2

CimoliChr (0.0 24n 222 B4 42209 “[0 242 60 176 37 9531 9231 90 3.2

Volume distribution0.07 018  0.22 033 057 0.55

(Lkg)? 001 004 o006 029006 506 021 058020 544

Female

Cy( umoliL) 0902 0503 0603 0402 0302 0502 0402 0502
_1 140 003 003 061 150 124

M(hr™) 063 002 002 OMOOT 54 070 098031 44

Co( umoliL) 3511 1705 1604 1303 0903 0501 0401 0301

e 0.18  0.00021 0%083530.00046 0.00043 0.00023 0.00027  0.00079

2(hr) 0.08 00001 2999550003 0.0003 0.0002 0.0002  0.0005

AUC of 24 hours23.6 495 47 .4

(bmolLhr (0loaatm 142 119 1o 33484 22269 11833 9326 7517

Volume distribution0.08 0.15 0.15 0.28 0.35 0.43

(Lkg)® 002 004 o004 0220005 558 oo 043014 4543
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b. Gavage administration with a target dose of 3.13 umol/kg

PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA

(C7)  (C8)  (C9) (C10) (C11)  (C12)  (C13)  (C14)
Male
Cy( umoliL) 192 =202 193 -184 154 114 93 63
M(hr) 0803 0301 0301 02 0.1 0204 0201 0201 02 0.1
Co( umoliL) 206 234 204 194 164 14 93 6 2

y 018 0025 0.014 0033 0041  0.042 0.040
Ao(hr) 006 0004 0004 0021001 550 901 001 0.01
AUC of 24 hours
ComoliLhr 0 to 24nmy 141 51 348 76 335 63 277 44 170 30 90 21 69 21 44 17
Female
C1( umoliL) 151 475 165 -144 83 41 40 31
M(hr) 0204 0201 0201 02 0.1 0204 0201 0301 02 0.1
Co( umoliL) 386 303 273 223 144 61 4 1 3 1

) 014 0021  0.0022 00081 00058 00021  0.0048
Ao(hr) 005 00004 0001 2:00700002 “54553 5002 00002  0.001
AUC of 24 hours, o 4ss 495 64 535 63 414 61 248 78 117 27 84 23 51 12

( umol/L hr (0 to 24hr))

c. Ratio of dose adjusted AUC (gavage avergae AUC / IV average
AUC ratio, both are adjusted with administrated dose )

PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA

(C7) (C8) (C9) (C10) (C11) (C12) (C13) (C14)
Male

0.6 0.8 1.0 1.1 1.0 0.9 0.7 0.5
Female

0.9 1.0 1.1 1.2 1.1 1.0 0.9 0.7

Values are mean (SD).
a. See text (Section 2.4)
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Distribution and excretion of PFCAs 24 hr after IV administration (0.313 umol/kg)

PFHxA PFHpA PFOA PFNA PFDA  PFUnDA PFDoDA  PFTrDA PFTeDA

(C6) (C7) (C8) (C9) (C10)  (C11)  (C12)  (C13)  (Cl4)
Male (N=9), Average body weight of mice (g) 25.9 (1.5), Average of administrated dose (nmol) 8.2 (0.5)
Serum®  nmol<0.03 <0.03  26505) 22304) 16103) 1.130.2)0620.1) 0500.1) 04702
- ) 27.2%(6.0 19.6%(4.1% 13.7%(2. 5.7%0.
% 32.3%(4.5%) 5 ) a8 7.5%(1.5%) 6.1%(1.2%) g
Liver nmol<0.03 0.10(02) 3.88(04) 562(0.9) 655(1.3) 6.43(1.4)5.46(1.3) 5.97(1.4) ;3'26(1'5
- 1.3%(2.6% 68.5%(12.379.9%(17.5 78.4%(1 66.6%(18.3 72.8%(18.7 64.2%(1
% ) A7.4%(4.8%) oy %) 9.2%) %) %) 8.9%)
Kidney nmol<0.01 0.02(0.04) 0.11(0.02)  0.09(0.02) 0.09(0.01) ?'10(0'020.09(0.02) 0.16(0.03) g')21(°'°
o, o, 0, 0, o, 0]
% - ?'2 %(0.5% 1 304(0.2%) )1'1 %(0-1% 4 194(0.2%) J/j (0.2 4 204(0.2%) 1.9%(0.4%) 262)/0(0
Brain nmol<0.01 <0.01  0.01(0.003) 0.01(0.01) 0.02(0.01) ?'03(0'010.02(0.01) 0.03(0.01) (1)')03(00
0, 0, 0, 0,
% - - 0.1%(0.0%) g“ %(0-1% 4 204(0.1%) 00/;:)%(0'1 0.3%(0.1%) 0.4%(0.1%) (1’;,2)"(0'
pARO%E nmol<0.01 0.01(0.01) 0.13(0.20) 0.05(0.03) 0.04(0.03) 9-9%(0-04 05(0.04) 0.09(0.06) 2512(0'0
o, o, 0] 0, 0, 0,
% - ‘))'1 %(0.1% 4 5o4(2.3%) ?'6 %(0-4% () 594(0.4%) 9/0; %(0-4 () 69%(0.4%) 1.1%(0.7%) ;;2)/0(0.
Urine nmol8.31(5.1)  8.11(4.2) 0.61(0.4)  0.11(0.1) 0.021(0.027)8'7(;08(0'0?'004(0'004?'004(0'00486030)3(0'
o6 101.3%(27.599.0%(27. - 0 ro\ 1.3%(0.7% - no, i +a,. 0.1%(0.0 0.0%(0.02%0.1%(0.03%0.04%(0
% o 200 7A%(4.5%) | 0.3%(0.1%) gy > ; yaths
Feces nmol0.38(0.4)  0.26(0.4) 0.05(0.04) 0.04(0.02) 0.040.02) 9-9%(%-024 04002) 0.06(0.03) g.)og(o.o
o, o, 0, 0, o, 0,
%D 4.7%(5.4%) ;"2 %(53% () 694(0.5%) ?'5/"(0'2/"0.5%(02%) 9/;?5(0'2 0.5%(0.2%) 0.8%(0.3%) 8ot )/"(0'
Total® nmol8.72(1.9)  851(2.1) 7.44(0.8) 8.14(1.1) 837(1.4) 7.80(1.5)6.30(1.4) 6.81(1.4) ?'19(1'5
Total ¢ 108.3%(48.2103.7%(42 g1 701 g gy, 99-2%(11.9102.19%(17.395.1%(1 76.8%(18.3 83.1%(18.4 75.5%(1
recovery ¢ ° %) 9%) IONTE 0 o) %) 9.2%) %) %) 8.6%)
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PFHxA PFHpA PFOA PFNA PFDA  PFUnDA PFDoDA  PFTrDA PFTeDA

(C6) (C7) (C8) (C9) (C10)  (C11)  (C12)  (C13)  (C14)
Female (N=9), Average body weight of mice (g) 20.1 (1.2), Average of administrated dose (nmol) 6.4 (0.4)

Serum®  nmol<0.02 <002 201(08) 206(0.8) 14505) 093(0.3)0480.2) 036(02) 0.27(0.3)

%b - ] 31.5%(7.1%);',”/3)'2%(9'7 )22'7%(5'9% ;;;?%(3' 7.5%(1.6%) 5.7%(1.6%) %%(1'8

Liver nmol<0.03 0.03(0.1) 1.93(0.3) 293(0.4) 3.41(0.5) 3.41(0.5)3.00(0.5) 3.49(05) 3.01(0.4)

o 0.5%(1.0% o~ o, 1+ 10 A5.8%(7.2 53.3%(8.9% 53.3%(8. 46.9%(6.7%54.6%(7.5%47.1%(6.
% ) 30.2%(4.1%) ) ) A ) 40

Kidney ~ nmol<0.01 <001 0.09(0.01) 0.10(0.01) 0.100.02) 9110924 10(0.02) 0.14(0.03) 3516(0'0
0] 0, 0, 0,

% - ; 1.4%(0.2%) )1'6/"(0'2/" 1.6%(0.4%) %"(0'4 1.6%(0.4%) 2.2%(0.5%) EA;‘;’A’(O'G

Brain nmol<0.01 <001 0.01(0.002) 0.01(0.003)0.02(0.01) ?'03(0'010.03(0.01) 0.03(0.01) (1")03(0'0
0, [v) 0,

% - - O.1°A)(0.03%)f,)/£/°(0'06 0.4%(0.1%) &?4(0.1 0.4%(0.1%) 0.5%(0.2%) 3(.’&)3/0(0.2

£IRO%E nmol<0.01 0.01(0.01) 0.06(0.02) 0.07(0.05) 0.08(0.07) ;"09(0'080.09(0.07) 0.15(0.09) 8')19(0'1
0, 0, 0, 0, 0, 0,

% - ‘))'1 %(0.2% ) 99(0.3%) )1'1 #(0.7% 4 304(1.0%) 35&(1.2 1.4%(1.0%) 2.3%(1.2%) EA;?A’(M

Urine nmol5.05(1.7)  4.23(2.3) 0.41(0.3) 0.14(0.1) 0.03(0.01) (2")01(0'00())'004(0'003?'004(0'0028603(;3(0'

o b 79.0%(29.1 66.1%(37. ~ 1o, 1m aops 2.2%(1.2% ~ 0 0.1%(0.0 0.1%(0.05%0.1%(0.03%0.1%(0.0
% o o 6.4%(3.8%) | 0.4%(0.2%) g5, ("0 ) po

Feces nmol1.00(0.85) 0.84(0.85) 0.08(0.06) 0.06(0.03) 0.05(0.03) ;"06(0'030.04(0.02) 0.05(0.02) 2')06(0'0
0] o, 0, 0, 0, 0,

% (]/3'6/"(13'5 51550}0; (13- 1 300(1.0%) ?'9/"(0'4/"0.8%(0.4%) %”’(0'4 0.7%(0.3%) 0.8%(0.4%) ,]A;‘)M’(O'G

Total’ nmol6.13(1.8)  5.32(2.4) 4.09(0.5) 4.43(0.5) 4.61(0.6) 4.35(0.5)3.68(0.5) 4.26(0.5) 3.83(0.5)

Total 0 94.9%(43.4 79.9%(@8. 7 7o o oo, B4.1%(1.280.6%(10.3 72.5%(8. 58.6%(6.6%66.2%(7.9% 56.3%(7.
recovery ¢ "° %) 9%) RS0 o) %) 6%) ) ) 2%)

Values are mean (SD). Lower values in parentheses are the mean percentages.

a. calculated by assuming 56 mL/kg-mice body weight for male-mice blood volume and 65 for female-mice (Richers et al.,
1972)

b.% of administrated dose
c. calculated by assuming 2.3 % for mice body-fat percentage (Richers et al., 1972)
d. Total of Blood, Liver, Kidney, Brain, Adipose tissue, Urine and Feces.
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Distribution and excretion of PFCAs 24 hr after gavage administration (3.13 umol/kg)

PFHXA PFHpA PFOA  PFNA  PFDA PFUnDA PFDoDA PFTrDA PFTeDA
(CB) (C7) (C8) (C9) (c10)  (C1) (C12)  (C13)  (C14)

Male (N=9), Average body weight of mice (g) 24.3 (1.6), Average of administrated dose (nmol) 77.1 (5.0)

Serum®  nmol<032 <032  20.85(5.9) 23.74(3.8) 19.05(3.0)10.96(2.0) 5.48(1.4) 3.88(1.3) 2°/(11

o ) 27.0%(6.4 30.8%(3.9 24.7%(3.114.2%(2.3 7.1%(1.7%5.0%(1.7%3.3%(1.
° %) %) %) %) ) ) 5%)
Liver nmol<0.36  <0.36  30.30(2.9) 54.11(7.1) ?3'08(11'869.48(10.0))54'81(10'4 51.24(9.7) 2?53(7'
o ) 39.3%(3.1 70.2%(7.0 81.8%(12.90.1%(11.9 71.1%(10. 66.5%(10. 44.8%(8
6 %) %) 3%) %) 9%) 5%) 8%)
Kidney ~ nmol<0.07  <0.07  1.02(0.3) 0.74(0.2) 0.73(0.2) 0.76(0.2) 0.74(0.2) 0.99(0.3) . 12(03
orb _ ) 1.3%(0.1%1.0%(0.1% 0.9%(0.05 , ~,, ~ +o,+1.0%(0.05 1.3%(0.1% 1.5%(0.
% ] ] o 1.0%(0.1%)g; ] o
Brain nmol<0.07  <0.07  0.10(0.1) 0.11(0.1) 0.18(0.1) 0.29(0.2) 0.21(0.1) 0.22(0.1) ())'16(0'1
b ) 0.1%(0.0% 0.1%(0.1% 0.2%(0.1 0.3%(0.05 0.3%(0.04 0.2%(0.
% ) ) o 0.4%(0.1%)q;: o 039
pAPOSe nmol<0.11 <011 0.07(0.07) 0.06(0.06) 0.04(0.03)0.03(0.02) 0.02(0.01) 0.02(0.01) (1)')02(0'0
o ) 0.1%(0.1%0.1%(0.1% 0.05%(0.0 0.04%(0.03 0.03%(0.0 0.03%(0.0 0.02%(0
° ) ) 4%) %) 2%) 2%) 01%)
Urine nmol47.01(9.5):)36'42(26'23.26(2.3) 0.32(0.2) 0.08(0.05)0.03(0.02) 0.02(0.01)0.02(0.01)(1)')01(0'0
b 61.0%(10. 0, o0 o 0.4%(0.2% 0.1%(0.1 0.04%(0.020.02%(0.0 0.03%(0.0 0.02%(0
4 Soy O ATR(1%) 4%(3%) ) o) o e T paths
Feces nmol5.90(5.6) 6.06(5.5) 1.38(0.9) 1.05(0.6) 0.99(0.5) 0.94(0.4) 0.83(0.4) 2.36(1.2) +73(2:0
b 7.7%(7.6 7.9%(7.5%1.8%(1.2%1.4%(0.8% 1.3%(0.7 , oo, 1 woy+1.1%(0.5% 3.1%(1.6%6.1%(2.
% o ) ] ] s 1.2%(0.6%), ; S
Total” nmol52.92(8.6)) > 2> 54.31(5.6) 67.74(8.3) 1'% 78.08(10.0) 701192 50.16(0.4) 514"

Total b 68.6%(10.55.5%(28. 73.9%(7.1 103.9%(8.6109.1%(1 107.0%(11. 80.6%(10. 76.2%(9.7 56.0%(7
recovery ® ° 0%) 5%) %) %) 2.3%)  3%) 4%) %) 6%)
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Female (N=9), Average body weight of mice (g) 20.6 (2.2), Average of administrated dose (nmol) 65.3 (7.1)
Serum?® nmol<0.22 <0.22 24.56(4.4) 20.08(4.5) 16.70(4.2)10.20(2.9) 5.41(1.5) 4.05(1.1)

2.79(0.7
)

o ) 37.6%(4.8 30.8%(4.8 25.6%(4.915.6%(3.5 8.3%(1.9%6.2%(1.4%4.3%(0.
° %) %) %) %) ) ) 8%)
Liver nmol<0.30  1.18(1.7) 17.68(3.2) 33.10(6.3) 41.48(8.0)45.17(9.4) 37.32(8.4) 35.02(8.6) ‘25’24(7'
o 1.8%(2.7%27.1%(5.0 50.7%(10.663.5%(13. 69.2%(16.4 57.1%(14. 53.6%(15. 35.6%(1
o ) %) %) 8%) %) 8%) 1%) 2.6%)
Kidney nmol<0.05  0.10(0.2) 0.90(0.3) 0.83(0.2) 0.81(0.2) 0.86(0.2) 0.81(0.1) 1.07(0.2) )1'16(0'2
o 0.2%(0.1% 1.4%(0.1% 1.3%(0.1% 1.2%(0.05 1.3%(0.04 1.2%(0.04 1.6%(0.04 1.8%(0.
b ) %) %) %) %) 04%)
Brain nmol<0.06  <0.06  0.07(0.02) 0.08(0.02) 0.15(0.04)0.21(0.06) 0.17(0.05) 0.18(0.05) 2')13(0'0
o ) 0.1%(0.01 0.1%(0.01 0.2%(0.020.3%(0.04 0.3%(0.04 0.3%(0.04 0.2%(0.
o %) %) %) %) %) %) 03%)
pIPO%e  nmol<0.11 <011 0.04(0.01) 0.03(0.01) 0.04(0.01)0.03(0.01) 0.03(0.02) 0.03(0.02) g.)oz(o.o
o ) 0.1%(0.03 0.1%(0.02 0.1%(0.03 0.05%(0.03 0.05%(0.0 0.05%(0.0 0.04%(0
b %) %) %) %) 5%) 4%) 03%)
Urine nmolg)&m“s' 29.95(15.6 5 5>(15) 0.38(0.2) 0.10(0.1) 0.03(0.01) ?'01(0'0050'01(0'007840)1(0'0
oy 66.0%(17.45.9%(21. 4.0%(2.5%0.6%(0.3% 0.1%(0.1 0.04%(0.020.02%(0.0 0.02%(0.0 0.01%(0
° 3%) 5%) ) ) %) %) 1%) 1%) 01%)
Feces nmol3.68(4.3) 3.98(3.5) 0.93(0.6) 0.65(0.5) 0.62(0.4) 0.58(0.3) 0.47(0.3) 1.10(0.7) )1'95(1'5
o b 5.6%(7.9 6.1%(6.1%1.4%(1.0% 1.0%(0.7% 1.0%(0.6 ~ o, wo,0.7%(0.5% 1.7%(1.3% 3.0%(2.
% o ; ) ) s 0.9%(0.6%), ) Vo
Total® nmoIi?'m“s' 38.05(14.0 59 06(6.5) 47.85(7.5) 52.54(8.2)53.53(9.4) 43.14(8.2) 41.41(8.4) ??'04(7'

Total o 71.6%(17.53.9%(21. 71.7%(7.7 84.5%(12.691.7%(13.87.4%(15.6 67.7%(14. 63.5%(14. 44.9%(1
recovery ¢ ° 0%) 1%) %) %) 9%) %) 3%) 8%) 2.4%)

Values are mean (SD). Lower values in parentheses are the mean percentages.

a. calculated by assuming 56 mL/kg-mice body weight for male-mice blood volume and 65 for female-mice (Richers et
al., 1972)

b.% of administrated dose
c. calculated by assuming 2.3 % for mice body-fat percentage (Richers et al., 1972)
d. Total of Blood, Liver, Kidney, Brain, Adipose tissue, Urine and Feces.
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Urinary and fecal clearance of perfluoroalkyl carboxylates in mice

a. IV administration°Compound  (carbon atoms)

Agerage PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA
(mL/day/kg)

(C7) (C8) (C9) (C10) (CM) (C12)  (C13) (C14)
Male (N=9)

Urinary clearance  336.7(93.5) 13.1(8.1) 2.9(1.6) 0.8(0.4) 0.4(0.1) 0.4(0.2) 0.4(0.3) 0.4(0.1)
Fecal clearance 10.7(18.1) 1.1(0.8) 1.0(0.4) 1.4(0.6) 2.4(0.9) 4.0(1.6) 6.3(2.5) 9.7(4.7)
Total clearance b~ 347.4(86.1) 14.2(8.4) 3.9(1.9) 2.2(0.9) 2.8(1.0) 4.4(1.6) 6.8(2.5) 10.0(4.6)
Female (N=9)

Urinary clearance 216.3(120.9) 9.8(5.9) 3.6(1.9) 1.0(0.4) 0.4(0.1) 0.4(0.3) 0.5(0.3) 0.5(0.4)
Fecal clearance 40.4(43.6) 2.0(1.6) 1.5(0.7) 1.8(0.9) 3.0(1.4) 4.4(2.2) 6.7(3.1) 9.9(5.8)
Total clearance b 256.7(124.4)11.8(6.1) 5.1(2.3) 2.8(1.2) 3.4(1.5) 4.8(2.4) 7.2(3.2) 10.4(6.0)
Total (Male; N=9,

Female; N=9)

Urinary clearance 276.5(121.8)11.4(7.0) 3.3(1.7) 0.9(0.4) 0.4(0.1) 0.4(0.2) 0.4(0.3) 0.4(0.3)
Fecal clearance 25.5(36.3) 1.5(1.3) 1.2(0.6) 1.6(0.7) 2.7(1.2) 4.2(1.9) 6.5(2.8) 9.8(5.1)
Total clearance b 302.1(113.4)13.0(7.2) 4.5(2.1) 2.5(1.0) 3.1(1.3) 4.6(2.0) 7.0(2.8) 10.2(5.2)

b. Gavage administration®

Male (N=9)

Urinary clearance 248.8(169.0) 9.2(6.2) 0.9(0.5) 0.3(0.2) 0.2(0.1) 0.2(0.1) 0.3(0.1) 0.3(0.1)
Fecal clearance 43.6(40.3) 4.0(2.5) 3.1(1.7) 3.6(1.8) 5.5(2.6) 9.2(4.1) 33.9(17.6) 106.0(46.6)
Total clearance b 292.5(153.8)13.1(7.4) 4.0(1.7) 3.9(1.8) 5.7(2.6) 9.4(4.1) 34.2(17.6) 106.3(46.6)
Female (N=9)

Urinary clearance  166.7(76.0) 6.6(3.8) 0.9(0.5) 0.3(0.2) 0.1(0.1) 0.1(0.1) 0.2(0.1) 0.2(0.1)
Fecal clearance 23.5(21.7) 2.4(1.5) 1.5(1.0) 1.9(1.1) 2.9(1.7) 5.1(3.2) 16.9(12.0) 48.5(38.1)
Total clearance b 190.2(21.7) 9.0(1.5) 2.4(1.0) 2.2(1.1) 3.1(1.7) 5.2(3.2) 17.1(12.0) 48.7(38.1)
Total (Male; N=9,

Female; N=9)

Urinary clearance 207.8(133.9) 7.9(5.1) 0.9(0.4) 0.3(0.1) 0.2(0.1) 0.2(0.1) 0.2(0.1) 0.3(0.1)
Fecal clearance 33.6(33.1) 3.2(2.2) 2.3(1.6) 2.7(1.7) 4.2(2.5) 7.1(4.1) 25.4(17.1) 77.3(50.8)
Total clearance b 241.4(128.6)11.1(6.3) 3.2(1.7) 3.0(1.7) 4.4(2.5) 7.3(4.2) 25.6(17.1) 77.5(50.8)

c. Theoretical absorbed portions from the gutd (% of administrated dose)

Male 941 98.7 99.1 99.2 99.3 99.4 97.5 94.4
Female 104.4 99.8 100.0 100.0 100.0 99.9 99.0 97.6
Total 98.3 99.2 99.5 99.6 99.6 99.6 98.2 96.0

Values are mean (SD).

a) PFCAs which eliminated between 0 to 24hr after gavage administration (gavage dose: 3.13
pmol/kg)

b) Sum of urinary clearance and fecal clearance

c) PFCAs which eliminated between 0 to 24hr after IV administration. (IV dose: 0.313 umol/ g)

d) See text (Section 3.3)
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. Urinary, biliary and fecal clearances of PFCAs in humans

PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA

(mL/day/kg)’ (C7) (C8) (C9)  (C10) (CM) (C12) (C13) (C14)
Urinary clearance 0'67250'370.044(0.01)0.038(0.01)0'015)(0'01 0'0005)(0'0 0.005(0.00) 0'0016)(0'0 MDL®
(Male=5, Female=5)

Biliary clearance <MDL®  2.62(36) 1.20(1.2) 2.51(2.1) 3.02(3.0) 3.27(3.2) 3.57(3.3) 11.22(4.4)
(Male=3, Female=2)

Estimated fecal 0 052(0.05)0.024(0.02)-050(0.040.080(0.0 ¢ (e 0 0.071(0.00.224(0.20
clearance ) 4) S) )
Total Clearance 0674 0096 0062 0066 0065 0070 0077 0224

(Urinary clearance + Estimated fecal clearance)

Values are mean (SD).

a) See text (section 3.5)

b) calculated by assuming human body weight as 50kg,

c) PFHpA concentration in bile are less than method detection limits.

d) PFTeDA concentration in human urine are less than method detection limits.

Concentration gradients of PFCAs between the serum and brain in mice and the serum and
CSF in humans

Compound PFHpA PFOA PFNA PFDA PFUnRDA PFDoDA PFTrDA PFTeDA

(carbon atoms) (C7) (C8) (C9) (C10) (C11) (C12) (C13) (C14)

a. Whole Brain tissue in mice (Male N=9, Female N=9)b

Brain tissue

concentration (pmol/g)b 4(3) 25(7) 66(23) 66(23) 93(29) 82(23) 104(28)  97(27)

Brain /Serum ratio <MDL(S 0.015(0.0  0.059(0.0 0.059( 0.125(0.0 0.211(0.0 0.360(0.1 0.413(0.1
erum) 1) 2) 0.02) 3) 6) 2) 5)

b. Cerebral spinal fluids in Human (Male N=6, Female N=1)

Total
CSF concentration 50.8(19.1 9.1(6.7 19.4(25.7
<5.6 18.2(8.1 2.2(2.3 3.3(3.9) 0.8(0.7
(pg/mL) ) (8.1) ) ) (2.3) (3.9) (0.7)
. nd.(nd. 0021000 00150.0 0.015 0.010(0.0 0.016(0.0  0.011(0.0 0.025(0.0
CSF/Serum ratio ) 13) 12) 0.016) 12) 22) 1) 24)

hydrocephalus (Male N=4)

CSF concentration
(pg/mL)

CSF/Serum ratio

5.6(3.9
)

nd(nd. 0013(0.0 _0.007(0.0  0.005( _ 0.003(0.0,0.003(0.0  0.003(0.0,0.011(0.0
y ™% o5 ™S 03) ™% 0002)"%  03) o) ™S 03) 05)

cerebral hemorrhage and liquorrhoea (Male N=2, Female N=1)
CSF concentration
(pg/mL)

CSF/Serum ratio

<5.6 36.7(8.8)  13.8(7.4) 5.8(2.7) 0.5(0.0) 1.0(1.0) 0.4(0.2)

n.s.

13.8(7.  37.4(335
4) )
nd.(nd. (0031000 002500 _ 0.029( _0.020(0.0,0.035(0.0  0.021(0.0,0.045(0.0
y Mg NS qg) MS0015) 1S 42 24) ™S 0g) 25)

<5.6 69.6(7.0)  24.1(5.0) 4.4(1.6) 6.54.1) 1.3(0.7)

n.s.

Values are mean (SD).
a. Brain tissues are collected after 24hr IV injection. (IV dose: 0.313 pmol/kg)
b. *indicates values are significantly different between the CSF/Serum ratios (p<0.05 by Student's t test)
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Levels of PFCAs in human urine and bile

a. Urine-Serum pair

Compound (carbon atoms)

(F'\gf‘r';;‘r’za PFHpA PFOA  PFNA  PFDA  PFUNDA PFDoDA PFTrDA PFTeDA

(C7) (C8) (C9) (C10) (1) (C12) __(C13) _ (C1a)
Urine ng/day 2.72(1.27) 13.15(5.46) 1.80(0.60) 0.26(0.20) 0.25(0.21) 0.02(0.02) 0.04(0.07) <0.01
Serum  ng/mL 0.07(0.05) 5.96(2.82) 0.95(0.34) 0.33(0.11) 0.96(0.37) 0.07(0.03) 0.15(0.05) 9-01(0-01

)

b. Bile-Serum pair

Compound (carbon atoms)

(F'\gf‘r']‘;;?’zz) PFHpA PFOA  PFNA  PFDA  PFUNDA PFDoDA PFTrDA PFTeDA

C7) (C8) (C9) (C10) (1) (C12) __(C13) __(C14)
Bile ngiday <332  562(300) 125(105) 134(156) 385(441)  54(64)  90(112)  37(38)
Serum  ng/mL 0.21(0.11) 8.17(7.78) 2.35(1.78) 1.23(1.39) 2.79(2.81) 0.31(0.29) 0.44(0.44) 9-06(0-02

)

Values are mean (SD).
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. Simulated serum concentrations in mice after IV administration (0 to
24 hr).
Values derived from
Dots indicate the observed values with IV administration.
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Volume distribution
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Serum concentrations
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a. Mice PFCA clearances (IV administration)

1000 -+
=#= Urinary clearance
“#= Fecal clearance
*= Total clearance
100 -
an
v
=~
=
'g 10 +
=
E
1 4 C11 ciz2 Ci13 Cl4
0.1-

b. Human PFCA clearances
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c. Comparison of PFCA clearances in mice and human
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PFCAs

(PFCAs)
PFCA
PFOA(CS8) 5 13 (C5-C13) PFCA
24
PFCAs PFCAs/ PFCAs C7 1.56
C8 C13 0.22 0.54 (C8:0.36, C9:0.34, C10:0.22,
C11:0.23, C12:0.35 C13:0.54)
PFCAs (C7) PFCAs(C8 —C13)
(PFCA ) PFOA(CS)
PFCAs
PFOA(
8, C8)
9 14, C9~C14)
(Harada et al., 2011)
PFOA
14-9 FBV/N
(n=4) PFCAs(C5-C14)
3.17nmol/g
PFCA (C8-C13) 24
(Fujii et al., 2012) 10

1-2ml
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PFCAs
Tablel
PFCAs C8 (C7)
(C9-C13)
(nmolg/ml-serum; C7:1.43,
C8:15.56, C9:13.71, C10:3.82,

C11:3.47, C12:1.22, C13:0.68)
PFCAs

(nmolg/ml-milk; C7:2.16, C8:5.58,

C9:4.73, C10:0.79, C11:0.66,

C12:0.39 C13:0.30)

PFCAs / C7
1.56 C8 C13

0.22 0.54

(C8:0.36, C9:0.34, C10:0.22,

C11:0.23, C12:0.35 C13:0.54)

24
PFCAs

PFCAs/ PFCAs C7 1.56

C8-C13(C8:0.36, C9:0.34,
C10:0.22, C11:0.28, C12:0.35
C13:0.54)

PFCAs (C7) PFCAs(C8
—C13)

PFOA(C8)

(Fenton te al., 2009)
37% 36

PFCAs
24
PFCAs/ PFCAs
(C7: 156%

C8-C13(54-22%)

PFCAs
PFCAs

PFCAs

Harada, K.H., Hitomi, T., Niisoe, T.,
Takanaka, K., Kamiyama, S.,
Watanabe, T., Moon, C.S., Yang,
H.R., Hung, N.N., Koizumi, A., 2011.
Odd-numbered
perfluorocarboxylates predominate
over perfluorooctanoic acid in
serum samples from Japan, Korea
and Vietnam. Environ Int 37,
1183-1189.

Fuwiiy, Yan J, Harada KH, Hitomi T,
Yang H, Wang P, Koizumi A. 2012.
Levels and profiles of long-chain
perfluorinated carboxylic acids in
human breast milk and infant
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formulas in East Asia. of PFOA in dosed CD-1 mice. Part 2.

Chemosphere 86, 315-321. Disposition of PFOA in tissues and

Fenton SE, Reiner JL, Nakayama SF, fluids from pregnant and lactating
Delinsky AD, Stanko JP, Hines EP, mice and their pups. Reprod Toxicol.
White SS, Lindstrom AB, Strynar 27:365-72

MJ, Petropoulou SS. 2009. Analysis
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23
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3 1
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25
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PFCAs

PFCAs 237 ng day?
8
1
(EPA, 2013;
, 2012)
perfluorinated calboxilic acids, PFOA
PFCAs 8 PFCAs
perfluorooctanoic acid, PFOA
2000
1940
PFCAs 7
8 PFCAs
9 13  PFCAs
(Abdellatif et al., 7
1991; Nilsson et al., 1991) 13  PFCAs
(Harada et al., 2011)
(Fei et al.,, 2009; Washino et al., 2010
2009)
2006 8 10 PFCAs
8
PFOA (Fujii et al., 2012a)

PFOA
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8 14

PFCAs 1992
2000
(Fujii et al., 2012b)
77
PFCAs 9 8 11
(Liu et al.,
2011) PFCAs
15 13
9 8 PFCAs
(Fujii et al., 2013)
PFCAs
9
PFCAs
200
7 14 PFCAs PFHxA

PFOA PFNA PFDA PFUNA
PFDoA PFTrA PFTeA;

B-1.
2013 5 8 44

PFOA

Saito et al .,
2004; Niisoe et al., 2010

P45
2L
B-2.
500mL
1%
50mL
PFCAs
GC/NCI/MS
B-3. PFCAs

PFCAs

2000

http://wwwl.river.go.jp/
http://www.data.jma.go.jp/
obd/stats/etrn/index.php
4 30 10
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2004 5 3

Fpy +Coy X f +Fppy + Fog = Fps
Fog = Fp, +Cq x f

=
C f P7

(1)

Frpz Fps 1%
PFCAs
PFCAs

SP1-7

SP2
, 2013

SP2

P1
P16
P27 P30
PFCAs
SP01-03
B-4.
7 SP1-7
SP01-03
PFCAs
R
Version3.1.0 The R Foundation for
Statistical Computing, Vienna,
Austria
B-5.
PFCAs
2012
, 2013
PFCAs
SP1
SP2
SP1+2
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C-1. PFCAs
SpP2
PFOA 454 ng L1
b
P45
P7
f
h
a
C-2
PFCAs
h
40%
PFNA 20%
PFOA
P45
b
e f
d

PFCAs

P7

PFOA
PFHpA

PFOA

PENA PFDA
PFUNA
a PFOA
g
SP2
PENA
PFOA
C-3. PFCAs
144
m3 s? 18%
73% 9%
3
61%
PFCAs
e
P25
P25 P26
P26 P34
P26 : P6
: P33
P4
SP1 SP2 P4
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P5 SP5 PS5

P6 a
P4
SP7
P30
g
f
P4
b
C
d P34
PFCAs 237 g day?

PFOA PFHpA
PFNA 56% 24%

11%

0.983

PFDoA
PFTrA PFTeA

PFHpA PFOA PFNA PFDA
PFUNA PFCAs
SP5 SP02 SP6
77.4 71.9 64.2 g day?
PFOA
SP02 SP6 SP5
38.6 352 20.1

gday! SP5 PFCAs

PFNA PFDA
PFUNA
C-4.
PFCAs
2
1
0.494 2 0.456
p  0.007
PFHpA
PFOA 1 PFDA
PFUNDA 2
PFNA
SP5 2
1
SP5
SP1 SP3 SP4 SP7
SPO1
C-5.
1
p=0.018
SP5 PFCAs
PFOA PFNA
PFDA 8-10
PFUNA 11
SPO1
PFCAs
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PFCAs
PFOA
P34 133 gday?
49 kg
al. (2011) 6

PFCAs
PFOA

Zushi et

4.7-28.0 kg

2003
PFOA
(Saito et al., 2004)
PFCAs

P16
PFCAs
P26

PFOA
P30

PFCAs

PFCAs

213 ¢g
77.4gday! SP5
SP5

day! SPO1

1

SP5 2

1 2
1
PFCAs
(Fujii et al.,
2013) 1
23
PFCAs
PFCAs
polyfluoroalkyl phosphate esters
(PAPS)
PAPs
PFCAs
(Trier et al., 2011,
Gebbink et al., 2013) PFHpA
SPO1
1
PFCAs
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PFOA

2012 2000 99% 1.
2012 2.
P45 PFOA

2003 Saitoetal., 3.

2004 3

PFOA
133 ngday? PFCAs 1
2.
PFCAs
3.
PFCAS

polyfluoroalkyl phosphate esters
(PAPS)

PAPs
PFCAs
4.
5.
1 6.
2.
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103 103

m3 d!
SP1b 34.970 135.739 85 114
SP2b 34.951 135.734 783 914
SP3p 34.939 135.797 208 185
SP4b 34.919 135.742 146 148
SP5¢ 34.903 135.708 353 211
SP6e 34.891 135.702 362 167
SP7c 34.776 135.801 81 26.9
2,018
b 2013
¢ 2013
PFCAs
PFCA
Perfluoroheptanoic acid 7 PFHpA
Perfluorooctanoic acid 8 PFOA
Perfluorononanoic acid 9 PFNA
Perfluorodecanoic acid 10 PFDA
Perfluoroundecanoic acid 11 PFUNnDA
Perfluorododecanoic acid 12 PFDoDA
Perfluorotridecanoic acid 13 PFTrDA
Perfluorotetradecanoic acid 14 PFTeDA
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2013 5 8

P1

P2

P3

P4

P5

Pe6

P7

P8

P9

P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44
P45

35.0122
34.9993
34.9823
34.9574
34.9079
34.8949
34.9728
34.9499
35.0797
35.0382
35.0274
34.9465
35.0560
35.0341
34.9933
34.9784
34.9569
34.9162
34.8783
34.8818
34.9164
34.9271
34.9202
34.9141
34.8965
34.8916
35.0134
34.9410
34.9310
34.7524
34.8349
34.8746
34.8892
34.8792
34.8530
34.7860
34.7737
34.7597
34.7385
34.7237
34.7079
34.6992
34.6891
34.6880
34.7795

135.6765
135.7044
135.7147
135.72774
135.7167
135.6968
135.7361
135.7391
135.7405
135.7664
135.7717
135.7407
135.7912
135.7745
135.9056
135.9077
135.9111
135.8807
135.8464
135.8208
135.7901
135.7686
135.7481
135.7390
135.7189
135.6999
135.8598
135.8000
135.7914
135.8367
135.7608
135.7321
135.7013
135.6788
135.6631
135.6095
135.5915
135.5736
135.5507
135.5112
135.4711
135.4549
135.4322
135.4275
135.5708
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2004 5 3 m3 g1
35.012 135.679 12.7
34.982 135.713 13.9
34.908 135.718 23.8
34.966 135.759 2.59
34.973 135.906 71.92
34.927 135.770 90.2
34.898 135.718 103
34.958 135.811 2.55b
34.802 135.798 14.4
34.886 135.704 13.5
34.894 135.804 91.5*%
34.759 135.869 12.1%
34.868 135.669 139*
http://www1.river.go.jp/
al995 4 5
1989 6 3
*
2012
SP1+2b 805
SP3 152
SP4 354
SP6 1517
SP7 0
SPO1c 600
SP024d 1693
SP03e 340
a
bSP1 SP2
cP1 PFCAs
109 , 2013; , 2013
P16 P27 PFCAs
1,117 , 2014
eP30
89 , 2011; , 2009
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PFCAs ng !

PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA
P1 3.64E-01 1.03E+00 3.60E-01 9.54E-02 8.40E-02 2.40E-02 2.25E-02 1.69E-02
P2 4.24E-01 1.57E+00 1.53E+00 3.24E-01 2.56E-01 2.93E-02 2.25E-02 1.13E-02
P3 4.19E-01 1.53E+00 9.60E-01 2.34E-01 6.33E-01 1.43E-01 7.16E-02 1.95E-02
P4 497E-01 1.61E+00 2.04E+00 8.04E-01 6.35E-01 2.86E-02 8.87E-03 3.67E-03
P5 1.97E+00 7.17E+00 2.84E+00 1.51E+00 1.74E+00 2.98E-01 9.86E-02 2.81E-02
P6 4.23E+00 1.58E+01 8.62E+00 1.11E+01 9.56E+00 1.06E+00 1.32E-01 2.08E-02
P7  2.44E+01 4.54E+01 1.49E+01 3.63E+00 1.11E+00 1.75E-01 2.34E-02 1.82E-02
P8 4.58E+00 2.64E+01 2.73E+01 1.83E+00 8.70E-01 4.13E-02 1.91E-02 4.01E-03
P9 3.76E-01 3.96E-01 1.54E-01 3.70E-02 3.23E-02 1.61E-02 1.25E-02 9.80E-03
P10 4.47E-01 7.37E-01 3.27E-01 8.46E-02 7.63E-02 2.45E-02 1.13E-02 ND
P11 1.49E+00 1.89E+00 7.81E-01 9.94E-02 5.02E-02 1.42E-02 5.81E-03 ND
P12 1.26E+00 3.00E+00 1.40E+00 2.07E-01 9.43E-02 3.37E-02 1.66E-02 1.53E-02
P13 3.76E-01 3.96E-01 1.54E-01 3.70E-02 3.23E-02 1.61E-02 1.25E-02 9.80E-03
P14 8.60E-01 1.19E+00 3.37E-01 9.02E-02 3.49E-02 1.23E-02 6.18E-03 9.20E-03
P15 3.39E+00 7.20E+00 2.06E+00 6.21E-01 3.79E-01 1.09E-01 3.64E-02 3.64E-02
P16 2.25E+00 5.25E+00 1.45E+00 4.40E-01 2.19E-01 6.86E-02 2.55E-03 1.02E-02
P17 2.15E+00 6.14E+00 1.90E+00 5.69E-01 3.51E-01 1.41E-01 5.53E-02 1.57E-01
P18 2.61E+00 6.09E+00 1.68E+00 4.47E-01 2.25E-01 1.01E-01 3.05E-02 5.70E-02
P19 1.99E+00 6.36E+00 1.70E+00 4.05E-01 1.81E-01 4.57E-02 1.93E-02 1.40E-02
P20 2.00E+00 6.28E+00 1.93E+00 7.17E-01 3.70E-01 9.45E-02 2.87E-02 9.01E-02
P21 2.15E+00 5.69E+00 1.83E+00 4.95E-01 1.92E-01 7.55E-02 3.09E-02 3.34E-02
P22 2.14E+00 5.21E+00 1.51E+00 4.35E-01 1.61E-01 4.12E-02 1.59E-02 1.13E-02
P23 1.91E+00 5.46E+00 1.62E+00 3.36E-01 1.43E-01 3.58E-02 1.41E-02 1.22E-02
P24 1.95E+00 5.70E+00 1.71E+00 4.23E-01 1.66E-01 3.11E-02 1.24E-02 1.55E-02
P25 2.01E+00 5.86E+00 1.68E+00 3.91E-01 1.56E-01 3.53E-02 2.51E-02 1.20E-02
P26 2.82E+00 9.66E+00 3.16E+00 7.87E-01 6.18E-01 3.24E-01 1.26E-01 1.34E-02
P27 3.46E+00 5.36E+00 1.47E+00 4.03E-01 1.35E-01 3.60E-02 7.34E-03 1.71E-02
P28 3.17E+00 9.36E+00 2.36E+00 5.49E-01 2.33E-01 5.43E-02 3.53E-02 1.19E-02
P29 3.14E+00 1.15E+01 3.95E+00 1.10E+00 3.75E-01 5.55E-02 1.90E-02 7.26E-03
P30 1.32E+00 7.88E+00 4.86E-01 2.25E-01 3.18E-01 2.30E-01 3.60E-02 6.21E-02
P31 2.83E+00 8.96E+00 1.27E+00 3.05E-01 1.73E-01 3.80E-02 7.86E-03 ND
P32 2.86E+00 9.00E+00 1.44E+00 4.32E-01 2.39E-01 5.04E-02 1.71E-02 6.06E-03
P33 3.73E+00 8.67E+00 1.18E+00 3.14E-01 1.74E-01 4.75E-02 1.05E-02 1.05E-02
P34 4.52E+00 1.06E+01 2.09E+00 8.15E-01 5.83E-01 1.71E-01 5.05E-02 1.27E-01
P35 2.92E+00 9.71E+00 2.68E+00 7.83E-01 3.48E-01 8.02E-02 1.03E-02 5.15E-03
P36 2.76E+00 9.88E+00 2.48E+00 7.89E-01 5.93E-01 1.59E-01 1.22E-02 7.52E-03
P37 3.64E+00 1.04E+01 2.83E+00 8.08E-01 3.34E-01 1.87E-01 6.15E-03 1.23E-02
P38 2.85E+00 9.39E+00 2.41E+00 6.80E-01 3.46E-01 7.71E-02 9.46E-03 5.68E-03
P39 3.24E+00 1.05E+01 3.29E+00 1.17E+00 7.61E-01 2.67E-01 1.80E-02 1.57E-02
P40 2.34E+00 1.02E+01 2.33E+00 5.46E-01 3.29E-01 6.41E-02 1.47E-02 ND
P41 2.16E+00 7.96E+00 2.43E+00 5.34E-01 3.60E-01 6.24E-02 1.22E-02 4.57E-03
P42 2.40E+00 9.73E+00 4.06E+00 7.75E-01 4.08E-01 1.14E-01 6.01E-02 ND
P43 1.86E+00 6.06E+00 2.11E+00 3.97E-01 3.43E-01 7.62E-02 2.51E-02 3.32E-02
P44 1.41E+00 6.62E+00 2.04E+00 4.50E-01 4.25E-01 7.14E-02 3.83E-02 ND
P45 1.70E+01 4.08E+01 1.24E+01 1.39E+00 1.29E+00 2.60E-01 3.26E-02 4.47E-02
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P1 34 m3s! P15

P1 12.7

P2 13.9

P3 13.9

P4 13.9

P5 23.8

P6 25.3

P7 0.00822
PS8 0.814
P9 1.81
P10 1.81
P11 2.59
P12 2.59
P13 0.777
P14 0.777
P16 71.9
P17 71.9
P18 71.9
P19 71.9
P20 86.7 (91.5)
P21 86.7
P22 90.2
P23 103
P24 104
P25 104
P26 105
P27 13.0
P28 2.55
P29 3.44
P30 13.3 (12.1)
P31 13.5
P32 13.5
P33 13.5
P34 144 (139)
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PFCAs gday! P15 P35
45
PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA  Total
Pl  4.00E-01 1.13E+00 3.95E-01 1.05E-01 9.23E-02 2.64E-02 2.48E-02 1.86E-02 2.20E+00
P2 5.10E-01 1.89E+00 1.84E+00 3.89E-01 3.07E-01 3.52E-02 2.71E-02 1.35E-02 5.01E+00
P3  5.04E-01 1.84E+00 1.15E+00 2.81E-01 7.60E-01 1.72E-01 8.60E-02 2.34E-02 4.82E+00
P4  5.96E-01 1.93E+00 2.45E+00 9.66E-01 7.62E-01 3.44E-02 1.06E-02 4.41E-03 6.75E+00
P5 4.05E+00 1.47E+01 5.82E+00 3.10E+00 3.57E+00 6.13E-01 2.02E-01 5.77E-02 3.21E+01
P6 9.23E+00 3.45E+01 1.88E+01 2.42E+01 2.09E+01 2.31E+00 2.89E-01 4.54E-02 1.10E+02
P7 1.74E-02 3.22E-02 1.06E-02 2.58E-03 7.85E-04 1.24E-04 1.66E-05 1.29E-05 6.37E-02
P8  3.22E-01 1.86E+00 1.92E+00 1.29E-01 6.11E-02 2.91E-03 1.34E-03 2.82E-04 4.29E+00
P9  5.90E-02 6.21E-02 241E-02 5.80E-03 5.06E-03 2.52E-03 1.96E-03 1.53E-03 1.62E-01
P10 7.00E-02 1.15E-01 5.13E-02 1.33E-02 1.20E-02 3.84E-03 1.77E-03 ND 2.68E-01
P11 3.35E-01 4.24E-01 1.75E-01 2.23E-02 1.12E-02 3.17E-03 1.30E-03 ND 9.71E-01
P12 2.83E-01 6.71E-01 3.13E-01 4.64E-02 2.11E-02 7.55E-03 3.71E-03 3.42E-03 1.35E+00
P13 5.77E-02 8.01E-02 226E-02 6.06E-03 2.34E-03 8.23E-04 4.15E-04 6.18E-04 1.71E-01
P14 3.77E-02 8.47E-02 2.78E-02 5.29E-03 4.76E-03 2.25E-03 7.13E-04 1.07E-03 1.64E-01
P16 1.40E+01 3.26E+01 8.98E+00 2.73E+00 1.36E+00 4.26E-01 1.59E-02 6.34E-02 6.02E+01
P17 1.34E+01 3.82E+01 1.18E+01 3.54E+00 2.18E+00 8.79E-01 3.43E-01 9.76E-01 7.12E+01
P18 1.62E+01 3.78E+01 1.04E+01 2.78E+00 1.40E+00 6.30E-01 1.90E-01 3.54E-01 6.98E+01
P19 1.23E+01 3.95E+01 1.06E+01 2.51E+00 1.12E+00 2.84E-01 1.20E-01 8.70E-02 6.65E+01
P20 1.50E+01 4.70E+01 1.44E+01 5.37E+00 2.77E+00 7.08E-01 2.15E-01 6.75E-01 8.62E+01
P21 1.61E+01 4.27E+01 1.37E+01 3.71E+00 1.44E+00 5.66E-01 2.31E-01 2.50E-01 7.87E+01
P22 1.67E+01 4.06E+01 1.18E+01 3.39E+00 1.25E+00 3.21E-01 1.24E-01 8.77E-02 7.42E+01
P23 1.70E+01 4.87E+01 1.45E+01 3.00E+00 1.28E+00 3.19E-01 1.26E-01 1.08E-01 &8.50E+01
P24 1.76E+01 5.14E+01 1.54E+01 3.81E+00 1.50E+00 2.80E-01 1.12E-01 1.40E-01 9.02E+01
P25 1.81E+01 5.27E+01 1.52E+01 3.52E+00 1.40E+00 3.18E-01 2.26E-01 1.08E-01 9.16E+01
P26 2.57E+01 8.80E+01 2.88E+01 7.17E+00 5.63E+00 2.95E+00 1.15E+00 1.22E-01 1.59E+02
P27 3.90E+00 6.04E+00 1.66E+00 4.53E-01 1.52E-01 4.05E-02 8.26E-03 1.93E-02 1.23E+01
P28 6.98E-01 2.06E+00 5.20E-01 1.21E-01 5.14E-02 1.20E-02 7.77E-03 2.61E-03 3.48E+00
P29 9.33E-01 3.43E+00 1.17E+00 3.28E-01 1.12E-01 1.65E-02 5.63E-03 2.16E-03 6.00E+00
P30 1.52E+00 9.08E+00 5.59E-01 2.60E-01 3.66E-01 2.65E-01 4.15E-02 7.15E-02 1.22E+01
P31 3.31E+00 1.05E+01 1.48E+00 3.56E-01 2.02E-01 4.44E-02 9.18E-03 ND 1.59E+01
P32 3.34E+00 1.05E+01 1.69E+00 5.05E-01 2.79E-01 5.89E-02 1.99E-02 7.08E-03 1.64E+01
P33 4.36E+00 1.01E+01 1.38E+00 3.67E-01 2.03E-01 5.54E-02 1.23E-02 1.23E-02 1.65E+01
P34 5.64E+01 1.33E+02 2.61E+01 1.02E+01 7.26E+00 2.14E+00 6.30E-01 1.58E+00 2.37E+02
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PFCAs g day!
PFHpA  PFOA PEFNA PFDA PFUnDA Total

SP1 3.04E-01 1.82E+00 1.91E+00 1.26E-01 6.04E-02 4.22E+00
SP2 2.85E+00 1.03E+01 1.15E+00 1.96E+00 2.72E+00 1.89E+01
SP3 2.35E-01 1.37E+00 6.55E-01 2.07E-01 6.01E-02 2.52E+00
SP4 5.91E-01 2.69E+00 9.57E-01 8.16E-01 2.23E-01 5.28E+00
SP5 5.19E+00 1.98E+01 1.30E+01 2.11E+01 1.73E+01 7.63E+01
SP6 7.55E+00 3.52E+01 1.36E+01 3.64E+00 4.22E+00 6.42E+01
SP7 1.79E+00 1.38E+00 9.24E-01 9.63E-02 4.78E-04* 4.19E+00
SPO1 4.00E-01 1.13E+00 3.95E-01 1.05E-01 9.23E-02 2.13E+00
SP02 1.79E+01 3.86E+01 1.06E+01 3.19E+00 1.51E+00 7.19E+01
SP03 1.52E+00 9.08E+00 5.59E-01 2.60E-01 3.66E-01 1.18E+01
* 1

1 2
PFHpA 0.914 0.054
PFOA 0.976 0.208
PFNA 0.786 0.563
PFDA 0.181 0.978
PFUnDA 0.181 0.981
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Lake Biwa

Osaka
Bay

P1 44 SP1 7
P45
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2013 5 8 P13 P12
P33

P7
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(b)
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N 1 08¢ ]
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N 1 02 ]
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P9 P10 P11 P12 P13 Pil4
(e) ®
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100

After confluence
[

*

£

*
y=0.983x-0.0492

0.01— % _
| | L1 L ilill | | L1 i1l |
0.01 1 100
Before confluence
PFCAs
g day ! R2=0.95, p<<0.05
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m PFHpA

m PFOA
1 m PFNA

m PFDA

B PFUNDA

SP1 SP2 SP3 SP4 SP5 SP6 SP7 SPO1 SP02 SPO3

m PFUNDA
m PFDA

m PFNA

m PFOA

m PFHpA

PFCAs gday!
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Factor2

¥ X <A >SOO

SP1
SP2
SP3
SP4
SP5
SP6
SP7
SP01
SP02
SP03

Factorl

PFCAs
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y=0.0021x-0.69
R2=0.522

Y4

B2 o | | |

*¥X+vdAP>SOO

SP1
SP2
SP3
SP4
SP5
SP6
SP7
SPO1
SP02
SP03

500 1000
Sewered population (103 persons)

1
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PFCAs

(polyfluoroalkyl phosphate esters, PAPS)

PAPs (perfluorinated carboxylic acid; PFCAS)
PFCAs
PAPs
PAPs

PFCAs 15 13 9 8 PFCAs

PFCAs ( 6-14) 5.9 u g/g

19 p o/g PAPs PFCAs
PAPs 35.0 p g/g 2.5y g/g

PFCAs PFCAs ppm
PFCAs PAPs
PAPs PFCAs

Daito

Kasel Kogyo., 1993 PFCAs

perfluorooctanoic acid, PFOA

PFCAs
perfluorinated  carboxylic  acids,
PFCAs D'eon and Mabury,
2011, 2007
PAPs
(polyfluoroalkyl phosphate esters,
PAPS)
PAPs
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PFCAs 6 14 )

1)
PAPs
Tablel 2007 2012
15
9
PAPs (
5 )
2)

perfluoroheptanoic
acid (PFHXA, 6 C6)
perfluorohexanoic acid (PFHpA, C7)
PFOA (C8) perfluorononanoic acid
(PFNA; C9) perfluorodecanocic acid
(PFDA; C10) perfluoroundecanoic acid
(PFUNDA; C11) perfluorododecanoic
acid (PFDOoDA; C12)
perfluorotridecancic  acid (PFTrDA;
C13), perfluorotetradecanoic
acid (PFTeDA; Cl14) 9

1-200mg

13C PFOA,

PFNA, PFDA, PFUNDA, PFDoDA
t-

(MTBE)Iml 0.5M
TBA 0.3ml 0.5M
0.6ml
MTBE
1ml 24
2

1 ngl1H-PFUNDA

24

GC/MS (Agilent 6890GC/
5973MSD, Agilent Technologies
Japan, Ltd., Tokyo, Japan)

DB-5MS( 30m
0.25mm lum)
Single ion monitoring

150 70
2 100 20 /min
280 30 /min
Table 2

3)
(IDL) /
=3
Milli-Q water

2
Method detection limit (MDL)
(Table2) 100pg

11H-PFUnDA

PFCAs
77-81%
(Table2) PFCAs Table3
15 13

9 8 PFCAs
PAPs
PFCAs

( 6-14)

5.9 y glg

PFCAs

19 y g/g
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Table 3
consumer products

PFCAs
(Washburn et al., 2005)
PFCAs
PAPs
35.0 u g/g 2.5u glg
PFCAs
(Table4) PFCAs PAPs
PAPs PFCAs
PFCAs
PFCAs ppm
PFCAs
PAPs
PAPs
PFCAs
1.
2.
83

2013 3 24-26

D’eon, J.C., Mabury, S.A., 2007. Production
of perfluorinated carboxylic acids

(PFCAs) from the
biotransformation of
polyfluoroalkyl phosphate
surfictants ~ (PAPS):  Exploring
routes of human contamination.
Environmental Science &

Technology 41, 4799-4805.

D'eon, J.C., Mabury, S.A., 2011. Exploring
Indirect  Sources of Human
Exposure to Perfluoroalkyl
Carboxylates (PFCAs): Evaluating
Uptake, Elimination, and
Biotransformation of
Polyfluoroalkyl Phosphate Esters
(PAPs) in the Rat. Environmental
Health Perspectives 119, 344-350.

Daito Kasei Kogyo., 1993. Water and Oil
repellent Pigments and their
Manufacturing. Examined Patent
Publication of Japan (Kokoku)
No.5-3456. 15 December 1993.

Washburn, S.T., Bingman, T.S.,
Braithwaite, S.K., Buck, R.C,,
Buxton, L.W., Clewell, H.J., Haroun,
L.A., Kester, J.E., Rickard, R.W,,

Shipp, A.M., 2005. Exposure
assessment and risk
characterization for
perfluorooctanoate in  selected

consumer articles. Environmental
Science & Technology 39, 3904-3910.

-222 -



sie)se ajeysoyd |Ayeclonjifiod 'sdvd .,

uedep ziLoz (%) G5,5dvd ' (%) 66 e ,Sdvd Uum pajean oL A
uedep zLoe (%) G,8dvd ' (%) g6 :ealw -Sd¥d Uim pajeal) edly L
sjuafie Huipunodwoa
uiblo Jo Ajunoy  Jeaj (% Wb1ap)
Buidweg uoisodwon jusuodwon oN a|dwes
sd0d jo sjuabe Buipunodwo) 'q
siaysa ajeysoyd |Ayjeclonpfjod sdvd
"SIaqLUNU o] JUIBUHP Yim jonpoid swies sy} ale ¢ "ON pue € "ON ' 'ON ‘| 'ON Usaiosung
‘sa|dwes [0Auod sk pasn alam S[age] JIay) Ul sjuaipalbul pajeuliony Aue }si| Jou pIp Jeuy} sejdwes usa1osuns pue J1jawsod ay|
r ueder 1102 - ApoQ pue aoej - (W urys) usalosung Z
v ueder 6002 - ey - (ainoluew) oljBWSoN L
 (s190€] N1oyy w syuaipasbul pejeunony Aue 3si| Jou seop) sojdwes [043U0D
r uedep 1102 ajeydsoyd 934 |Aysolonyip Axoyawhixoyeoionpadiiod LTS - uonpepunoy 9
g uedep LL0Z 13WA|0doo suodiyiBwIp |Adoidosonu} g-93d ‘,Sdvd aoe} ssauooidiaiem uonepunacy pinbi G
q uedep Loz ,Sd¥d aoey ssauooidialem uoljepunoj sapmod ¥
H uedep LLog - Apoq pue a2ey - LA uys el
r ueder Loz 2SdV'd 2084 - Hiw unys €
r uedep Loz »Sd¥d Apoqg pue aoe) ssauooidialem SIW us Z
r ueder LL02 ,Sdvd Apoq pue aoey ssaujooidiojem MW us Nl
r uedep LLOZ ,5d¥d Apoq pue aoey ssauwooidiajem HIW uys ol
r uedep 6002 45d¥d Apoq pue aoey ssauooidiajem W uys b
r uedep 1002 ,Sdvd Apoq pue aoe) ssaujooidiajem Hiw us gk b
uaaiosuns
| sejelg papun 8yl 110z 109416 |Aospop|fioo Aucuotonipad poe Ajey peasadels) aoey - uonepuny Japmod Gl
E| uedep 6002 1awfjodoo apefuoeylaw Ayefoocoionipadeieifuoeyiaw |feslg dy - abinoa di I
v uedep 6002 aue|isAxoyjawuy |Ajooolonphiod aoe) - uonEpUNO} clL
H E810) 6002 eoiw pajelfjis |Hjeaionjhiod aoey - uonepunoy zL
3 ueder LLOZ suoolswIpAxoue |Ayecioniped ‘,sdvd ERIEN - aseq dnaxew pinbi| Ll
3 ueder LLOZ auoolypWIpAxoyle |Ayjecioniped ,sdvd RN - uorepunoy pinbi| oL
g uedep L1L0Z aueisAxoyien (Aypooioniped ', sdvd aoe} - uonepuny Japmod 6
9 uedep Loz auelisAxoyjawuy AuwiApooionpliod ‘,sdvd 808} - uonepuny Japmod 8
4 aouel 4 1102 ,Sdvd aodey - uonepuny Japmod L
3 uedep L1L0Z ,Sdvd aoey - uoljepuny Japmod 9
v ueder 6002 .Sdvd leu - (1202 8seq) aunoluew [+
a ueder 6002 .Sdvd di - aBnos di| ¥
o) aouel 6002 ,Sdvd aoey - uonepunoy ¢
g ueder 6002 ,Sdvd jleu - alnoluew Z
v ueder 6002 ,Sdvd eu - ainoluew L
siawsod
Auedwoo uibuo jo Anunog IEETN ( 1onpoid yoes uo sjeqe| ay) ul pays| syuaipaibur)
Buunoenuepy Buldwesg
sjuaipaibul pajeulon|4 aps Apog uoneoldde sainjes} oyoads d0d jo adA | ‘oN 9|dweg

ueder ui paseyound sajdwes }onpoud aieo jeuosiad Jo soIsa}oeIRY D B
L alqeL

- 223 -



"uoneljuasuod ajdwes o} Buipioooe palen siy) pue ‘Bw goz 0} | Alejewixoidde sem azis ajdwes ay ] ‘JIWI| UORIS}BP JUBWNISUI 8Y} Wol)
paje[nNojeD SEM JILUI| LOIDSSp POLSW SH PUE w3 ] 4d J0) paaIasqo Sem asuodsal yue|q oN ‘UoRelusouoo a|dwes paje|nojes ayj Wolj pajoeligns
sem |eufiis yuelq ueaw ay] yue|q ay) Jo Jey) sawi) aaiy) [eubis e saonpoud Jey) UOHEIUSIUCD BY} SB Paulep SI LI UONIS)ap poylaw ay]
vaoa4d pejeger-“9,, Pue yaundd pajeder-o,, ‘vadd Peieqelo,, ‘'WN4d Pejeael S0, 'YO4d Pelegel-"0,, \wXH4d Peieqelo,, ,
uonoafur i | |
UonEIASD pIEPURIS BARJR) (S

10 10> ‘pu £00°0 (¥69) €12 (#12)  vasldd
9 (r2e pu 5000 (¥¥9) €99 (€10)  waildd
0z (8'¥)0L Az 8L G000 (¥65) €19 (z10)  vaoadd
gl (026 A8 #00°0 (#¥5) €95 (112)  wvaundd
az (L'pEL J88)8L #00°0 (¥6¥) €1G (019) va4d
ze (ZeL Je8e £00°0 (pirv) o (82) V¥N4d
1S (50192 6262 £00°0 (¥6€) €LY (80) vO4d
6. (g'9)oy pu #00°0 (¥re) €9¢ (£0) vdH4d
6€ (95161 J08)18 #000 (¥62) €LE (92) VXHd4d
Zjw
(sedwes B Joj) (6=u '6d) (@g)  (6=U) (%0AS) % .SPiepuels (6d) . wuu (suol uogeuuyuod)  (Swoje uogies)

o(,-6 Bu) ywy uonosiep pouisil yue|q |eINpacCId

[ewsu| jo Aisnoosy

uonoa)ep JualNysu|

SUO| uonesUUEND

punodwog)

syonpoid aied [euosiad o SISA[eUB Sy d 40} SHWI| UOHI2}ep PoyleLl pue sauanooay

Z?2lqel

- 224 -



Huwij uonosiep poylsw an e

‘Alempadsal 'syQ4dz/(€L O+ 1 D+6D+.D) PUB SYD4dZ/(#1D+Z10+01D+80+90) se passaldxs ale syDdd palaqunu ppo pue usAs jo suolysodwo) p
‘uonje|NoleD auy} 104 AN Y3 4O Jey Jo anjea e uaalb a1am (W) Wi UOROS}BP POyl Ay} UBY) JOMO| SUOHEIJUSOUDD "D

“Sisquinu jo] Jwaayip yum jonpoid swes ay} ale | 'ON pUB €| 'ON ‘2L 'ON 'L’} "ON uaa12suns 'q

‘sa|dwes |04u0D SE pash alam sjage| J1ay} ul syjualipalbul pajeuuon)) Aue 1si Jou pip Jey) se|dwes usalosuns pue 2)jawsod ay) ‘e

2ouo payuenb sem ajdwes yoeg

2 1AW= £00°0> £0°0> L'0> L'0> 10> 10> ¢0> 0> ¢0> (i upys) usasosuns [4

2 1AW= 100> L'0= 0= 0= c0= ¢0= §'0= 10> 0= (aanojuew) sogawso) b
. (s1aqe] s1ay} ui sjuaipaibul pajeutionyy Aue 3si| Jou saop) sajdwes jo[uo)

Jans> 200> z0> L0> 90> 60> 90> 81> 8°Z> V> uoijepunoy 9
16 200> z0> 50> 50> z'l 90> 82 e z¢ A1 upys >
001} 8z 8z 2L Yl 09} 0L} 0.€ 8t 0L} uoepunoy pinbj g
00€'} 9. 8z 09} Iy 012 €l 0.2 65 05¢ uonepunoj Jepmod %
00}'c o4l 9¢ ore 9. oey o€l 049 002 00€'} 1w ums o)
008'9 082 68 086 0/} 046 042 00%'1 06€ 0042 NIUTRVNE radl
00}'Z 092 68 096 08} or6 062 005"} 0S¥ 006'Z NIUTRVNE arh
00}'8 00¢ 001 0£9 002 0011 0€€ 0021 00§ 00€'¢ NIUTRVNE z
000'6} 009 orl 00v'L 0€¢ 006'Z 099 002's 096 005'9 I upys okt
uaalasuns
Jans 200> z0> 90> 50> 10> 90> gl> £z S uonepuny Jjapmod Gl
Jans 900> 50> Il gi> e 61> b 8'g> e abnou di| ¥l
b 20 20 0z S0 A 90 g€ R 80> abnou dy| v
ve gl 0 0¢ 60 19 s SL 61> 0¥ (1802 8SEQ) AUNOIUEBW S
0gl gl 60 LS 61 zZl z¢ e ) ¥s aseq dnayew pinby| b
00¥ 200> z0> 20 ¥0 82 90> 69 ¥e 09¢ uoliepunoy ¢l
ooy z8l 8 e ¥i €L e 16 ¥z 601 uoiepuny Jepmod i
09¥ zZl v GG 61 okl oy 002 yl> ¥4 ainojuew z
002 29 G5 orl 051 042 0€€ 0ct orl 0L4 uolepunoy 4}
000'2 v 9l 0£2 29 0S¥ ovl 016 4 ovl ainojuew !
002'2 65 12 09} 99 0z oLl 06€ 054 016 uoijepuny 1spmod 6
006'¢ 0¥l i 09¢ 08} 059 08¢ 00} 002 008 uoijepuny 1spmod 9
006'¢ 012 95 0gy 0¢l 088 052 00%'L orl ol¥ uoljepunoy €
00}'s ¥8 ¥e 092 04l 019 0€2Z 00%'1 062 0012 uonepunoy pinbi 0l
006'S 066 19 or6 05} 000"} 0ve 0021 0L} 004"} uoijepuny Jspmod 8
SIaWsod

(1apJo uonesjuasuod e uj)

(¥10) (€10) (Z12) (110) (01L0) (82) (80) (£2) (92)
,S¥0ddi Vvdeldd VaAldd Vvdoddd vaundd vad4dd YNdd YO4d vdH4d YXHdd
F.m Bu) uonenuasuon ‘(swoje uogies) punodwon oN |dweg

sjonpoud aleo [euosiad Ul Sy d JO S|8AaT
£ 81qeL

- 225-



sie)sa ajeysoyd |Ayjeotonyflod isdyd ‘e
2ouo paynuenb sem ajdwes yoeg

006¢ 0S1 €9 0Ge ovl 009 061 0se o€l 00§

000'sE 006k 00L'L 008'¢ 00E'ZT Q0L 00Z'€ 0009 OOL'E  OOF'8

0'G:.SdVd '0'G6 9BL . SdV¥d Ylm pajeas; el 4

0°G;Sdvd '0'G6 ‘BN . SdWd Uim pajeal) eally L
sjuabe Buipunodwoa

r10) (€10 (€12 (12}  (010)  (62) (80) (£0) (92)
SVO4dI V@Sldd VO'ldd ¥aoddd vaundd VAdd VNdd YOdd  VdHAd  WXHdd
(,.6 Bu) uonenusouoy ‘(swoje ucgies) punodwod

(% )

uonisodwon Wwauodwon oN a|dweg

Sd0d Jo sjuabe Buipunodwod ul syYD4d Jo sjana
¥ a|qel

- 226 -



SCCPs

SCCPs

Nakanishi and Tsunemi, 2008

SCCPs
SCCPs
JALOS, 2007 2010
SCCPs
3 ng m3
SCCPs
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SCCPs

4 1 2
SCCPs
B-1.
SCCPs
SCCPs
22
SCCPs
Nakanishi and Tsunemi 2008
CPs FRCJ, 2003
SCCPs
JALOS, 2007
2010
, 2012
SCCPs
Nakanishi and Tsunemi
2008
2010
, 2012
2000
SCCPs

Nakanishi and Tsunemi, 2008;
Denier van der Gon et al., 2007

CPs
De Boer et al., 2010 2007
60
Wang et al., 2009
SCCPs
CPs
Zeng et al., 2011; Zeng et al.,
2012 60 CPs
SCCPs
4%
NBS, 2009
CIESIN and CIAT,
2005
SCCPs
Lamon et
al. (2009)
To (K) Eo
T E
E=E,xexp AU L1 1 (1)
R \T, T
R 8.314d
mol 1 K'! AU
k J mol?
PL (Pa)

MacLeod et al., 2007 ;
AU , =-3.82In(P_ ) + 67.5.

Drouillard et al. 1998 SCCPs
congener CnHon+2-,Cl,
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log,, (P, ) = —0.353n— 0.645Z + 4.462.

C10H16Cle 2012 1
1.15x103 Pa Shenyang 45km
Fushun 3
7 8
WRF/Chem Grell et al., Shanghai 5 24
2005
WRF/Chem SCCPs
Peters et
al., 2000
Niisoe et al., 2010
Fushimi Agamasaki
4500 km 3600 km 1.5 m Sakyo Shenyang
90 km domainl Fushun 3 m Kashiwara
450 km 9 km Shanghai 20 m
domain2
domain 24
domain

2-way nesting
!

domainl 2008 10
domain2 Beijing 12
Busan 24
(0]
300 hPa
JRA-25 Onogi
et al., 2007 2008 10
2012 8
C-1. SCCPs
B-2.
2011 1 3
Sakyo SCCPs 0.08 t
Fushimi yrl 52tyrl 12000tyr!?
Amagasaki
Kashiwara 4
24
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1
0.3 mg m2 mon'!
7 20 mg m?2 mon'!
2012 1
SCCPs
25
ng m-3
1 ng m3
1 ng m3
C-2. SCCPs
2011 4 2012
3 2008
1 3
4
5ng m-3
3 ng
m-3 12
5.561 ng m3
10
2
100 ng m=3
227 ng m3
7 8
4.3 pg m-3
1
15 ng m-3
2011 2012 Sakyo
7

2.81 11.4 ng m3

197 ng m3
100 ng m-3

C-3.

23.3
2012 7

SCCPs

Shenyang Shanghai

factor2

Sakyo

1010 23
factor 2
8
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2011
2012

r=091 p=137x
15

factor 4
Sakyo



SCCPs

320t yr-1
4000

SCCPs

2012 1 7
SCCPs
7 25 ng m3

1 lngm?3

SCCPs
Shenyang Fushun

20 ng m 3
Sakyo Fushimi

SCCPs
2012 1
7
SCCPs
1
50

10

7
2007
SCCPs JALOS,
2007 SCCPs
Kashiwara
SCCPs
SCCPs
SCCPs 1ngm
3 25
ng m3
SCCPs
2012 Sakyo
Shanghai
300K
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1. 2011 SCCPs ng m3
ng m3 ng m3

2011/01/24 2.81 3.67

Yoshida 2011/01/25 4.05 2.44
2011/01/26 1.80 1.85

2011/01/27 1.64 2.12

2011/01/28 1.90 5.96

2011/01/29 2.58 1.60

2011/01/30 4.89 1.82

2.60 2.50

2011/02/10 0.57 1.90

Ujigawa 2011/02/11 1.93 2.22
2011/02/12 1.73 1.19

2011/02/13 7.47 2.82

2011/02/14 13.7 1.99

2011/02/15 3.26 6.72

2011/02/16 2.99 8.92

2.94 2.89

2011/02/25 3.35 5.04

Amagasaki 2011/02/26 2.99 11.1
2011/02/27 9.14 10.2

2011/02/28 8.37 3.73

2011/03/01 4.85 5.05

2011/03/02 2.15 2.35

2011/03/03 2.90 2.55

4.20 4.86

2011/03/11 2.51 6.41

Kashiwara 2011/03/12 9.83 11.6
2011/03/13 2.79 11.0

2011/03/14 1.91 2.61

2011/03/15 0.963 3.54

2.63 5.92

2008/12/14 3.78 3.31

Busan 2008/12/15 7.25 8.42
2008/12/16 6.11 6.89

5.51 5.77

2008/10/18 242 261

Beijing 2008/10/19 166 183
2008/10/19 348 247
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2008/10/20 190 313

227 247
2012/01/04 15.7 8.46
Shenyang 2012/01/05 17.7 8.97
2012/01/06 19.2 7.83
17.5 8.41
2012/01/08 16.8 23.9
Fushun 2012/01/09 22.6 15.7
2012/01/10 7.18 6.49
14.0 13.5
2012/06/29 4617 1069
Shanghai 2012/06/30 4650 2474
2012/07/01 2338 2199
2012/07/02 5470 2045
2012/07/03 5498 2056
4323 1895

Sakyo SCCPs ng m3
2011 1 24 31 2.81 2.78
2011 5 9 16 23.6 27.1
2011 6 6 13 39.8 88.2
2011 7 21 27 50.0 37.4
2011 7 27 8 3 23.3 72.5
2011 9 8 15 51.5 46.4
2011 12 18 25 6.34 4.73
2012 1 16 23 9.86 3.73
2012 2 27 3 5 11.4 4.22
2012 4 16 23 26.5 10.4
2012 5 10 11 6.02 9.64
2012 7 9 16 108 71.7
2012 7 16 17 197 49.6
2012 7 18 20 120 47.1
2012 7 24 26 135 103
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