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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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( ,2012)
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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. 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
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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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Hi. 1% formic acid
+ethanol:diethy] ether Hexane
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l Nenfralfraction | | Phenolic fraction

l l +diazomethane
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Fig. 1 Flow chart of analysis for organochlorines in breast milk
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Fig 2. Concentrations of organohalogens in breast milk from Sasebo 2011
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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
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(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
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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

- 111 -



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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OH Cl

Cl Cl

Fig.1 Sructureof TCS

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

I +internal standard

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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HBCDs 2,4,6-TBP TBBP-A

brominated flame retardants :BFR
BFR
2,4,6-TBP
64 LC/MS/MS
a-HBCD
ng/g-lipid 2,4,6-TBP
HBCDs

0.53 ng/g-lipid
10

2.21 ng/g-lipid B-HBCD

HBCDs
A TBBP-A
6
HBCDs
0.19 ng/g-lipid y-HBCD
2.97ng/g-lipid

0.29
TBBP-A

BFR
BFR

POPs

PBDEs
brominated flame
retardants :BFR

Kajiwara et al., 2008; Isobe et al.,
2011; Tanabe et al., 20086 BFR 2004
PBDE

HBCDs
A TBBP-A

Tanabe et al., 2008; Isobe et al., 2007;
Ueno et al., 2010; Law et al., 2006
PBDEs

Kajiwara et al., 2008; Isobe et al.,
2009; 2011; Lam et al., 2009; Moon et al.,
2010) HBCDs TBBP-A

HBCD TBBP-A
2,4,6-TBP

64

Table 1

2008 2010

Fig.1 SmL
3 BC,-labelled HBCD
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BC,-labelled TBBP-A  *Cg-labelled

2,4,6-TBP
/ (1:1, v/v)
GPC
d18-B-HBCD LC/MS/MS
Table
2 Fig.2
64
0.8~2.9 12
Table 3
HBCD a-HBCDs
B-HBCDs v-HBCDs
100% 91% 64%
a-HBCD 2.2ng/g lipid
HBCD
83% (24-100%) B-HBCD
v-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 HBCDs
a-HBCD
Abdallah

and Harrad, 2011, Kakimoto et al., 2008;
Polder et al., 2008, Shi et al., 2009,
Eljarrat et al., 2009 a-HBCD
2008-2010
Kakimoto et al., 2008

1988-2006
HBCD
HBCDs
(0.25-0.86ng/g
lipid)
(1.0-3.8ng/g
lipid) Carignan et al.,

2012; Abdallah and Harrad, 2011; Polder

et al., 2008; Shi et al., 2009; 2013;
Eljarrat et al., 2009; Malarvannan et al.,
2009; Thomsen et al., 2010; Colles et al.,
2008; Tue et al.,, 2010; Harrad et al.,
2009

HBCDs

Watanabe
et al., 2003; Law et al.; 2008 Isobe et al
(2009)

HBCDs (0.85-39 ng/g lipid)

Johnson-Restrepo et al., 2008
HBCDs TBBP-A
PBDEs
Haraguchi et al., 2009
a-HBCD PBDEs

TBBP-A

TBBP-A
TBBP-A ( , 2.9 ng/g lipid)
(
0.4 ng/g lipid)  Shi et al., 2013

Abdallah and Harrad, 2011;
Cariou et al., 2008 3
TBBP-A
(>100 ng/g lipid)

2,4,6-TBP

130 pg/g lipid, Kawashiro
et al., 2008

0.077-26

pg/g wet, Thomsen et al., 2002

Table 4
2,4,6-TBP

Fig. 3
TBBP-A
(r=0.286 p<0.05)
2 BFR
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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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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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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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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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2009a; Das et al. 2008)
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(Liao et al. 2009; Matsubara et al.
2006; Upham et al. 1998)
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(Glynn et al.
2012; Harada et al. 2011; Fujii et al.
2012)
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MedKyo011067
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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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Serum concentrations
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a. Mice PFCA clearances (IV administration)
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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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