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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

Mobile phase flow
Injection volume

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

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

TripleQuad 6500 AB SCIEX
Electrospray positive ionization (multiple reaction

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

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 pvalue 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).

-32 -



Acetamiprid-d6

Imidacloprid-d4
p PD p

cl ‘ § NY;
N~ NYNH
|

N\Nvo*

I
0

Desmethyl acetamiprid-d3

Cl X b
| H
N~ N%
D
D
N\/%N

I:IlmL

Clothianidin-d3

N H "o
ui}VNY j<D
N +

N
O

Dinotefuran-d3

0 H H " D
I S
N\N+/O

I
0

<1S. 0.2 ng Dinotefuran-d3 2 ng

|:|Inertsep K-solute 2ml

—— 25 mL

1

[ 1 &

1
[ JeNvicarb /PSA

1
[ leoupow/
1
I
1
[ Tim 30
1
[ lic-ms/ms

2

10 mL

-33 -



Oral Ingestion

()

%)

o
(]

-24 0 24 48 72 96 120
144 168

) Time (hr)
£

—

D

£

c

i

©

e

o

X

]

-24 0 24 48 72 96 120
144 168
Time (hr)
3

A. One compartment model

M
o ;/ Urine

Volume :V
Concentration : C(t) kxC(t)

B. Two compartment model

Mxr —i Urine
Volume :V1
Concentration : C1(t) K1XC1(t)
k2XCA1(t)
Volume :V2 K2XC2(t)
Concentration : C2(t)

-34 -



Clothianidin

N

-1

ge (ugday )
()
[

1
[\S]
I

LN _Dischar,

1
N

S | |

-1
ge (ug day )

LN_Dischar
_
(=)
I

Imidacloprid

day

5. The observed urinary excretion (ug day ') of labeled compounds in every 24hours

~0 | | |

A

S 1k

! 3

&2 O 8

5 L O o

EI 3

z L

= L @ %
1 2 3 4

day

Desmethyl-acetamiprid

~ I | | |

> F O

3 O

208 5

5 L

549 © .

EI

2t

Py | |

1 2 3 4

after instantaneous dosing (circles) and the modeled ones (lines).

-35 -




Imidacloprid

Clothianidin

|
2 3 4 5 6 7
day

|
1

|
0

A_.b% 8rl) o8reyosiq N'T

Desmethyl-acetamiprid

Dinotefuran

f-?w 8) oS1eyosiq N1

2 3 4 5 6 7

1

0

- 'O | o@D GO ™~
—OOQA0 QO — @
— @ QD OCqw
— O0@ OO0
B O@O0O — o
© O OO0 4«
- @ 1
|mu _ e
+ O °©o o <

f-b% 8nl) oBreyosiq N'T

day

day

-1

6. The observed urinary excretion in every 24hours before (day0) and after 2 pg day

of instantaneous dosing (circles) and the modeled ones (lines).

-36 -



1.4 . 60

° L]
12 25
1.2 50 .
10
1 2
40
8
0.8 15
. 30
L]
0.6 M 'Y .
. 20 <
0.4 . 4 o s
% o :o
L]
0.2 ‘ P 2 5 é 10 é s J é
- [
0 i 0 c 0 C 0o - é

Acetamiprid ~ Clothianidin Dinotefuran  Imidacloprid

20
15 ‘

10

(—

Desmethyl-

acetamiprid
L] L]
35 . 35 0.06
° L]
0.2
s 8 0.05
25 25
0.15 . 0.04
2 2
] 0.03
15 . 01 15
. 3 om
! : 0.05 s ! «
. .
* .
0.5 ° J e 0.5 ‘ 0.01
< o é ______________
[ e — ‘ 0 L] 0 é c o —

Desmethyl-

Nitenpyram Thiacloprid Thiamethoxam )
thiamethoxam

7 pg/day

-37-



HBCDs 2,4,6-TBP TBBP-A

brominated flame retardants :BFR
BFR
2,4,6-TBP

64 LC/IMSMS

a-HBCD
ng/g-lipid 2.4,6-TBP
HBCDs 10

2.21 ng/g-lipid B-HBCD
0.53 ng/g-lipid TBBP-A

HBCDs
A TBBP-A
6
HBCDs
0.19 ng/g-lipid y-HBCD  0.29
2.97ng/g-lipid

BFR

BFR

POPs

PBDEs
brominated flame
retardants :BFR

Kajiwara et al., 2008; Isobe et al.,
2011; Tanabe et al., 2008 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
6
64
Table 1
2008 2010
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Fig.1 SmL
3 13C,-labelled HBCD
BCp,-labelled TBBP-A  "*Cg-labelled
2,4,6-TBP
/ (1:1, v/v)
GPC

LC/MS/MS
Table

d18-B-HBCD
2 Fig.2

64
0.8~2.9 12
Table 3
HBCD a-HBCDs
B-HBCDs v-HBCDs
100% 91% 64%
a-HBCD
HBCD
83% (24-100%)
y-HBCD
7.0% (0.12-75%)

2.2ng/g lipid

B-HBCD
9.6% (0.08-51%)
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
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(r=0.286 p<0.05)
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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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POC

TCS
2009-2010 TCS
1.07 ng/mL 3.08ng/g lipid TCS
TCS
TCS
HCB <LOQ 0.66 ng/mL
TCS HCH transNC PCB153
TCS
2010 TCS
POC
2,4,6-tribromophenol
(TBP) pentachlorophenol  (PCP) Bedoux et al., 2012 TCS

tetrabromobisphenol A (TBBP-A)

hydroxy-tetrabromodiphenyl ether
(OH-BDE)
Fujii et a., 2014
(5-chloro-2- (2,4-dichlorophenoxy)
phenol; TCS)
TCS OH-BDE

Rodoricks et al.,

Axelstad et a., 2013; Paul et al.,
2012 TCS
Chen et al., 2011; Sandborgh-Englund
et al., 2006; Pycke et a., 2014
TCS
Miyazaki et al., 1984; Okumura et al.,
1996
Canosa et a., 2008
TCS
Allmyr et a 2008;
Dayan et a 2007
Dann et
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a 2011; Dayan et a 2007
TCS

TCS

TCS

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

)
TCS

Laboratories
BC-triclosan  **C-methyltriclosan

Cambridge Isotope

3C-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,
PC-methyltriclosan

PC-endosulfan 2.0 ng/mL)
2)
(DCM) : n- (1:1 v/v)
Bio-Beads S-X3 (40g,
Bio-Rad )
4 mL/min
96-mL
64-mL
(3) GPC n- (10
mL) IM KOH-
(7:3) (2mL)
I mL
4)
IM
2 mL n- :
(8:2, v/v, 10 mL)
3 2 mL
1 mL
PFB(10 pL) 40 30
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PFB
1 mL

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

4’-methoxy- BDEI121
200uL GC-MS

4)
GC-MS Agilent GC/MSD-59731
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 12
0.2 10
ng/mL (
0.99) Standard

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

Milk, NIST)

44°-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 (Mz 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 3.5 ng/mL
TCS p<0.001
3) POPs
POPs trans-NC dicofol
PCB153
HCB B-HCH a-endosulfan
<LOQ 0.66 ng/mL
4) TCS POPs
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Fig. 1 TCS
TCS POPs
Table 3 Table 4
TCS POPs
TCS HCH trans-NC
PCBI153
(p<0.05)
1) TCS
TCS LC/MS/MS
GC/MS/ECNI Dirtu
et al 2008 Geens
GCMS-ECNI Geens et al.,
2009 TCS PFB
1
mL
TCS 0.1 mL
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
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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 (2979 21ng/day PFCAs
(C8 Cl4 ) 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)
(PFCAS)
(CF3 (CF2)n-:
IRf
Rf (Apelberg et al., 2007 Feietal.,
2007)
PFCAs
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2000

(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
(Karrman
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) perfluorododecancic  acid
(PFDoDA; C12) perfluorotridecanoic
acid (PFTrDA; C13),
perfluorotetradecanoic acid (PFTeDA;
C149) 7

Tablel
1981 1992
2004 2011
1979 1993 2003-2004
2011 12-26
1981 1997 2003
2011
1983 1993  2004-2005 2011
15-30
( 23
(
)
PFCAs )
1g 0.1ml
13C c8 C9 Ci10
Ci1 Ci12 t-
(MTBE)1ml 0.5M
(TBA
0.3ml 0.5M
0.6ml
24
MTBE 1ml 24
(2
1
ngl1H-PFUnDA
24
GC/MS (Agilent 6890GC/
5973MSD, Agilent Technologies
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Japan, Ltd., Tokyo, Japan)
DB-5MS ( 30m

0.25mm 1pm)

Single ion monitoring

150 70

2 100 20 /min

280 30
Table 2

/min

(IDL) /
=3
Milli-Q water
( 8
3
Method
detection limit (MDL)
500pg

50pg
11H-PFUnDA
(Table2)

1 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 Cs8
2000 2010
C9
1980 1990
2000
2010
PFCAs
(C8 Cl4
) 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
C8 C13
2 PFCAs
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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 30 441 (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 45.3 (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/IN=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 PENA PEDA PFUNDA PFDoDA PFTrDA PFTeDA

Total 131 MeantSD 63115 63+30 462612449 3020+2202 869+1132 998+602 141179 191+72 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 9201568 131167 203+101 26150
Median 66 52 3305 2229 618 813 115 195 ND

Female 94 MeantSD 64+14 64+27 483212358 3019+1799 8081529 10291615 144483 18757 14195
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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