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

C8 C9 C10 C11 C12 C13 C14
87+ 12% 94+ 8%
87+ 6% 95+ 7% 96 5% 99+ 6%
106+ 7% (Table2)
PFCAs Table4

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

(2011
2000
10.2ng/ml) 1990
60.4ng/ml)
(1979  29.1ng/ml)

-60 -



(Fig.1. )
C8
C9 (1993
) (Fig.2. )
C8 PFCAs

PFCAs (C8 C14
) 1980 (1981
0.4ng/ml) 1990
13 (1992

5.2ng/ml) 2000 (2003

69.9ng/ml) 2010 (2007

67.6ng/day)

(Fig.2. )
C8

C11 (Fig.2. )
C8 2004
2011

PFCAs

PFCAs
1482ng/day (  PFOA
100ng/day (2011
) 2014
PFCAs
(TDI)
PFOA
(EFSA) 1500ng/kg-
50kg

PFOA TDI

/day

0.1%

PFCAs

3M 2002 C8 PFOA

C8

25% (Calafat et al. 2007)

C8
(Harada et al. 2011)
C8
2003-2004
2011
2004
2011 C8
C8 Cl4
PFCAs
PFCAs 2004
C8
PFCAs
C8

200ml/kg (Niisoe et al. 2010)
3.8 (Olsen et al. 2007)

(Loccisano et al. 2012)
50kg 1-

(Niisoe et al., 2010)

PFCAs (C8 Ci14
)
2010 6.2ng/ml
2000 2.9ng/ml 1990
1.8ng/ml 1980 0.5ng/ml
2010 2.1ng/ml 2000
0.7ng/ml 1990 1.3ng/ml
1980 0.4ng/ml
Table4 C8
1981
C8 3 9
PFCAs
(Fujii
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et al. 2013)
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Table1 Study area and study population

Sample type 2::23/ Year City N Age
ferr({gllles) Mean (SD) Range
Diet Kansai 1979 Wakayama 15 52.0 (11.6) 35-69
1993 Kyoto 25 53.7 (4.0) 47-61
2003, 2004 Kyoto 18 51.8 (21.1) 21-76
2011 Kyoto 18 66.0 (4.9) 57-75
Tohoku 1981 Miyagi 18 44.8 (8.6) 31-57
1992 Miyagi 12 52.9 (10.8) 31-68
2004 Miyagi 16 21.5 (0.5) 21-22
2011 Fukushima 26 55.1 (13.0) 30-79
Serum Kansai 1983 Kyoto 15 43.7 (3.2) 40-50
1993 Kyoto 30 441 (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

- 68 -




