Table 2. Concentrations (ng/mL wet) of triclosan and POPs in human serum from Japan and Korea

Japan (Kyoto) Korea (Seoul) "

n>LOQ(%) mean+SD  (range) n>LOQ(%) mean+SD  range pvale
age 523+149 (24-69) 348+781  (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) 1484228 (0.11-8.0) 19(100) 037+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) 022+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
PCBI153 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
B-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
PCBI53 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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B S A< RIS AR OTBERNBE I N TS, A TIIHAIZS
B F DIEYERDORENELZWENIT B E2EHMIZ, 1980 F£RIEN 5
2010 ERFTOREH, MiET D PFCAs (REH 8 M5 14 £T) DOHlE %8
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TNz, BREHROEBREBOWEE & —H L ABWEHSIZTDOWTIE, 49 PFCAs &
EBREICERT AR - HETILEOEOHEFAROGEDRESIN TS,
TNBHICEBEREZIT TS AEEDEZ 5NS,

A. WIEEHBM

BT v ELEYMOIV TV A O
TIVFIVAIVAR B (PFCAs) i34
TOKERFN 7 vERTICERL
7% (CF3 (CF2)n-: L7 )LAF
O7ILFIVEE/RE B) #HFO(FEYE
TH5., ZO Rf FiFEEEdh, Akd
THHRAETHDFDEL S ITRK
HNZHIIVIR B, RAIVRBEERDZE
FALURBEFICERE T 5. WV B

DkFE 8 ODH DL PFOA (C8) &I
N T v RIS R SIS A &
LTRKEBIZHEHAIN., EEFHRT
WEHAREOR I NHREINTHO,
ZTOE FANORBEZENBEINT
5 (Apelberg et al., 2007, Fei et al.,
2007),

PFCAs DIfiLiF FigE OREE LI
DNTIW < DD SEFTHFFE T, 2000
FHIBENSOEMMPA R oNTNWS
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(Calafat et al. 2007; Harada et al.
2011) (Glynn et al. 2012), /=&,
RAIZBWNWT 1982 £ S D IfiiEH
PFCAs O EMEIMNE S NS4,
E8H PFCAs (= 9, FEH 11) O
1990 FEFTRIZBIT 2 —FFpy7R s
i X N7~ (Yeung et al. 2013),
BfEE T PFCAs Db A\ DREZER
VIARBER SN WY, BN ERIRE
3N TWwWada®mEDHD
(D'Hollander et al. 2010), FREEEH
DEBENEEBEEFHD PFCAs OEIAHE)
MOPRITEETH D, LLAENS
ZOIEIIFEMETH DU Karrman

et al., 2009; Vestergren et al., 2012) .

AFEF PFCAs O ERMBmZ®E L2
rgeld E 7270,

AWFFETIZHARIZBIT S PFCAs O
M REOEMERIZMNA, BER
HOEBEREOHMBHHENTT ST
EEEMIC, FIROSHE CERE 23
FEEQELEHRENERMDES (B
DL DT EWRRHEENLEE) O
Bt PFCAs ik DOE
SO WZTHE) AL, 1980 ]
BnS, 2010 FRITNIT T, BER
Bl & iEREN P ICE £ % PFCAs @
BIEZfTo 72,

B. WAL

1. H&WE

HESRYE L. PFOA (C8).
perfluorononanoic acid (PFNA; C9),
perfluorodecanoic acid (PFDA; C10).
perfluoroundecanoic acid (PFUnDA;
C11) perfluorododecanoic  acid
(PFDoDA; C12). perfluorotridecanoic
acid (PFTtDA; C13), B £ O
perfluorotetradecanoic acid (PFTeDA;
ClynHLEM & L7z,

2. MREH

TR K 2 A RRUR N > 7 DR R
BrafH Lz, SREHOFEMIT
TableliZ/RT, RE A EHI AL
B CEY - 28 1319814E, 19924F,
20044F, 20114, PEvEHhsy (FCHES -
k) 1319794, 19934, 2003-2004
F. 2011 ITEHI S N & 4F12-265
B D #2470 72, MiEREHI AL
B (EbR) 19814F, 19974E. 20034,
20114, BAvEHbE, (5UER - fndkil) <
19834E, 19934F, 2004-20054E, 2011
FITERI S N &FE15-3070F O 47
Efrolz. FledgF T TEEL
77,

3. SWHE

RO MR CPR23FEEDEAE
TEEEIEEGHB & (BMOLLE
EHERHEENEER) O TEEHRI T O
PFCAsHWTiE DML 12 THE) 2 F
AL, 2hzEfro7z,.

AEHEHIW1g, MmEFFEHZ0.1ml
EENTNMELSHTAREE U,
S, 13CEEER D C8. C9. C10,
C1l, C12DNHEERME, t-TF IV AF
IV T—7) MTBE)1ml, 0.56M75 k&
TFIVTY BT LEWK (TBA)
0.3ml. 0.56MpEE T b1 o AEEK
0.6mlZMz/z, Fa—TJO—5—%
—IZC24 R EIHRIEA & B 7288 =l
DHEEfTVY, BEREDESR, &5
WCMTBEZ 1mlE N L. 24 K5/ [E]#x,
L EEEIRSIEEREDIRL
7= GFrelEoft) . Z OEKZ &
B wE F AR TCEBREL. 1
ngl1H-PFUnDAZ MA 7= RALX >
W7 R ZERML, NPT
AT I)IHEERIE LU Tz, 2 ¥TIdFEERL
24 LANITAT o 72,

GC/MS (Agilent 6890GC/
5973MSD, Agilent Technologies
Japan, Ltd., Tokyo, Japan)Z YT
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#HlE L7=, DB-5MS (££E30m. N
0.25mm. RE1um)DH 5 L THEEL .
Single ion monitoringZ{#H L. {b%
A F AL T E— R T LTz,
B ZNZEIAY AN T ViR
BEI150C & LTz, FIRGMHEITT70C
T2 ¥, 100°C £ T20C/min.
280 C £ T30C/minTHIRL =,
Table 212" 9 A A4 > Z#IE L7z,

4. BREER, 75 7@, BEINE

LEORMRA ADL)IE 7 F L/
J A X=8IC TREZRITo /. BIET
Z 2712 iEMll-Q waterZfEH L 7=
F8). 7T > 7l E NG A,
T I IEDOEIT, EEREDIMG
Ol % i x2 7= ¥ @ % Method
detection limit (MDL)& L T# - 7=,
BRI, MEREHI500pg. BEE
EHZ50pg D & B HEY)E 2 fi i aif o o
AV EmML, MBgizEmL 7=
11H-PFUnDA & [b#§ 5 & & THERR
#17-7 (Table2).

C. WHEHER
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B EHF R OB E B D #E R
C8. €9, C10. C11, C12, C13, C14
IZDNWT, TNETNT2+11%. 73+
15%., 79+£7%. 83+5%., 91+11%.
89 + 12% ., 104 = 20% T » - /=
(Table2) . PFCAs ® — H & Bt &
(ng/day) Z Table3lZ/RT,

BEPGHI G : BETEIC BT 5 PFCAsD#
EBHE (C8MN5CL4DAEr. B Eiy
fill) 1220104E1X (20114E. 122ng/day)
ME D EH <. B W T2000 % K
(2003-20044F. 79ng/day). 19904EA%
(19934F. 67ng/day). E%IL19804F /i
# (19794 . 2lng/day) TdH - 7=
(Fig.l.EZ7 o), a>YzF—wIZA
5 &, C114319804F Hiif2 7 5 20004E1K

ZHEUTH o EDERENSE N 2
M, 2010 MRIC8IcHE LN TNV D
(Fig.1. 775 7)., C8IZBEIL TI31980
FERIBENS —BLEEANRSNT
Wb, C13131990FE M TIXC8 &M RN
BEREMND SHM. 2000/, 20104
REPDERMPAER N, CT
19804E R DY & 1990 T MIF T E
HFLU. 2000 TWo A FREE.
20108FRTHUO ER L TW2,

HALH S - mALIZ B B PFCAsD#
BHE (C8N5C14D A, Ky
) H20104E 1% (20114E. 89ng/day)
NEHE <, W TI9904E (1992
££, 70ng/day). 20004EfX (20044,
45ng/day). 19804EHi#% (19814,
3Tng/day) TH o 7= (Fig.1. L7 5 7).
aArTxrF—mIZiRhsaE, ClLINEE
REBECTH EHERENEG NS
7= (Fig.1. K27 5 7). C111319804EHi
B 5 1990FERICNTTLERL,
2000 ATV o = AU TR, 20104F
RTHAREFLTWS, FEOMEmEL
foo Y = —Tl2C8. C13 TR 5
Nz,

2. IMiEHPFCAsEE

ifin 175 5Bk D 5 i (a1 A B oD o SR 1
C8. C9, C10. C11, C12, C13. C14
IZDWT, FNZTHN8T+12%, 94+ 8%,
87+ 6%, 95+ 7%, 96+ 5%, 99+ 6%,
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Table1 Study area and study population

Study

Sample type Area Year City N Age
fen(wgllles) 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/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 pL injection
b 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™)

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 3.74£3.0 2.1+2.5 3.242.2 10.74£7.7 3.324.5
GM 2.4 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 12.848.1 9.915.2 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) Mean+SD 18.9+16.3 7.8+8.3 7.5410.2 50.1+67.0 9.1+12.6
GM 14.6 3.9 3.2 20.5 2.4
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) Mean+SD 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 8.84+8.3 2.3£3.1 10.6+£7.0 6.216.9
GM 2.2 4.3 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 10.4+9.4 7.0+4.1 32.7427.9 8.1+8.9
GM 6.4 5.9 57 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) Mean+SD 57+4.5 8.2+5.1 4.6+1.9 16.3+11.6 6.8+18.0
GM 3.5 5.8 4.1 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) MeanxSD 21.9+42.1 19.24+46.2 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 mf'™")

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) MeantSD 227412222 7361813 2181174 4961425 53465
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 10171459 5461369 12724694 94152
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 70511£6325 2430+2197 8541730 16971590 157+246
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) Mean+SD 907544230 412342532 141941389 2144+1047 172499
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) Mean+SD 195+116 73487 27+11 143143 5112
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) Mean+SD 2586+1659 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) Mean+SD 270311115 1178+434 4434131 15981622 107457
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) MeantSD 261711364 1771837 6331304 2053+1201 143+119
GM 2314 1585 555 1714 36

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

n PFHpA PFOA PFNA PFDA PFUNDA PFDoDA PFTrDA PFTeDA
Total 131 MeantSD 6315 63130 462612449 3020+2202 869+1132 9984602 14179 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+568 131+67 203+101 26+150
Median 66 52 3305 2229 618 813 115 195 ND
Female 94 MeantSD 64+14 64127  4832+2358 3019+1799 8081529 10291615 144183 187157 14195
Median 68 60 4571 2695 686 933 126 183 ND
12000 1=(),53 ‘i " =030 ’ 201020 : :zs =0.29
1000 P<0.0001 . 15000 P=0.0005 w00 p=0.0196 »p D=0.0007
5 5 oo s g o '
5000 o -::f;.' :
20 30 40 SGEﬁ 60 70 80 90 20 30 40 50 - 60 70 80 90 20 30 40 Sﬁgzn 60 70 80

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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