SRR R G (Rehh 50 ae AR AT 755 38)
ST

BRSNS WIOE=S ) >V
(4) AEARHRN > 2 DEAFEPHE R U 7 ot OPECASEUR it & e
HE QD BB 1 2
DR

N MR BORRSE RSB RS E T ER) - Bif%

Y=

RO T v BIEFYWETH S )L 7)A a7 IVFIV VR B
(PFCAS) I3 HE KM CHIELEE I A < SN TELEWETH 20, b MK
FUELFRAN S A BRI S AP OIERMNIE S I N TW S, AIFETIIAARICS
VT2 DG RERDOBEMNELZHENITH I &2 HIZ, 1980 RN 5
2010 FERFETOREF, MIEF O PFCAs (RE 815 14 £T) DOHIE % B
P8 - HALHIE OFUEL 2 W T o 72, BRI BT D =it @ PFCAs B HE
(C8 M5 Cld DEEL R FHEME) T 2010 444 (2011 4E, 122ng/day) DR HiE
< BT 2000 E4X (2003-2004 4E, 79ng/day). 1990 448 (1993 4E. 67ng/day) .
BIE 1980 T (1979 4. 21ng/day) TH o7z, HILIZBIF S PFCAs O
WEIGE (C8 5 Cl4 OEFH BTEHE) D 2010 4% (2011 4E. 89ng/day)
N E <, HWT 1990 4 (1992 4. 70ng/day). 2000 £E{% (2004 4,
45ng/day). 1980 &EHi# (1981 %, 37ng/day) Thol. TD X DIT# PFCAs
BIEITEILD 2000 FRERE B L CLEAMHENTH 208, mAMETH PFOA
(REH DIMMA —HEREXIDEKWETH o7 (TDI D 0.1%). IMIEFEED
A ERERN R 5N, C8IZBNTIL 3ENS 9BNAaFEHRkTH D EHEH
TNz, BEHROBREBOHERM E —H LW ITDOWTIL, B4 PFCAs %
BREICEAT SR - BETEDEDOHEELBOEEDREINTRY,
FNSICEAEREZTTNSIEEDEZ S5NS,

A. BHFEHAY TALUVREPIZRE T 5, AIVR B

BT vRIEEHOIV TV A O
TIVFIVIIVE VBB (PFCAs)Id 4
TOKRBRFN 7 v RETFITELRL
7~ #%E$ (CF3 (CF2)n-: )L 7)VA
07 )VF)VEURE 3) EEO{CFEYE
THs. ZO Rf FIWEH, Ak
THHMATRETHDZEDELITERK
BN HIVIR VB, AR B &R 0%

DRFEHE 8 DH DT PFOA (C8) &IT
N7 v REIE A RS SIS A &
UTKEIFERHIN., £EFEUET
WSHAEREOEK FARESNTHO,
TOE bNDOREEEZENBESINT
5% (Apelberg et al., 2007, Fei et al.,
2007).

PFCAs D IfiigHiREDRFELRIT

- 58 -



DNTIEW < DM DEFFHIZE T, 2000
FEREMNSOBMARELNTNnDS
(Calafat et al. 2007; Harada et al.
2011) (Glynn et al. 2012), £ 7= &Ik,
RAWIZBNT 1982 N5 D IfiEH
PFCAs OEMENMNEHS NI N,
FiH PFCAs (jR%E%H 9, & 11) O
1990 FEHIRIC BT 5 —FKry /a8 N
5 I /= (Yeung et al. 2013),
REE T PFCAs Db FANDEEER
IR RNL N, BB EREE
HEEraInTtwsmED D
(D'Hollander et al. 2010), BREREH
OB ENEBEF D PFCAs O EHE)
MOERIIEETH S, LHALAERNES
FOOWEITE#ETH D (Kirrman

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

AEH PFCAs OEMBmE®REL =
WFgRI3 72700,

AL TIZHARIZBIT S PFCAs O
MmEFRECEMBIMICMAZ. BER
HOBREOEHMBHLNITS I
CEEBNC, FHOSIE B 23
EEDOREAFHERFMAERMIE (B
DR EEHERIEETRERE) O

raE R T O PFCAs S HTIEDHE
S OWZTCHRE) ZFRIA L. 1980 R
®“n5, 2010 ERITHT T, BEH
Fl & iEREL R IZE £41% PFCAs O
HEZEifTo72,

B. WtFehik
1. ¥&WE

FEA LW EIL. PFOA (C8).
perfluorononanoic acid (PFNA; C9).
perfluorodecanoic acid (PFDA; C10).
perfluoroundecanoic acid (PFUnDA;
C11) perfluorododecanoic  acid
(PFDoDA; C12). perfluorotridecanoic
acid (PFTrDA; C13), B &£ W
perfluorotetradecanoic acid (PFTeDA;
C1ao7ea & Lz,

2. NREH

RERZEERGEIN 7 ORER
BzEHLEZ, REHDOFHEMIZ
TableliZ/R T, REiEAEF EHIF L
B O(EYE - BB 1319814E, 19924F,
20044, 20114, Bl CGAAR -
FIERIL) 1219794, 19934F., 2003-2004
£, 2011 ITEHR S N/ &F12-2674
Bl 247 2 72, Mg RHI AL
B, (E4) 19814F, 19974, 20034,
20114, BEvEHIE, (RUER - fodkiL) T
19834F, 19934FE, 2004-20054E, 2011
FITERI S Nz B 15-3070k D 47
Eirol, EERBRHFETETREEL
7z,

3. Shk
FROSIE (CER23FEDRESE
FERFHAE#HDE (BRORLE
EHERHEEMRER)OIEEHAF O
PFCAs/ HTiEDRESL | 12 THE) =]
MU, 2izfrol=,
AEFENIM1g, miEEEHZ0.1ml
EENENMELSTHABEE & U,
AEH. 13CEFHDC8. C9. C10,
C11l, C120ONEPEEHE, t-TFIVAF
JVT—5)V (MTBE)1ml. 0.5MF k5
TFINT EZT LAVEHK (TBA)
0.3ml. 0.5MEEE T N U ™ AKEREK
0.6mlZEMA., Fa—TO—F—4
— T4 R X B 72, =0
SEEEITW, EEEED O, 35
WCMTBEZ 1mE L. 24K [a]#5,
mODHEE B TIAEIEZREORL
7z (Frellofit) . ZOmikE S
B e F AR TERL. 1L
ngl1H-PFUnDAZ A 7= BAEXR D
W7 RRERML, NPV
ATIVEERIL LTz, S HTidE &R L
B24FF I LINITAT o T2,
GC/MS (Agilent
5973MSD, Agilent

6890GC/
Technologies
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Japan, Ltd., Tokyo, Japan)% i\ T
HE U7z, DB-5MS (4&2530m. £t
0.25mm. BE1um)DH Z L THHEEL .
Single ion monitoring & {#i fj L. L2
AFMeEAF - RTHMH L=,
Wiﬁx WEAY WA T
REX150C & Lz, FRSME70C
T2 FF%, 100°C £ T20°C/min.
20 C £ T30 C/minTHW L 7=,
Table 21Z/RT 1 F > Z2H}lE L,

4. BRHEBR. 75 7ME, EINE

Pl ORREES ADL)E > 7 F I/
J A XW=BITTREZET oIz ET
S 27 2 EAMil-Q water 2 L 7=
(GF8). 7T > NI TN HEIX
75 MEDENT, AR E D 3RE
D fE 2 M Z 7= ¥ i & Method
detection limit (MDL): L TH# o7,
L, Mg EEHT500pg. B
FHZ 50pg D & EEUEY E Z fili i 5l OB
CAIZEIML, MBI L 7=
11H-PFUnDA & #5925 & & THERR
#1157z (Table2).

C. Wroths
1. BERHEOPFCASENE

g %n SOV N IERERY 8 S I x
C8. C9, C10, C11. C12. C13, C14
WZOWT, TNENT2+11%. 73+
15%, 79+7%. 83+5%, 91+11%.
89 + 12% ., 104 + 20% T » - 7~
(Table2) . PFCAs ® — H # H &
(ng/day) % Table3IZ/RT

BEPa L B@@m‘oﬁéPFCAsm’**
BEE (C8nh5Cl4DEEr. K Ey
&) 1220104 (2011@ 122ng/day)
N d @ < . it T 2000 F
(2003-20044E, 79ng/day). 19904E4X
(19934E., 67ng/day). Fx#%1L19804FE /]
# (19794 . 2lng/day) TH o 7=
(Fig.1. 7o 7). 2> F—#IZH

% &, C117319804F fijfZ N & 200054
ZHUCTHo EHEBIENE N
N, 20104E %I C8IzHimn T VWS
(Fig.1. N7 5 7)., C8IZBIL Ti31980
EFiRNS B L ERNESNT
Wb, C131E19904F L TIZC8 & AR
BIENH 5N, 2000448, 20104F
R EW DR HER N, CT
19804 [ e )N 5 19904EACIZ M T
1. 20004EfC TV o 7z U FEREE,
2010 E I THOEH L TWa,

BALHL LI B 5 PFCAsD#R
B (C8MN S CL4D A EF. Ry
fE) H20104E 1% (20114, 89ng/day)
Nigbm <. BV T19904E% (1992
£, 70ng/day). 20004Ef% (20044E,
4bng/day). 19804Fiif% (19814,
3Tng/day) ThH o 7= Fig.l. L7 T 7),
aA>TxrF—milisa s, ClInNe4E
REZBCTH, EHERENE NS
7= (Fig.1. N2 2 7). C111dZ19804 i
B S 1990FEMRITNITTERL
2000 E R TV 72 A PR, 20104
RTHOLERE L TWS, FEHEOMHERIT
fliooa > = F—TIIC8, C13THS
N7z,

2. IMiEHPFCAsEBEE

1 3% FLCEE O s N mGGR B  #E R
C8. C9, C10, C11, C12, C13, C14
WZDWT, FNETN8TE12%. 94+ 8%,
87+6%. 95+ 7%, 96+ 5%, 99+ 6%,
106 7% TH o 7= (Table2). ILiEH
DOPFCAsHEE DI E #% 1L Table4 12
LI

BEVEH S - BAfEIC BT 2 1MmiEF
PFCASIEE (C8) 5 C14DE . %]
g fE ) 13 2010 £E X (2011 4F
15.2ng/ml) 23 & & <. it T2000
4L (2004-20054E, 10. 2ng/ml) 1990
£/ (19934F, 60.4ng/ml). HEHIL
19804E R (19794F. 29.1ng/ml) TH
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o>/ Figl. kU5 7), a>PxF—
mMICRSHE . C8NEEREZELTHo
EHEL, BWTCITH -7~ (1993
F2R<) Fig2. TV 7 7). 2FER%E
WU TC8MNEPFCAsOH D ¥4 LA |
2hHOTWE,

RALH 5 - EILIC BT S MmiEH
PFCASIEE (C8n 5 Cl4DAEL. i
S fE ) 1 1980 4 /& (1981 4F
0.4ng/m) N HK <, K < 19904 (K
TIAIL3EIZEEM L Tz (19924F,
5.2ng/ml), Z D D20004E1% (2003
£, 69.9ng/ml). 20104 H[#% (2007
., 67.6ng/day)lidkEL ERIZRAS
Niznosz Fig2. Br757), a2
T —#ICR5 &, B EFERRITCS
MEERZBELCTHoEbEMN- =
N, BN TEWOIEE SRR
Cl1Th-o7= Fig2. F7 I 7). £/~
C8IZDW T HEAT & 13 H 72 0 20044
NG2011EITNT THAD R SNz,

D. BE
1. ME—HEBREE DK

AL TIL, BEHPFCASEE %
EL. BlREZFIELE, 2AFY >
TIDHTE R L. Ik DPFCAs#RIE
H & 1% 1482ng/day ( N PFOA ;
100ng/day) TdH o7z (2011FFKERD
BEGED. 204FEBRTEETREEZS
DPFCAsOREDH =0 OME—HE
HE (TDDIERE I N TR,
PFOAIZ D W TIXBERIN & b 22 4 8% B
(EFSA)IZ £ 0 1500ng/kg- 1K E/day &
MEINTVD AKEZ50kgERET
%4 &, SROPFOAD S AHEIZTDIO
0.1%THU., T+ THBHERTHo
7z,

2. BEHROPFCAsEBRE & - i
FIBEE & DERE
K E3M#E D 20024 D C8 PFOAHL

EFR IR, KETIEHEA A DCS
N25%18 /> L (Calafat et al. 2007).
FEBERFEEZFEDODEINDEIRRHFTH
Ak IC C8IfL B EE 1B iR X
TWwa(Harada et al. 2011), L2 L 7&
NS AFFETIZFDC8IZTDWT, BEPE
Hi 5 DRREFIT B Uy T2003-20044F
NS5 2011EIZP W T HikE L =88
MR S NTz. —HHEILTIZ20044FE 5
5201 14F 2T TC8DEADIN R 5
HHDDCEMHCI4AETEAE L
A PFCASIE B TIXM 4 O Mg TH i
HATHD. BEHDPFCAsH2004
FEOBEWEREHEMNENTH o7z, B
ERBHOBEE EMFEEZBEEA
DI NENE A B BT 5N
HD. EITFHEICED, DEERE,
THISE N8 &5 M TN T WS C8% 4l
wEBELEAERNLERESIN
PFCAs) 5 5t E I N5 IfiL1E B E M,
S5LUFDEL D15, C8DMAREI
200ml/kg (Niisoe et al. 2010) . &
H1133.84F (Olsen et al. 2007) TH D,
BE TCORNENFENEEZSNT
W% (Loccisano et al. 2012), Z#15
EETHE, KESOkgEREL, 1-
d2/)8— KM A2 METIVTHEAME
(Niisoe et al., 2010) L 7235 &. BMEE
H OPFCAs#ERNE (C8715C140D
Eat BRI D S i PR E & K
% &, BAPET20104E A 146.2ng/ml,
2000 4E {13 2.9ng/ml. 19904 X T
1.8ng/ml, 19804F Hi[$2 TO0.5ng/ml T
0. KL T20104E/K142.1ng/ml, 2000
F4R130.7ng/ml. 19904E X T1.3ng/ml,
19804E8 T0.4ng/mlTH > 7=, T DfE
ldTable4 DEB D IfLiE + O C8DHEIE
EEIE<, 1981FEDEY & IR = 1%
DC8IIZEINSIENEEHRKTH S
EHEBITE %, TEPFCAsE HIEEIC
BHT S - BRI IEDEDHE
FHHBOGFEDHE N TH O (Fujii
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et al. 2013), TN OIZ L DIEREZT
TWaHEEEHHEZ 6ND, FHITE
16 bk CUEE 2 5 8 T2 AT 2 17 D s 578
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27 DARALEREL 28 L. 19804E fif 0
5. 201042 T, BEEHUE &
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Table1 Study area and study population

Study

Sample type Area Year City N Age
fonmes)  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 30 452 (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)
PFUNnDA (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
® 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 3.7+3.0 21425 3.242.2 10.74£7.7 3.3t4.5
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 9.9+5.2 4.316.3 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 7.848.3 7.5+10.2 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) MeantSD 34.6+18.9 35.2186.5 41.7+140.3 68.2192.0 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 8.848.3 2.3+£3.1 10.6+7.0 6.2+6.9
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 5.7+4.5 8.245.1 4.6+1.9 16.3+11.6 6.8+18.0
GM 35 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) Mean+SD 21.9442.1 19.2+46.2 8.5+10.3 58.0+59.7 16.4+17.8
GM 10.5 75 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 mi™)

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) Mean+SD 227442222 7361813 2181174 4961425 53165
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 377742137 10174459 5461369 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 243042197 854+730 1697+1590 1574246
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 907514230 412342532 141941389 214411047 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) Mean+SD 1954116 73487 27+11 143143 5412
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 258611659 10434699 4104191 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 27031115 11781434 443+131 15984622 107457
GM 2499 1103 424 1490 30
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) Mean+SD 2617+1364 17714837 633+304 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 63%15 63+30  4626+2449 3020+2202 869+1132 9981602 141179 191172 17+113
Median 67 57 4079 2509 659 895 124 183 ND
Male 37 MeantzSD 6018 61+37 410212629 302213025 1024+1968 9201568 131167 203+101 26+150
Median 66 52 3305 2229 618 813 115 195 ND
Female 94 MeantSD 64+14 64127 483212358 301911799 8081529 10291615 144+83 187157 14495
Median 68 60 4571 2695 686 933 126 183 ND
2000 =0 53 " =0.30 ' 2001020 : o =029
10000 Pp<0.0001 150 p=0.0005 w00 p=0.0196 p=0.0007
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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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This study investigates perfluoroalkyl carboxylic acids (PFCAs) contamination of edible fish muscle from
Japanese coastal waters. The concentrations of PFCAs with 8—14 carbon atoms (C8—C14) in Pacific cods in
Hokkaido, Japan were 51 (median: pg/g-wet weight) for C8, 93 for €9, 99 for C10, 746 for C11, 416 for C12,
404 for C13, and 93 for C14. The levels of C9—C14 PFCAs in fish were strongly correlated to each other, but
not to C8 and the other chlorinated persistent organic pollutants, indicating that C9—C14 PFCAs have a

different emission source andfor bioaccumulation mechanism. The relative ratios between estimated
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Perfluoroalkyl carboxylic acids
Perfluorooctanoic acid

Sea fish

Japan

Human dietary intake

PFCAs intake through fish consumption and the reported total dietary exposure of PFCAs were less than 1
for C8 to C9, but were more than 1 for C10 to C14. This result strongly suggests that fish consumption is a
significant source of human dietary exposure to C10—C14 PFCAs.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Perfluorochemicals (PFCs) such as perfluorooctane sulfonate
(PFOS) and perfluorooctanoic acid {PFOA or C8), containing both
hydrophobic and hydrophilic regions, have been used as surface
tension depressants in the manufacturing industry. Then, they
entered the environment and have been detected in human serum.
A major manufacturer, 3M Company, phased out PFOS production
in 2002 (Renner, 2001). Consequently, temporal trends have

Abbreviations: PFCAs, perfluoroalkyl carboxylic acids; PFOS, perfluorooctane
sulfonate; PFOA or C8, perfluorooctanoic acid; PFNA or C9, perfluorononanoic acid;
PFDA or C10, perfluorodecanoic acid; PFURDA or C11, perfluoroundecanoic acid;
PFDoDA or C12, perfluorododecanoic acid; PFTrDA or C13, perfluorotridecanoic
acid; PFTeDA or C14, perfluorotetradecanoic acid; IDLs, instrumental detection
limits; MDLs, method detection limits; RSD, relative standard deviation; SD, stan-
dard deviation; GM, geometric mean; GSD, geometric standard deviation; DDT,
dichlorodiphenyltrichloroethane; HCB, hexachlorobenzene; PCB, Polychlorinated
biphenyls; trans-NC, trans-nonachlor; p-HCH, beta-hexachlorocyclohexane; POPs,
persistent organic pollutants; DDE, dichlorodiphenyldichloroethylene; PCA, prin-
cipal component analysis.

* Corresponding author. Daiichi University of Pharmacy, Tarmagawa-cho, Minami-
ku, Fukuoka 815-8511, Japan.

E-mail address: k-haraguti@daiichi-cps.ac.jp (K. Haraguchi).

http://dx.doi.org/10.1016/j.envpol.2015.01.007
0269-7491/© 2015 Elsevier Ltd. All rights reserved.

revealed decreases in the human serum levels of both PFOS and
PFOA since 2000 (Haug et al., 2009; Olsen et al., 2007). In contrast,
levels of perfluoroalkyl carboxylic acids (PFCAs) with carbon chains
longer than eight (>C8) have continued to increase in human serum
in East Asia and Sweden (Glynn et al., 2012; Harada et al., 2011).

The relative importance of different exposure pathways of PFCs
for humans is still under debate (Vestergren et al., 2012). In Swe-
den, intake of contaminated fish from the Baltic Sea has been
suggested to contribute significantly to blood PFOS levels in
humans (Berger et al., 2009). So far, however, most marine biota
monitoring studies have focused on inedible parts of marine or-
ganisms, such as the liver, as a target organ for PFC accumulation
(Hart et al,, 2008; Houde et al, 2006) and on freshwater fish
(Hlouskova et al., 2013; Murakami et al., 2011). Very little is known
about the levels of long-chain PFCAs in edible sea fish in Japan,
despite the fact that the Japanese diet is mostly composed of sea
fish. Additionally, there is no information on the relationship be-
tween the concentrations of PFCAs and other lipophilic persistent
organic pollutants (POPs) in edible fish.

The aim of the present study was therefore to assess the
contribution of sea fish consumption to human PFCA exposure. To
this purpose, we investigated the levels of PFCA (C8—C14) from
edible Pacific cod in Hokkaido. The seawaters of Hokkaido are one



