F. BEEEEREESR
AR

G. WH7ERE

1. wXCFHER

Harada KH, Takasuga T, Hitomi T,
Wang PY, Matsukami H, Koizumi A.
Dietary  exposure to  short-chain
chlorinated paraffins has increased in
Beijing, China. Environ Sci Technol.
Accepted 20 Jul, 45(16):7019-7027, 2011
doi: 10.1021/es200576d

2. BRRER - TOM

FEHiE =, sEsE=. ARSI, £
E. NREX HFHOBREREFO
EHEE/NT T4 > EFDIERIRE
D%, #5118 EREXREHEFS
20114E11ASH HRERY U

H. HIRBEHE O LR - BERiRi
1. FriF S

AR

2. EHBFEERR

AW

3. F D

A0

I. >0k

(1) alkanes, C10-13, chloro; European
Union Risk Assessment Report 2008,
Volume: 81; European Chemicals
Bureau; 2008

(2) Nilsen, O. G.; Toftgard, R,
Glaumann, H. Changes in rat liver
morphology and metabolic activities after
exposure to chlorinated paraffins. Dev
Toxicol Environ Sci 1980, 8, 525-528.

(3) Cooley, H. M.; Fisk, A. T.; Wiens, S.
C.; Tomy, G. T.; Evans, R. E.; Muir, D. C.
Examination of the behavior and liver
and thyroid histology of juvenile rainbow
trout (Oncorhynchus mykiss) exposed to
high dietary concentrations of C(10)-,
C(11)-, C(12)- and C(14)-polychlorinated
n-alkanes. Aquat Toxicol 2001, 54,
81-99.

(4) Study contract on "support related to
the international work on Persistent
Organic Pollutants (POPs)" management
option dossier for Short Chain
Chlorinated Paraffins (SCCPs), 12 June
2007”; NV.D.1/SER/2006/0123r; DG
Environment; European Commission;
2007.

(5) Nakanishi, J.; Tsunemi, K.
Short-chain ~ Chlorinated  paraffins;
Maruzen Co., Ltd.; Tokyo, Japan, 2005.
(6) Yuan, B.; Wang, Y.; Fu, J.; Jiang, G.
Evaluation of the pollution levels of short
chain chlorinated paraffins in soil
collected from an e-waste dismantling
area in China. Organohalogen Compd.
2009, 71, 3106-3109.

(7) Yuan, B.; et al. An analytical method
for chlorinated paraffins and their
determination in soil samples. In Chinese
Science Bulletin; Science China Press,
co-published with Springer, 2010; Vol.
55, pp 2396-2402.

-18-



=1, EI/MSIZX0RDENFHEENINT T 4 > DR DEECFRE O

C40Cly (a) Cqo (44.82% Cl) (b) C4 (55.00% Cl) (c) Cq0 (65.02% CI) (d) 1:1:1 mixture of a),b),c)
congeners Peak area Composition (%) Peak area  Composition Peak area  Composition Peak area  Composition
CioH1sCl3 50.12 2.15% 69.76 2.58% - - 80.16 1.57%
CoH1gCly 638.17 27.42% 559.84 20.69% - - 816.32 16.00%
CyoH17Cl5 1104.8 47.48% 1305.11 48.22% 70.28 1.75% 1476.22 28.93%
C,oH16Clg 473.8 20.36% 680.39 25.14% 712.07 17.72% 1217.82 23.86%
C4oH4sCly 60.1 2.58% 91.21 3.37% 1588.36 39.52% 910.4 17.84%
C4oH14Clg - - - - 1382.02 34.38% 489.7 9.60%
CyoH15Clg - - - - 266.84 6.64% 112.48 2.20%
total C,,Cly 2327.0 100% 2706.31 100% 4019.57 100% 5103.1 100%
calculated Cl content 56.04% 56.67% 65.62% 60.03%

C,,Cl, (a) C44 (45.50% Cl) (b) C44 (55.20% ClI) (c) C4q (65.25% CI) (d) 1:1:1 mixture of (a), (b), (¢
congeners Peak area Composition (%) Peak area  Composition Peak area  Composition Peak area  Composition
C,4H5,Cl, 62.43 1.50% - - - - - -
C41H2Cls 600.14 14.44% 36.82 1.10% - - 153.11 4.07%
C1HCly 2017.46 48.55% 529.17 15.78% - - 673.86 17.91%
C,4H4sCls5 960.1 23.10% 1345.94 40.15% - - 861.82 22.91%
C,41HsClg 431.6 10.38% 1047.99 31.26% 69.08 1.35% 852.87 22.67%
CyH4,Cl; 84.0 2.02% 325.34 9.70% 1489.07 29.21% 569.49 15.14%
C41H46Clg - - 67.3 2.01% 2702.25 53.00% 491.25 13.06%
C41H45Clg - - - - 725.76 14.24% 131.03 3.48%
C41H14Clyp - - - - 112.12 2.20% 28.94 0.77%
total C4,Cl 4155.7 100% 3352.60 100% 5008.28 100% 3762.37 100%
calculated Cl content 50.23% 55.87% 65.27% 57.91%
C,,Cl, (a) Cy, (45.32% Cl) (b) C4, (55.00% Cl) (c) Cq, (65.08% Cl) (d) 1:1:1 mixture of (a), (b), (¢
congeners Peak area Composition (%) Peak area  Composition Peak area  Composition Peak area  Composition
Cy,HpCly 22.32 1.21% - - - - - -
Cy,H,3Cls 151.15 8.16% 51.95 1.54% - - 59.33 3.31%
Cy,HCly 635.46 34.31% 503.23 14.88% - - 251.1 14.00%
C4,H,1Cls 593.1 32.02% 821.63 24.30% - - 357.65 19.94%
C,,H,0Clg 343.3 18.53% 1066.08 31.53% 35.81 0.80% 399.83 22.29%
C,,HoCly 106.7 5.76% 770.15 22.78% 571.38 12.83% 334.48 18.65%
C,,H5Clg - - 167.8 4.96% 2009.74 45.11% 212.8 11.86%
C4,H47Clg - - - - 1309.17 29.39% 139.21 7.76%
C12H16Clig - - - - 467.7 10.50% 39.28 2.19%
C4,H45Cl44 - - - - 61.02 1.37% - -

total C;,Cl, 1851.91 100% 3380.88 100% 4454 .82 100% 1793.68 100%
calculated Cl content 50.47% 55.29% 65.27% 57.12%
C,5Cly (a) Cy3 (44.90% Cl) (b) Cy5 (55.03% Ci) (c) Cy3 (65.18% Cl) (d) 1:1:1 mixture of (a), (b), (¢
congeners Peak area Composition (%) Peak area  Composition Peak area  Composition Peak area  Composition
C,3H2Cl, 49.2 2.55% - - - - - -
Cq3HysCl3 138.81 7.21% 13.7 0.51% - - 39.93 3.08%
C13HpCly 481.99 25.02% 114.25 4.23% - - 121.78 9.40%
C13H23Cls 735.1 38.16% 735.38 27.24% - - 261.7 20.21%
C13H2Clg 349.9 18.16% 944,53 34.99% 27.96 1.43% 275.14 21.25%
C,35Hz,Cly 141.0 7.32% 648.12 24.01% 150.25 7.66% 244.86 18.91%
Cy3H40Clg 30.41 1.58% 207.4 7.68% 813.7 41.49% 192.98 14.90%
C43H14Clg - - 36.26 1.34% 716.92 36.56% 121.83 9.41%
C43H4sClig - - - - 223.81 11.41% 36.75 2.84%
C43H47Cly4 - - - - 28.36 1.45% - -

total C;3Cl, 1926.40 100% 2699.67 100% 1961 100% 1294.97 100%
calculated Cl content 49.22% 54.66% 63.25% 56.05%

Concentration of reference solutions was 10 pg/mL. Injection volume was 1 pL.

The congener composition of SCCPs was assumed to be proportional to the peak area percent of the TIC although SCCPs consisted of an
enormous number of congeners with different molecular weight, position of chlorine atom, volatility, ionization efficiency and other
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SCCPs Range® Calibration curves (Y=ax+b) Instrument detection limit®  Reproducibility
congeners (ng mL™ Slope (a) Intercept (b) Linearity ( r) (pg pL.™ RSD (%)° (n=7)
C1oH17Cls 29-579 0.00131 —0.000791 0.9999 7.9 5.9
C1oH16Clg 4.8-477 0.00947 -0.0138 0.9996 22 12.8
CyoH4sCly 3.6-357 0.0369 -0.0563 0.9997 0.5 4.8
CioH14Cle 1.9-192 0.0464 ~0.0399 0.9997 0.4 6.3
CioH15Cly 0.44-44 0.0612 -0.0123 0.9994 0.15 9.8
C41H4Cls 23-458 0.000854 0.00314 0.9996 8.1 8.1
Cy1H4gClg 23-453 0.00666 0.00122 0.9999 4.2 4.5
Cy1Hy;Cly 3.0-303 0.0187 -0.0146 0.9998 0.9 8.6
CiH16Cle 2.6-261 0.0302 -0.0169 0.9996 0.7 7.0
Cq4H45Clg 0.7-70 0.0695 —0.0047 0.9998 0.2 6.5
CyoH2,Cls 40-399 0.000667 -0.00149 0.9995 11.1 7.0
C1aH20Cls 45-446 0.00548 ~0.0081 0.9998 7.8 42
C12H1gCly 9.3-373 0.0187 -0.026 0.9984 26 75
Ci2H16Cl 5.9-237 0.0302 -0.0423 0.9994 1.4 6.9
Ci2H17Clo 3.9-155 0.0695 -0.0577 0.9990 0.8 5.6
C13H3Cls 40-404 0.000425 —-0.000714 0.9991 17.6 9.5
C3H2Clg 42-425 0.00357 0.00332 0.9998 13.9 7.9
Cy3HaCly 9.5-378 0.00767 0.000342 0.9990 3.8 8.7
C13aH20Clg 7.5-298 0.014 -0.0171 0.9995 258 9.7
CiaH1oClg 4.7-188 0.0267 -0.0243 0.9997 0.9 5.0

“20,100, 200, 500, 1000 and 2000 ng/mL of polychlorinated decanes and undecanes; 50, 200, 500, 1000 and 2000 ng/mL of
polychlorinated dodecanes and tridecanes

® 2-pl injection in ECNI/MS

° RSD: relative standard deviation
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detection limit non-fortified Fortified Concentration of Recovery  Fortified Concentration of ~Recovery Intra-day Inter-day
SCCP @ sample ° amount®  fortified sample % (RSD%)® amount fortified sample % (RSD%) variation © variation |
congeners (pa g™ (pa g™ (pg) (pg g™ (n=7) (n=7) (r9) (pg ™) (n=5) (n=5) RSD% (n=5) RSD% (n=5)
C4oH47Cls 400 ND 46000 2200+42 94 (1.9) 23000 1200187 108 (7.0) 9.4 9.7
CoH16Clg 200 ND 20000 90033 90 (3.6) 11000 640149 117 (7.6) 4.1 7.7
CyoH1sCly 50 ND 3900 180+7.2 93 (4.0) - - - 12.3 13.4
CyoH14Clg 20 ND 620 33+1.7 106 (5.2) - - - 9.9 7.8
C1oH13Clg 10 ND 230 13+1.3 117 (9.8) - - - 8.7 9.4
total C,Cly 400 ND 71000 3300+68 92 (2.1) 34000 1800+100 109 (5.5) 7.7 8.1
Cy4H45Clg 500 ND 40000 2200+97 111 (4.4) 20000 110087 107 (8.1) 11.5 14.1
C44H4sClg 300 ND 42000 2300+70 107 (3.1) 31000 1500176 97 (5.0) 2.1 7.5
C4H4:Cly 100 ND 15000 750£33 100 (4.4) 11000 620463 112 (10.2) 9.0 8.0
Cy4H16Clg 50 ND 2700 150x4.2 107 (2.9) - - - 10.8 7.9
Cy4H¢sClg 20 ND 120 <20 - - - - - -
total C4Cly 500 ND 100000 5400+160 108 (2.9) 62000 3100+180 99 (6.0) 9.2 10.0
CyoH24Cls 600 ND 69000 3900x170 113 (4.3) 30000 1700140 116 (8.1) 6.4 9.2
CyoH,0Clg 400 ND 78000 4300+140 111 (3.2) 66000 3600+220 109 (6.1) 6.3 6.9
Cy,HoCly 200 ND 44000 260056 119 (2.1) 31000 1800+130 113 (7.6) 5.5 8.0
Cy,H15Clg 100 80 8900 520+14 99 (3.2) - - - 6.3 9.0
CyoH¢7Clg 50 71 740 120+5.2 124 (11.3) - - - 71 6.5
total C4,Cly 600 151 200000 11000+210 115 (1.8) 127000 7200380 114 (5.3) 6.3 7.7
Ci3H,3Cls 900 ND 63000 4000£220 127 (5.6) 23000 1700+£190 116 (11.1) 7.8 9.1
Cy3H,,Clg 700 ND 69000 3900+180 113 (4.6) 72000 3800+210 106 (5.6) 8.0 8.7
Cq3HyCly 300 ND 46000 2900186 126 (3.0) 28000 1700+90 119 (5.6) 3.6 5.2
Cy3H,Clg 200 ND 17000 1100+£38 134 (3.3) - - - 8.7 8.9
C43H1oClg 50 84 4100 250+9.3 81 (5.6) - - - 9.3 6.3
total C45Cl, 900 84 200000 12000+240 122 (2.0) 129000 7100+460 111 (6.5) 7.5 8.4

#2-pL injection in ECNI/MS

®20-g food composite sample was extracted and 2 mL aliquot of 20-mL crude extract was analyzed.

©20 g food composite sample was fortified before extraction.

4 RSD: relative standard deviation

° Five replicated samples prepared from a single fortified food composite sample were analyzed.

fFive replicated samples prepared from a single fortified food composite sample were analyzed on § different days.
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A Total ion chromatogram (EVMS)
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(Apelberg et al., 2007, Feietal., 2 0
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(Harada et al., 2011) .
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i PFCAs N ERBEREEINTK
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NE1HDEBEOREBOREI TR
nwEEzfToBRERETO RS
PFCAs 8 O B # 7 it O #i i,
LC/MS/MS T D HrikMESL/NEE L W
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electron-capture negative ionization
(ECNI) E— R T®Dm#Hrid PFCA
anilides DO MEEEZ W LEE 5 &0
ENH S (De Silva et al., 2006).
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.
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2R LR L < PFCAs D =17
S ML AEAEESINS
(Vestergren et al., 2012), ECNI€—
RTR 70O~ 57 4 I ORH
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7 5 > 77 {i & Method detection
limits (MDL).
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500 pg g-1 for PFDA and PFUnDA;
Karrman et al., 2009, Fujii et al.,
2011).
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Table 1

Quality assurance for PFCAs analysis in food sam"plés“ L

Quantification = Quantification ~ Instrument detection | Instrument detection
Compound  (carbon atoms) . o o
~ (confirmation)  (confirmation) limit® (pg) limit ® (pg)
ECN Bl ECNI El
PFOA o (Cy 431y soas 0003 T 02
PFNA (C9)  463(464)  554(535) 0.003 f 02
PFDA (C10)  513(514)  604(585) - 0.004 C 02
PDUNDA (C11)  563(564)  654(635) 0.004 4 02
PDFDoDA (C1) ety Tosees 0005 T 04
PFTrDA (C13)  663(664)  754(735) - 0.005 'U 04
PFDeDA (C14)  T713(714) 804(785) 0.007 1 2
®1ul injection
> RSD: relative standard deviation
Table 2. L S
Recovery and method detection limit for PFCAs analysis in food samples
Compound _ (carbon atoms) Recovery anad (reproduc‘ibility) VBIar§:< (SD) Melthc?db detecjion
% (RSD%)" (n=10, fortfied)  pgg’, N=6, Imit” (pgg”)

oA e (CS) : (1) 504) 10 ‘
PFNA - (C9) 98 (19) 2(03) 4
PFDA (C10) 9 (17) 1(0.3) 2
PDUnDA , B (C11) 94 (18) 1.5(0.4) 3
PDFDoDA ‘ (C12) 90 (18) 1(0.2) 2
PFTIDA (C13) 93 (16) - 1(02) 2
PFDeDA (C14) 93 (17) 1(0.4) 2

® RSD: relative standard deviation

® food sample of 1g (the mean blank signal was subtracted from the calculated sample concentration only if the
calculated sample concentration was three times higher than the blank concentration).
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Fig. 1. Mass spectra acquired for PFOA benzyl ester in El mode and ECNI mode (m/z:'30-800)
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Fig. 3. Mass spectra acquired for PFCA benzyl esters in EI mode (m/z: 30-800)
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Fig. 4. Typical chromatograms of PFCAs
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= —

(h5Et 13 R BT

FERRFE A ERHR S EE 0 B
FERFE AV RRIRG = B
FER R FEEARHR G A0 B)

=1

A TIE. BEH PFCAs(CS-C1ED 7O 7 7y A IV EHENITH I &
ZEHMEL. AREEZDO TEEREBT O PFCAs DO ITHRE L=,
WERIOBREREOHIEEZAWTHA - HE - BEO 1990 44, 2000 FRD
BEHAB O T o 72,

PFCAs EHEIZY 7V T1990F 2N, 2000 ERTIIAEICHEMNR SN
2o IOICRBMNNY —2E LT, FHEPFCAsHEEHPFCAsL D B H
& - BETEMICESN/Z, ZOHEMILETZEOMEHPFCAsOE=ZS 1) >
/7fEi(Harada et al., 2011) E 3L TR O, BHEIZPFCAsD EER BRI &
HEl XN 5, PFOACS) L D HEH DOPFCAs(CI9-C14)DEIFIZ=HEFEY T
19904E 8 5 20004ERITMITTE8% M H82%ANEIMLTHD ., BT P7ITH

\J 2 EHPFCAsORBENEIML TS Z

EORREND,

A. WEEER

T v R EEWIFmEEA. 7
vEBRESORMAIELTHWS
NTER, m#R—7 v EREOEE 2
GHDD, (LEHITRETH DD
BB ERT, 2OV TIVAY
%5 B (PFOA)IE # W98 TH AR E
DIETNRBINDREBRENRE
N TW5S(Apelberg et al., 2007; Fei
et al., 2007). IT4E. PFOA(C8) & &
NHEUT H5RFEHEORE D)LY
VAT 7 IVFILHIVEA B (PFCAS:
C6~7. CO~IYNHAENZGDRY
D7 TOE N I{EH TRE R ZRE N
ME SN TWA(Harada et al., 2011) .

HALISA Ok TOHmRE TIE, BE

i PFCAs N FE/RBERE E I N TN
5 & H H 0 (D'Hollander et al,,
2010), FAHELR EEBIEM L NILT
DRI ENHRHFINTND

(Haug et al., 2010), LD2L72N5 1
HOEBEDODBEDREY 1 RULHE
i -RREEFE TD PFOA(C8)X
0D E# D PFCAs O OFNL. 5
W FESLOH L IMNSE T PT T
2 FE 7~ 0w, (Karrman et al,
2009,)

AR TIEAE (BEHBFO
PFCAs 2 HrikDRESL) 1T THE L7z,
WREZVBREREOSITIEZHAWTH
A - HE - BEO 1990 448, 2000 £
ROBERAEZHITLEOTOT 7
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1. o¥hik

MO H BRI D WTIEA#HRE
O TEEFE A OPFCASHHTIEDRES
WCTEBREZ{To TWb, FHEIZITL
Ticieid 95, ABESRYEIT.
PFOA (C8). PFNA (C9). PFDA (C10).
PFUnDA (C11). PFDoDA (C12).
PFTrDA (C13), B &L O
PFTeDA(C14)D 7t &M E LTz, BE
AEHI—HHoDEEE KB FH -
THH: s RED A ZUEZTTo 729
OEFEHR Lz, FEIEEDREFES N2
BEARNSNS1gEDIEL ST H
Bl & L7z, ER. BCERRDPFOA,
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WMEA, t- T FIAFINIT—F)
(MTBE)1ml, 0.5M75 s 7FIVT >~
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REET U T AREEWRO.6mlE N A /2,
Fa—TJ0O0—F7—F—ITT2 4KH
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FiEEBEOD Lo, S 5ICMTBEZ
ImLEM U, 24FFREER, 2050 B
FEERAEEZREOERLZ (B2
OHiH) . ZORKEEMEZERLM
TEEL. 0.1 MR DT
DRI ERML, XTI ATk

B L7,
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5973MSD, Agilent Technologies

Japan, Ltd., Tokyo, Japan)Z T
HE L7z, DB-5MS(£KE30m. N
0.25mm, EE1um)DH 5 LA THEEL .
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AF MEAF E— RTHHT L=,
AEH AT AY Z2AN T IR
BEIE150C & LTz, FRGMAIXT0C

T2 HE#%. 100°C £ T20C/min,
280°C £ T30 C/minTHIEL 7=,

2. HrTIIVEH

TR FZAEEIN > 7 REHEE O
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EiRAIHE L C1alE & U6tk

IERFIB00AN D DOBHEHRESL L. HE
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PFCAsIZ19904FE4K, 2000FA WA T
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PFDoDA (C12), PFTeDA (C14)iZkt
NEL GENBHEAN R SN,

BE . BETIZ1990FEMRITH R,
2000 DY > 7L TIIEHPFCAS
(CO-ClY T EAMITHE ML TW i
(p<0.05, Student’ s t-test). EETDH
H A& & [F 8 12 #F % 8 PFCAs O
PFUnDA (C11) PFTrDA (C13)7H\{H
¥ $HPFCAs (PFDA (C10) . PFDoDA
(C12), PFTeDA (C14).17lbRE< &
FNHERMNA SN —FHHAELIT
F72 D PFOA(C)IT T R THHBE SR LA
T(<10pglg-f.w)TH o7z,

-33-



FE: FEITIIREEFCSHARE
B2 D PFOAC)ITT N THRHIBEFLL
T (<10pg/g-f.w)TH o7z, PFCAsD
T I PFDACI0) 2" & & & < .
PFNA(C9). PFTrDA (C13)&#< ¥
Lo TS, A - BEEIZRRD,
FEHEPFCAs OB IZHPE TR
5NN,

D. &%

Bt T RNEFHEIEHIL, Total DPFCAs
BEIEDNY 7V T2007TEIC LN, H&
WWHEMLTWBEZETH D, SBITH
B 7R /8 Y — 2 & LT, FEEHPFCASs
INMEESEPFCAs L D H HA - #HETS
<HRoeN/z, ZoBEMIETHEDIR
EHPFCAs D E =41 > V@

(Harada et al., 2011) & EERILTH D,

B MmAPFCAs D EE R BERRIKZ &
HHENS, £F/ZPFOACS)XLDHE
$H D PFCAs(C9-C14)DEIFIZ=H
ST 1990480 5 2000 AR 1T VT
T68%MN582%IZHML THBD, Y
D7 OEMEHPFCAsD ZZENHE N
LTWBZENRBEINDS,
BEFPFCAsDHIE #H &1L Mg #
PFCASIZHANRIEFITD T2, Z DR 5
N7 —4%%TabledlZE LD 5, /I
™ 1t 1 T PFOA, PFNA, PFDA,
PFUnDA, PFDoDA® E R EIZZT N
#N31, 9.5, 13, 6.7, 6.7 (ng/day)’Z &
AESHEMAERONEBEI VRS
NTWBMHaug et al., 2010), ZD X
AN/ T oA TIIHAREREIZ
B 0 BB OERNIIA S R0,

E.

AW TIE, #ESLUZREFERICT
EROREHPFCAsBEZHIEL . &
WBEZFHELEZ. TOHR, Total
PFCAs EIENY 7))V T19904F 1T

X, 2000EREBITHEML TWBH Z
EDVHIAL 72, S SIS —
> E LT, FEHEHPFCAs D H
PFCAsE 0 b HA -EETEMIZAS
N7, PFOACS) & D b E# O
PFCAs(C9-C14) D EI &3 = E ¥
T 19904 7 5 20004 12 )M T
68% MM 582%ITHML THD, BT
7 TOEMPFCAsORZENHEML T
Wb ENRBEIND,

F. f@REakiEm
A

G. WMFEREE
1. FFEE
2L

2. FERREK - TOM
AN,

H. IR EEMED A - BRI
1. FFEFEUS

AW

2. ERHEEE

ANV,

3. F D1t

AV

1. ik

Apelberg, B.J., Witter, F.R., Herbstman,
J.B., Calafat, A.M., Halden, R.U,,
Needham, L.L., Goldman, L.R.,
2007. Cord serum concentrations of
perfluorooctane sulfonate (PFOS)
and perfluorooctanoate (PFOA) in
relation to weight and size at birth.
Environ Health Persp 115,
1670-1676.

Fei, C.Y,, McLaughlin, J.K., Tarone, R.E.,
Olsen, J., 2007. Perfluorinated
chemicals and fetal growth: A study
within the Danish National Birth
Cohort. Environ Health Persp 115,
1677-1682.

-34 -



D'Hollander W, de Voogt P, De Coen W,
Bervoets L., 2010. Perfluorinated
substances in human food and
other sources of human exposure.
Rev Environ Contam Toxicol 208.

179-215
De Silva AO, Mabury SA. Isomer
distribution of

perfluorocarboxylates in human

blood: potential correlation to
source. Environ Sci Technol
2006;40:2903-9.

Haug LS, Salihovic S, Jogsten IE, Thomsen

C, van Bavel B, Lindstréom G,

Becher G., 2010. Levels in food and

beverages and daily intake of
perfluorinated compounds in

Norway. Chemosphere 80,1137-43.

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.

Kiarrman A, Harada KH, Inoue K,

Takasuga T, Ohi E, Koizumi A.,
2009. Relationship between dietary
exposure and serum
perfluorochemical (PFC) levels--a
case study. Environ Int 35, 712-7.

Table 1. Demographic characteristics and average food intakes of the study participants in the 1990s and 2000s

Country Area  Samplingyear n Sex Age HSD Height ‘Weight  Food consumption HSD Fat
Male/Female (yr) test® (cm) (kg) (gday") (g kg-bw” day ) test® content (%)

Japan  Hokkaido 1992,1995 35  0/35 51749 A 150941.6 545622 22491274 413457 AB  1.810.4
2009 35° NA NA - NA 50.9° 1901£161 37.343.2 'ABC  2.840.4

~ Kyoto 1996, 1997 | 30 /30  21.5:04 B 1584413 50.7:4.2 17404335 34.416.4 BC 2206

2009 30° NA NA - NA 50.9° 1575473 -30.9+1.4 C 25106

Okinawa  1992,1995 35 1520  49.4844 A 1551368 618+47 2614:433 424465  AB 22403

2009 35"  NA NA - NA 50.9° 18454137 36.32.7 ABC  3.610.5

Korea  Seoul 1994 25 0/25 378457 C 1617406 563139 1777+457 31.7:2.0 C . 15%06
2007 25 0/25  358+40 C 158531 '53.4%1.7 2062+152 38.743.1 ABC 22103

China _ Beijing 1993 25 025 355823 A 1587427 55.0¢3.5 22494408 41.0:26 “AB 30£03
j 2009 25 025  265$09 B 1638423 69.8:35 30541365 43.8:5.6 A 39404

Data are presented as the mean + standard deviation.

NA: not appllcable because of differences in the sampling methods; kg-bw body weight in k||ograms 'HSD test: Tukey-Kramer honestly significant
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*Means with different letters differ significantly (p<0.05, HSD test) For examp!e the letters Aand B indicate that the correspondnng values differ
significantly at p<0.05, while A and AB or AB and B indicate that the correspondmg values do not drffer significantly.

°Food samples were collected in markets by five volunteers.
“Mean body weight of a female aged 26-29 years in 2007 in Japan was assumed ( National Health and Nutrition Survey in Jgp_n)




Table 2 |

D!etary mtake of n-PECAs from lhe composite food samples (ng/day)

Year (No of
| pooled

(n=5)

(n=5)

(n=5)

(n=7)

(n=6)

(n=7)

MeaniSD

GM (GSD

Median (Range)
‘MeantSD

MeantSD

.. Median (Range)
MeantSD

GM (GSD

_Median (Range)
MeantSD

‘ Median (Range)
_MeantSD

GM (GSD

‘nd/day” -
‘n-PFOA

Cc8

9.4+4.9

<12.4(nd-15.8)

131249

Median (Range)

1<22.2(nd.-35.8)

<8.4(nd.~16.1)

94128

<18.1(n.d.-25.4)

n-PFURDA

19.6(nd-13.9)
97440
8.8(1.7

1<0.3(nd-324)

82(nd-132)

8.5+44 -

| 8.7(nd-149)
e 18.0£5.3

n-PFDoDA

n-PFTDA

-PFTeDA

C14

<36(n.d.-5.2)

8.0(nd.-296)

13.0£12.1

| 78.7:408

2 60.3(46.9-80.2)

17.1(12.625.3)

6341124

174+4.9

<4.4(nd.4.9)

54.1+11.1

13.1(5.2-29.7)
15.7£9.8

Median (Range)
. MeantSD

123.7(19.7-30.6)
24.3136

24.1(1.2

.239(nd-382)
240499

<25.9(n.d.-49.2)

<6.3(nd-9.9)

223154

8.4(n.d.~33.0)

1141115

 144(nd-210)

4.9(nd-16.1)

6.0+4.8

14.5(n.d.-40.0)
18.4£12.8

49.3(414-67.8)

' 9.6(5.6-11.4)

9.4+2.3
9.2(1.3

9.7(n.d.-34.8)

79.3(33.8-88.5)
64.6422.4

Ab

60.8(1.5

46.7(38.4-7
49.8£15.1

56.6(23.5-117.5)

12.5¢£11.8

10.6(n.d.16.2)
10649
9120

. 555(nd-939)
6231259

61.6+34.2

57.8(50.7-146.8)
. 7654372

_ Median (Range)  19.2(n.d.-26.6) 9.0(nd.-11.9) 2 40(nd.-8.2) 120.7(12.0-30.8) 51(nd-10.1) * 15.9(8.0-26.0) <3.7(nd.-8.1) 86.8(52.1-92.2).
(n=7)  MeantSD <185 19.0£2.6 48422 20.646.9 5727 16.545.4 - 78.0£16.2
GM (GSD) <184 8.6(1.4) 4.4(18) 19.6(1.4) 5.1(1.8) 15.7(1.4) - 76.4(1.3)

N.D.: not detected MDL: method detection limit; 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.

a. Medlan thh asterisks (*) are significantly different between time points (p<0.05 by Student's t test)
different letters differ significantl
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<0.05, Tukey—Kramer HSD test). For example_ the letters A and B indicate that the corres ondm values differ




Table3
Concentrations of linear PFCAs isomers in the composite food samples

pg/g-f.w.
n-PFOA

Year
No of qoled diets

~Median (Range) <10
MeantSD <10

Median (Range) |
MeanSD
_GM(GSD

_{Median (Range) |
‘Mean+SD

e

_ Median (Range) |
MeanxSD
 GM(GSD

(n=7) <10

Median (Range)

‘(n=6) " MeanSD

(=7 MeantSD <

GM (GSD

<4

42113

n-PFUNDA

4, 3(<3 6.2)

1<3(<8-9.5)
13.4£3.5

4.6(<3-7.4)

é4.5t3.1
<4

<4
<4

<a

4.4(<4-10.5)
<4(<4-4.1)

S
<4(<4-6.7)

<2

48425

11.6(8.4-14.6)
117425

55427

»Medlan (Range) 10.3(<10-15.0)
‘MeanzSD <10
GM(GSD) <10

(n=7)

5.0£1.6
4.7(1.5)

4.9(<4-7.0)

12.2(<2-4.8)
<2
<2

112.2(6.0-15.2)
111233
10.6(1.4) *

<2(<2-22)

n-PFDoDA

2.5%1.6

<2
<2

2.7(<2-8.3)
32125
2.5(2.1

<2(<2-25)
<2
<2

n-PFTrDA

6.7(<2-7.1)

5.612.6

4.1£3.6

19665

(8
13.7(<2-6.3)
4.0£1.7

9.0£2.9

8(4.0-13. 6)

n-PFTeDA

129.6(<12-35.7)

2.8:256

127.4%8.9

<25(<25-41.4)

25.010.8

<25(<25-31.7)

21114

32.1(<25-75.5)
140.0+18.1

<25(<25-32.1)

302(<25-37.1)
128.247.9

| <2(<2-4.4)
2115
I

<28
<25

44.9(30.2-54.4)

42,489

41.5(1.3)

N.D.: not detected; MDL.: method detection limit; 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.
™ Values with asterisks (*) are significantly different between time points (p<0.05 by Student's t test)

37

- 8,5(1 .5)

" Values with different letters differ significantly (p<0.05, Tukey—Kramer HSD test). For example, the letters A and B indicate that the correspond ing values differ




