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PFOS, PFOA J2FE 1L, #EAMEFS L OO E O AL rTREA-#R O 2o ME O i R FE I 2 bR TR 2 7R L
77 (3)2003 AEIZ H~_T 2011 4E Tl% PFOS, PFOA, PRTrDA JRENAEIIET L=, (4) fF6 8, 426
4, (2003 HE~2005 4F) D 5 B, SGA (Small-for—gestational—age) I% 7. 62%. 2& K& 1T 1. 48%
Thote, HAERABESEREEE=41 7 (JAOG) MELID LA TRETHDLZ &
TR ENRE NI,

MR OB (3E30) -

Main goal of our study was to investigate the correlation between exposure to PFCs

perfluorinated chemicals, of dairy life level in maternal blood and physical child
development. During study period, first, we developed a method of PFCs measurement in
blood with Ultra performance liquid Chromatography and tandem mass spectrometry, through
modifying preprocessing of PFCs in blood, which allowed us to analyze 13 types of
perfluorinated chemicals in short time with high precision. Second, our results showed
significantly lower concentration of PFOS /PFOA/PETrDA of pregnant women in Hokkaido than
that of women of childbearing age in Japan and other countries. Third, the results showed
level of PFCs had decreased from 2003 to 2011. Fourth, of 8,426 participated women from
2003 to 2005, percentages of Small-for—-gestational—-age and congenital anomalies were
7.62% and 1. 48%, respectively. Those percentages were slightly lower than the percentages
reported in monitoring congenital anomalies by Japanese Association of Obstetricians and
Gynecologists.
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1. AFZEBAE 4P D 5
PFOS PFOA, PFDA, PFHS, PFNA @ X 9 73 45 1%
v FALEY (PFCs) 1, BEKOME ZFH L
K@\@M\ﬁﬁ%ﬁﬂ&& fFEHENT
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18 2% PFOS 5 4F, PFOA 2.3 4R|ZH~_T
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3. WD HiE

(1) BEE&EFAH o 7= 3D o 1
UPLC/MS/MS JUEIE DR
O RERMIMIERDE
PFHxS-C, PFOA-"C, PFNA-"C
PFDA-'°C, PFUA-"C, ) % FAV 7=,
@ HE{E K OV Seft: . UPLC/MS/MS & W T,
MS/MS 1% Waters # Micromass Quattro
SSHEH T A%, Ethylen—bridged

RATLEE LR L O

7 F¥ ( PFHXA-"C,,
PFOS-"C,

Premier,

BRET - HEREE

HE L

(BEH) C18 column (1.7 pm, 2.1 X 50 mm ).

WIER kD77 v 7 v — 7 & B T A1

1%, Ethylen-bridged (BEH) C18 column (1.7
um, 2.1 X 100 mm ) ZfEH L7=, Z DEFD,

A7 MR 65°C, Wik %A 0.3 mL/min, ¥E
ARIT5uL & L7z, S HICBEIMEIX

A; 2oM FEFR T B =17 L in K

B:2mM BEfET »E=7 A in AX/J—)L
L L7-, UPLC Gradient I%. & 11Z/,r L7,

NS Sefid, F2ITR LT,

#1. UPLC/MS/MS IZ X B 7T Mtk

Time % A % B
0.00 90 10
0.20 90 10
9.00 0] 100
12.00 0] 100
12.10 90 10
15.00 90 10

% 2. UPLC/MS/MS

RT

IZ X % PRCs D MS At
Collision
(ev)
18 8

Precusor

Product Cone (V)

PFBA 2.33 213 169

Time

3.5.0 _PFPeA

4.38 263 219 15 9

PFHxA 5.59 313 269 10 9

PFHXA-*C, | 5.59 315 270 10 9

PFHpA 6.37 363 319 16

L-PFHxS 6.45 399 80 50

Time

5.0 6.45

PFHxS-2C, 402 80 50

7.4 PFOA 6.95 | 413.08 | 368.26 17

PFOA-C, | 6.95 | 417.09 | 372.2 17

PFNA-BCs | 7.42 468 423 15

PENA 7.42 463 419 15

PFOS 7.43 498.99 80 45

PFOS-C, | 7.43 | s03.05 80 45

PFDA-YC, | 7.81 515 470 15

PFDA 7.81 513 469 15

PFUdA 8.15 563 519 15

PFUdA-"C,| 8.15 565 520 15

PFDoA 8.42 613 569 20

Time

8.25-| PFTrDA 8.67 663 619 22

9.5

PFTeDA 8.89 713 669 15

@ HIEEOREEEH : 1DL
X, MREMH ORIKIRE (S/N=10) % 10 [Ff
VIR LIEITV, IR OREERAZZFHE LK
W7, IDL=AEYE(R 2 X t i X 2, MDL (347 71
O FERAE) & & T BRAE AT O BRI
W TR EEAZ 1T/ 5, Z O#EfE%E 10
ATV, R LY ML Z2HEHHET 5,
MDL=t (n—1, 0. 05) X I & ff O FE UEfR 25 X 2

F 7~ EHMYE (NIST standard reference
material 1957) % AT PFCs J& £ 13
FEFE A R o 7 RS & EE & e L7,

R AR L RS E



@ I HERTRLVERSTVE « f8E 0.5 mL 1222 [FL
AHEEE PRHXA-"C, PFHxS-'°C, PFOA-"C,
PFNA-YC; PFOS-'°C, PFDA-'*C, PFUdA-"C, % %
2.5ng ML T ¥ b=k U/ 2nl THEHE.
15 Frffi DB U7z, WA Z 0 L 727,

Envi-carb 25 mg &HERE 50 ul WML, #2
. mOBEE 16 S T o7, RIS
SHRLUZEZZTIE T T 0.25mL = THEHEL., £
K 7=/ 0.25 nl ZHMLEHE L2 b o2
BHRIR & LT,

(2) 5~ PFCs B2 2FAh

2003 A= B ALHEE N 40 FERHRBL 5%
ZLREEBEZGELNZEFE 2 T AD D B, 2003
FERGRE 30 4. 2011 FEBERE 30 4 & mAES
HHETHIE L. Z ORFZEst 88 O iE% i)
ik (28~31 ) % (1) @ FHiE CTRILEE %
1TV, & 2 TR MR % UPLC/MS/MS T
HIE LTz,

4. WFFERkE:

(1) PFCs I E DML

@ PFOS. PFOA I 2W T, BEFEHROE
— 7 PR &N, ERR T EREHEA
OOIZCIS BT LAERVHIFBHZ EITLD,
PFCs D7 72 7 %MRT 5 Z &N TE T,
@ ARWESMTTIX, EHEHE DIEEHEFF
PFOS 4345 Z LT Hllod L TH
ZIEH{D PFOS I H R E & EfEICHIET D 2
ERFRE L T o T,

® 7~ 7T HZBWTY, fhoHY
DEBEZFTH 2L BAFICAH A B
HZLEMWAfEL roT-, (K1)

= PFOA-13C, (417.09>372.2) l

o

S‘UU-“ ’ '10(]. 5.00 6.00 7.00 8.00
#  PFOA (413.08 > 368.26)

1.00 2.00

100 200 | 300 4b0 | 500 | 660 760 | 800
= PFNA (463 > 419)
R o 7 by P A T Ao e 0 R B o7 Do e
o PENA-BC, (468 > 423)
100 | 200 | 300 | 400 | 500 | 600 | 7hn 8.00

= PFOS (498.99 > 80)

1.00 200 3.00 4.00 5.00 6.00 7.00 8.00

#  PFOS-3C, (503.05> 80)

1.00 2.00 ’ 3.06 4.00 500 6.00 "-700 __BIJ.D..

£ PFDA (513> 469) l
‘4 £ 3BT Sald Lt tud A
. 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
|  PFDA-13C, (515> 470)
[ o e 3 — LI
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
= PFUdA (563 > 519) l
1: ek, LRSSl =T S
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
PFUdA-13C, (565 > 520)
1]

100 | 200 | 300 | 400 | 500 | 600 | 700 800

X 1. PFCs D7 ua~< K7 A

@ HEHERRIZ L B PFCs ORRERRIZ BV TIL,
13 FEOLAEW T X TIZHBWT RS 0.997
PLETHY ., mWEMRME AR LT, PFCs O
#= oW RS (IDL) E . 0.029 ~ 0.19
ng/ml , PFCs JIE R HIBR S (MDL) 1%, 0. 052~
0.315 ng/mL ThHo7-, (F 3)

BER RS AR LR

ng/ml (IDL) (MDL)
PFBS 0.072

PFPeA 0.029 0.111
PFHxA 0.059 0.091
PFHpA 0.079 0.079
PFHxS 0.065 0.115
PFOA 0.082 0.248
PENA 0.073 0.267
PFOS 0.190 0.315
PFDA 0.122 0.270
PFUdA 0.106 0.131
PFDOA 0.073 0.131
PFTrDA 0.056 0.052
PFTeDA 0.058

#* 3. MR HIRA, E RS

® FEEEBE L CEREMYE (NIST standard
reference material 1957) % F U THiakRES
LD PFCs REAMI LI-E Z A, FFEOR
ROPRENTZ, (&4

% 4. AEHE T 2 F V72 PRCs J fiE

Env.

A EPA REBKF
o Canada

ng/m! g g/e 8/g
PFBA ND - - <0.05

PFPeA ND - - <0.05 - - -
PFHXA ND <0.093 - <0.05 <0.05 - NR <0.05
PFHpA ND 0279 <04 0.277 0.33 <0.61 <1.0 0.27
PFOA 5.55 4.43 4.88 5.36 4.81 513 5.86 4.77
PFNA 0.474 | 0.762 0.833 0.97 - 0.934 0.869 0.96
PFDA 0.299 | 0393 <0.2 0.285 0.327 0.53 <1.0 0.26
PFUNDA [ 0.359 | 0.176 <0.2 0.159 0.216 0.105 <0.5 0.174
PFDoA ND <0.073 <0.2 <0.05 <0.025 0.203 <0.25 0.16
PFBS ND <0.075 <0.1 <0.02 - - <0.25 <0.1
PFHXS 5.17 3.01 3.22 3.53 3.88 5.15 5.23

PFOS 22.0 21.0 19.8 23.6 21.0 219 195

PFOSA - 0.116 <0.1 <0.1

INHDZ END, RAELEDMAERTALER
FiEERWD Z & Tl Rz, £z
UPLC/MS/MS O Tk 1 K 15 4 THRE®
BUVRREZRTZENTE T, &BIlT, 7TH
MOLEFNAREFRDE = 5 2 & Tl
RO =T A a VR EE 10 fEEE, 8
— 7 )vA v AV W 3R A mEE D
EREIC -T2 2 N TE T,

(2) it D #4 W REAR f. HF PRCs B

t kR AES o> PFOA, PFOS, PFUdA,
PFDA, PFNA (32 TOREIM L STz,
PFHxS, PFPeA, PFTrDA, PFDoA |%. —d
B O Sz, EEHEIPIL, PFOA X



0. 48~6. 93 ng/mL.PFOS (% 0. 86~10. 96 ng/mL,
PFUdA 1% 0.52~3.49 ng/mL. PFNA (% 0. 43~
3.16 ng/mL, PFDA {X 0.18~1.17 ng/mL T&

~7-. PFHxA, PFHpA, PFBuS, PFTeDA IZE&
[RALLT CThH o 7=, AFFEOIHEEIZI T 5

4Tl > PFOS, PFOA JRJE & | FESVMEIS KO
DAE OUEYR Al REAE#R O D PROS, PFOA i
FE A belR U2 . sl & B~ R

72> 7~ (Kannan et al. 2004; Harada et al.

2007), b b ~OREREIIHEIKEZ T 5

BBENZ S REINTEY , WK F

WHIE Tl e MR HPIRE S @2 L R
HEENTWD (Hslzer et al. 2008), dbtifF
HENIKRIBREN D2 TH D = ERE
Z BV, PFCs MERFRFRENMERNZ & HI/RIE X

niz,

(3) fE IR BRI o PFCs DR ZEAL,

2011 EDOBMEER L 7= -2 T 2003
EDIFHFO M PFOS, PFOA, PFTrDA J&JEEN
AEIEWMEZ R LT, (X 2)Z0fh 10 ¥4
@D PFCs (ZOWTIEENR o Tz, T,
2010 FEDALFEVEIT & 5 PFOS, PFOA Hilif 23B89
S TWDAREMEDVRIB S D, KA,
T B [AARIZ 2003 A2Z T 2008 4Tl
PFOS IRENEAREIIK T Lz L 0oRERD S,
(Kouji H et al.2010)

P<0.001

= 2003

#2011
P=0.004

P<0.05

Y438 AR i PP F CsR EE (ng/ml)

PFOS PFOA

PFTrDA
Mann-Whitney U test

2. #Tdmif s PFOS, PFOA, PFTrDA 0
FIRZEAL

ARWFFEClE, Bim & 2R — MFEB IO
Nested-4— A2 a2 ha—/)LEFZEDF ¥ A >
T. PFCs DOREHIRTERIC L5 RokkE (&
£« {KHE - P - §6PH) . Small for gestational
age (SGA). Low birth weight (LBW). F-B&.
TeREHE, T ULF—KE « BYUE~D 2
EETT A Z EMNAE TH B, Danish
National Birth Cohort (23 THEIEH D
PRCs BREE L 5 » H - 12 » ARFOIRKS & DA
OBEPRE I TWVWDH I D (Andersen

et al. 2010)., ARBFIETH HARFKE O
LF IR 1m6 »H 3 BEEOEKEIZ O
THMkEE L TRET 5, (X3)

| HIRSMBRE 8426A (2003£~2005%) |

!

\ DRAEERNHILD 7,828 \
Y

| EREMONEYCILNHELO 6381% |

y
ENBHELO (EE) 5966% \

A mokxmn sm |

| 4B RBEER MAEELSBELD 29378 |

|1 mor—sxme |

| PRCSRIERBRE #2008 |

\ FiER

@ 1i%. 1i%6~ A . 3% M (B R - A E -FEE - )

TOMOL (@ WA ARG R AE-EE-WHE) . 1BW
@ 18%. 16 AL 4% TLIILX— BRF

|

3. T YA v

PFCs OHRITIEDWENLIZHF 2% L7228, B
{£ 2000 MR DY FAAIH B KEI > TEY |
A%, RBER 2,000 4 OFHAMLF PFCs
R 13 EO—F o z17 o, dLEICs T
DU D PRCs {FYLSEREA UIE 35 L & T,
PFCs J&EHABREEIZ X 2 R DR % fif ]
THIENHRETH D,
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