B &ES 143370

MERE®RSEZ
(BiLFERFARFORMPBEAREARBET —IN—R - BHER)

WET—< . Y 5| SE 2 L3]I =
i) no | AHUSBTRTILREIAHI & BRIAFRLAZOUREHE

HET—~ Organophosphate flame retardants in human breast milk: Levels, patterns, and risk
(F%32) Az | assessment for infants

f{j& haht cc | #)H=2xT %) 2UY A s 2014 ~ 2015 4

g

= EF cs | EX Eh WMEEE R 2016 &

=4

= A—¥= cz | Kunisue Tatsuya MR 2 BIRKFE

Eﬁuﬁfbﬁ% CD AR s )\ Tm I BATT oD s g, =

BEE ea (600 7 ~800 FIREIZEEDH TSN, )

YUBRT AT )L REEAF] (PFRs) (&, BB R MO R RICHR LG 5T 5B THRMEINSILEMETHY.
HRTER 30 oA EESINTINVS, 2009 FIZRYERIEDT=)LT—T)L (PBDEs) HF|ID—ERAS, 2013 £&£(Z
ANXHTOFSYORTHY (HBCDs) A, 5B BB EME (POPs) (CEET 2 AN IRILLEHNEZZMEICIEES
NnNa5EE, RRRHEMHFI (BFRs) DEE - FHDORFHNEITLTLND, CNHDFEFIIZ4FLN, BFRs OREMELELT
PFRs DERAEIEEEMLTHEY ., REZEPLREZIRIHLBIEIN TS, LHLENS, PFRs [ZKDEREEREDOE
BEILIFEAEEBEINTELT . bAEIZHSTAEMEFLORAEAERMEFLELLEL, ZZTEAMETIL, 2009
~2014 FE(ZRELI-EFMFELEXRIZ PFRs 8KV BFRs #40#HL. BARADBREERELEAERATHEEBIZEIRDIR
JEBER A=, - BEXZOEYIREAR/ 20 (esBANK) [CRIFSNTULV = 1999 EOEEEBEIHL. Z
NOEBRFNZ LD FELAIILDOEEFRETL -,

2009~2014 FEITHEEL-BEER BT XTHS PFRs £ BFRs AtetHan . FDREEfIIE PFRs (A& 19. 1 ng/g
lipid wt) = HBCDs (19 ng/g lipid wt) > PBDEs (2.2 ng/g lipid wt) TdH-o1=C&M 5. PFRs ICKBIEFEDIRE
MRIEENT=, PFRs DL &M#ARLIZE B 5&. TBOEP (Tris-[2-butoxyethy!] phosphate) gt = VEIS THRE
%ﬂf:o CDOIEMD, FBRBIIZAEBMEMF LY TBOEP (Log KOW 4. 38) (LEEDEENHY . BIABITLI-LDLHE
=mInt-,

1999 F(ZIRELT-BELF PFRs £K&U BFRs [RELLLEBLI-ECAH, MEATHLBAEEIIRDOOENLLM, PFRs &
HBCDs ;ERE(X 2009-2014 FEIZIREL-BIBLANLIEEMERIZRLIZ, —A. RIE{LEZZ=)L (PCBs) JBE (L
1999 F(ZHA 2009~2014 FOBI.THEEIZIRIETH . cNLDFERIE. 2013 F(Z POPs E£HIDZEXMEIZIE
Eah = HBCDs iR FIxt R4 TH 5 PFRs DEFRZEH 1999 FLIEEML -2 LEBRLTLNVS, EKIZPFRIEEY
DH T, TBOEP ;EE L 1999 FIZEEX 2009~2014 FEOBEATHEICEEEZRLTHEY . EBIELEN o2& E
BT 5L EFEDBENBCRESINT-, TBOEP (XX ICKEREDKRMHER|IZHMINTEY ., ZERF AMNEENLT:-
ER~DBREELERLTLSAIEEELH D,

2009~2014 FDOEBE M SEESINT- PFRs & BFRs [REZFZRAVTCI RO—BHEAEZXRiEH o125, PBDEs &
HBCDs [ WHO AAE&HT-SEEAE (Reference Dose: RfD) KUIEIEZETRLT=, LALAEMS, PFR {EE¥HD T TBOEP
(E—BRADFBITRID ICEET HEMNZEOHN. LRDRELZEICAT HI0LG5FAENDELEEZIONT,

F—T—FK ra

HEIRA

BEL

YRY

(LULTFIFEALGNTLESL, )

BBt Ea-F Ta

MEREES aa

MEHEES Ac

U—+ES

-1 -




REXE (COMBEFRRLHME - IEICODWTRALTLLESLY, )

w1 REGE
pLid
. | BEE o #EE oo
R— aF ~ RITHE cE &5 op
Epr il
#
L | EEE #EA oo
Aty
R— aF ~ FATHE ce &5 cp
w1 REGE
pLid
L | EEL o WEA oo
Aty
R—% o ~ S1T4 oe %5 o
EFA vA
g | BE
HRE HB FATHE HO A =Y HE
EEH 1A
=
= £ 2 HC
HRE vB FATHE HO A=Y HE
PRXXBEE ez

Organophosphate flame retardants (PFRs) are added to a wide range of consumer products, to prevent combustion and
to delay the spread of fire after ignition. Recently, brominated flame retardants (BFRs) such as poly- (tetra-, penta-, hexa-,
hepta-) brominated diphenyl ethers (PBDESs) and hexabromocyclododecanes (HBCDs) have been included in the list of
restricted chemicals on the Stockholm Convention on persistent organic pollutants, and hence the usage of PFRs has been
increasing, implying their indoor environmental contamination and exposure risk for humans. However, little information
on human exposure to HBCDs and DecaBDE (BDE-209) that is still in use, and no data on PFRs are available in Japan. In
this study, we attempted to elucidate the contamination status of PFRs, PBDEs, and HBCDs in human breast milk
collected from Japanese mothers during 2009-2014. Furthermore, to evaluate the temporal variations in levels and profiles
of these flame retardants, we analyzed Japanese breast milk samples archived in the Environmental Specimen Bank
(es-BANK) at Ehime University, which were collected in 1999. PFRs and BFRs were detected in all the breast milk
samples collected during 2009-2014 and the concentrations were in the order of PFRs ~ HBCDs > PBDEs. Interestingly,
the median concentrations of PFRs and HBCDs were higher than those of PCBs detected in the same sample set. As for
the composition of eleven PFR compounds targeted in this study, tris-[2-butoxyethyl] phosphate (TBOEP) with relatively
high lipophilicity (log Kow 4.38) showed the highest proportion, suggesting recent human exposure to TBOEP and
transfer of this PFR to breast milk. When compared with data of BFRs and PFRs observed in the breast milk samples
collected in 1999 (1999-samples), the median concentrations of HBCDs and PFRs were higher in those collected during
2009-2014 (2009-2014 samples). On the other hand, concentrations of PBDEs and PCBs in 2009-2014 samples were
comparable to and lower than those in 1999-samples, respectively. These results imply that exposure levels of HBCDs and
PFRs for Japanese people have been increasing since 1999. Especially, among the PFR compounds, TBOEP showed
significantly higher concentrations in 2009-2014 samples compared to 1999-samples, strongly supporting recent human
exposure to this PFR.




