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JBAGERFRE M S (RMOXEMHAHEENFEESR)
fRoUEREE ERS8

HA AL OR R REMRAIHBCDs, 2,4,6-TBP, TBBP-AD{5 H 8 DR B

Wyt iaE RO -
WrEHHE I mm T

BB —RRIRFEIEFA - HdR
B — R REIE AL - B

T, AENOT CYBEOIV AT TEAAS NO—RE L TREFRHRA
(brominated flame retardants :BFR) Ot M ANDEREFMINER SN TW5D, Aif
72 Tld BFR O TAFY T OES /7 0RFH % (HBCDs), hUJ7OE7 x
J =)V 24,6-TBP), 7 R 7OEEA T /—)V A (TBBP-A) IZEREHT,
RASHTICL D B MBEEROMHZIT/IR o7z, HAD 6 HUB TR N/~
F 64 BAKIZDWT LC/MS/MS IZL D ERZTT/R D /2/ER,. HBCDs B DA
13, o-HBCD T 2.21 ng/g-lipid, B-HBCD T 0.19 ng/g-lipid. y-HBCD T 0.29
ng/g-lipid, 2,4,6-TBP T 0.53 ng/g-lipid. TBBP-A T 2.97ng/g-lipid ThH o7z, HAE
DORFFLHF O HBCDs DIEHIIZ D 10 FERTHMERZRL. MO 27 EE &
HXRTHEBNWZ ENHENTIR o7z, AFETIIRALF BFR B & Fkn, HE

EFE OBWBERIZASNT, AFH BFR IBEIMOER (BRECHERTLE
LELGE) OREZZITTNLHEEZALND,

A. WEEEHB
R =T DOMIZ, POPs EZ4 U
> OHEBHIX, BRIEFERFORE{
BEYNETERL TWB, FioR) Bl
o7 x=Z)VT—7) (PBDEs) /2 E®D
B R R ¥%MHF (brominated flame
retardants :BFR) 3. ¥EVEIETLENY) &
e P THRHESINTHEHZED TW
% (Kajiwara et al., 2008; Isobe et al.,
2011; Tanabe et al., 2008) , BFR {3 2004
., 7 Y7 Wi O PBDE & DM H &
ZUF. AFH T ORI/ O0RTH
(HBCDs) &5 hS70EEAT =/
—JU A (TBBP-A) DX D7t OEER
KOFEHNET7RLTETWS
(Tanabe et al., 2008; Isobe et al., 2007;
Ueno et al., 2010; Law et al., 2006)
PBDEs [ZDWTIZHARIZBIT 2%
EEYHBREE FANOERIIDONT

WL DM DOEITHMEND 2N
(Kajiwara et al., 2008; Isobe et al.,
2009; 2011; Lam et al., 2009; Moon et al.,
2010). HBCDs & TBBP-A [ZDWTO
BRI DR N, AR TIEERERRL
TW2 & A+ HBCD. TBBP-A,
2,4,6-TBP OIHEREBOLER LT DR
BB E5 2 5ERZHAT 572
WIT, HAD 6 Ml F T Bz 5 F il
EHERBOREN SH LTz 64 1
HEORARB DD 2177825 72,

B. WgE Ak
SATREELERI OFEM & Table 1 12R
9, 2008 FEMN 5 2010 FEDORICHAD
6 Hids, (Ehk. A, BB, RUER. T
fE., EIR) TEIRLABALZHAWE
(Fig.1) . BFAK SmL ICNEE#EEL L T
3 fD °Cip-labelled HBCD R4k,
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BC,-labelled TBBP-A , '*Cg-labelled
2,46-TBP ZiRkmL 7z, XiZco7nn
AE U NFH (1L, vv)EIA.
Hik R LI E 2 € L7z, GPC
M, MINEKEZEZ R D7ZDIC
d18-B-HBCD Z iR L 7z, LC/MS/MS
Dz EE 7O N5 A% Table
2 & Fig. 2 ITRY,

C. WHERER - B

64 DA RBITE ENDIEE
130.8~2.9%, RMFIHFTI2% TH >
77 OHTHE R 2 Table 31019, 2kl
T HBCD % % & ® o-HBCDs .
B-HBCDsB & TM-HBCDs &7 #1123
100%. 91%. 64%DEIE& T S N7z,
o-HBCD D& I 132.2ng/g lipid T
HO. E=HBCDEMMAEF DOFEED
83% (24-100%) % 5 ¥ 7z, —Fp-HBCD
Ey-HBCDIEZ$1Z419.6% (0.08-51%)
£7.0% (0.12-75%)TdH - 7=, HBCDH
g TV AT T2.2ng/g lipid TdH
27, 7x/—J)V%EBFR®D 5 &,
2,4,6-TBP & TBBP-A13.90% & 97% T
HENn, FNENRMEHEET9E
2.9ng/g lipid T & o 7z, HBCDs D A
DT, a-HBCDOEIENE W &%
HfTTEE —E L TWwb (Abdallah
and Harrad, 2011, Kakimoto et al., 2008;
Polder et al., 2008, Shi et al., 2009,

Eljarrat et al., 2009) . “7[E]Da-HBCD D
SR (2008-20104E D EFELEEL 13
SefT i 2% (Kakimoto et al., 2008 :
1988-20064F DREFLAE) KD BHE<,
HADEEE P2 5HBCDDERE D
WmearLTWS, BEOHAD
HBCDsDREIIA Tz —F >, 0T 7,
T4 JE>. JIVT 2 —(0.25-0.86ng/g
lipid) L D b&E<, FE, JVF—, B
>4, XRhF AL, 4F Y Z(1.0-3.8ng/g
lipid) & [E]#2 T & o 7= (Carignan et al.,
2012; Abdallah and Harrad, 2011; Polder

et al., 2008; Shi et al., 2009; 2013;
Eljarrat et al., 2009; Malarvannan et al.,
2009; Thomsen et al., 2010; Colles et al.,
2008; Tue et al.,, 2010; Harrad et al.,

2009) o FEHNESL T HIEIL T
B2 BEHDOO, HBCDsNY AU 712 <
5, 7¥7Ra— 0y /N T W R
3T ITFE & —F L TWb (Watanabe
et al., 2003; Law et al.; 2008) . Isobe et al
(2009) VX H A& AN @ fig B # #& + @
HBCDs (0.85-39 ng/g lipid) 237 AU 5
DHOLDEWI EEZHEL TWVWSD

(Johnson-Restrepo et al., 2008) . #’F¥L
i O HBCDs & TBBP-A I3 4 7 B 32 @
PBDEs WM EDEETH - -

(Haraguchi et al., 2009) . TBBP-AlX
0-HBCD & PBDEs & [6] L ANV THH &
117z, TBBP-AIXHATDEITHIEMN
Mz < BT E IR WD, AWFZETO
TBBP-A (¥, 2.9 ng/g lipid) 1%
FE O T EEE O FIRECE
¥ 0.4 ng/g lipid) (Shietal., 2013) X
DHELS, AFVART T A EFE
T3 - /= (Abdallah and Harrad, 2011;
Cariou et al., 2008) . AWFFE TII3tfE
2B W TIEHIZEIEE O TBBP-A
(>100 ng/g lipid) RSNz, TN
WHIBREBEICLSADOEEDN S,
2,46-TBPOHANHFREIZDNVNTOD
MEITERP I DWW TOARE
INTHO (130 pg/g lipid, Kawashiro
et al., 2008) . B D SHTHERIZT
NEFBETH-O. £, /U x
—DORAFE O HER (0.077-26
pg/g wet, Thomsen et al., 2002) & HI[F]
BETH- .

FPEYE & Filp, HERB OB
E8{% % Table 4 & Fig. 3 IZ/RT .
2,4,6-TBP XN TBBP-A DOEIZIZIE
DOFEAMN R S 3 (r=0.286. p<0.05). Z
N5 2 O0D7 x/—I)UPE BER 23FE
DEEERTIENRTRBINT,
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HBCD H1:{A®D B-HBCD & o KU
y-HBCD & ORIZHBEILR S /-
7=, B-HBCD & 7 = / — )% BFR &
DO RNIZIIHEAN R SNz = 0.44,
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Table 1. Sample information of human breast milk in Japan

Region N Sampling Number of births Mean age
year 1st 2nd 3rd
Miyagi 17 2009 10 4 3 29.7
Tokyo 2 2010 - - 2 28.5
Gifu 3 2009 - - 3 32.0
Kyoto 3 2009 - - 3 333
Hyogo 19 2008-2009 10 6 3 309
Nagasaki 20 2009-2010 8 8 4 28.9

Table 2. List of analytes and parameters of LC-MS/MS detection

Compound Abbreviation  Formula 1 MRM-transition DP cp DEP  CE CXP
(min) (m/z) ™ M 8%} ™ ™
2,4,6-tribromophenol 2,4,6-TBP Ce¢H,Br;0 7.9 328.6—78.8 50 3.0 14 52 2
Tetrabromobisphenol A TBBP-A Cy5H2Br,O» 8.8 540.5—78.9 80 7.0 32 86 0
a-hexabromocyclododecane o-HBCD Ci2H;sBrg 10.2 640.4—78.7 25 8.5 30 48 2
B-hexabromocyclododecane f-HBCD Ci2HsBr1s 10.6 640.4—79.0 40 6.0 28 30 2
v-hexabromocyclododecane vy-HBCD Ci>H,sBrg 10.9 638.4—78.9 45 4.0 48 56 0
15C-2,4,6-tribromophenol 3C-2,4,6-TBP  C4H,Br;0 7.9 334,6—78.7 55 11.5 32 54 2
13C. Tetrabromobisphenol A BC-TBBP-A C5H12Br O, 8.8 554.6—79.6 80 7.5 50 86 0
13C-g-hexabromocyclododecane 3C-0-HBCD C;H5Brg 102 652.5—78.7 30 6.0 26 32 2
13C.B-hexabromocyclododecane l3C—ﬁ»HBCD Cy2H;Brg 10.6 650.5—78.8 30 9.5 25 32 2
13C-y-hexabromocyclododecane ¥C.y-HBCD C2H;5Brg 10.9 652.5—78.7 35 8.0 26 28 2
d1g-B- hexabromocyclododecane d;s-B-HBCD Cy,H;4Brs 104 659.5—281.0 40 7.0 26 50 0

API 3200 MS/MS parameters of declustering potential (DP), entrance potential (EP), collision cell
entrance potential (CEP), collision energy (CE), collision cell exit potential (CXP), and the retention
times were also presented for all targeted analytes and internal standards.
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Table 3. Concentrations of a-HBCD, B-HBCD, y-HBCD, TBBPA and 2,4,6,-TBP in Japanese
breast milk

Concentration (ng/g-lipid wt)

«-HBCD B-HBCD y-HBCD TBBPA 2,4,6-TBP THBCD
Primipara n>L0Q (%) 28 (100) 23 (82) 15 (54) 27(96) 28(100) 28(100)
Mean+SD 28+21 0.18£0.15 0.2440.80 6.7£10.6 0.7120.44 3174267
Median (Range) 2.3(0.22:9.4) 0.15 (<LOQ-0.7) 0.031 (43-0.01) 1.65(39.9-0.01) 0.73(1.90) 2.48(0.46-13.9)
GM (GSD) 2.1 (0.00) 0.1 (0.00) n o 0.034(0.04) N 1.56(0.94) n 0.44(0.00) 2.44(0.00)
Secundip n=LOQ (%) 18 (100) 18 (100) 12(67) 18(100) 18(100) 18(100)
Mean=SD 1606 024015 0.45+1.42 17.6£35.7 0.80£0.54 2.2741.62
Median (Range) 1.6 (0.7-2.6) 0.20 (0.09-0.7) 0.051(6.1-0.01) 337(151-0.7) 0.72(1.78) 1.95(0.86-8.12)
GM (GSD) 1.5(0.0) 0.2(0.0) n o 0.055(0.1) no 53400 n 0.44(0.0) 1.95(0.0)
Tertipara n>L0Q (%) 18(100) 17(94) 15(83) 17(94) 18(100) 18(100)
Mean=SD 20408 0.17+0.12 0.19£0.17 1384517 1.0240.75 2.36£0.92
Median (Range) 1.8 (0.8-3.4) 0.14 (<LOQ -0.4) 0.14 (0.57-0.0) 3.96(2209-0.0) 0.81(3.36-0.30) 2.01(1.02-4.28)
GM (GSD) 1.8 (0.0) 0.1(0.0) n o 0.11(0.0) n o 447(47) n 0.840.0) 2.19(0.0)
Total n>LOQ (%) 64(100) 58(91) 42(66) 62(97) 64(100) 64(100)
Mean=SD 2215 0.19£0.14 0.29+0.92 46.74276 0.8240.57 2.6942.04
Median (Range) 1.9(0.2-9.4) 0.15 (<LOQ -0.7) 0.08 (6.1-0.0) 3.20(2209-0.0) 0.75(3.36) 2.20(0.46-13.9)
GM (GSD) 1.8(0.0) 0.13 (0.0) 0.06 (0.0) 2.97(0.9) 0.53(0.0) 222(0.0)

LOQ: Limit of quantification, 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. “Means and GMs with different letters differ
significantly (p<0.05, Tukey—Kramer HSD test). For example, the letters A and B inhdicate that the
corresponding values differ significantly at p<0.05, while A and AB or AB and B indicate that the
corresponding values do not differ significantly

Table 4. Speaman’s rank correlation coefficients between analytes (N=64).

Age Parity o-HBCD B-HBCD y-HBCD TBBP-A TBP
Parity 0.374**
a-HBCD -0.039 -0.144
B-HBCD 0.05 0.005 0.000
y-HBCD 0.378%* 0.263* 0.171 0.161
TBBP-A 0.057 0.169 0.059 0.440%* -0.103
2,4,6-TBP 0.188 0.147 0.000 0.320%* 0.185 0.286*
YHBCD 0.040 -0.108 0.960%* 0.096 0.296* 0.111 0.031

*_ Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
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FRHEE 7 J1X72,2009-2010 FD & S MiEFIZHBIT S TCS OFEGFERE EITH#EE
(V7)V) T1.07 ngmL, HA GEHE) T 3.08ng/g lipid &720., HAAND TCS
BENMBIZEWEEZRLZ, BHEAAD TCS MAEEIIERICEKFET T, B
fERZRSIEN o7z, MEIOFEEEEZEETHE. TCS DL IIBERHAT
REINL®Z, TO—EHAMERICEEL TS EEDbNS., —F. MiEHOD
REEBEDSE HCB, T2 RV T 7 . AR —)VH<LOQ~0.66 ng/mL O #i
FHTHRHEN/~, TCS 1. HATIX HCH. trans-NC BXL N PCB153 SHEAL 7=
N, BETIEHMEBEEIZR S NN &N 5. TCS DRENBEHRLND

AJEEPEDVRIE S N

A. WIFEEH
ERCEENBEEINDI T/ —
IWENT T AkEY (POC) D55,
Fr AL TN E TIT 2,4,6-tribromophenol
(TBP) . pentachlorophenol (PCP) .
tetrabromobisphenol A (TBBP-A)B LN
hydroxy-tetrabromodiphenyl ether
(OH-BDE) DO EHEREZ H. 2 AW
T#EL CT&E7 (Fujiietal,2014), {5
NS INASA MU0 >
(5-chloro-2- (2,4-dichlorophenoxy)

phenol; TCS) IZDWTIX, HADEE,

RATREZEFEOREEITE S
¥ 7z, TCS IZ. OH-BDE & [k DF
=AU, hEEBETHEAELT
AN TWS, E72HE DL
WEXRICHEMENTRAHINTS
0., BERICHEET 5 & —FI3RIe
WBIEICERE IS (Rodoricks et al.,
2010), TCS OFEMEIIE N E I NBH DY,

Z DK D RO =0 M HAE
NGEREBIKICESETHRIEEN. E R
HEKANODBEBEBNREFTIN TNV D

(Bedoux et al., 2012), TCS I3, &%)
EETHWD < ELENERINT
W5 (Axelstad et al., 2013; Paul et al.,
2012), F£7z. BB TCS Mt
WO A7 ZE0 50kt dH
% (Chen et al., 2011; Sandborgh-Englund
et al., 2006; Pycke et al., 2014), HAIZ
BUIF2AMENSD TCS BN

(Miyazaki et al., 1984; Okumura et al.,
1996). & b ORBEEMN S OEIRENHE
TEZNTWS (Canosaetal., 2008) . Kk
kT E FOMECHALFT TCS 5%
BOWMEN/ZE (Allmyr et al 2008;
Dayan et al 2007) . f¥iRI/REZ_SF 1 >
7 EEEFnAMTHN TS (Dann et
a 2011; Dayan et al 2007) . F&& [JAj[E]
DMETHAANDOEENSD TCS D

- 129 -




MEESRATREEZRELE, L)
U, MEFDOREIIDODWTHOT T
FEE ORI TN TR,
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Laboratories fL#l % /=, PNERYE &
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AINA A My 7RIV KT (Dr. G,

Marsh ) X 0 7 E = 1 &
4’-methoxy-BDE121% FI V2 /=, TCSD#F
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chloride (Sigma-Aldrichf:#4) & f W 7z,
MR U 7 VA 013 5% B8 R SR A

RAEZEESEREKIOTNT T T 4
—HzEzHAWkE, UNTIL (Wako gel
S-1) R I DAL, A
12130°C T 3WFfHEZ R S Bz,

3) > T

I 3E DO RTLEX, ek D FikE —5
758 L 7= (Fujii et al., 2014; Haraguchi et
al., 2009) . (1) AEREHII. 2) IR
Er7OX T 57 4 —(GPC). (3)
KOH+EtOH/N\FY 12 X B i-ik 5 iid
i & FER(L (PFB). (4) U RS
WA T LZEBHEDOFIETIT - 7=,

(1) 1% 1 mL 120.1% F (5 mL).
5 =)L T F IV T —F )hn-\F
B 2(2:1:7) 20 mLOF RIS X OW
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REDFA AL, BOSEHILD LF
i APy
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DI6-mLIFH TIEE ZBREL. £D8%
D 64-mL7%RULL 7=,
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mlL) K E L, IM KOH-% / —)b
(73)EMWRRmL) THEMmE 2T\, k
B (hEmE) STt (T /I
YIE) oL 7z, S EIL mLE
TREL. TR U AT IV S
LUz, AEME O FEIZ IM
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) . BODImLIZDWTIZ 7 A
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L7= (Dirtuetal., 2008) s F—A KT 1)
7 T 4.1~13 ng/mL D &HiBH TG
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Table 1. Selected ion monitoring (SIM) used in the GC/MS analysis

Carrier gas Helium (head pressure 3 psi)
Injection mode Splitless

HP-5MS (30% dimethylpolysiloxane, 30 m x 0.25 mm i.d. and 0.25 pm
Column

film thickness, J&W Scientific, CA, USA)
70 °C (1.5 min), then 20 °C/min to 230 °C (0.5 min), and then 4 °C/min

Oven to 280 °C (5 min)
Temperature Injector (250 °C), transfer line (280 °C)
ion source (150 °C for ECNI, 230 for EI)

Ionization mode electron capture negative ionization

Reagent gas Methane

Analytes GC tr (min) Target ion (m/z) LOQ* (ng/mL)
HCB 9.604 284 (286)** 0.05
B-HCH 9.787 71 (255) 0.35
dicofol 11.387 250 (252) 0.25
trans -nonachlor 12.745 444 (446) 0.20
a-endosulfan 12.627 404 (406) 0.10
B g-endosulfan 12.627 415(417) 0.10
PCBI153 14.216 360 (362) 0.15
TCS (triclosan) 12.271 252 (254) 0.32
methyl-TCS 12.404 266 (304) 0.20
PFB-TCS 17.127 482 (484) 0.10
Beores 12.271 266 (268) 0.32
methyl-" C-TCS 12.404 288 (290) 0.20
PrB-PCTCS 17.127 494 (496) 0.10

*Limits of quantification; S/N = 10, **confirmation ion
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