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Sk R B E R LR ANTR, PRI AR HBCDs 89 5% B 4F fEfofd R 2 3] )72 X E, KAXALKIE AHF LK
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@ a-HBCD % &3 M4k, 3 A3k xbmke MR 89 4 F & ' X 1 4 . a—HBCD>y-HBCD>B-HBCD ; @4 45 )L
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H T HBCDs f&— Ml BFRs, % 5 M= dh B i
EIBZS e A Sl e SRS S 7S WAL YL = S A
KA A3 R DU | AR AR FL S A
HI Pk H . HBCDs 7E 2013 4441 F5 A tE A AL
TSP (POPs) Y BAT R AME KIF Rt A
BRUE K R A Y R, R A ) A B
PENT RS IR E S LR R B
PEVO AR | FLF 5T WIS [ S Aot A 4 A 4 2 1
LR BEE A% HBCDs 35347 R DL K B
PR TR A, HBCDs WA A — R A% 4
HE I, JF AR HBCDs (15 B8 7K 7 2 4
RSB FE AR A L

MR BB IR KA 2RISR TR A
A HBCDs'™ X F B4 Lk, 7L ] g fe H R 55
F HBCDs B F k2, A 20 thad 90 A, E A
HMFEERXT AR HBCDs 2288 /K - IF BB ST , 76 A4
My BEFL k& IR W A2 p Y ) HBCDs,
HBREFLAE A — R AR AR A I AR PR o, R — Fh A
AR HBCDs 2 88 (1 A A 9 2 T4
A EEER I 224 )L HBCDs &% K E0F5E, (5
HE X T A HBCDs 827K RIBFGE /0, 45 4tb
XA R R . A R R, E 2011 4
%‘l‘ﬁ{?l_ﬂj HBCDs ﬁﬁﬂgﬂg*@% 6. 83ng/g
lw, i 3 = T 2007 4F (1% 4 [V 8 A 508 (0. 94ng/g
Lw) M Tl A 5T 2014 4EEEFL T HBCDs (¥
JE(S. 67ng/g lw) W& T 2011 fﬁé’wjﬂ”—(z 4ng/g
Iw) 1210 A E A & B, P E 2016 4F HBCDs FR
F BRIk, AL 5UHT HBCDs 4 2R 77 FiAd FH 4T3 8%
A ik 2019 4E HBCDs BYfd B L 2018 4E
B 60. 8%, Nt b BT A T LA, O H AR
HBCDs FRH R ™ i 5, #EFLH HBCDs 1Y 5% B4 FE1iE
DR - D S Qe

PRI, AR 33 222k 46 T b 5T 2010—2018 4F
233 BEFLAE S, SR FH s 50 A €83 — I 6 HH X
(LC-MS/MS) % Hr HBCDs %% B4 /K F- 34T 4347, 1)
AR R sTHTREFL D HBCDs 5% B RRIE 578k i |
I3 R0 P Ay 22 & )L 3 B3 7L % 48 A HBCDs
JEASAFAEAR AU , 1T R HBCDs Bl fli FH 45 B
F2 TR N AR 2 588 R DA $ (AL Al 5000 =

1 SE8S ik
1.1 FEECRAE

i TR 2016 4F E FRAT B HBCDs R,
bt i X BEFL h HBCDs %% 88 47 1E, W H 44 H

2010—2018 4, 3l AL st i e X B BHIX  E &5
DX ZRIRDK PR IX A1l DR B P IX A 3 12 A%
X 55 85 Akl R 4R 233 My BEFLAE M (R —
AEBEE AR S M A AL ) o R
K% 30mL, 25K I8 T 3R A 30mL i B
A RV LA I IR S 58 1 B I R 2
S A VKA —20°C AR TR R PR AF . SRR R AR 5 IR
HRE ST H R FRE & RS RS R
FEA S, T RS 25 A E A st 5 4L
I SRR, AN, R B3 W FH 5 HBCDs 2
77 I AR SCHRL
HEHENEAHFER IR 1,

#1 B SELAEER SR

Table 1 ~ Main information of the donors and samples

KRG EEHAK RERAE EEETRER
2010 7 8 29
2011 14 32 31
2012 7 25 29
2013 3 13 29
2014 12 26 30
2015 7 28 31
2016 17 44 32
2017 9 42 32
2018 9 15 35

1.2 FYERPRHRAR

HBCDs FrUEE W : a—HBCD ,8—HBCD ,y—HBCD
PR, 4R ) >99% , 100pg/mL, 3% T H 2 (1l
AccuStandard , USA ) ; £ 5 i [A] 2 2 #7129 HBCDs
PRUE AT MR TE R . ° C~a By -HBCD HIE,
4 1) > 99%, 100png/mL, & T H X d (g A
Cambridge Isotope Laboratories, USA) ; f& %2 Jr [RI . &
FRICHY) HBCDs FRUEEIRAEN A5 : Dy~ B,y —HBCD
LR 435> 99% , 100pg/mL, ¥ T H K (Il A
Wellington Laboratories, Canada) ,

ECHBE SR YT A B (RIS, 4L) W B
Jent J&K H R AL ; £ (HPLC 9%,4L) , W H
Honeywell , USA ; WAt R (L4 21, 500mL) , g { b5t
LT %7K, 1 H ThermoFisher 23 F], USA ; To/K i
RSN (o3Arat) |, W [ 1 245 5 1 A 2 a5 24 v fiE
BUTE S 34 v 450°C 148 6h s RE K [T R AR IURE : 1g,
6mL( Agilent, USA ) ; B .0 % 15mL (% i, # [ I
W) B0 1. SmL (AXYGEN, £ ) ;25 1 a5 1
IR Y B J5TAE & oh B A A2 0 (W T )
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Jig 15 & & 38g/L,
1.3 PR S

KR AU (LLE ) $2 URE 5y P Y HBCDs,
WA R Bt AL AN [ AH 2K B (SPE ) 254 58 LR i h ik
FAL B BRI

HERHE B 10mL £ 7L T 125mL 373 50 % 0 <)
HO A 10ng PIBCRFE /R Y (PC-a By —HBCD &
BIRER) o IRUIMAZIK SmL £ 10mL HF5HE
an R LT DOE, BEJS A 2 15mL FEC
Bt 25mL, o4 PR AR B UL, # B 5 2 5 e R A AL
. NZ7KARH IR LA R E S PR — IR, A IR
PEMORZIOK BRI /K G Jik4i 25 T, AR5
R DEE RIS T

fEEE s IE C e B, il E A S
4mL Fr 60 B B B b, MERR RS B 2mL $5 78 2
15mlL B0 B2 IMARELER /O3S R
PRHER, B2 L2 E S (4 6mL) , iNiiE
B BOE EEAYUE, BRERAHFOIA 2mL 1E 2%
VR, R IR RS B LR A
I, L TKBRFR SRS , B AE 2 TmlL,

25U R Tk Ak 5 A HILARA VR SPE 5
b, BT 6mL IECLRETE 1k SPE A5, K iR kR
ERVA TR TC EAE KA 12mL 1F ek vk, 6mL
PR B H U 2 B 3 B A v AR E T, A
200 L FF 2 A2 5 RIS 45 (B PR 5 A7 25pg/L 11
D,y—a B.y—HBCD IR G AR UEVE IR ) , # & 75
Ji€ 2min JEFEFL £ 1. 5mL %l[ﬁ%, L 12000r/min &
L 8min, UL JZ W B BAF AR T (& A
) IRAF
1.4 fUEFME

TAH (L3 - 0 RS I FH A (LC-MS) H Hif & 43t
HBCDs 1) £ 2 AL &%, A B 52 fff | Waters UPLC
CLASS =80 A EB B APT 4000 = 5 DU AT i i
X HBCDs 119 3 F=lE XoJ e S A (A 0 17 5 1 R 1 53
BT, BRI s S 0 BT R 820

ik S5 WA (L3S A R Agilent Poroshell 120
EC-C18(3mmx100mm,2. 7um) , £ 40°C , #EFE1A
AL 10pL, i % S00wL/min, S A A1 B, B AH
RBAK B EEVENAR Y LR 2,

iS5 R FL S 25 85 U5 (ESI) , 11 85 F-F
B, 22 S ny W R AR B X ( MRM) 47 A T
HBCDs FJ WM ESF ,m/z 640. 7—78.9 Fl m/z 640. 7
—80.9;"C-HBCD W W& ¥, m/z 652. 6—78.9
Fl m/z 652. 6—80. 9; D,,~HBCD Y Wi & T, m/z
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657.7—78.9 Fl m/z 657. 7—80. 9; HAh Fiilk 24 %
WE3% 3, SR Analystl. 6. 3 B4R A0 M 508

2 WG BEBIR
Table 2 Gradient elution procedure of HPLC for separation
I i) A A B i
('min) (%) (%) ( wL/min)
0.00 60.0 40.0 500
11.0 92.0 8.0 500
14.0 100 0.0 500
16.0 60.0 40.0 500
20.0 60.0 40.0 500

%3 RIEFRISSE

Table 3 Main parameters of mass spectrometer

Bk A 280
F AL E ( Temperature, TEM) 300°C
B T4 R (Ton Spray Voltage, 1S) -4500V
KA SRS (Curtain Gas, CUR) 10psi
%4LS (Ton Source Gasl, GS1) 60psi
BB (Ton Source Gas2, GS2) 50psi

Tilf % <, 4 /7 ( Collision Gas, CAD) 8psi

L HUE ( Declustering Potential, DP) -40V
A T HLJE ( Entrance Potential, EP) -10V
fili 4% fE i ( Collision Energy, CE) —40eV
filf 4% i 1L ( Collision Cell Exit Potential, CXP) -6V

PRI AR D —HBCD (25pg/L) | A1
5754 C—HBCDs(25pg/L) \HBCDs(20pg/L) J2 5
FriEFLARE & HBCDs (B-HBCD A4 1) 3 Fh 44
PRPE S 3 o ik BT A 1# 1 B
1.5 sl S PRk

SRAE T BREZLRE S AL EA TR, A 20 SRRk
— b, B S R ISR A BT ES E EREOm
B CIMBRIRBE 10png/L) FOTRER S RS ff ARSI, 3 I3
25 RIS TN bR 1 2R FH 8 T ) K6 1) v ] 7 ) 4 44
W B as i A I 2] HBCDs ¥ 8 3 FRl7E < LOD ~
2.3ng/g lw, M FEAS FHORKG DN 3] HBCDs, BEFLAE
A ERTALBRETINA « B.y~"C~HBCD iE &R iEVA
W I E AR Y [0 3 S FIFE 65. 6% ~ 116. 4%,
BT AT BEFURE AR ) HBCDs ¥ FE ¥4 LI 5 o i 115

KRN 2 AR5 2 i, 3 A HBCDs EXT i
SERRTE 1~ 100pg/ L GG B Y I 2tk B 48, AH G
FE(r) HRT0.995, 3 52 B 5T AnAR 1S58 FAH
MR A 22 R VAN 7 76 WA E i B S5 R 4 5, DA &l 2F
Wik 3L B4 T 0. 2ue/L. 0. Spe/L Fl 2. Ope/L
SRR BE KO B IARRE S BRI EE 5 AP AT
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Pl 1 bdfiade (a) D,,—HBCD . (b) *C~HBCDs. (¢) HBCDs K ShsBEFLEESAH (d) HBCDs —= Rk ARSI 2 T %)
Fig. 1 Extracted ion chromatograms of (a) D,,—HBCD, (b) “C-HBCDs, (c¢) HBCDs in standard solution and (d)HBCDs in

actual sample.

AbFR 2% SR AR 1 [Ty 70. 1% ~ 126. 1% , AR

PRUENR 220 3. 6% ~ 18. 1%, LAFERZS (1) 3 i Mk
WG = Uy X 7 (R U FE TR « By —HBCD i R,

S8 19. 9pg/g 1w 18. Opg/g lw 11. 3pg/g 1w,

2 gER5PHE
2.1 Jestii R HBCDs Y5k K -

% 4 NGRS T HBCDs (946 Hy % Kok Bl .
FHH 2 AT 1, HBCDs 7E 233 {3 BEZLAE il v i A H 320
100% , 78 HBCDs 7E A 238 38 7775 , Wk B Rl
0. 46 ~93. Sng/g lw, H{E FHH 5~ 7. 27
ng/g lw F1 5. 77ng/g lw, = ¥ifi 2 i 1t 5% 95 1 43 fH
15, 6ng/g Iw, &l 2 BT A BEZLAE S HBCDs iR
JER R (g E) . BT AT LA
BEFLFE i HBCDs /K- 3EAAL T 20ng/g lw LITF,
HAENMEZESR

[ ISP AF 9 25 SR 45 A B H At b DX B S (B 1
HeAE . St i X DU (R BF 58 S50 A L, 4 S0l
() 2010—2018 44t 3 i BEZLAE 5t ) HBCDs ¥

100
| : !
90,

WIE(ng/g Iw)
=S
>

0 X A8 X A
2010 201[ 2012 2013 2014 2015 2016 2017 2018

B2 2010—2018 4= BEFL b HBCDs #¢ 43 A 80 AL B RN
HrE Lk

Fig. 2 Scatter diagram and median values of HBCDs
concentration distribution in breast milk from 2010 to
2018.

5 AH [R]4F 3 At AHF 5% B9 0 5 45 SR JE A — 3, Shi

ST SE A 2011 4EJL st T RERL T HBCDs ¥R

{4 2. 4ng/g 1w, Huang 45152 1 2014 4EJL 5T

£:FLt HBCDs W FHH 5. 67ng/g 1w, Zhao f[21]
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Table 4 Levels of HBCDs and diastereoisomers in breast milk in Beijing from 2010 to 2018

SRS e/ MH P5 SR Ty P95 & FNI: A Ak
HBCDs FH9fk
(%) (ng/g lw) (ng/g lw) (ng/g lw) (ng/g lw) (ng/g lw) (ng/g lw) (%)
a-HBCD 100 0.12 1.24 5.83 5.09 13.6 48.3 80. 1
B-HBCD 35.6 0.00 0.00 0.25 0.00 1.35 13.4 3.60
y-HBCD 70.8 0. 00 0.00 1.18 0.24 3.22 73.1 16.3
HBCDs 100 0. 46 1.84 7.27 5.77 15.6 93.5 -

T WREEAR TG BRI 0 {F ;PS5 P95 433 FRER 5 56 95 H 4 {H,

e /) 2018 4F 6 5t i #EFL h HBCDs ¥R B2 i
7.64ng/g lw, 5 EH Al b X BEFL ' HBCDs B 5%
BOHRAA L, A SO E 1Y 2010—2018 4EA6 5 i BEFLRE
it FP % HBCDs ¥ B2 AP A I IE T Shi 257 2011 45K
FET2E 16 A4 0 BEFLFHE S ik B (P E R
6. 83ng/glw) , B T2006—20074E 7 | it Fil
2011—2013 4E J I 4 [X R 46 19 £ 3L FE &
HBCDs ¥ & ; 55 [ 41 F Al [ S Bk 58 850408 AH EL , AR SC
D5 %) 2010—2018 At BEFL o HBCDs W AR T
2006—2007 4EPHHEA " £ F, v HBCDs 7K ( HE
27ng/g lw), U H F H AP g @7 3%
ES RN/ |- NN = 1 AR | e = ) 4 |
P e G I T A R A ORE L
HitkFLH HBCDs ¥k i 5 [ P A1 H Ath X AR LAk T
BERIKAF 3X N R E X HBCDs FYFRELR 1 (i
UL B Ad R K,
2.2 BRFLH HBCDs XM Sk PR i 2 A A

H1 ¢ 4 TI0, BEFLRES P HBCDs A9 3 Flil X ik
S0 A /9 At 2 IF . o - HBCD >y — HBCD
>B-HBCD ;3 Fp S A AR Y 2 7 ELIU A ; e~ HBCD
>y—HBCD>B-HBCD, 7RI BEFUAE v 22
Ph a—HBCD B XAELE, Bt Ll 80. 1%, iX —4%
S5 H A X REFL P HBCDs MM 9T 45 R A — 3,
#1140 ,2006 4 Ryan 557 B AR IE T HEFLH HBCDs
() 3 Fh SRR I 2 BT, 45 5 7R 56 [ RN £ K AE 2L
1341 a—HBCD 2 332011 4F 3 E 7 () — I 5%
s, ¥4 o -~HBCD (5§ HBCDs & F 9] 1k 3|
79% ; bt Z W R R W, BEFLH a—HBCD A &
BRG] B T AEA PR N a—HBCD
FHXTF B-Fl y—HBCD () K AERR I h 25
5 & HA G oA o S8

B2 ARG 2 B0 5 (20 6% ) BEFLEE &b
y-HBCD 2 £ % 5 W&, & & 5 k52, 2% ~
83. 5% , IXSEREFLRE S I E AR R AE T [6] — 400, i
B 2 [ — 7 25 S R [ T R AL,
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FETE B S AR AN [R) A1 B0, 3K 2 BH AR W A Iy
HBCDs SEAERIY 22 55 n B8ROk AWK A B
W AR HE AL 25 5 IR 25 32 B AN IR B 1Y
SR BRARSCHYRFFT AN, Eljarrat 25124 FE 2009 4E 7
PEAREFAE S R Z B T A y-HBCD h FEEFH
PRI AR RRAE 1T AR AR P9 A A= B 55 5, ) 4 afi
B k&M IRIHS P R kBT L y-HBCD
R ) SRR S AR AT

SV L Z I R I EERL S AR HBCDs 1Y
F SN a-HBCD, FB50EE 4 Fh HBCDs ) 325
SRR R y—HBCD, A SCLEG 40 AT 4 i 1Y AF 58 45
H A 3 s S 4 R 43 A R iE 25 S 1 1R AT g
& QAW AR AT AR RN HE L ] A7 7E 25 57
] i A= A N % A2 HBCDs AN [A] S 48 44 18] 4 5% 4k
PRz It 4 SRR E Y 3 Ff HBCDs 2145
K, AR N B B-HBCD Hl y - HBCD 7% 7E [f]
a-HBCD AL BII4: 6 Huang 251 78 A JFF 56 20
farh 1 & B a—HBCD #1 B-HBCD [1] y-HBCD ¥4k
MG N RGBS 5EH, QFERE
RS, ORI TR R i — I 5% & B, 2R
b Y HBCDs S A1 Lla~HBCD i 3, Hifth £ & rp
Ply-HBCD k&, &% & H R &M AR RN
a—HBCD S ™ 53 A k5 & 38 a5k A Ag
iZH 4 HBCDs BIFFE & B, M= KR o E 2 5%
B, AR BRI y-HBCD' ) 4
MIh R FE A, A EZR AN
a—HBCD, & 355 99% LA ' T A4k HBCDs
()R EEIRIEE I M, 2 B Z M A YIpLH] 052
H X AR HBCDs )5 #4470 A1 25 5 90 1 7 1 Ay
{18 55 IR G A AT A7 A PRI
2.3 Jbxiili 2010—2018 4EEEFL HBCDs # )19

Ak

] 3 S A 58 98 A B B) P9, b st i REEL Y
Y HBCDs LA K 3 ol E Xof i 53 44 {4 ik J3E v (5 B i ]
AR IEIHTAT LUE ) 7E 2010—2018 4 1
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ZEETF, 5 2010—2018 FILHTTT AMR IR T BE 5% B 45 IR -5 XU PFAh

LV

8], AL AR HBCDs B 280 4 BT, BEJS /)N
IR TR, IR T m&s, B 2010—2013 4,
HBCDs BB H34E 1 TF,2013 4k B0 J5 /Mg B T
FEIf kT V22, K miik s St b ST 1
BRI, a—HBCD 5 HBCDs S 728 L A 7E 7
JE AR, B~HBCD 1 y—HBCD #& {4 ¥ i ¥ 51K
FEAR/INT Ing/g Iw, HIT 9 %A B B a0 A8tk e

Zhao ZEPV HELEWEIN T AL BUTH 2011 4F 2014 4F
K 2018 A3, HBCDs BY 252K, KB EEFL
HBCDs ¥k & 22 30 I #a %, A J& HBCDs AYH74E
PR LA S HBCDs 7E RN H2F s W PR R R
B FE, BRI Z A, A SN A H R B ]
F AT B 5 HBCDs (WA Ml F S A8 I 56, HBCDs
VER A BKE = R IRACBHEA R, M 2001 4F 3] 2010 4F
R TR g A 8 T A &%} HBCDs
M REEXF. [ 2013 4F HBCDs #41 AT 78 /K BE
N A A R4 B, 423k HBCDs [194E 7= i
I FH AR B s Li 26 e R 53 1 e | 7 o
FIK K HBCDs HOAEF= i, 45 S 2 W v [ HBCDs Y
AR P4 A 2000 4F #2013 4FEHREZE T, 2013—
2015 4EFF 46 T R, dbnt i BEFL h HBCDs ¥ M
2014—2018 4FA2 fp e #4122  {H7E 2016 4F rh 5 9]
A HBCDs Ji , I H BUEH o (0 Rk %, mT
JEH T HBCDs F 2 T @ Sk b fEw 20 2k
FHIE T3 A4 KA 9 HBCDs #E5% A A= 77 A 1
N KR RS RA A HBCDs i EEAH T
R, HATEIA BT ik AR 3R B St i B
HBCDs ¥ B 7E i [7] 42 1k #3211 B8 R S FRrix —

z
)
Sl
‘B‘é —— Y HBCD
® —— o-HBCD
2 r S-HBCD
y-HBCD

—

T w—

2010 2011 2012 2013 2014 2015 2016 2017 2018

PI3  BRFLrfr T HBCDs Be i S fAc e 15 vl EL RGN [ 4k
B
Fig. 3 The trend of the median concentration of HBCDs in

breast milk over time.

2.4 W4%))Li3H HBCDs £ A & 5 XS T

BERLAEAE 1~6 AEY L F 8 K2 —f
YiokUE , CAWFoT R B BESE R N 5 24 LR i
HBCDs Ve 8 7775 & 2 HH SV, i H 22 4h L i
FEFLME R4 H 4% A HBCDs F4 28 15 88 1 SR 4E i
T EYHEA HBCDs (T BT LA 24 i s %t 22 4
JLHEA HBCDs f fa BRE XURS: $F Al AR SC3l 3 28 5K
()l 78 30 0] 9 22 40 LY HBCDs B9 4 H A3t
B (EDI) , ik i ZLIAH 22 L ¥ (R R Ske,
—RAEA 700g HREFLEOT)
CxFx700g
ok (1)
A EDL 5 Y i) A HAG T8 A R (ng/kg bw/
day,bw AR ) ;€ I BEEFLH HBCDs B ¥R
(ng/g Iw) ; F R BEFLEE S IR DG & i,

W)L HBCDs 19 5; H A% 1145 A & EDI { U
225, HBCDs [ EDI {76 Bl 7 1. 38 ~ 267. 3ng/kg
bw/day , FM{E4 20. 5ng/kg bw/day , /=5 i A &2 95
HANE R 71. dng/kg bw/day, 5 HAbE K5
ZEIL A L, AR SO 2 B 2010—2018 4F 22 4 JL %t
HBCDs A4 EDI F1{ii 55 Abdallah 257 4% 38 % = (9 0
grah B (P {E 22ng/kg bw/day) B #2iE, (H & F H
AR gl S E SR A e E A i
WIS Skt . 40 Fujii 2512790 52 19 2008—2010
AR H A B4 JLXT HBCDs 4 EDI 1 {H A 13. 8ng/kg
bw/day , Lu 2 2 J5E () 2011—2013 4E5ITiT 2240 )L
%F HBCDs Y EDI H{& 4 8. 4ng/kg bw/day, 7 3Ll
FEMY 2014 455 2018 4E%24)1 L4 HBCDs i EDI Hi{H
S5k 25. Tng/kg bw/day 5 40. 3ng/kg bw/day, 51t
T ATE A 98 A L4 T, B4, Huang 26
B 2014 A5 A6 5T T 2 40 L E i B LR SR A
HBCDs 1) EDI T FRIYHIEA 26. 4ng/kg bw/day ; Zhao
SEPURAE Y 2018 AL T T B4l )L i B L 3R
A HBCDs 1] EDI H{Hi 4 30. 6ng/kg bw/day.

Wt iS4 LA H HBCDs A &
EDI &, 7] LA HBCDs A9 3k 250 KUK fa 3 &R 5L
(Hazard Quotient, HQ) , R 1FAY 2240 )L i B} 7L R S
Z& 5% T HBCDs myfaFe xR . HQ 115807 X an 22 =X
(2) , = RID SN SEE FREE LAY & (USEPA) il 22 1)
kS 2% F &, HBCDs 1Y RID {H K 0. 2pg/kg bw/
day™ 25 HQ<1, MIIA R A M4 filk HBCDs AN 237
A AR AR 5 #7 HQ > 1, WA A M4 4% fik HBCDs W]
B2 A AR XU

EDI=
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5 4L HBCDs B HARVHEA &

Table 5 Estimated daily intake (EDI) of HBCDs for infants

HBCDs R/MHE P5 PRI Ty P95 ICFNIE]

L3 ALEN (ng/kg bw/day) (ng/kg bw/day) (ng/kg bw/day) (ng/kg bw/day) (ng/kg bw/day) (ng/kg bw/day)
a—HBCD 0.35 4.28 23.5 17.6 55.6 236.3
B-HBCD 0.00 0.00 0.76 0.00 2.57 27. 1
y-HBCD 0.00 0. 00 3.89 0.97 12.1 168.9

HBCDs 1.38 5.76 28.2 20.5 71.4 267.3

. P5. P95 A HIFRIREE 555 95 HAMMH,

Q=i (2)
RfD

MR AZ(2) AL R L] FEmh HQ ¥{E h
0.14, " {H M 0. 10, %5 95 H (i fH N 0.36, H
99% e S HQ THAZE /N T 1, R W4 L i B
FLE%E A HBCDs A 2377 A= i 25 ft B XU 5 19% BEFLFE
i (n=2 [ HQ R T 1, RUIN D BN R TEM FL
9 PN 3 Ao R LR R T B 2 4 R 4l Lot A fRe R UGS

3 H5ie
ARSCLAREZL N A BT, RS2 W0 55 94k T b 5t

7 2010—2018 4F-HEFL 1 HBCDs 5% B 7K 5 fid

JHRERUBS: , 45 5 o n b s i BE L HBCDs ¥k 5 [

VA A7 H Al b DX LK T4, HEE 2016 4R [E 4
A5 HBCDs Ji , At 50 17 £ 2L b HBCDs % & Jf
BeAT T %, 7T BE B R 25 P45 h HBCDs /9 ¥k BE AR TH
WA BEAL, T A5 A KA HBCDs 76 £ A fiff
H o T3 AMEAT I 1 2, 8 A 0 B A i 22 4 L
(29 1% ) B0 KB R B HQ (KT 1, W REfE7E
o 2 1R i R AU

AHIGE o A FE B B D SR AR R
PERTREAN AR , A5 AT LA REA & | 4k 252 TF J X Sk
fH HBCDs 7% B /K R 2Pk ol , U KL 2 &
A E 2021 4 12 H 225 H HBCDs J&, Ak
HBCDs 5% B 7K1 1 A48 £k 35 | ] B4 2852 1 ) R 455 v
HBCDs (1) B S i) [a] 28 fh e 3, -4 IF 8 e A AR 1)

Residual Characteristics and Risk Assessment of Hexabromocyclododecane

in Humans from 2010 to 2018 in Beijing

LI Yufang"?, TONG Ling®, XU Jinli', BAI Jinfeng', SONG Shuling™*

(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences,

Langfang 065000, China;

2. National Research Center for Geoanalysis, Beijing 100037, China;

3. Command Center of Natural Resource Comprehensive Survey, Beijing 100055, China)

HIGHLIGHTS

(1) Compared with other countries and other cities in China, the level of HBCDs in breast milk in this study was

higher.

(2) From 2010 to 2018, the residual levels of HBCDs in breast milk initially increased, then decreased and

remained stable.

(3) The health risk assessment results indicate that intake of HBCDs via breastfeeding may cause health risks to

infants (-1%).
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ABSTRACT
BACKGROUND: Hexabromocyclododecanes ( HBCDs ) have been identified as organic pollutants with the
properties of persistence, long—distance migration, bioaccumulation, and biological toxicity. HBCDs have been
detected in all kinds of biological and abiotic samples around the world, and have adverse effects on the
environment and human body. As a non—invasive biological sample, human milk is a good medium for evaluating
the exposure of HBCDs in the human body, and is widely used in the study of the exposure level of HBCDs in
various countries, especially in nursing infants and young children. According to the survey, the production and
use of HBCDs in Beijing has continued to rise since the use and production restriction of HBCDs in 2016, and the
total use of HBCDs in 2019 increased by 60. 8% compared with 2018. Therefore, in recent years in Beijing,
especially before and after the use and production restriction of HBCDs, the residual characteristics and change
trend of HBCDs in breast milk have attracted much attention.
OBJECTIVES: To investigate the residual characteristics and trends of HBCDs in breast milk in Beijing from 2010
to 2018, evaluate the health risks for infants to intake HBCDs via breastfeeding, and provide basic data support for
the scientific use, management, control, and human exposure risk assessment of HBCDs.
METHODS: Breast milk samples (n=233) were obtained from 85 volunteer donors living in Beijing from 2010 to
2018. All volunteers have been living in Beijing for more than 5 years, are healthy, and do not directly engage in
HBCDs production, processing, and other related occupations. Each sample was about 30mL, which was manually
collected by volunteers into a 30mL clean glass bottle with a Teflon lined screw cap, and then transferred to a
laboratory refrigerator for cryopreservation at —20°C. All volunteers were informed of the objective of this study.
Pretreatment was conducted by liquid-liquid extraction and ammonia, ethanol, ether and n—hexane were added in
turn. After liquid-liquid extraction, concentrated sulfuric acid sulfonation was combined with solid phase extraction
(SPE) to purify the samples. Finally, 200l methanol was added for constant volume. After centrifugation, the
upper layer solution was transferred to a brown sample bottle (including lined tube) for storage. The qualitative and
quantitative analysis of HBCDs was performed by Waters UPLC CLASS ultra—high performance liquid phase tandem
API 4000 triple quadrupole mass spectrometry ( LC—MS/MS). The isotope internal standard method was used for
quantitative analysis to reduce the matrix effect.
RESULTS: The detection rate of HBCDs in breast milk was 100% , indicating that HBCDs have been widespread
in the human body. The concentration range of HBCDs was 0. 46-93. 5ng/g Iw (lipid weight) , with the average
and median values of 7.27ng/g lw and 5. 77ng/g lw, respectively. The 95th percentile of high—end exposure was
— 333 —
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15. 6ng/g Iw. There were individual differences in the milk samples. The detection rates of a, 8 and y—HBCD in
all breast milk samples were 100%, 35. 6% and 70. 8%, respectively. a — HBCD had the most abundant
diastereomers in breast milk samples, accounting for 80. 1%, followed by y—HBCD and S—HBCD in order. There
were also a small number of breast milk samples that were dominated by y—HBCD, accounting for 52. 2% -83. 5%.
Even samples taken by the same volunteer in different months had different major diastereomers. The median EDI of
HBCDs via human milk for infant was 20. Sng/kg bw/day, and the 95th percentile value was 71. 4ng/kg bw/day,
which was comparable to the previous research in Beijing, but higher than Japan, Ghana and other cities in China.
CONCLUSIONS: Compared with the HBCDs in breast milk from other regions at home and abroad, the level of
HBCDs in breast milk in this study is close to the previous research data in Beijing, but higher than that of
Shanghai, Shenzhen and other cities in China, as well as higher than the results of recent studies in Japan, the
United Kingdom, the United States, Canada, India, the Philippines and some African countries, which may be
related to the continuous use of HBCDs in China and the large amount of use. In human breast milk, a—=HBCD is
the main diastereomers, while in a small number of samples, y—HBCD is the main diastereomers. The differences
in the distribution characteristics of these diastereomers may be due to the differences in the absorption, metabolism
and excretion mechanisms among individuals, and the transformation of HBCDs among different isomers in vivo,
and the differences in the main external exposure pathways. The level of HBCDs showed an obvious upward trend
from 2010 to 2013, reached the highest value of 6. 84ng/g lw in 2013, and then decreased slightly and remained
constant, which may be related to the production, use and prohibition of HBCDs globally and domestically. The
time trend of ®—=HBCD and HBCDs is basically the same, while the content of 8—HBCD and y—HBCD in breast
milk is low, and the change trend is stable with time. The concentration of HBCDs in breast milk changed slowly
from 2014 to 2018 but did not show a significant downward trend after the initial ban of HBCDs in China in 2016,
which may indicate that there are still a large number of HBCDs in production and use on the market, and human
intake of HBCDs through air, dust, diet and other ways does not decrease. The risk assessment results indicate that
the Hazard Quotient (HQ) of 99% breast milk samples is less than 1, which indicates that the intake of HBCDs
through breast—feeding during lactation would not bring significant health risk to infants, but the HQ value of 1%
breast milk samples is greater than 1, which suggests that breastfeeding may bring health risks to infants. More

research is needed to further investigate the major sources of exposure and the effect of each potential factor.

KEY WORDS: hexabromocyclododecanes ( HBCDs ) ; breast milk; liquid —liquid extraction; HPLC — MS/MS;

residue levels; time trend
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