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Concentration and Distribution ‘of Novel Brommated Flame Retardahts 1n

Human Serum from Three Chmese Cltles f*y

WANG Qing- hu.a1 2 , YUAN Hao-dong' Y JIN Junlﬁf " Ll Peng', MA Yu Jong", WANG Ying' |
(1. College of Llfe and Environmental Smences, -MU fjmversny of China, Beijing 100081 Chlna 2. State Infoymatiomn Center -
Beijing 100045 ; Chlna 3. Beijing Englneenng Research Ceter of Food, Env1r0nmentfand Pubhc ‘Health Beijing 100081, Chinha)

Abstract: Four novel brominated flame neta.rddnts.ll ( NBFRs), hexabromobenzeéne; ( HBB ), | pentabromotoluen ( BBT ),
pelntabromophenyl (PBBz), and tetrabromo-p xylenes( PTBX) , were found in human serum samples pooled by donor age ( =60, 50-
59, 46 49, 30- 39 and 20529 years old) and supphed by Yltmg (_)’T Jilin Province) , Ganzi ( GZ, Sichuan Province) , and Huaihua
(HH, Hunan Provmce) PBBz, PBT, and HBB were found iircach of the pooled samples. The total NBFRs concentration in YT and
HH were higher thari“the concentration found in GZ. The concentrations of total NBFRs, HBB, PBT, and PBBz (except GZ) were
elevated in young people. In both YT and HH, the main pollutants were found in the five age groups; however, the main pollutants in
GZ were not obvious, and the concentration ratios of four of the NBFRs were basically stable in the five age groups. The distribution of
NBFRs in human serum in the three cities showed different trends in the five age groups, which indicated different sources of pollution
in different areas. The total concentrations of NBFRs in the industrially developed areas (YT and HH) were higher than that in the less
developed areas (GZ).

Key words :novel brominated flame retardants (NBFRs) ; human serum; age group; level; exposure
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IR PBT 258 nT XS A | B AR FFOBR A ™= A — 2 1
w2 AP T PBBz Ml PTBX (4 77 Fil
iR E R D
NBFRs CL7EAN 7] iy 20 58 A 52 AL A= ) 4 o v ¢

gefth, B4 Z R EMIR AR EE. REED
M gE & B, I AR MY MR T KA
> NBFRs (PBT, PEBE Il HBB) & &t iy A - 2
fH A 4.2x10°pg-m > 11.9 pg-m . Moller %"
X 2R B V28 KA NBFRs #2547 W0 & 30,
ZREVERER K HBB 4 26 pg-m . Gorga !
XTPEBEA 15 7K 5 U i A I & 28 HBB il PEBE 7% &
(LT EI) 4394 0. 44 ng-g ™' F10.25 ng-g™". Xt
I E = 2t NBFRs BF5E & 31" PBBz, PBT
F1 HBB TEM Je b (- 38 & & (AR E i) 230 901
0.89, 0.24 F10.43 ng-g~'. Siihring %'L& ¥
NBFRs £7 75 T KR a8 fig f{JL R 21 22 . Saini %Lﬂ]f
TH VAP Y 7K At G @JT PBBz. PBT #il HBB.
1E|IEX]L3:/\M§WH{FJ 1 NBFRs % 2 7K - (19 % 38 Fixe
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Bi e b 1L e NBFRs r/\ﬁxm{ﬁﬁ AT
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3T 3 XA 3 AT A I3 T 4 Fir NBFRs( PTBX
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B R RN, K

1.1 REER

2014 44 ~ 10 H, 78 3 A~k W b 2 e 2Ll
BT 877 By MIEREAS (Lot 434 1y, HH 443 17, WL
F1). TEBMEHEMEGMFRET, PoE SRR A HE
PR 1037 rh AR HRSEI0 Fr 75 B AR AR, DIREAS (4R
# (=60, 50 ~59, 40 ~49 30 ~39, 20 ~29 %) fll
PR , BRI T POREAR 7320 10 2. N ARE—
ABARREARTFE 0.5 mL M3 #HATIR G, MRS
BISJREAS 3 mL 0T 1R A A W8 B R B Y
RAHEA. 3 DIkt 30 MR GHEA, W3k 1.

AR

1.2 (U8 5t

6890N- 5975 < AH £ 3% -5 3% 3k F 1Y ( Agilent,

USA) , R-25 RUJiEf% 2% % A ( Buchi, Swiss) . Aanti.

J-25 BB ML ( Beckman, USA) . BF2000 AW
TAL AL AT ZE R A PR A R ) . AB204-L B
F M R (Mettler Toledo, Swiss) , Milli-Q #H4li7K
Z 4t (Millipore, USA).

IECPE(RERG) | TR (EBa5g) | R
Tﬁﬁ%(@ Q)Si) SNEE(EIEG) . N (EE

%) . WHR(EGIEYL, J. T. Baker, USA). 1IETki( =

99% , Alfa Aesar, USA). o4& 4% (100 pum,
Sigma-Aldrich, USA), f#i FH AT T 450°C b 5 v it
$54 h, WG 5% (U540 2585 T K i fk.
¢‘|’$E§E’f(75 ~150 pm, Mreck, Germany) , i FH i
2 AR A ek 5, 7E 130°C HEAR ot
512 h, WEISIA 5% (B 580 X B FK
GGy A R E i ek R NP
{8 FHRGT T 450°C B b ks 4 h. m@kk AR
(AR E AR | Eﬁk;n(jt?”jt/\ﬁl) SRk
GLRES Mﬂhpore/&wﬁwm@%%) A
FE S BCY,- BDE 1395 13(;12 HBB (Accustapdard
USA). 4 p @ ) _
1.3 Tiléunkﬁﬁ '3%*)? o

RS mﬁmnw 20°C VKA TP T R R "
2RI, {EAﬁﬁFﬁﬁﬁBﬂnﬁ3 mLﬁnnTlS mL
SR R, IARC,,-HBB f1°C,-BDE-139, F{K
PANA 1 mL #8582 (6 mol-L™") . 6 mL FNEF . 4 mL
IECKE- AT EBHE AW (11, L), 1B
s atrE . KA T3 000 romin T B HE T
B0 3 min, B FEAVIEREBEE 15 mL 2R
B, NEKMA 4 mL 1EC ke-H AT ERR A
W11, RBED) RO R, B0 R L EA L
FIFAZI B T, IG5 A HLAH AWk 46
E5mL, fiIA 4 mL KCl AKIFER (1% , FEDE),
RAEEE R KRS T3 000 remin ' FEEE T B
L3 min, B FIEZAPIBRELE 10 mL B.08E P
(FAefRE) , FIZ/KMAH 4 mL 1EC be-H RRUT 5
BERAVE (1 1, RALE) ZEEOFTR, B0 54 -
BEAIMIFABLE T, IS I A P Z K
Wedn, IR E R SIR I ERL AER R A 4
mL IECBE . 2 mL KOH ¥ [0.5 mol - L™, SRHC
BE KRG (1: 1, B /R, IRG
Sl A HrE R ’IT#DH:F?) 000 remin " N E .
3 min, ¥ FEAVIAREEE E 10 mL B.O0EH, T
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Table 1  Sampling information for the three Chinese cities

Ry B TiH INA i HH 3T AT
RAEE (B Lotk 40/40 40/40 10/10 90/90
P ElE 68 67 65
=60 AAFHIE 69 69 66
Pt i 25 7 8 6
H/IMHE 60 60 60
R ME 85 88 77
SFRERC (B A 61/59 36/49 10/10 107/118
rh e 54 54 56
50 ~59 BARFXI(E 54 54 55
T ¥ i 2 3 3 3
fe/ME 50 50 50
RAE 59 59 59
KRR B Lotk 78/71 37/30 10/10 115/111
rha){E 45 46 44.5
40 -49 BARFHIE 44 45 45
i s 2 3 3 3
e/ ME 40 40 40
BoRME 49 49 - 49 e
SRAES (B Lotk 48/33 19/22 I 1o/10 L qakes’ |
i ™=, 35 36 - 35 a2y
30239 FART1 {8 (734 508 | g Ve =
it I 22 ) 3 3 [ F 12 A A
fe/MH i 130 30 | Fall ) N
B oN( ! [ | & 2 39 | ¥ L 39 ar
~— EARE TR e oy = 768 = 10/10..1‘ 54/50 /0
N B “ I/ / 26 % [/ ¥ of
" ohao =] PEREHE 2 T Vo 25 f g\~ 1
! | RG22 \ §./4 3 4 ™1 3 4
R/ME VI s 120 22 4 20 f
2 mﬂa ‘; i '29 28 4 29

EmwmﬂmLEa%ﬁﬁﬁm %@FHLF%
BUMFABLOAS T, IRa 905 B0 HLRR v 4
21 mL. B W4 W BE IR BB O35 (el
permeation chromatography, GPC)%fk, & H 200 mL
IECkE- ARG (11, L) BER, Bk
WA R AT T 28 R MARIR AR = 1 mL J5, R
FHRR MR AL HEA T ¥ A R 22 (R T 3 AR IR
ABEEERR 0.1 g PPERERS . 0.5 g IRPEREIR . 1.5 ¢
TKBREREN) , K 12 mL Eo k- — S P RIR &
W (11, B VR, K VR B IR v 46 Je FH IE T e
FERZE 100 pl, #ER GC-MS 74T,

K 6890N- 5975 < AH o 3%-5 1% B¢ A X
(Agilent, USA) #EATH BiAs . ¥ H DB-5MS %
(30 m x 0.25 mm i. d., JEE 0.1 pm, J&W
Scientific). FHil& FE ¥ . ¥ 4 il B2y 100°C, fRFF 2
min ;4°C +min "' F+ 2 300°C J5 EF 12 min. N E
i/, FEVEL mL-min ™' #EREEJE R 290C
R 1w, RS, ik 4 ﬁﬁ%%

U5 (L) F PO AR T BE 35 2 150°C 5 JiT 1%
SIM.
1.4 S RE

AR S 55 BT AT FH 0 BT A B 5 25 0L 7 ol i
afi7K I VE 30 8 LA E BT S R E OBk 5 i,
PRUEAE SN Z TG gy, BER R A | 20 B4 | B
BBk T A AR XY R — Pk ol L T O
BRIARIIEGE T 5 FHAED 5N 450°C = i
Pige 4 h DL b, A VLS PE. AEAE AL B A
SyRTHR, BRI A REAL R B — A A TR A R — A
25 FREAR.

ARSI A R R A e e C drid B
A B, IR 28 AR B e HoAth B Ak
AW, BT A TR IE Rk R A O R B
>0.9999. EmMET RN 10 fEEME L. AL
7 NBFRs ERFR M 0.1 ~0.4 pg. 25 A% IREE S
R BARE A . FRid A9 °C .- HBB F1°C,,-
BDE-139 [543 511K 67% ~92% F1 88% ~98% .

(W
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1.5 ittt

K FH SPSS 19. 0(USA, IBM) #4748 e T 454
Mr. X H B {5 X [8] ( Confidence interval, CI)73#T#f
SEFEA S B EAE R EE . @SR T
256 AT A AR 5 B el TR 198 2 S e

2 HR5ITR

2.1 AfEIMIEH NBFRs /K

XF3 AT (YT, HH, GZ)5 PN (20 ~
29,30 ~39,40 ~49 50 ~59, =60 %) ANFEMEFIA
REEA L% T PTBX . PBBz, PBT il HBB i#E1 746
AT, B PTBX K H % 80% , Hi4y 3 ' NBFR [H]
MRS 3R 100% , A SO F R A H YRR A

WAEPEATA T 50 BT R PR ) — 0. 3

AN A LG Y 4 Ff NBFRs B2 0B AR 2
E(LARET, FR) M 12 ng-g™" (95% CI 6.9 ~
17), & s s BRI A A8 (16 ng-g ™', 95%
Cl. 8.4 ~24) 4L (15 ng-g™', 95% CI 2.7 ~
28) . H#(3.9 ng-g™", 95% CI. 3.1 ~4.7)% WK
1. Mﬁ%ﬂ}iéﬁ 3 AT 5 RN b A 3 e
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