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Abstract: Brominated flame retardants ( BFRs) were widely used in plastics electronics buildings and textile ma—
terials which were detected in various environmental matrices. Tetrabromobisphenol A ( TBBPA) polybrominated
diphenyl ethers ( PBDEs) and hexabromocyclododecanes ( HBCDs) are main products of BFR on the market. In
recent years the types and quantities of BFRs into the environment have rapidly increased the resulting environ—
mental effects have been of great concern by international researches and toxicological studies on BFRs have become
a hot issue in related fields. In this paper the recent toxicological research of these three BFRs in endocrine-dis—
rupting effect hepatic toxicity reproductive toxicity and neurotoxicity were summarized the future research direc—
tion about their toxicity was discussed.

Keywords: brominated flame retardant; tetrabromobisphenol A; polybrominated diphenyl ether; hexabromocy—

clododecanes; toxicology

( brominated flame retardants BFRs) “ . 7 N
120110849 120114023
- ( KZCX2-YW-QN410) ( No. 21007066)

(19879 : ; E-mail: mmdu@ 1ue. ac. cn;

* ( Corresponding author) E-mail: xzhang@ iue. ac. cn



576 7
o . BFRs T, T, ( 1),
BFRs TBBPA
; o Wistar 16 mg=kg” TBBPA
BFRs 28 d T, T, ;
' . BFRs T, T, o TBB-
BFRs PA 5 mg-kg’ 16 d
’. BFRs
. . . . " TBBPA
o BFRs
. BFRs TBBPA
. . . Kitamura °  GH3 TBB-
: PA (TR)
o TBBPA (5.4 ~540 pgeL™) T, TR
BFRs 3 . Goto " (Xenopus laevis )
A ( tetrabromobisphenol A TBBPA) . TBBPA T, TR
( polybrominated diphenyl ethers PBDEs) TR . Meerts °
( hexabromocyclododecanes HBCDs) o TBBPA ( TTR)
BFRs T, 10.6 -
PBDEs TBBPA HBCDs TBBPA
T TBB- (1) TBBPA
PA.PBDEs HBCDs 3 BFRs
° ; (2) TBBPA (TR)
) N . TR T,
TBBPA BFRs TR ’
C,sH,,Br,0, | . i, | | sy
ABS  HIPS : | C C |
o BFRs 0"%}0 o ' -
TBBPA ' AR I 2 B R
°, TBBPA X 3
TBBPA N N
) TBBPA 4 1 TBBPA T, T, .
TBBPA . Fig. 1 Structures of thyroid hormones and
POPs tetrabromobisphenol A
0 TBBPA
TBBPA 1.2 TBBPA
TBBPA
- ) ) T 1% TBBPA
1.1 TBBPA ® . TBBPA
TBBPA (750 1125 mg*(kg. b.w)™)
( GSH) .

89 TBBPA



6 577
(MDA)  5- ( ALA-D)
', Nak- 2,
agawa TBBPA TBBPA (3 uM)
CD,s . CD,, T
o 2 T TBBPA  CD,,
TBBPA (0.01 0.1 mg*L") . %
N TBBPA o
o TBBPA
TBBPA Fukada " .
TBBPA o TBBPA
1.3 TBBPA o
TBBPA
. Wistar TBBPA 28 d 2
0 PBDEs 0
2 TBBPA (0.01 0.05 0.1 mgeL) CHBr,0 (x+y=10) .
TBBPA 209
27 . ( 2)
o - TBBPA
. 2 PBDEs
19 ~
1.4 TBBPA N
TBBPA N
* . Lihenthal o 2 BFR PBDEs
TBBPA Wistar N
R TBBPA o PBDES
\Y_
30
TBBPA PBDEs ( organo—
23 halogen contaminants OHCs) ( endo—
1.5 TBBPA crine disrupters EDs) i
TBBPA
)
. TBBPA e
( natural |
killer NK) NK A N NK
NK Bry Bry
24 2

- Reistad B
TBBPA TBBPA
ERK1/2 NADPH

ROS. TBBPA

Fig. 2 Chemical structure of polybrominated diphenyl ethers

PBDEs ( Pent—
aBDE) | ( OctaBDE) ( De-
caBDE) * . PentaBDE  OctaBDE PB-



578

DEs

42

- PentaBDE OctaBDE OctaBDE
? DecaBDE
2004 10
i OctaBDE 50 mg*( kged) *
o DecaBDE R
\ . PBDEs
35 44 .
PBDEs PBDEs
PentaBDE
DecaBDE o PBDEs
* . PBDEs .
PBDEs
45 .
2.1 PBDEs 2.4 PBDEs
PBDEs PBDEs PBDEs
. BDE209 Wistar g PBDEs
TT,.FT, TT, BDE-209
3 o
45
DecaBDE 0
7 PBDEs PBDEs
PBDEs %0, BDE-47.BDE-99.BDE-53
PBDES ?DEQ’?S 46 49 . BDE—71
T, T, 51
T, T, ® ’
BDE209
2.2 PBDEs i
PBDEs ’
. PBDEs EROD.
MROD  PROD PBDEs s
PentaBDE > OctaBDE > DecaBDE ¥ .
41 °
BDE47 BDE-=209. ( CAT) 3
( GSH-Px) BDE- HBCDs
47  BDE=209 C,,H,Br, 641 gemol™ . HBCDs
( ROS) 6 ( +) a-HBCD(10% ~
ROS 13%) ( +) BHBCD (1% ~ 12%) .( =) y-HBCD
BDE47  BDE-209 (75% ~89%) » HBCDs
. 8-HBCD. ¢-HBCD 0.5% 0.
2.3 PBDEs 3% * . HBCDs BFR
PBDEs o . PB-
BDE-99 (300 pg-L”) DEs HBCDs



6 579
PBDEs 7, HBCDs N
HBCDs N N
) I I %%, Yama-—
da-Okabe  * HBCDs
o ( . ( . )
N N N N ) - HBCDs
HBCDs o5
HBCDs 3.2 HBCDs
* . HBCDs Deng HBCDs
. HBCDs
i . HBCDs
HBCDs HBCDs
( persistent organic pollutants POPs) . 7, Meijer
HBCDs o Ema
e P © HBCDs
HBCDs 3
Br Br Br Br
3
Fig. 3 Chemical structure of HBCDs ’
3.3 HBCDs
HBCDs HBCDs
2008 HBCDs o HBEDs
: HBCDs Ca
HBCDs 707, Lilienthal
” HBCDs
R HB_ ° HBCDS
CDs . " . HBCDs
’ 7435
3.1 HBCDs N °
HBCDs 3.4 HBCDs
. HBCDs
o Palace  ® HBCDs HBCDs
_ _ NK
3 76
Zhang HB- HBCDs
CDs( 1 ~500 pgeL™) HBCDs HBCDs
EROD  PROD ROS . HBCDs
DNA o a— pB- ~y-HBCDs



580

BFRs

BRFs

HBCDs

(1)
TBBPA
TBBPA

(2)

PCN

1 Alaee M Arias P Sjodin A

HBCDs

TBBPA
PBDEs

BFRs
BFRs

BFRs o

HBCDs

TBBPA

TBBPA

HBCDs

BFRs

TBBPA

HBCDs

BFRs

(1975—)

HBCDs
HBCDs

PBDEs

HBCDs

BFRs
PCB.

20 o

et al. An overview of

commercially used brominated flame retardants their

applications

their use patterns in different countries/

10

11

regions and possible modes of release J . Environ—

ment International 2003 29( 6) : 683 —689

Law K Halldorson T Danell R et al. Bioaccumulation
and trophic transfer of some brominated flame retardants
in a Lake Winnipeg ( Canada) food web J . Environ—
mental Toxicology and Chemistry 2006 25(8): 2177
-2186

De Wit C A. An overview of brominated flame retardants
in the environment J . Chemosphere 2002 46(5) :
583 -624

Jakobsson K Thuresson K Rylander L et al. Expo-
sure to polybrominated diphenyl ethers and tetrabromo—

Chemo—

bisphenol A among computer technicians J .

sphere 2002 46(5): 709 -716

J. 2008 28(8): 748 -752

Sun Z H Mao L. FengZ et al. Effects of humic acid on

sorption of tetrabromobisphenol A by soils J . China

Environmental Science 2008 28(8): 748 =752 (in

Chinese)

Birnaum L S Staskal D F. Brominated flame retard-

ants: Cause for concern? ] . Environmental Health

Perspectives 2004 112(1): 9 -17

A
I
2010 19(2): 5-10

PuYC LiuLH Luo XL etal Progress in study of

degradability and ecotoxicology of tetrabromobisphenol

A ] . Journal of the Central University for Nationali—

ties ( Natural Sciences Edition) 2010 19(2): 5 -10
(in Chinese)
Kitamura S Kato T lida M et al. Anti-thyroid hormo—
nal activity of tetrabromobisphenol A a flame retardant
and related compounds: Affinity to the mammalian thy—
roid hormone receptor and effect on tadpole metamor—
phosis J . Life Sciences 2005 76( 14): 1589 —1601
Kitamura S Jinno N Ohta S et al. Thyroid hormonal
activity of the flame retardants tetrabromobisphenol A
and tetrachlorobisphenol A ] . Biochemical and Bio—
physical Research Communications 2002 293 ( 1) :
554 -559
Van Der Ven LT M De Kuil T V. Verhoef A et al.
Endocrine effects of tetrabromobisphenol-A ( TBBPA)
in Wistar rats as tested in a one-generation reproduction
study and a subacute toxicity study J . Toxicology
2008 245(12): 76 -89
Meerts | AT M Letcher RJ Hoving S et al. In vitro

estrogenicity of polybrominated diphenyl ethers hydrox—



581

12

13

14

15

16

17

18

19

20

21

22

23

ylated PBDEs and polybrominated bisphenol A com-—

pounds J Environmental Health Perspectives
2001 109(4): 399 -407
A D .
2008: 11 -36

Goto Y Kitamura S Kashiwagi K et al. Suppression
of amphibian metamorphosis by bisphenol A and related

chemical substances J . Journal of Health Science

2006 52(2): 160 -168

Germer S Piersma A H Van Der Ven L. et al. Suba-
cute effects of the brominated flame retardants hexabro—
mocyclododecane and tetrabromobisphenol A on hepatic
cytochrome P450 levels in rats ] . Toxicology 2006
218(23): 229 -236

Tada Y Fujitani T Ogata A
tetrabromobisphenol A induced hepatic changes in ICR

et al. Flame retardant

male mice J . Environmental Toxicology and Pharma—

cology 2007 23(2): 174 -178

Szymanska J] A Piotrowski ] K Frydrych B. Hepatotox—
icity of tetrabromobisphenol-A: Effects of repeated dos—
J . Toxicology 2000 142(2): 87 -95
Nakagawa Y Suzuki T Ishii H et al. Biotransforma—

age in rats

tion and cytotoxicity of a brominated flame retardant
tetrabromobisphenol A and its analogues in rat hepato—
cytes J . Xenobiotica 2007 37(7): 693 —708
Fukuda N Tto Y Yamaguchi M
nephrotoxicity induced by tetrabromobisphenol A in
J . Toxicology Letters 2004 150(2):

et al. Unexpected

newborn rats
145 - 155
Kuiper R V' Van Den Brandhof E J Leonards P E G
et al. Toxicity of tetrabromobisphenol A ( TBBPA) in
zebrafish ( Danio rerio ) in a partial life-cycle test J .
Archives of Toxicology 2007 81(1): 1-9

Desesso ] M Williams A L. The potential of selected
brominated flame retardants to affect neurological devel—
opment
Health-Part B-Critical Reviews
448

Lilienthal H Verwer CM  Van Der Ven LT M
Exposure to tetrabromobisphenol A ( TBBPA) in Wistar

J . Journal of Toxicology and Environmental

2010 13(5): 411 -

et al.

rats. Neurobehavioral effects in offspring from a one—
generation reproduction study J . Toxicology 2008
246(1): 45 -54

Fonnum F  Mariussen E. Mechanisms involved in the
neurotoxic effects of environmental toxicants such as
polychlorinated biphenyls and brominated flame retard—
ants J . Journal of Neurochemistry 2009 111(6):
1327 - 1347

Reistad T Mariussen E  Fonnum F. The effect of a

24

25

26

27

28

29

30

31

32

33

brominated flame retardant tetrabromobisphenol-A  on
free radical formation in human neutrophil granulocytes:

The involvement of the MAP kinase pathway and protein
kinase C J 2005 83(1):

89100

Whalen M M Hurd T. Tetrabromobisphenol A decrea—

ses cell-surface proteins involved in human natural kil-

. Toxicological Sciences

ler ( NK) cell-dependent target cell lysis J . Journal
of Immunotoxicology 2011 8(3): 219 -227
Kurokawa M Watanabe W Shimizu T et al. Effects of
tetrabromobisphenol A a brominated flame retardant
on the immune response to respiratory syncytial virus in—
fection in mice J . International Immunopharmacolo—
gy 2010 10(4): 393 -397
Pullen S Boecker R Tiegs G. The flame retardants tet—
rabromobisphenol A and tetrabromobisphenol A-bisal—
lylether suppress the induction of interleukin2 receptor
alpha chain ( CD25) in murine splenocytes J . Toxi—
cology 2003 184(1): 11 -22
Rahman F Langford K H Scrimshaw M D et al. Polybro—
minated diphenyl ether ( PBDE) flame retardants J .
Science of the Total Environment 2001 275(13): 1 -17
Kuosmanen K Hyoylainen T Hartonen K et al. Pres—
surised hot water extraction coupled ondine with liquid
chromatography—gas chromatography for the determina—
tion of brominated flame retardants in sediment samples

J . Journal of Chromatography A 2002 943(1):
113 -122

J. 2002 31(4): 31-32
J. 2009 18(2):

761 =770
Zhang X Gao Y J Yan C Z. Advance in researches on
the transport and transformation of polybrominated di—
phenyl ethers in environment J .

ronmental Sciences 2009 18(2): 761 =770
( Bde=209)

Ecology and Envi-

2009 4(4): 500 -506

Li XN HuangM YuT L. Disturbance of decabrominat—
ed diphenyl ether( BDE209) to thyroid hormones of a—
dult rats in vivo J .
2009 4(4): 500 —506 ( in Chinese)

Darnerud P O. Toxic effects of brominated flame retard—

Asian Journal of Ecotoxicology

ants in man and in wildlife J . Environment Interna—
tional 2003 29(6): 841 —853
Kierkegaard A Asplund L. De Wit C A

higher brominated PBDEs in lactating cows J .

et al. Fate of

Envi-



582

34

ronmental Science & Technology 2007 41(2): 417 -
423

2007 1(2): 1-7

Jiang Y Q. Current situation and development of bromine

35

36

37

38

39

40

41

retardant worldwide J . Chemical TechnoX.conomics
2007 1(2): 1 -7 (in Chinese)
Vonderheide A P Mueller K E Meija J et al. Polybro—
minated diphenyl ethers: Causes for concern and knowl-
edge gaps regarding environmental distribution fate and
toxicity J . Science of the Total Environment 2008
400( 13) : 425 -436
Dingemans M M L Van Den Berg M Westerink R H S.
Neurotoxicity of brominated flame retardants: ( In) direct
Effects of parent and hydroxylated polybrominated di-
phenyl ethers on the ( developing) nervous system J .
Environmental Health Perspectives 2011 119(7) : 900
-907
Shibutani M Fujimoto H Woo G H et al. Impaired oli—
godendroglial development by decabromodiphenyl ether
in rat offspring after maternal exposure from mid-gesta—
tion through lactation J . Reproductive Toxicology
2011 31(1): 86 -94
Darnerud P O Morse D Klassonwehler E et al. Bind—
ing of a 3 3”4 44etrachlorobiphenyl ( CB77) metabo—
lite to fetal transthyretin and effects on fetal thyroid hor—
mone levels in mice J . Toxicology 1996 106(13):
105 - 114
Hallgren S Sinjari T Hakansson H et al. Effects of po—
lybrominated diphenyl ethers ( PBDEs) and polychlori—
nated biphenyls ( PCBs) on thyroid hormone and vitamin
A levels in rats and mice J . Archives of Toxicology
2001 75(4): 200 -208
Hooper K Mcdonald T A. The PBDEs: An emerging en—
vironmental challenge and another reason for breast-milk
monitoring programs J . Environmental Health Per—

spectives 2000 108(5) : 387 —392

CAT  GSH — Px .
2009 18(2): 408 —413

Wu W Nie F Q Zhai ] H. The in vitro effects of tetrabro—

4

modiphenyl ether and decabromodiphenyl ether on the
activities of catalase and glutathione peroxidase in the
liver of Carassius auratus J . Ecology and Environmen—
tal Sciences 2009 18(2): 408 —413 (in Chinese)
Kuriyama S N Wanner A Fidalgo-Neto A A et al. De—
velopmental exposure to low-dose PBDE-99: Tissue dis—
tribution and thyroid hormone levels J . Toxicology

2007 242(1-3): 80-90

43

45

46

47

48

49

50

51

52

World Health Organization. Environment Health Criteria
162: Brominated Diphenyl Ethers M . Geneva: Inter—
national Programon Chemical Safety 1994
Bruce E D Usenko C' Y Robinson E M et al. PBDE
developmental effects on embryonic zebrafish J . Envi—
ronmental Toxicology and Chemistry 2011 30 ( 8):
1865 - 1872
Park J S She ] W Holden A et al. High postnatal ex—
posures to polybrominated diphenyl ethers ( PBDEs) and
polychlorinated biphenyls ( PCBs) via breast milk in
California: Does BDE209 transfer to breast milk? ] .
Environmental Science & Technology 2011 45( 10):
45794585
Eriksson P Jakobsson E = Fredriksson A. Brominated
flame retardants: A novel class of developmental neuro—
toxicants in our environment? J . Environmental
Health Perspectives 2001 109(9) : 903 -908
Goodman J E. Neurodevelopmental effects of decabromo—
diphenyl ether ( BDE209) and implications for the ref—
erence dose ] . Regulatory Toxicology and Pharmacolo—
gy 2009 54(1): 91-104
Viberg H Fredriksson A Jakobsson E et al. Neurobe—
havioral derangements in adult mice receiving decabromi—
nated diphenyl ether ( PBDE 209) during a defined peri—
od of neonatal brain development J . Toxicological Sci—
ences 2003 76(1): 112 -120
Viberg H Johansson N Fredriksson A et al. Neonatal
exposure to higher brominated diphenyl ethers hepta—
octa— or nonabromodiphenyl ether impairs spontaneous
behavior and learning and memory functions of adult
mice J . Toxicological Sciences 2006 92(1): 211 -
218
Branchi I Alleva E Costal G. Effects of perinatal expo—
sure to a polybrominated diphenyl ether ( PBDE 99) on
mouse neurobehavioural development J . Neurotoxicol—
ogy 2002 23(3): 375-384
Dufault C Poles G Driscoll L. L. Brief postnatal PBDE
exposure alters learning and the cholinergic modulation of
attention in rats J . Toxicological Sciences 2005 88
(1): 172480
bde-209
bde209
J. 2006 9(6): 412 —-415
Chen DJ YulL Liao QP et al. Effect of maternal BDE-
209 exposure on offsping * learning and memory ability
and detection of the concentration of BDE209 in serum
J . Chinese Journal of Perinatal Medicine 2006 9
(6): 412 —415 (in Chinese)



6 583
53 Thuresson K Bergman A Rothenbacher K et al. Poly— J . Toxicology and Applied Pharmacology 2008 231
brominated diphenyl ether exposure to electronics recy— (2): 267 -272
cling workers: A follow up study J . Chemosphere 63  Van Der Ven LT M Verhoef A Van De Kuil T et al.
2006 64(11): 1855 - 1861 A 28-day oral dose toxicity study enhanced to detect en—
54  Stapleton HM Alaee M Letcher RJ et al. Debromina— docrine effects of hexabromocyclododecane in wistar rats
tion of the flame retardant decabromodiphenyl ether by J . Toxicological Sciences 2006 94(2): 281 -292
juvenile carp ( Cyprinus carpio) following dietary expo— 64  Yamada-Okabe T Sakai H Kashima Y et al. Modula—
sure J . Environmental Science & Technology 2004 tion at a cellular level of the thyroid hormone receptor—
38(1): 112-119 mediated gene expression by 1 2 5 6 9 10-hexabromo—
55  Sellstrom U Kierkegaard A De Wit C et al. Polybrom- cyclododecane ( HBCD) 4 4 <diiodobiphenyl ( DIB)
inated diphenyl ethers and hexabromocyclododecane in and nitrofen (NIP  J . Toxicology Letters 2005 155
sediment and fish from a Swedish river J . Environ— (1): 127 -133
mental Toxicology and Chemistry 1998 17(6) : 1065 — 65  Palace V. Park B Pleskach K et al. Altered thyroxine
1072 metabolism in rainbow trout ( Oncorhynchus mykiss) ex—
56  Heeb NV Schweizer W B Kohler M et al. Structure posed to hexabromocyclododecane ( HBCD) ] . Chem-—
elucidation of hexabromocyclododecanes —a class of com— osphere 2010 80(2): 165 -169
pounds with a complex stereochemistry J . Chemo— 66 DengJ YuL Q LiuCS etal. Hexabromocyclodode—
sphere 2005 61(1): 65-73. cane-induced developmental toxicity and apoptosis in ze—
57 J . brafish embryos J . Aquatic Toxicology 2009 93
2010 37(6): 217 -220 (1):29-36
Yue Q. Advances of Hexabromocyclododecanes in the envi— 67 Nyholm J] R Norman A Norrgren L et al. Maternal
ronment J . Guangdong Agricultural Science 2010 transfer of brominated flame retardants in zebrafish ( Da—
37(6) : 217 =220 (in Chinese) nio rerio) ] . Chemosphere 2008 73(2): 203 —208
58  Lindberg P Sellstrom U Haggberg L. et al. Higher bro— 68  Meijer . Weiss ] Van Velzen M et al. Serum concen—
minated diphenyl ethers and hexabromocyclododecane trations of neutral and phenolic organohalogens in preg—
found in eggs of peregrine falcons ( Falco peregrinus) nant women and some of their infants in the Netherlands
breeding in Sweden J . Environmental Science & J . Environmental Science & Technology 2008 42
Technology 2004 38(1): 93 -96 (9): 3428 -3433
59  Law K Palace V P Halldorson T et al. Dietary accu— 69  Emam Fujii S HirataKoizumi M et al. Two-generation
mulation of hexabromocyclododecane diastereoisomers in reproductive toxicity study of the flame retardant
juvenile rainbow trout ( Oncorhynchus mykiss) 1. Bioac— hexabromocyclododecane in rats J . Reproductive Tox—
cumulation parameters and evidence of bioisomerization icology 2008 25(3): 335 -351
J . Environmental Toxicology and Chemistry 2006 70  Reistad T Fonnum F Mariussen E. Neurotoxicity of the
25(7): 1757 - 1761 pentabrominated diphenyl ether mixture DE-71 and
60  Palace V P Pleskach K Halldorson T et al. Biotrans— hexabromocyclododecane ( HBCD) in rat cerebellar
formation enzymes and thyroid axis disruption in juvenile granule cells in vitro J . Archives of Toxicology
rainbow trout ( Oncorhynchus mykiss) exposed to 2006 80(11): 785 -796
hexabromocyclododecane diastereoisomers J . Environ— 71  Mariussen E  Fonnum F. The effect of brominated flame
mental Science & Technology 2008 42(6): 1967 — retardants on neurotransmitter uptake into rat brain syn—
1972 aptosomes and vesicles ] . Neurochemistry Internation—
61  Zhang X Yang F' Zhang X et al. Induction of hepatic al 2003 43(4-5): 533 -542
enzymes and oxidative stress in Chinese rare minnow 72 Lilienthal L H Van Der Ven L T M Piersma A H et
( Gobiocypris rarus) exposed to waterborne hexabromocy— al. Effects of the brominated flame retardant hexabromo—
clododecane ( HBCDD) J . Aquatic Toxicology 2008 cyclododecane ( HBCD) on dopamine-dependent behav—
86(1): 4-11 ior and brainstem auditory evoked potentials in a one—
62  Canton R F Peijnenburg A A CM Hoogenboom R L A generation reproduction study in Wistar rats J . Toxi—
P et al. Subacute effects of hexabromocyclododecane cology Letters 2009 185(1): 63 -72
( HBCD) on hepatic gene expression profiles in rats 73 Eriksson P Fischer C Wallin M et al. Impaired behav—



584

74

75

iour learning and memory in adult mice neonatally ex—
posed to hexabromocyclododecane ( HBCDD) ] . En-
vironmental Toxicology and Pharmacology 2006 21
(3): 317-322

Iwasaki T Ibhazehiebo K Xu M

neurotrophic factor ( BDNF) ameliorates the suppression

et al. Brain-derived

of thyroid hormone-induced granule cell neurite extension
by hexabromocyclododecane ( HBCD) J
science Letters 2011 493(12): 1 -7

Saegusa Y Fujimoto H Woo G H et al. Developmental

Neuro—

76

toxicity of brominated flame retardants tetrabromobis—
phenol A and 1 2 5 6 9 10-hexabromocyclododecane

in rat offspring after maternal exposure from mid-gesta—
tion through lactation J . Reproductive Toxicology

2009 28(4): 456 -467

Whalen M M Hinkson N C. Hexabromocyclododecane
decreases tumor-cell-binding capacity and cell-surface
protein expression of human natural killer cells ] .

Journal of Applied Toxicology 2010 30(4): 302 -309
L 4



