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Abstract: With hexabromocyclododecane ( HBCDs) and poly brominated diphenyl ethers ( PBDEs) listed as per—
sistent organic pollutants ( POPs)  tetrabromobisphenol A ( TBBPA) and decabromodiphenyl ethane ( DBDPE)
have become two of the most widely produced and used brominated flame retardants ( BFRs) . The underlying eco—
logical risk of TBBPA and DBDPE have received increasing attentions since these two typical BFRs are being detec—
ted at high concentrations in environmental media. This paper summarized the pollution status of TBBPA and DB-
DPE and their toxicological effects. TBBPA and DBDPE have been detected in multiple environmental media such
as atmosphere waters soil sediment and organisms. In addition more severe pollution could be found in industri—
al areas. TBBPA and DBDPE were even found in human body and breast milk. Overall TBBPA presented develop—
mental toxicity hepatorenal toxicity endocrine disruption effect reproductive toxicity and neurotoxicity while
DBDPE showed developmental toxicity hepatorenal toxicity and endocrine disruption effect. According to the lim—
ited reports on DBDPE toxicity we concluded that DBDPE was of relatively low toxicity. The aim of this review is
to help evaluate the environmental risk analyze the environmental capacity and governmentally control the produc—
tion of TBBPA and DBDPE.
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N 1.2 TBBPA
0 TBBPA TBBPA
( bioaccumulation fac— (
tors BAF) >5 000 ( I[gBAF>3.7) logK >4 2) . TBBPA
TBBPA BAF TBBPA ( .
logk 9.56~22.64  4.50~6.53 ) ( )
TBBPA e 9-21 TBBPA
N T 12
Table 1  Physicochemical properties of TRBPA
tetrabromobisphenol A ( TBBPA)
TBBPA TBBPA TBB-
Physicochemical properties
PA o TBBPA
CAS
79-94-7
CAS No.
o TBB-
Formula C1sHisBr, 0z PA TBBPA
543.87
Molecular weight
95.04 ngem™> 140 ngem™ ¥
Chemical structure 0.51 ng*m™  0.02 ng*m™ ** . Abdallah *°
TBBPA
. (26 pgem™) > (16 pg*m”’) = (16 pgem™)
Bromine content/% o8 > ( 0.8 pg'm_3)
(logkK,,) TBB-
Octanol-water partition 4.50~6.53 PA o TBBPA
coefficient ( logK, )
e 178 TBBPA 70 pgem™ 7 .
Melting point/°C
1.2.2
e 316 ( D sition)
Boiling point/“C ceompostion
-3 . TBBPA
/(g*cm™)
2.12 (20 C)
Density/( g*cm™) N
/Pa °
1.19x1073( 20 °C)
Vapor pressure/Pa TBBPA
ol
/me:1.7) 126 (pH = 7 25 C)
Water solubility/( mg*L™") . TBB-
N Lo ¢ 9.56~22.64 PA 0.2~20.4 nge L™
10accumulation tactor
r TBBPA 0.035~0.068 ng*L™' %
() 6.6~80.7
Halfife ( water) /d N
C oy TBBPA nd~1.12.0.02~0 .27
65

HalfHife ( soil) /d

1.11~2.83 ng* L' 7',
TBBPA
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TBBPA 1.2.3
540 nge L' * TBBPA logK.,,
850~4 870 ngeL™" ¥ TBBPA
TBBPA *, TBBPA
2 TBBPA
Table 2 Concentrations of TBBPA in different media
Media Location Concentration range Sample time References
Offices Shenzhen China 0.006~0.511 2009 24
66.01~95.04 2007 22
Electronic waste dismantling sites Guiyu China
/( ng'm_3) Factories Thessaloniki Greece nd~2.58 2007 45
Atmosphere Homes Hokkaido Japan 0.008~0.02 2006 25
/( ng*m™) Arctic 70 2003 27
30~40
Electronic waste dismantling sites Stockholm Sweden 2000 23
Offices Stockholm Sweden 0.031~0.038
N Bohai Sea and Yellow Sea China 57~607 2016 49
Seine River France 0.035~0.068 2008 50
/(ngeL™") Lake Chaohu China 850~4 870 2008 33
Water/( ng=L™") Beijing China nd~1.91 2006 34
Ems and Mulde Rivers Germany 0.2~20.4 2006 28
Landfill sites Japan 0.3~540 2004 32
Guiyu China 13 700~41 200 2013 39
Daya Bay China 0.23~9 2012 37
/(ngeg™") Lake Chaohu China 22.0~518 2008 33
Sediment/( ng*g™") Pearl River China 0.06~1.39 2009—2010 36
Skerne River UK 9 750 2000 35
Wastewater treatment plants Sweden 34~270 1999—2000 38
Residencies Pearl River Delta China 1.92
2018 51
/(ngeg™) 0.07
The surrounding areas Pearl River Delta China
Soil /( ngeg™")
E-waste recycling operations Vietnam nd~2 900 2012 52
Garbage dumps Wuhan China 1360~1 780 2005 53
Human scalp hair Korea 16.04 2017 48
Blood serum Toulouse France 310
- 47
Freeze—dried milk Toulouse France 7 000
’ 930~10 165 2016 49
Zooplankton Bohai Sea and Yellow Sea China
/(ngeg™" *dw) . . .
Catfish Guiyu China 5.6~101 2013 44
Organisms
Fish Lake Chaohu China 28.5~39.4 2008 33
/(ngeg™"*dw)
Fish Nagoya etc. Japan 0.01~0.11 2004—2005 43
0.048
Adipose tissues of human New York USA
1991—2004 19
Dolphins Florida USA 1.2
Sharks Florida USA 9.5
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TBBPA
TBBPA 2.6 ng+g”'
0.6 ng+g”' (2.2 ngeg™) (1.6 ng:
g_l) 32 35
TBBPA
<10 ngeg”’ 36-37 TBBPA
TBBPA
] TBBPA
270 ng‘g_l 38 BFRs
BFRs 9750 ngeg " ”
TBBPA
41 200 ng *
g_l » TBBPA
TBBPA BERs
TBBPA 7
758 ngeg|  646.04 ngeg
TBBPA (5.6 ngeg’') “
TBBPA pH
(pH<T <1.26 mgeL™) pH
43 .
1.2.4
TBBPA
( ) ( ) TBBPA.
TBBPA )
TBBPA
TBBPA .
TBBPA 0.01~0.11 ngeg”'
TBBPA
101 ng+g™*
2833 4345 Johnson-Restrepo
19 TBBPA
1.2ngeg” 9.5 ngeg”
TBB-
PA TBBPA e
1.2.5
( ) TBB-
. TBBPA.
TBBPA :

46

TBB-

PA 310 ng*g™" 7000 ngeg™" ¥ Barghi
s TBBPA
16.04 ng-g™"'
TBBPA
TBBPA o
TBBPA
TBBPA
. TBBPA  logk,,
TBBPA
. TBBPA
. TBBPA
TBBPA TBBPA
. TBBPA
TBBPA
TBBPA .
1.3 TBBPA
TBBPA
TBBPA
TBBPA
o TBBPA
1.3.1
TBBPA . .
TBBPA
» Covaci
TBBPA (LDy,) >4 gokg™' >5
grkg .
® TBBPA
TBBPA TBBPA
. TBBPA ( 0i-
thona similis) 48 h (48 h4.Cy) 3.
106 mgL.”" ¥ ;  TBBPA ( Dicrateria in—
ornata)

TBB-
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PA * . TBBPA TBBPA ( Mossambica tilapia)
( Ruditapes philippinarum) 96 h4.C, 7.4 mg TBBPA
L7 GSH ( glutathione S—
. TBBPA ( Psammechinus miliaris) transferase  GST)
SOD ™ . Ronisz 7
® ( Danio rerio) TBBPA ( gluta—
TBBPA thione reductase GR) o
96 h-1.C, 1.3 mgeL”" ¥ TBBPA TBBPA
N N . TBBPA
N 0 TBBPA
e, CYP2B1/
TBBPA 2B2 ( ROS)
( extracellular signal—regulated e
kinase ERK) MAPK ROS ROS
G2/M o
o, 1.3.3
1.3.2
o TBBPA . TBBPA
o Tada ( endocrine disrupting chemicals
TBBPA EDCs)
; TBBPA( 200 mg* - - ( hypothalamus-pi—
kg™ tuitary-thyroid axis HPT axis) . - -
%6, ( hypothalamic-pituitary—gonadal axis HPG axis)
TBBPA ( glutathione - - ( hypothalamic-pituitary-adrenal
GSH) N ( superoxide dis— axis HPA axis)
mutase  SOD) ( malondialdehyde N N - TBBPA
MDA) ( triiodothyronine T3) | ( thy-
DNA 8- roxine T4) ( TBB-
(8-0HdG) 7 . TBBPA PA .
( aden— e,
osine triphosphate ATP) . GSH ( mercaptan TBBPA
R-SH) * .
o ® TBBPA o Wistar 16 mg+kg' TBBPA
N . 28 d T4 T3
o T4 T3 7
TBBPA o TBBPA N
TBBPA 7
. A 50~500 wgeL ™' TBBPA
N N N ( Platichthys flesus) T4
T TBBPA ( Carassius auratus) T3 ” . TBBPA
( catalase CAT)  SOD ( Rana rugosa) T3 o
GSH MDA wn TBBPA (total thyroxine TT4)
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1 TBBPA T3 T4
Fig. 1  Structures of TBBPA and thyroid hormones T3 and T4
( total triiodothyronine TT3) 1.3.4
® TBBPA N
TBBPA HPT N N N
o B ishB
N N DNA
( thyroid hormones THs) 7% TBBPA
( thyroid hormone receptors TR) o van der Ven "
o TBBPA
TBBPA . 0.1 mg*L.”' TBBPA
tshB 2. Goto ¥
TBBPA T3 TR TR
. ¥ . TBBPA
HPT TBBPA HPG o TBBPA
HPA ( Rana nigromaculata) (0.047 wmol=L™")
TBBPA TBBPA ( <1.5 pmol+L™")
~ % o
( testosterone T) | ( estradiol E2) TBBPA
( luteinizing hormone 1H) TBBPA
( follicle stimulating hormone FSH) o
( androgen receptor AR) 135
% . TBBPA TBBPA
AR ThRa o TBBPA
( estrogen receptor ER)
er2a er2b ® TBBPA
( Pelteobagrus fulvidraco) ( vitelloge— ”
nin VTG) HPA ( adreno TBBPA o
cortico tropic hormone ACTH) o, TBBPA caspase-3
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s 3 ( DBDPE)
11.5 mg+L™" TBBPA 10 d Table 3 Physicochemical properties of
“ . TBBPA decabromodiphenyl ethane ( DBDPE)
04 ) . . . DBDPE
o Physicochemical properties
TBBPA TBBPA CAS
o 84852539
19~26 hpf CAS No.
27.36 48 hpf 120 €, H,Bry,
hpf 95 . Formula
TBBPA ' 971.22
o6 Molecular weight
TBBPA
» Mariussen  de Fonnum ” TBB-
PA Chemical structure
’ % 82
Ca% TBBPA Bromine content/%
Ryanodine ( RyR) (logkK,,)
Ca’* NMDA ( NMDARS) Ca’t Octanol-water partition 11.1
TBBPA coefficient ( logK, )
98-100 /C
° 345~350
TBEPA THs Melting point/°C
e 676.2
° T]EiOBPA Boiling point/C '
THs o -3
/(g*em™
Densi (/(g . ’)‘) >
ensity *cm -
2 ( Decabromodiphenyl ethane ! g/P
a
-15 ~
DBDPE) Vapor pressure/Pa 6.0x1077(25 )
21 DEDPE /(mgeL) 2.1x1077~7.2x107*
DBDPE BFRs Water solubility/( mgeL™") . .
3
6.1~7.1
N N Bioaccumulation factor
- DBDPE ' - 02-92
( polybrominate d Biomagnification factor
dibenzop-dioxins PBDD) i (( ) /)d/d 700
alt-ife ( water,
( polychlorinated dibenzofurans PBDF)
( high impact polystyrene HIPS) . 2.2 DBDPE
( polybutylene terephthalate PBT) DBDPE
ABS 01-12 " DBDPE, > Kierkeg—
logk.,, aard  Bjorklund '* DBDPE
800 d o ~ N
( biomagnification factor BMF) DBDPE( 4). TBB-
PA DBDPE
- DBDPE  BMF 0.2~9.2 BAF o
6.1~7.1 DBDPE 2.2.1
o DBDPE BFRs N
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o DBDPE DBDPE
DBDPE
-3 106
DBDPE 270 ng*m o
i 222
DBDPE DBDPE
o DBDPE
DBDPE . 1
R DB- DBDPE BFRs
DPE DBDPE 64% 9.1~990 ng* L'
DB- e DBDPE
DPE (2441 ngeg™) (201 ng+g™) : DBDPE
10 . (24 ng*g™") 100 1067108 .
4 DBDPE
Table 4 Concentrations of DBDPE in different media
Media Location Concentration range Sample time References
R Taihu Lake China 0.023 2009 128
/(ngem™
(ngem™) Guangzhou China 402~3 578 2007 129
Atmosphere
( ) Hampshire UK 24 2006—2007 107
/(ngem™
Stockholm  Sweden 0.077~7.9 2005—2006 130
/( ng*L7") Dongjiang River China 0.013~0.038 2010 122
Water Sewage outle Dongjiang River China 9.1~990 2009 109
/(ng*L7") Lake Winnipeg Canada nd 2000—2002 11
Guiyu China 13 700~41 200 2013 39
Pearl River Delta China 1.520~1 714 2013 131
] Yellow Sea China nd~39.7 2010—2014 113
/(ngeg™) . .
Bohai Sea China 0.024~11.22 2010—2014 132
Sediment
o Daya Bay China nd~1.6 2012 30
/(ng*g™) , )
Yangtze River Delta China nd~1.57 2011 133
Pearl River Delta China nd~30.5 2009—2010 134
Lake Winnipeg Canada nd 2000—2002 11
1 North China nd~1 612 2013 115
/(ngeg™) . .
Sl Pearl River Delta China 18~60 2007 129
01
B Surabaya Indonesia nd~7.6 2009 135
/(ng=g™) . :
Pearl River Delta China 19~430 2006 136
Lightvented bulbul Guangdong China nd~80
Long-tailed shrike Guangdong China 3.1~130 2009—2011 117
Oriental magpie+tobin Guangdong China 3.4~92
/( ng'g_ldw) Fish  Yongxing Island China 17.2~137.1 2012 137
Organisms Catfish Guiyu China 34~14 2013 44
/(ng*g™"dw) Alligators  Anhui China 0.01~192 2006—2007 119
Burbot Lake Winnipeg Canada nd~3.3
Goldeye Lake Winnipeg Canada nd~1.63 2000—2002 11
Walleye Lake Winnipeg Canada nd~2.71




33

2.2.3
DBDPE DBDPE
DBDPE
111-112 Zhen 113
BFRs DBDPE.
DBDPE 4120
0 ngeg”' * . DBDPE
DBDPE 40 km
20 ~50 '™,
DBDPE
DBDPE s
DBDPE 0.23~11 ngeg™ '™
BFRs
DBDPE
. DBDPE
87
DBDPE DBDPE
115
2.2.4
DBDPE .
DBDPE "' . DBDPE
DBDPE
0.34~15 ng*g™
118
DBDPE
DBDPE
20, DBDPE
2
11 121 DBDPE
DBDPE
DBDPE 59 ngeg”'  3.85 nge
g " DBDPE
11 123
DBDPE  BMF 0.2~9.2 BAF 6.1~
7.1; BMF 6.1~7.1.
DBDPE DBDPE

116

o

2.2.5
DBDPE
Fernandes 124 DBDPE
0.05~1.76 ng*g”' DBDPE
DBDPE .
100%
39.2 ngeg”( ) DB-
DPE > o Zheng ¥
DBDPE
(29.4 ng+g™") (10.9 ng-*
g DBDPE
DBDPE 2010—2014
DBDPE 126-127
BFRs DBDPE
. DBDPE  logk,, .
TBBPA DBDPE
. DB-
DPE
DB-
DPE o
2.3 DBDPE
DBDPE
. . DBDPE
DBDPE
DBDPE
2.3.1
DBDPE LDg,>5 000 mg-
kg™ LD,,>2 000 mgekg™" ™
DBDPE .
' - DBDPE
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DPE ( Daphnia magna)
110 mg+L™' DBDPE 48 h

140-141

3 S

Rl DBDPE
o Nakari Huhtala '*
DBDPE
( (ECy) =19 pgeL™) Jin ™

DBDPE( 1 mg+kg™")

DBDPE
2.3.2
DBDPE
DBDPE
AR DBDPE 30 d
DBDPE
CYP1A.CYP2B
( uridine diphosphateglucuronic
acid transferase UDPGT) e,
DBDPE
DBDPE 7
Wang ' 100 mg-kg™'
DBDPE 90 d
o Sun ' DBDPE Hep G2
ROS DBDPE
ROS . Wang '® DB-
DPE 90 d (100 mgekg™'+d™") DB-
DPE .
DBDPE .
DBDPE
SOD. CAT.
( glutathione peroxidase GSH-PX)
( GSH)
72 149 .
DBDPE
DBDPE
DBDPE UDPGT
" Gan ' DBDPE
0~3 000 mg*L™" DB-
DPE 56 d 5  miRNA

36 miRNA o

TBBPA DB-
DPE o
DBDPE ROS
ROS
. UDPGT DBDPE
CAR/PXR CYP1IA  CYP2B
. CYPIA CYP2B
( AhR  CAR)
8
233
DBDPE
o DBDPE
AhR  CAR FT3
TT3 0, Smythe "'
DBDPE
(T4.T3.RT3 3 37-2)
DBDPE T 33742
DBDPE DB-
DPE
( thyrotropin thyroid stimulating hormone
TSH) ( thyrotropin releasing

hormone TRH)

HPT

T3 5 Vigand
s DBDPE ( Barbus plebejus)
VTG T3 T4 o
DBDPE
o Wang " DBDPE
T3 T4
( transthyretin  TTR) o
DBDPE
P450 ( Cytochrome P450 CYP)  UDPGT
AhR  CAR
1% ALR
AhR
DBD 0
DBDPE
st
2.34
DBDPE
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DBDPE (. )
139
DB-
DPE
" DBDPE
(al-ubulin  gap43)
156
DBDPE 0

3 ( Prospects)
PBDEs  HBCD
( PN
REACH ( Registation Evaluation Authorisation and
Restriction of Chemicals) . RoHS( Restriction of Haz-

ardous Substances) .
TBBPA  DBDPE o
. . . . TBBPA
DBDPE 0
N TBB-
PA  DBDPE o TBBPA DB-
DPE

TBBPA  DBDPE

(1) TBBPA  DBDPE
TBBPA  DBDPE

TBBPA  DBDPE .
(2) TBBPA  DBDPE
(3) TBBPA  DBDPE
BFRs . .
. BFRs
TBBPA  DBDPE TBBPA

DBDPE
(4)
TBBPA  DBDPE
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