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non-pregnant rats following single dose exposure to DecaBDE



SD

1011

(217.63+68) ng'g” (196.3+36) pg-g”

BDE209 SD
BDE209
BDE209 7d
BDE209 (14.47+1.65)
pgg’ (28.343.1) pgg’
(P<0.05) BDE209
BDE209
BDE209
BDE209
3.94' 254>
2.4 d* 8.5~13 d*! 13 dBY
15 4%
BDE209 (10]
10
- A —day
.3 s zzzzz1 days
2
Z 6
=
ﬁvj“ 4
a
=]
9; 2
2
0 7| /|
10
—~ B — sy
§ 3
=
=
5 4
a
=]
e../ 2
2
0 0_ A .A0D 490 AQD AQM
A. B.
2 BDE209 octa-

nona-BDEs
Fig.2 Concentrations of octa-and nona-BDEs in the blood of

the dosed rats.

2.2 BDE209
2 BDE209 3
nona-BDEs (BDE-206, -207,-208) 5  octa-BDEs
(BDE-197/204, BDE-198/203, BDE-196)

PBDEs deca-BDE(BDE209>98%)
GC/MS 3 nona-BDEs
PBDEs
SD nona-BDEs
octa-BDEs deca-BDE
nona-BDEs octa-BDEs 2%
24 h
nona-BDEs octa-BDEs PBDEs 5%
6% BDE209
nona-BDEs
octa-BDEs BDE209

BDE-207>BDE-206>BDE-208>BDE-197/204>BDE-1
96 > BDE-198/203 nona-BDEs
nona-BDEs
octa-BDEs
nona-BDEs
7
(P<0.05) octa-BDEs

BDE-209
nona-BDEs
nona-BDEs

BDE-209
Tseng 0~17d

500~1 500 mg-kg'-d”
[28] [36]

BDE209

BDE-209
(37] BDE209

Viberg™  BDE-209
BDE-203 BDE2-206

BDE-209 SD
BDE-206 BDE-203
BDE209

Riu 2 'C-BDE-209

BDE-209

4C-BDE-209
BDE209

(12391 BDE209



1012

19 5 2010 5

nona-BDEs
nona-BDEs

(1]

3]

(4]

(3]

(6]

(7]

(8]

(9]

(BDE209)

SD BDE209

SD BDE-209

BDE209 SD
3 nona-BDEs BDE-206, -207, -208
octa-BDEs BDE-196, -197/204, -198/203
BDE-207
BDE-209
nona-BDEs

BDE209
BDE209

FREDERIKSEN M, VORKAMP K, THOMSEN M, et al. Human
internal and external exposure to PBDEs-A review of levels and
sources[J]. International Journal of Hygiene and Environmental Health,
2009, 212: 109-134.

NORRIS J M, KOCIBA R J, SCHWETZ B A, et al. Toxicology of
octa bromo biphenyl and deca bromo diphenyl oxide[J]. Environ-
mental Health Perspectives, 1975, 11: 153-161.

WILFORD B H, THOMAS G O, JONES K C, et al. Decabromodi-
phenyl ether (deca-BDE) commercial mixture components, and other
PBDEs, in airborne particles at a UK site[J]. Environment Interna-
tional, 2008, 34: 412-419.

GUAN Y F, WANG J Z, NI H G, et al. Riverine inputs of polybromi-
nated diphenyl ethers from the Pearl River Delta (China) to the coastal
ocean[J]. Environmental Science & Technology, 2007, 41: 6007-6013.

ELJARRAT E, DE LA CAL A, RALDUA D, et al. Occurrence and
bioavailability of polybrominated diphenyl ethers and hexabromo-
cyclododecane in sediment and fish from the Cinca River, a tributary
of the Ebro River (Spain)[J]. Environmental Science & Technology,
2004, 38(9): 2603-2608.

ALLEN J G, MCCLEAN M D, STAPLETON H M, et al. Critical
factors in assessing exposure to PBDEs via house dust[J]. Environ-
ment International, 2008, 34(8): 1085-1091.

MIYAKE Y, JIANG Q, YUAN W, et al. Preliminary health risk as-
sessment for polybrominated diphenyl ethers and polybrominated
dibenzo-p-dioxins/furans in seafood from Guangzhou and Zhoushan,
China[J]. Marine Pollution Bulletin, 2008, 57(6-12): 357-364.

CHEN D, MAI B X, SONG J, et al. Polybrominated diphenyl ethers in
birds of prey from northern China[J]. Environmental Science & Tech-
nology, 2007, 41(6): 1828-1833.

VOORSPOELS S, COVACI A, LEPOM P, et al. Remarkable findings
concerning PBDEs in the terrestrial top-predator red fox (Vulpes
2006, 40(9):

vulpes)[J].Environmental ~ Science

2937-2943.

&  Technology,

[10] CHEN D, LA GUARDIA M J, HARVEY E, et al. Polybrominated

[11

[12

(13

[14

[15

(16

[17

(18

[19

[20

[21

[22

[23

[24

[25

[26

]

]

]

diphenyl ethers in peregrine falcon (Falco peregrinus) eggs from the
Northeastern US[J]. Environmental Science & Technology, 2008, 42:
7594-7600.

SORMO E G, SALMER M P, JENSSEN B M, et al. Biomagnification
of polybrominated diphenyl ether and hexabromocyclododecane flame
retardants in the polar bear food chain in Svalbard, Norway[J]. Envi-
ronmental Toxicology and Chemistry, 2006, 25(9): 2502-2511.
GOMARA B., HERRERO L, RAMOS J J, et al. Distribution of poly-
brominated diphenyl ethers in human umbilical, cord serum, paternal
serum, maternal serum, placentas, and breast milk from Madrid popu-
lation, Spain[J]. Environmental Science & Technology, 2007, 41:
6961-6968.

THURESSON K, BERGMAN A, JAKOBSSON K. Occupational
exposure to commercial decabromodiphenyl ether in workers manu-
facturing or handling flame-retarded rubber[J]. Environmental Science
& Technology, 2005, 39(7): 1980-1986.

AN T C, CHEN J X, LI G Y, et al. Characterization and the photo-
catalytic activity of TiO, immobilized hydrophobic montmorillonite
photocatalysts degradation of decabromodiphenyl ether (BDE 209)[J].
Catalysis Today, 2008, 139(1-2): 69-76.

STAPLETON H M, DODDER N G. Photodegradation of decabro-
modiphenyl ether in house dust by natural sunlight[J]. Environmental
Toxicology and Chemistry, 2008, 27(2): 306-312.

GERECKE A C, HARTMANN P C, HEEB N V, et al. Anaerobic
degradation of decabromodiphenyl ether[J]. Environmental Science &
Technology, 2005, 39(4): 1078-1083.

HUWE J K, SMITH D J. Accumulation, whole-body depletion, and
debromination of decabromodiphenyl ether in male Sprague-Dawley
rats following dietary exposure[J]. Environmental Science & Tech-
nology, 2007, 41(7): 2371-2377.

KIERKEGAARD A, BALK L, TTARNLUND U, et al. Dietary uptake
and biological effects of decabromodiphenyl ether in rainbow trout
(Oncorhynchus mykiss)[J].
1999, 33(10): 1612-1617.
MORCK A, HAKK H, ORN U, et al. Decabromodiphenyl ether in the
rat: Absorption, distribution, metabolism, and excretion[J]. Drug Me-
tabolism and Disposition, 2003, 31(7): 900-907.

RIU A, CRAVEDI J P, DEBRAUWER L, et al. Disposition and meta-
bolic profiling of[C-14]-decabromodiphenyl ether in pregnant Wistar
rats[J]. Environment International, 2008, 34(3): 318-329.
SANDHOLM A, EMANUELSSON B M, WEHLER E K. Bioavail-
ability and half-life of decabromodiphenyl ether (BDE-209) in rat[J].
Xenobiotica, 2003, 33(11): 1149-1158.

STAPLETON H M, ALAEE M, LETCHER R J, et al. Debromination
of the flame retardant decabromodiphenyl ether by juvenile carp (Cy-

Environmental Science & Technology,

prinus carpio) following dietary exposure[J]. Environmental Science
& Technology, 2004, 38(1): 112-119.

STAPLETON H M, BRAZIL B, HOLBROOK R D, et al. In vivo and
in vitro debromination of decabromodiphenyl ether (BDE 209) by ju-
venile rainbow trout and common carp[J]. Environmental Science &
Technology, 2006, 40(15): 4653-4658.

VIBERG H, FREDRIKSSON A, ERIKSSON P. Changes in sponta-
neous behavior and altered response to nicotine in the adult rat, after
neonatal exposure to the brominated flame retardant, decabrominated
diphenyl ether (PBDE 209)[J]. 2007, 28(1):
136-142.

VIBERG H, FREDRIKSSON A, JAKOBSSON E, et al. Neurobehav-
ioral derangements in adult mice receiving decabrominated diphenyl
ether (PBDE 209) during a defined period of neonatal brain develop-
ment[J]. Toxicological Sciences, 2003, 76(1): 112-120.

VIBERG H, MUNDY W, ERIKSSON P. Neonatal exposure to decab-
rominated diphenyl ether (PBDE 209) results in changes in BDNF,
CaMKII and GAP-43, biochemical substrates of neuronal survival,

Neurotoxicology,



SD 1013

growth, and synaptogenesis[J]. Neurotoxicology,2008, 29(1): 152-159. seals (Halichoerus grypus)[J]. Environmental Pollution, 2005, 133(3):
[27] RICE D C, REEVE E A, HERLIHY A, et al. Developmental delays 581-586.

and locomotor activity in the C57BL6/J mouse following neonatal ex- [34] VAN DEN STEEN E, COVACI A, JASPERS V L B, et al. Accumula-

posure to the fully-brominated PBDE, decabromodiphenyl ether[J]. tion, tissue-specific distribution and debromination of decabromodi-

Neurotoxicology and Teratology, 2007, 29(4): 511-520. phenyl ether (BDE 209) in European starlings (Sturnus vulgaris)[J].
[28] TSENG L H, LI M H, TSAI S S, et al. Developmental exposure to Environmental Pollution, 2007, 148: 648-653.

decabromodiphenyl ether (PBDE 209): Effects on thyroid hormone [35] THURESSON K, HOGLUND P, HAGMAR L, et al. Apparent

and hepatic enzyme activity in male mouse offspring[J]. Chemosphere, half-lives of hepta- to decabrominated diphenyl ethers in human serum

2008, 70(4): 640-647. as determined in occupationally exposed workers[J]. Environmental
[29] GOMARA B, HERRERO L, RAMOS J J, et al. Distribution of poly- Health Perspectives, 2006, 114(2): 176-181.

brominated diphenyl ethers in human umbilical. cord serum, paternal [36] s R ..

serum, maternal serum, placentas, and breast milk from Madrid popu- [J]. , 2009, 30(9): 1238-1240.

lation, Spain[J]. Environmental Science & Technology, 2007, 41: WANG Zhixin, CHEN Dunjin, DING Shujin, et al. Efect of maternal

6961-6968. BDE-209 exposure on development of ovary and articular cartilage in
[30] FREDERIKSEN M, THOMSEN M, VORKAMP K, et al. Patterns and offspring of rats[J]. Guangdong Medical Journal, 2009, 30(9):

concentration levels of polybrominated diphenyl ethers (PBDEs) in 1238-1240.

placental tissue of women in Denmark[J]. Chemosphere, 2009, 76: [37] s s , .

1464-1469. [ , 2006, 26(6): 738-741.
[31] TOMS LM L, HARDEN F, PAEPKE O, et al. Higher accumulation of ZHOU Jun, CHEN Dunjin, LIAO Qingping, et al. Impact of BDE-209

polybrominated diphenyl ethers in infants than in adults[J]. Environ- exposure during pregnancy and lactation on immune function of off-

mental Science & Technology, 2008, 42: 7510-7515. spring rats[J]. 2006, 26(6): 738-741.
[32] s s , . - - [38] VIBERG H. Exposure to polybrominated diphenyl ethers 203 and 206

[J]. ,2007,35(7): 1015-1017. during the neonatal brain growth spurt affects proteins important for

QU Weiyue, BI Xinhui, SHENG Guoying, et al. Determination of normal neurodevelopment in mice[J]. Toxicological Sciences, 2009,

polybromi nated diphenyl ethers in human blood by gas chromatogra- 109: 306-311.

phy-negative chemical ionization-mass spectrometry[J]. Chinese [39] SCHECTER A, JOHSSON-WELCH S, TUNG K C, et al. Polybromi-

Journal of Analytical Chemistry, 2007, 35(7): 1015-1017. nated diphenyl ether (PBDE) levels in livers of US human fetuses and
[33] THOMAS G O, MOSS S E W, ASPLUND L, et al. Absorption of newborns[J]. Journal of Toxicology and Environmental Health-Part

decabromodiphenyl ether and other organohalogen chemicals by grey a-Current Issues, 2007, 70(1): 1-6.

Absorption and distribution of BDE-209 in the blood of pregnant and
non-pregnant Sprague-Dawley rats exposed by single dose
of decabromodiphenyl ether
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Abstract: Decabromodiphenyl ether (BDE-209) is currently the most widely used polybrominated diphenly ethers (PBDEs) flame
retardant around the world since penta-BDE and octa-BDE were prohibited. BDE-209 has been ubiquitously found in abiotic and
biotic compartments, and even in human blood and milk. Moreover, an upward trend of the content of BDE-209 in environment has
been observed. Under laboratory conditions, BDE-209 can be transformed to more toxic lower brominated PBDEs, OH-PBDEs,
Meo-PBDEs and carcinogenic polybrominated dibenzo-p-dioxins/furans (PBDD/Fs) by biological metabolism, photolysis and pyro-
lysis., So, it has been a current research hotspot in the field of environmental science for the study on the environmental behavior and
biological effects of BDE-209. However, little information is available for the exposure of pregnant animals to BDE-209 in the lit-
eratures. In this study the absorption and metabolism of BDE-209 in the blood of pregnant and non-pregnant Sprague-Dawley rats
exposed by single dose of Decabromodiphenyl ether were studied. The results showed that BDE-209 can be absorbed by pregnant
and non-pregnant Sprague-Dawley rats, and BDE-209 in blood can be eliminated quickly in pregnant and non-pregnant rats. De-
brominated metabolism were observed in pregnant and non-pregnant rats and the major debrominated products were three
nona-BDEs (BDE-206, 207 and 208) and five octa-BDEs (BDE-196, 197/204 and 198/203). Among the debrominated metabolites of
BDE-209 nona-BDEs were the predominant congeners and BDE-207 was the congener with the maximal concentration in blood.
BDE-209 and its debrominated products nona-BDEs were eliminated faster in pregnant rats than in non-pregnant rats. Furthermore, a
statistically significant difference of the elimination rate of BDE-209 and nona-BDEs was observed between pregnant and
non-pregnant rats in the later phase of exposure.
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