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AL EL BDE-47. TBBPA Fl HBCD = it R AR BHBRF, #F 70 Hoxh At
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KA RN LB e . Bt 45 5

(1) 383 %K T BV G T A BEALAE B BF 5T K I, BDE-47. TBBPA Al
HBCD 4 Rl i i i /K 7 86 VG % 8 TR0, VR i 01 2 SR /K i 2 e B I 1D e 7 3K
B2, RS X RERA OB 2 | Ak SR I ) 0 A — & R BE (s ), SR A5 1 ey
% ECso 4 %A 127.5. 19.65 1 24.15 nmol/L.

(2) IR T B R DU A AR VS PSS MBI TR I, =R LA TR A R
WK SRS I B AL E N, 5 H. SOD Al CAT 3% 775 BFRs 2 [A]4 BH & (1)}
F]- )R- 2N 55 R . BDE-47. TBBPA Fl HBCD X /K75 B IRAG ) SOD 3%
PBLEARRIN . BEFE B FE I RS K iS5 . Hh G 7E HBCD &k il 2
g kA, SOD W PER Iy Je 2 B0 5 ¥ T, Ul B KT B IR i 32 2
BFRs [ LHHEIER, 55 SOD 74 LG BRiG M A H B 7E(ROS), (HIFEA
ZREAAT. CAT WIBEE 5 58 I 8] (1 4 KR I AN [F] R SO, kR I
NS A . Hh BDE-47 2F4M HBCD ik 24 CAT i L bl 45 5 #a i
[ PR 384 M R B S8 5 3 5 A0k, TS 3 PRI A 55 . FER E)- 208 B, CAT
PPN LA SOD T2 87, UiHH SOD i SAFE M R 5, CAT [Hig
PEXS BFRs F i B AT~ BE O RAE

(3) /K BEIL G 7E BDE-47. TBBPA Al HBCD %t # Wila] )R Bl — 2 A4
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Abstract

Polybrominated diphenyl ethers (PBDE), tetrabromobisphenol A (TBBPA) and
hexabromocyclododecane (HBCD) are the most widely used brominated flame
retardants (BFRS). As the additive or the reactive flame retardants, they are likely to
release into the environment due to the rapid growth in their production and usage.
They are concerned greatly due to their lipophilic, environmental stability and
bioaccumulation, biomagnification through the food chain, and the toxicity to aquatic
ecosystems and human health. In this study BDE-47, TBBPA and total HBCD were
selected to investigate their ecotoxicological mechanism in marine medaka (Oryzias
melastigma) embryos. The physiological effect, antioxidant enzymes activities and
bioaccumulation of marine medaka embryos were evaluated following BDE-47,
TBBPA and HBCD waterborne exposure. The results would provide theoretical basis
for further study of the ecotoxicological effects and ecological risk assessment of
brominated flame retardants. The results were obtained as following:

(1) Marine medaka embryos were very sensitive to BFRs exposure. The obviously
dose-response relationship were observed between the deformity rate of marine
medaka embryos and exposure concentrations, the calculated ECso for BDE-47,
TBBPA and HBCD were 61.94, 10.69, 15.5 po/L, respectively. All the three
BFRs could also affect the heart beat, hatching rate and hatching time at different
level, which revealed development toxicity. By analyzing the biomarker of the
three kinds of BFRs, the acute toxicity to marine medaka embryos was following
the order. TBBPA>HBCD>BDE-47.

(2) The oxidative stress were caused by BDE-47, TBBPA and HBCD in marine
medaka embryos significantly and showed clear time-dose-response relationship.
SOD activities in marine medaka embryos gradually induced by three kinds of
flame retardants as the exposure time increased. SOD activities inhibited after
inducted in the higher concentrations of HBCD to scavenging the ROS, which
implied that marine medaka embryos exposure to oxidative stress within the
present concentration. CAT activities in marine medaka embryos performance
different stress mechanism, overall inhibited after induced as the exposure time
increased. The activities of CAT showed a tendency of induction firstly and then
inhibition, then induction again and at last inhibition in BDE-47 and high HBCD

concentration group. We also found that CAT activities induced before the SOD,
IX
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3)

(4)

and CAT showed inhibition in higher concentration, which implied that CAT
activity seems to be much more sensitive than SOD activity.

Marine medaka embryos exposed to BDE-47, TBBPA and HBCD showed a
certain amount of bioaccumulation. There was a linear uptake of BDE 47 and
total HBCD over a concentration gradient but there was a trend to reach a

equilibrium at 8 days in highest TBBPA concentrations. Marine medaka embryos

could selective absorpt o~ B-HBCD under the lower concentrations, but no
indication that marine medaka embryos could biotransform y-HBCD to a-HBCD.
In this experiment, the bioconcentration factor of BDE-47, TBBPA and HBCD in
marine medaka embryos for 8 days exposure were as following: 37.52, 17.88 and
23.84.

The results suggest that the three types of brominated flame retardants
accumulation in marine medaka embryos induces oxidative stress which might be
one of the important toxicity mechanism of BFRs through analysising of the
different biomarkers, and the organ development stage was more sensitive to the
three BFRs. The change in oxidative stress cause by the three BFRs could greatly

reflect toxic effects on the marine medaka embryos.

Key Words: Brominated flame retardants; oxidative stress; bioaccumulation; marine

medaka embryos
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F1E %P
1.1ARE=

IR KRR A, 25 A E A R ) A Pk bk 22 b e s n 28 Tk J A0
PR, BT R BT, BRI N s AR (0 R X NRARARR) . B
A BhRS, HpE 8RB (Brominated Flame Retardants, BFRs)
F. SHEEAFMEL, BFRs EA VRN, HliE T2, FagrEer B
IRARBRSE L mt, 7R AV BN KR E R A, B ORGSR e . o
ff) BFRs =224 £ JREE 2K Bk (Polybrominated diphenyl ethers, PBDES). VU 3}
A(Tetrabromobisphenol A, TBBPA)FI 75 1R ¥+ — %% (Hexabromocyclododecane
HBCD), FZHIFEr T34 BRI 7840 @I RS .

H1-T BFRs HA ™ A A B a4, AV R VS INBY ) 3k 2 S 27 FR BELABR
FIHA T R BRI PR BE 7 (De Wit, 2002). FH - EATT R A SEIEYE . R 85R 8 AN
—E BB, Reis s e aE R L e iR REEAE IR R K A )
H, XMAKAELEMBEAN W TR, RIOVAEERYE . MiadEt. KEkE
5. AR ELINEAE S (Hakk and Letcher, 2003), #i\ A H A T E (K4 A EAE HL
TG REIE R PR [ B 9T RO 2 TR BER 2 1) — K d. 2005 4F
HRA E AR (UNEP)K: PBDES 81| A AMEA T34k 2475 S W) (Persistent Toxic
Substances, PTS)#F7tis .. KBS AN A 2006 £ 7 H 1 HEIFAALE - 77 i
Hif 1L {8 H] PBDEs. 2008 4F 7 H RKMAE 1L 1 i FH -9 R IR AR, 26 R O
M ZE IR BRG] R R TR . 2009 4 5 FJ e+ H N L2 AT
W BE R IR BE AN L) 8 2077 K38 DU e b, 7 IR AT )\ SRR T 771
NFFAMEA AL A Y (Persistent Organic Pollutants, POPs)i& 8., HBCD T H:
FEAME, BV R EMETET 2018 44\ POPs i #.. TBBPA Al HBCD J& T
PRIEG POHS(IH 2 PE 7 it th 2R I Rr e A H W) E Y5, RN HBCD S AR,
W A4 PR TR REACH(ILZE R VEM . VAl VP RIRIBR )& 424 5. TBBPA
BT HHBIEENEEY R IE T CRACK VIR SR 7% 01) (OSPAR)
s rp, 78RR — 6 [ SR PR A

E R E RE AL G4 E 2 —, AR BFRs X 3R E BT A4 SE
FHIWETT, TR A FE AR 7 1 R AH S R =

1
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BFRs 1F =4 FE bR b 52 QM5 9, A KA A3 A B i 75 G/,
IEH 2352 BIE AL R RS HEBCR F9 A e Al PR IA 3505 e LR
RN, JUH ARG A I B2 5 Pl R I 2 XUBS:, PRI AT A6 22X BFRs
XHEEFELEVIR B ME RN A TIR AN . RGN

1.2 B RSMtR B SR

1.2.1 BFRs 95 TR

BFRSHLE AN [F] (R 7R M A2 T LAZy i I BBl s RS 5 K8, R A ) BELA
TR b B 2 A BIR R, S S KSR it s V% I 28 P IEL AR ) U St AR A
S FIER J145 & . PBDEs. HBCDAIHE S TBBPAR A& v/ i AL B 7145 F
(1, FTRAEZKAR. KA R, GOS80 5 ot DA SK AR A= ik P 38
RN 23X =K S 7Y BHAATR AOAEAE I A A 2R T Ve ) L 3 M A i, B2 3%
K BE X A 1S Gk o BERHE R, RIA I 5080% ) B btk N [E L Ep
FE AN ST 25, o [ Xk 790%. R E L M X R T T B R AR
fREERHE, UG MR BT B (B R A be . ML MR 15 )1 2 Fh e A MEAT 2595 4
WA 1) LR T, F 7 i P VS I R BEL BRI 22 B 2 BRI ke, ) LR
BE 18 i 4.
1.2.1.1 PBDEs KJ¥5 4 PR

PBDEs {4 MG I V2 1) BFRs Mk, ERNH T RS B 55
2. EFM R EE ZE P R (Alichin et al., 1999, Sellstrém et al., 1993), 1
NESINAL ) PRASR) PBDEs W] 7E il IRAS TR H B2, FHBTA R S B, 1992
4, PBDEs 4Bk 7R & A 4 JiMi(Hale et al., 2001), #| 2001 i _FiK
6.7y, AR THRRGIEA, 75 KEA T (Voorspoels etal., 2003).

52 @K (PCBs) 45 /)24l PBDEs & —2R &4 209 F [ RPAIRAR
TIRRRRIL A, HALZER N CioHe9Bra), AWM ILE 1-1, R
BURTHEAF A 10 ANMARA, JFHBEERE 7280 PBDES [ZRE
BEAG, 7 K R IR T M B Uk /D, logKow Bl IR 75 & 10 38 Jin 17 38 i1 (Tomy et all,
2001). A PBDEs fR¥EAIA HIRBUCHE BEIIAE 0 =38, 70l iR
B, LR 2 IRECRRE (deca-BDE), /i E ) 97-98%; i A\ IREE

2
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