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WE KPR EI 4 M LR K EH(PBDEs)[F % 47(BDE-47 . BDE-99, BDE-153 #1 BDE-209) % &
1 # /N 2k #% (Chlorella pyrenoidosa) . & %! ¥ (Daphnia magna)## & % % (Scophthal mus maximus)# 47 &
MHEMELE, £RTr, 4 # PBDE F 24 %t & A% /NE#E K 96 h ECsp & 1.39 (BDE-47). 1.76
(BDE-99), 3.23 (BDE-153)#1 378.62 pg/L (BDE-209), “4 4 % 0.10 (BDE-47), 0.18(BDE-99).
0.27 (BDE-153)f7 8.68 pg/L (BDE-209); Xt A A % # 96 h LCso % 0.24 (BDE-47), 1.42 (BDE-99),
1.49( BDE-153)#7 63.93 pug/L (BDE-209), %4 & % 0.03 (BDE-47). 0.82 (BDE-99). 0.94 (BDE-153)
#1 BDE-209 (5.09 pg/L); *tk Z#FH) 96 h LCso & 5.46(BDE-47). 6.07 (BDE-99), 7.35(BDE-153)#n
118.78 pg/L (BDE-209), %4k JE # 2.02 (BDE-47), 2.01 (BDE-99). 2.17 (BDE-153)# 58.62 pg/L
(BDE-209). % & Bk KBk [F] 2 4 & M & 8 R F BUR 2k By 3 Ao 7 98 /N (BDE-47>BDE-99>BDE-153>
BDE-209), 4 B #I# K+ PBDEs 4 T %4 %, {2 i T PBDEs Y45 72 & AR 5E F A tE, H
X IR R A S B

KER ZEBCREN; ERAMNKE;, KAE;, KZE4,; AEEH

FESERS X826 NHEFRIREE A XEHRS  2095-9869(2019)06-0088-10

% JR Bt 7K it (Polybrominated diphenyl ethers, fn HH (Hooper et al, 2000), &R F7E 438 g1
PBDEs) J& — K 28 & H 1 8 1R B & 7] (Brominated ~ #(FI{ & A[H], PBDEs ([a] RYILH 209 Fila =Y
flame retardants, BFRs), {4 7£ 4t 5 K Az P= A fdi (KNI EEEE, 2005), H1F PBDEs U 45# 5 2 &
BTz T U L AL A S L A LA R G B A PR, AR, SEHOHMPRIR RSN, ©5
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2 AR T e AR RLA) HEPE AL N (Wang et al, 2015).
PBDEs JE AN EIMEE A & REY, B, 754
Fi= i i . RS HHEL . BRI S R, A
Sy 7= R E R LS, B2 PR (Wang et al,
2007; Hooper et al, 2000), Jf B £ ¥4 (P) 7E2E Py 1A
N R (She et al, 2007), BARFZEEKCLEE LM H
ZIRBOR R, HE AR I F R 45 R 7, PBDEs S
AT A= 7 the 545 b 1) 45 SR B A i U E iR 25
i, Hok B S A4 KB ¥ (Huang et al, 2013),
PBDEs 74 WA b ml A= A= ) SR, 2 X B e v i)
BRI — RN (22, 2011). HAT,
T f# PBDEs (WAt R RS BT N
TR . A AR kT L SR %
(Darnerud et al, 2005), it JL4F, PBDEs /Eh—Ffr
RIS ERVEA BT IS YLy, Bk 27 2 B Y A 9 6
(AW =245, 2014),
VTR TR AR ) B e () Y S, AT
PN i PN 9 PBDESs T LA 3o 5 1 £ W B ) = 75 IR
YR NS | e etk A AR A 165 . [RES, PBDES
) B P 07 %o 3 200 i ) A A BB R A, B
FErP S A AE M E SR N R BRI AR S R G T A
(Z= R4, 2009), HEEA B HA B . BHE .
REVERRAF I S0 A5 o5, AE 70 st [) P A5 31035 e 0t H
TR T A 1 2 e 1 19 4 S B (K T, 2015) 2R
4% /Nsk 3% (Chlorella pyrenoidosa) & 1) 12 434 4
MRS, BoA SR . Ba . BRI A
FEA, RS B HAYEEE . KA (Daphnia magna)
VER—Fp B Z KA EY, DS NE, FHE
IR Z —, BKA AR R G ) TG P M BE
TS i BT (B4, 2012), ¥5 Yt K ALE Y
FETERENS I K AR S R G R, H R A%
HAAERE, B Aam . BEFRANK
IRBE a0 BURAERE A, SR T K AR B i BRAR AR
Yo AR, FE KK AEYRMA A I 2| PBDESs M H:
A ER R, P LG R RNR K 028 | 5528 I gt
IRBEMGS . AU BE S I FL2E A2 ¥ (McKinney et al,
2006; Routti et al, 2009; Zhang et al, 2010), HH, fi
FIE I ER RGN EELH Y, LPBDEsH T EY
BEUE AN B E 2R Z —(Voorspoels et al, 2007),
HAFFE kB, JE4E K PBDESTE fa 25 4 40 i) & 1 2 91
W, Kk, X2k N PBDEsK I A 5 &2
HAGE, 2015), KZEHE(Scophthalmus maximus)fE
B AT s, AEFRE A6 5 A T KT AR
FRAE, HIATHE A EAT X IR aa fUsk . 1S s/
FEAR AR S (T4, 2014), I, ABFoE 8%

FIZ/NBRE | R AR SE 6 £ 1/ £ /E W PBDEs 2t
B SCIR AR
ARSCWEIE T 2,2°,4,4°- VU 1R B K fik (BDE-47) .

2,2°,4.4°,5- TR E Kl (BDE-99) . 2,2°,4,4°,5,5 -7 %
I % Bk (BDE-153) . 2,2°3,3°4,4°5,5°6,6- 1 15 15k 7% [k
(BDE-209)% #5 FIAZ /R . R BRI RS2 BT HE
(2R IERLN , 3545 4 B PBDEs X4 A% /NER
F4) 2 350N IR FBE (ECso) 124 42 ¥k B (SC) LA I 4 Ff PBDESs
Xof R 38 I 52 A 7 AfE £ 2 BRI P (L Cs) PN 22U
B, HAARENRAC S PBDEs [m] 2900 A 4 0 dE ML
N, >k PBDEs [ 1 PR 858 IXURS DA $2 61K 4 o

1 HRESH®
1.1 FRE5{EE

1.1.1 SR AMHAEIER B AR /NEREE - i E K
FERF A IE BE W K ST T s S R . BRSO
P WEKHCA T SR, RSV G 2 0.45 pm JE
g, AT, WEUS T ECH /2 5535 W (PR,
1995), L N(20+0.2)°C, Y5k N 4500 Ix, JEREH N
12h: 12 h, BREN ANTES 3K, I HBEEHLIE#
AR B S0 RO IR A

KIS FIr e FH R TR 73 S0 28 15 % 1 e
A= E 3 ARLA LBy 4his, 7ESCIRTHT 24 h HEHUA DY
() BRE R VR SE B HEA T o5 5%, SEHR AT 6 h BB
PhHh, e ZEHE A 20 i b Pk e A B A A A TS . B
FEH I W A Q3+1)C, H5EN 3500 1x, YEWEEE A
16 h : 8 h, MEE/NEREE, JFaE B HLRE IR UL

KEEGE . T34 A=A, KR
(3.0£0.5) cm, 1RH H(0.4+0.1) g, YNIFEHek: SCERRHT
TERR R 48 m* Y GT N 5% 3~5d, BN 4 B/m?,
KT . BERIIK 1R, BRI s
Tk 1k
1.1.2 %A PBDEs: BDE-47 . BDE-99 . BDE-153
1 BDE-209 ¥]ll§ T AccuStandard 23 &) (2l £ GC/MS),
i F PBDEs filiA Tk, LI HILWHMDMSO, ik
afi, 2GR 2F R A R 7D A, E AR
PBDEs M HF, 4°C TR B/ NSRS
SCUORT, R 172 KE R FEAR U R BT 5 VB ) S B
W, SRR 1,
1.1.3 L& OLYMPUS BX51 1F &% i i385
e AL BROE IR R SR (GZP-450) . M-50 HiliJE 2
TEQEMEEA N 5 cm, FLAEN 0.45 um). H SR
F1 785 K T  (Zealway G154D). L HVIE 5 XU T4
(DHG-9146A),



90 ook B

2 R %40 &

1.2 R H*E

PBDEs Xf/NEREE 1Y S PEFEPESL IR vk B 18 1
500 ml P EL2E =i, srak 6 4, Bl 3 NTAT, &%
INAE A AREHE BDE-47 1) £/2 5537 150 ml, 43
HIARYE BDE-47, BDE-99, BDE-153 fil BDE-209 %
JINER TR O BRI TS A R BV L, TR DY R Y 4 IR
GEXTRRIBE VR 6 AN EEd] . Hirp, Bk HL A R
&4 0.01 pg/ml DMSO RYIEFRR, THSCH 45 FE
ZVREER) DMSO XHEEEE A IO, BARE
FERBRE LR 1. BRITRWEBE A 2x10° 4~/ml HANTFH54L
AR R AR /DN ERBEEE AN B = AR B 53D . R
FERT N THESN, JF BRI = ARe A &, ST
W25 0 A RIAE 24, 48, 72 Fll 96 h RAETEM, 7F
AR ™ R BRSO, TR B R () /ml) .

PBDEs X KAUEM 2PERETE S ik LA
#54 100 ml AY%EMS, AR P BDE-47. .BDE-99 .BDE-153
F1 BDE-209 X R B3 1) B P T 52 0 45 H MR B Y [

=1
Tab.1

FE VO N R R AR R R S R 6 MRIE, B
3AFAT, HEARMRBEEREEDLER 1. PRk As 250
RAVEAE ARG, BAA LR 10 H o 5256 [
AWEE ., SCITFUASS, T 24. 48, 72 M1 96 hid s H:
FETHL, JEWERRIET M, SET-HIE . FEMEHIEE T
£, LU - Bk sh i 2 AET,

PBDEs X} K2 WE[) S PEREIESCE ik SLR A
M1 L AYBERS, M4 BDE-47. BDE-99, BDE-153
F1 BDE-209 5 A 32 6 1 25 14 i S 40 A5 i i B85 Y
FE VO N R R AR B R s 6 MRIEA, B
3AEAT, HARMCEERAE W 1, PRSI R
FOPAE SN S, WU A L Zh Y 10 B,
WIS, 24 h ARG 2o SRRk ik
KA Ty, EERG 24 h K 1R, HBEZ, LR
JHRJE, T 24, 48, 72 F1 96 h it s HAL T- RO 15 B
BT, BET-HIGE : FET- R R SRR iy,
AR, 6K I (it FEWIAE, 2007).

2AMH ML P 4 # PBDEs B ZMRIKEHE

Concentration gradients of four PBDEs congeners in the acute toxicity test

PBDE [7] Z% PBDE congeners

S35 A2 ) Experimental organisms

e Concentration (ug/L)

/NER#E C. pyrenoidosa 0.5 1 2 4

BDE-47 KA D. magna 0.25 0.5 1 2 4
KZEHE S maximus 2 4 8 16 32
/NER#EE C. pyrenoidosa 0.5 1 2 4

BDE-99 KA D. magna 0.25 0.5 1 2 4
KZEHE S maximus 2 4 8 16 32
/NER#EE C. pyrenoidosa 0.5 1 2 4

BDE-153 KA D. magna 0.25 0.5 1 2 4
KZEHE S maximus 2 4 8 16 32
/NER C. pyrenoidosa 50 100 200 400 800

BDE-209 KA D. magna 20 40 80 160 320
KEZEHT S maximus 60 120 240 480 960

1.3 #BESH

K Excel 2010 B4 g b A7 AL ], 314545552
B A (E S AR AR 22 o R AR B i, R SPSS 19.0
P Z AR WIBET A R B MR B 5 S Ik ot
BB 819 7 AR 2 B e BE (ECso) A2 050 1k
(LCso) Jz 95% & {5 X[ ,

U AR BE (SC) 2K F 7 46 £2 (Turubell) 1) 4 42 Wk FE
EAR (T, 2016):

SC=48 h LCs,x0.3/(24 h LCs0/48 h LCs)’

2 HRSHE

2.1 ZREABMEAZMKENIMESE

WK 1 R, 762 R ARG 35 A/ N KB Y 75
PESEgR b, B MR RS R, A5 S 2H AR A%/ N K
LT R L F, ZHRIEMCCR, TEMFEVEET,
A AR /0N RO 100 00 ) 23 R 1R) ) 1S n g . AE
BDE-47 ik E 4 (4~8 ng/L). BDE-99 mikEd
(4~8 ng/L). BDE-153 2 (8 pg/L)F1 BDE-209
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Fig.1 Inhibition of C. pyrenoidesa with different concentrations of BDE-47, BDE-99, BDE-153 and BDE-209

1 R BEZH. (800 pg/L), A B[] PR (24 h) X ZINasR 35 1 411 il
FikF] 40%LL | ; 7E BDE-47 iR He 20 (0.5~2 pg/L).
BDE-99 Ik & 41 (0.5~2 pg/L) . BDE-153 ALy i 40
(0.5~2 pg/L)F1 BDE-209 {IL¥ B 41(50~200 pg/L), Xf
INER A ] 2R B A [0 B 385 02 38 K, 96 h PN Al
T A 60% . 40% ., 40%F1 20%, H Z% 5} E] fK
TR, —HRIEME,

F 2 AR AR X 8 A%/ NERBERY 96 h 411
il A 2R A Y B D R, 7RI AE B HEAT T EIE Y
FREAHE R R RN R0 W A S, 15
BDE-47. BDE-99 . BDE-153 Fl BDE-209 %% [44% /)
BRPEM 96 h ECso KKK 1.39. 1.76 . 3.23 il
378.62 ug/L. ¥ Turubell B4 WA,
1 BDE-47. BDE-99. BDE-153 #il BDE-209 X} 4%
IINERE 22 R FE 43531 R 0.10,0.18,0.27 F11 8.68 ug/L.

4 i [E] ZR W) 0 R /N R Y B PR R AR TR
BDE-47>BDE-99>BDE-153>BDE-209, 45% W, b
# Br JR FHRURECE A, FMEZ#E/N, Connell
F(198)WFFE R, I35 YLy & A% /N ER B 1) T B
PERIN R T I 28 A 2 ) Joie 4 A 8 200 L 1 uf: B 7
(Bl # R vE), H PBDEs FY ¢ B /K 43 it 2 %4
(Octanol-water partition coefficient, logK,,)5 B /K
A2 W 5t 14 A ) e B TR (BAF) 22 (8] A7 TR 4 1 2 ¢
Z, M logKew>6.5 i, Az Y fh= 4 o i W A e i P
BB KA P 0 28 )40 BELTT RIS o AR AR 2 J9T 3 1)

BDE-47 .BDE-99 #l BDE-153 [ logKy, {H 43 514 6.81 .
7.32 1 7.90, 1fii BDE-209 & logK,, 18 (9.98)% T-Hi
3FERY, AR A A [ B K, K 2 [l o7 B
FHTS T PBDEs WA . w4 . REHAIGE, 1
4~ F#% (Haraguchi et al, 2009; Burreau et al, 1997;
Boon et al, 2002). 3#HE2007NHF5UEN, 5 PBDEs
P R BLIG) 22 SR (PCBs) =5 1] 37 BHL L Bl 25 73 -+
Cl JE 1) BOAR 5038 Jin g 2 7 K o AR F 58 W
BDE-209 ) ECso tbHAth 3 Fh[R]l RZE 5 th 2~3 4K
B, SN A REEREN, TR T Br B
BB, s PHASKR, HE 1M B AR

FRAE B A2 I e 3 PEAR 1 U (HD/T154-2004) )
W PR bR (B s B ME I . ECso<1 mg/L; = aefk
P 1 mg/L<ECso<10 mg/L; F#H Y : 10 mg/L<
EC50<100 mg/L), 43T 4 B 22 IR Bk X 8 (A% /N Bk
FE1% 96 h ECso 20914 1.39.1.76 .3.23 #1378.62 ug/L,
Al LA BDE-47., BDE-99, BDE-153 #il BDE-209
P02 %o 2R 1 A% /N Bk B A 1 R B 4 BT (ECso<
1 mg/L),

ZE A HA AR S 5 SR AT 2R VA s X B v
f) PBDEs A 24 58k . K allqvist 25 (2006)58@ 1 5% & BE
BDE-47 %} i1 1 4% (Skel etonema. costatum)f¥) 48 h
ECso } 70 ng/L, W] BDE-47 Xf HA W & a3/
M. 25545 (2009)i@ 5t BDE-47 % 4 Fhiss: iy 21k
FEPESIL, 19 BDE-47 Xf/NEk# . RICMA TR
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Tab.2 Acute toxicity test results of PBDEs on C. pyrenoidosa for 96 h

2 IR AR ik )5 75 LIBT3 RO e 95% AR X [1]
PBDE Regression equation R 96 h ECsq (ng/L) Confidence-interval (pg/L)
BDE-47 Y=0.917X-0.131 0.993 1.39 1.11-1.70
BDE-99 Y=0.898X-0.219 0.919 1.76 0.37-5.58
BDE-153 Y=0.657X-0.334 0.991 3.23 2.54-4.34
BDE-209 Y=0.003X-1.709 0.899 378.62 325.43-915.70

(Chaetocerosmuelleri) . H7 il B £ 3 . 7% 8 5 45
(Heterosigma akashiwo)fi¥) 96 h ECso 431 0.79 .1.52 .
1.99 Al 2.25 pg/L, WA CHrib2a9 5 faE PEAh )
(HI/T154-2004) ) HEERIbRIE, FIWHXT 2 Fhiges
R R T s . WITES (01515 T BDE-47
XF 37 > %Y i 3 (Platymonas  subcordiformis) i) 96 h
ECso 4 113.66 pg/L, %4k [GAL4: % (Dunaliella salina)
) 96 h ECso A 119.93 pg/L, 4 (Hrib 4y e E
PEAED (HI/ T154-2004) ) g FRIbRfE, WX
4 FhEABE R R A i bE . ZALQOIDIFIE T 2 Ff
PBDEs [i] &%) BDE-47., BDE-209 X 4 Flis i At #:0%
5 N, BDE-47 X & & K R # (Platymonas
helgolandica) . >k [ L /& # (Karenia mikimotoi
Hansen) , 7R 545 %5 | 4 % (Chrysophyta)i¥) 96 h ECs,
Jy2. 0.25, 0.046. 0.016 mg/L, BDE-209 X} 4 Flifi
MY 96 h ECso 4 3029, 18.1, 1.8, 0.79 mg/L, &I
4 AR XT 2 Fl PBDEs [R) 22 90 19 J0h 360 A7 26 55y B 11

100 - —=—24h

—+—48h
L ——72h
80 96 h

BDE-47 T

60

40

FET-#* Mortality/%

202

0 025 050 100 200 400

Y Concentration/(ug-L™)

100 o 24p BDE-153

—+—48h

® 80L ——72h

> 9 h

z

=

[=}

=

¥

H

=

4.00

2.00
B Concentration/(pg-L™7)

0 025 050  1.00

& 2

225, @ LL SR &K 3, PBDES [l R P% A R Rk
TR AT PR RN AN [R] A [R]38 2 ) AS R R 25 e 2
L BE K2 20 M A EE S A (2 3, 2011), LKA AR
MR AT RE X 22 VR DR TR Ik 1) 2 RSOV 7 A R o AN
[ T/ N R B RR R O A0 MLAA , 35 5 s 38 A S A o AR o
AUREECRY, NI BRI Pttt N, %7z
P 20 LR B 17 U 28 A W i RE VA

22 ZREABMNREENIMSHE

WAL 2 FroR 78 22 R Bk R 8 8 1 M S0
H, BEEVREER TG, &S I KRB AE TR 2
T, ZHEBEIEMAX, M 2 A1, BDE-47 X} KR
BRI SNt K B i, 7F BDE-47 ¥k BE4H , 45 I [E] PN (24 h)
KISEEA AN]R8 2] 40% 72740 o

e 3 AN AR IR kX KA 96 h EUAE A
B SR VAOICINE oy S (e 2 M b s IS 0K |
KARK R AENEREW B &R, i8S

100 —m—24h
+481ﬁ
L ——72
80 96 h

BDE-99

FET-HR Mortality/%

1 J
0 0.25 050 1.00 2.00 4.00

¥R Concentration/(ug-L™)

10 _a—24n

BDE-209
—+—48h
80F —*—72h
96 h

BET-Z Mortality/%

1
0 20 40 80 160
¥ E Concentration/pg-L™)

J
320

AIF¥k BE (Y BDE-47. BDE-99., BDE-153. BDE-209 X %I 3% (Bt %

Fig.2 Mortality of D. magna treated with different concentrations of BDE-47, BDE-99, BDE-153 and BDE-209
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Tab.3 Acute toxicity test results of PBDEs on D. magna for 96 h
EALSCS H1is = 5 R FRE LI 95% A7 X [i]
PBDE Regression equation R 96 h LCsq (ng/L) Confidence-interval (ng/L)

BDE-47 Y=2.150 X+1.320 0.998 0.24 0.01-0.52
BDE-99 Y=2.313X-0.351 0.987 1.42 0.61-4.65
BDE-153 Y=1.747X-0.304 0.967 1.49 0.57-17.23
BDE-209 Y=2.221X-4.011 0.990 63.93 11.68-143.73

BDE-47. BDE-99, BDE-153 #l BDE-209 %} & %I 1% (1)
96 h LCso YN 0.24. 1.42. 1.49 1 63.93 pg/L, Jf
& Turubell fl42 44 1432030, 114 1 BDE-47 .,
BDE-99 ., BDE-153 il BDE-209 X K 3% () 2 4 e JiF
435124 0.03, 0.82., 0.94 F15.07 pg/L.

4 A R YT K ALE A REPESR AR BDE-47>
BDE-99>BDE-153>BDE-209, ¥ Hiik#¥ i e &
PEAGAEN(HI/T154-2004) ) R PEHFIBRAE, $2 8 007
FIFRAE, 5387 4 FhZ I BOR BT KR 96 h ECs,
4390 0.24 .1.42 .1.49 F163.93 pg/L, 7] LUK BDE-47
BDE-99. BDE-153 il BDE-209 %} K% %48 T
MY (EC50<1 mg/L).

ZRA HABAH W FT 10 R, PR Bl % R B )
PBDEs 14 M #{U# . Breithlltz %:(2003)ill#4 BDE-47
X5} S Wi A 7K & (Pietschmanni) ) 96 h LCso 4 72 pg/L;
BIRUA(2013)il 3 HF 58 BDE-47 X K- 7 B 95 K %
(Eurytemora pacifica)Fl H 4% Jg BEAf 7K 2 (Tigriopus) )

100 BDE-47
—a—24h
o g0l —+—48h
% —+—72h
= 60l 96 h
E
40 -
M
2ol
0 2 4 8 16 32

¥ BE Concentration/(ug-L™)

100
o4, BDE-153
X gop —*48h
> —4—72h
S 9% h
60 -
:
ﬁ 40_
& 201
0 s 1 |
0 2 4 8 16 32

¥R Concentration/(ug-L™")

96 h LCsy 1 47.85 pg/L; 7KEi(2013)I7F BDE-47
XoJ 48 48 ¥ 8 4 (Brachionus plicatilis)f¥) 24 h LCsy
7.92 mg/L, i BDE-209 X H: /Y 24 h LCso W B AT #
W o 3 DA A G IE 25 R 45 A AR IR 45 5, 1
AN TR b 28 K A T 3 AR 0 (1) I AS TR AR A2 26 ) X [] Al
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T, “ERIEME, 7€ BDE-47 WEIREH (16~
32 ug/L). BDE-99 Mm k4 (16~32 pg/L)Fl
BDE-153 1 EE4H (16~32 ng/L), %EHfIE N (24 h)

100 4y BDE-99
. —+—48h
L 80F ——721
7
2 96 h
S 601
o
=
M 40 -
4]
2 20
o) & A ' ! !
0 2 4 8 16 32

W B Concentration/(ug-L™)

100r __ ,4n  BDE209

X 80+ —+—48h

2 —*—72h

3 ool 9 h

=

5 4or

|

2 20f

o b 1 ]
0 20 40 80 160 320
YR Concentration/(ug-L™)

E 3 KR[E¥E R BDE-47, BDE-99, BDE-153, BDE-209 X} K3 ¥ i35t R
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KEFEFHIFET- ) I5F] 100%; 7 BDE-47. BDE-99
1 BDE-15 1, {RHIEL 2 pg/L UL FHFET- R AR,
2~4 ng/L BET-ZR12, R 4~16 pg/L FET- % 2
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96 h EC5o KX K 5.46., 6.07. 7.35 1 118.78 ng/L. Jf
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BDE-99. BDE-153 Fl BDE-209 X} 25 6 11 2 4> He i
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4 FhE R PXTKGE B REPESR LRI BDE-47>
BDE-99>BDE-153>BDE-209., 458 %M, miRICFE &R
¥J (BDE-209) Lt ik X [F] & ¥ (BDE-47 . BDE-99 i
BDE-153)f ECso B ) 2~3 MR 2%, $iH P
FEAEE TR A B RS AN AU 2 [ Y IEAH 6 &R .
Kallqvist %(2006)fff 5% {E. 7~ , PBDEs A9 log Kow 55
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= E R R B B R
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R4 ZRBEABEIKEGHN 96 h SMHFHIHLER
Tab.4 Acute toxicity test results of PBDEs on S. maximus for 96 h

Z IR Tk [l 75 LB FHESCHRE 95%E i X [H]
PBDE Regression equation R 96 h LCso(ng/L) Confidence-interval (pg/L)
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N2 #9 PBDEs i 825 i 3R MU o
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XPEE A% /NEREE . KA . K26 96 h ECso(LCs)
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Acute Toxicity of Four Polybrominated Diphenyl Ether Congeners to Marine
Organisms: Chlorella pyrenoidosa, Daphnia magna, and Scophthalmus maximus

CHI Xiao'?, XIA Bin**, ZHU Lin**, CHEN Bijuan**", SUN Xuemei*”,

ZHAO Xinguo®, TANG Xuexi', QU Keming®

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266003; 2. Ministry of Agriculture and
Rural Affairs, Yellow Sea Fishery Research Institute of Chinese Academy of Fishery Sciences, Key Laboratory of
Sustainable Devel opment of Marine Fisheries, Key Laboratory of Fishery Resources and Ecological Environment in
Shandong Province, Qingdao 266071; 3. Laboratory for Marine Ecology and Environmental Science,

Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237)

Abstract In this study, we examined the biological toxicity of polybrominated diphenyl ethers, new
persistent organic pollutants that can accumulate in organisms and have toxic effects in higher nutritional
levels of the food chain. We performed acute toxicity tests using four polybrominated diphenyl ethers
(PBDE) congeners, BDE-47, BDE-99, BDE-153, and BDE-209, on three species of marine organism,
Chlorella pyrenoidosa, Daphnia magna, and Scophthalmus maximus. The 96 h concentrations for 50%
maximal effect (96 h ECs) and 50% lethality (96 h LCsy) were calculated for each species. The 96 h LCs
and safe concentrations of the four PBDE homologs on C. pyrenoidosa were as follows: BDE-47, 1.39
and 0.10 pg/L; BDE-99, 1.76 and 0.18 ug/L; BDE-153, 3.23 and 0.27 ug/L; and BDE-209, 378.62 and
8.68 ng/L, respectively. The 96 h LCs and safe concentrations of the four PBDE homologs on D. magna
were as follows: BDE-47, 0.24 and 0.03 pg/L; BDE-99, 1.42 and 0.82 pg/L; BDE-153, 1.49 and
0.94 pg/L; and BDE-209, 63.93 and 5.09 pg/L, respectively. The 96 h LCspand safe concentrations of the
four PBDE homologs on S. maximus were as follows: BDE-47, 5.46 and 2.02 pg/L; BDE-99, 6.07 and
2.01 pg/L; BDE-153, 7.35 and 2.17 pg/L; and BDE-209, 118.78 and 58.62 ng/L, respectively. BDE-47
was shown to be particularly toxic to marine organisms, with toxicity decreasing according to the number
of Br atoms in the congener molecule in the following order: BDE-47, BDE-99, BDE-153, and BDE-209.
The PBDE content of global seawater is currently at the pg/L level, whereas the 96 h ECsy and 96 h LCs
of the four homologs was at the pg/L level, much higher than the PBDE content of the marine
environment. However, owing to the structural stability and environmental persistence of PBDEs, their
effects on environmental health cannot be ignored, and further studies will be conducted on their toxicity.
Key words Polybrominated diphenyl ethers (PBDEs); Chlorella pyrenoidosa; Daphnia magna;
Scophthal mus maximus; Acute toxicity
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