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Abstract - The toxic assessment of the PBDEs (BDE-47, BDE-209) has been comprehensively inves-
tigated by using the rates of survival and population growth in the marine rotifer, Brachionus plica-
tilis. Chiefly, the survival rate was determined after a measurement of 24 hours of exposure to the
BDE-47 (2,2'4,4'-Tetrabromodiphenyl ether) and the BDE-209 (2,2’ 4,4'-Decabromodiphenyl ether)
was performed. The BDE-47 reduced survival rate in dose-dependent manner and a significant
reduction were noted to have occurred at a concentration of greater than 3.9 mg L-l, but the BDE-
209 had no effect which was subsequently observed in this study. The population growth rate (r)
was determined after 72 hours of exposure to toxicants in the study. It was observed that the r
value in the controls (absence PBDEs) was greater than 0.5, and that it decreased as the dose-
dependent manner as recorded. The survival rate when exposed to BDE-47 and BDE-209, ECs
value was 13mg L™" and >1,000 mg L™, and population growth rate was 3.67 mg L™ and 862.75
mg L7, respectively. Therefore, the BDE-47 is considered to be 76-235 times more harmful than
the BDE-209 as noted. In this study, the ecotoxicological bioassay using a noted survival rate and
population growth rate of B. plicatilis can be used as a baseline data for the continued establish-

ment of the environmental quality standard of the incidences of the BDE-47 and BDE-209 in a
marine environment.
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A 2

3712 EEZ (POPs)¢l PBDEs (Polybrominated di-
phenyl ethers)= WA W) B2 9z} ot 9J7]o] u}
2t 1 H= 209F9 FFAE 7HA 2 Utk PBDEs= £2
BT 22 2 &, ohkd £ g AFAES 7

S Bt ofyz} Aok wje QHYE o] it
ESH O ddAe 22 Polymeret WH-E-5HA] ¢hal £t
7Hsst7] 2ol A, A&, 45 AA, S22, AA 3
Z 9 7]et R4 EESIAA| (BFR; Brominated flame
retardant) 2 g8 AFEE 3 Qlth(Rahman et al. 2001; de Wit
2002; McDonald 2002). 3HA|5F o] ¢} 2+ EJ o2 <lsf, 2}
At oA & A got FF S op7|E Bk ofy
2} (Danish 1999; Hassanin et al. 2004), 528 2 ofA &2
Aol A SHE 4= o, HolAfoll 3 ATz
ot S u)E 4= It} (Darnerud et al. 2001).

Nylund ez al.(1992)°] &J3t¥H 548 HE39 EHE U
PBDEs§ =7} 19734 ©|F §23] S7HE%leH, 19773 %
B 1987d7HA] Eafjoll A 33l o] 7] Aol A= PBDEs7}
223| Z715t Ao 2 YEyt)(de Bore et al. 1998). E3T
Y FATANAE 19809 ©]F PBDEsY] 5%+ A%
HoZ Z7lE 1 Qo™ (Minh et al. 2007), $-YUgto] A=
2004~200549 whibgte]l B ZEFE UolA 22702 PBDE
ol dAA|I7F AEE B Utk (We er al. 2010). T A FA
A& U PBDE #7% 5% 5 BDE-2099} BDE-479] X &
< OF 40%} 10%2 F Fo| 7P @ol Rshs Aoz 4
Bygton, S At HAZAE EE&0] oF 70%%} 2%
A= 2 YeRth(Baek et al. 2012).

BDE-472 34t 584 o] o7 U 580} 2
Yol Al 2| Ao] W2A HHEE Ao &eiA 9rhDar
nerud 2003; Lema et al. 2007; Chen and Hale 2010; Usenko
et al. 2011; Vigano et al. 2011). BDE-2099] 3$+= Z /7
oA wle Fe EA4E A AR A e (Hardy
2002; Hardy et al. 2002, 2009), FA|F o2 ¥t 35 7}
A 4 Qe Aoz v A vt Itk (Du et al. 2008).

3tA|%t, BDE-473} BDE-2099] tfgt A7) tiiEe 4

Table 1. Information on metal toxicants used in this study
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g PR EAWY 555
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A BESE ol olgith web B ATOHE ol f
19 HolgEe BWA BEH] HAHOD W §
3t SYALZ €| (B. plicatilis)2] AEE&T NAZE AZES o]
|3t EAE7E AASA, W43 (50% Effective
Concentration; ECso), %35 (No Observed Effective
Concentration; NOEC)®} # 4% &% = (Lowest Observed
Effective Concentration; LOEC)E AF&3}ith. &35 o| 23t
A9 ATt sjokstA Y o] A PBDEs(BDE-47, BDE-209
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A BAE A2 El B (Brachuonus plicatilis)= X354t
Ata FVH AN BN F2ANA 374 o] A
HjFE A 5 ZF F< Al (amitic female)E £33
neonateE F3HA|A AHEEFATH Aol AHEE neonate=
F31gE 2] 2h o] 2, &FAJo] EIet /AR AHAH R
AHgst o m | wj kol 2FA3)4=E 0.45 pm membrane filter
Z A3t Zof sl ARESIR AL, Yol yER Chlorella

vulgarisg stFof 3 ¥ FFdt%T}.

2.8 =4

E Ao A4E BDE-47(2,2'4,4'-Tetrabromodiphenyl
ether)Z BDE-209(2,2' 4 4’-Decabromodiphenyl ether)9] 5=
Helet 71 F = Table 13 Zoh Ao AHEE S4HEE
<2 DMSO (Dimethylsulfoxide, Sigma-aldrich, USA)E carrier
solution®. 2 AHE-3}] 100,000 mg L™'2] stock solutiong A
g 7, DY AAHEE 5430] AT AT
o] AM&-E DMS09] | == 1%E B. plicatilis®] NOEC
o|3te] =2 AL 2™ (Gallardo et al. 1997), AEE

Target concentration

Toxicants -1 Formula CAS no. Manufacturer
(mgL ")
BDE-47 .
(2,2'4 4" Tetrabromodiphenyl ether) 0-125 Ci2H6BrsO 5436-43-1 Chiron AS
BDE-209 0-1,000 Ci12Br100 1163-19-5 Tokyo Chemical Industry Co. Ltd

(2,2' 4 4'-Decabromodiphenyl ether)
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U AN AR AR SE TS A AuAge v
goz Aystert.

3. R&EE L AAE BEE

&g 24 well plateo]] AJEEHE FEHE 1 mLY 45+
AX Rt £318 | 2h oW Q] B. plicatilis®] neonate
welld S7HAIY Y3 25+1.0°ColA 24 h & 8jeFst H,

A HE o] &3t AER AMAFE Assta AEeS A

SHLE. B. plicarilis®) BEARE A £54 E= A
o} A2t7)e) 4 0] ek BHEAT, g2T o A
EE0] 0% o1FY A Fnet A ATLE ST

AR AZEL 24 well platec] AP EAE FEHE |

mLY 49502 B8t gtt. Ho| MEQ C. vulgarise 4
AEE T APLHe Frtete] welld 2x10°cell mL™' &
THIRALH, £33 A] 2h o] 9] neonateE welld 5744
B 9O ¥ A 25+ 10°CAA 72h Fo Hjokshelh
(Hwang et al. 2016). 72h 0|3, 3% EZ2XA S 2 B plicatilis

£ A5t njF o BE AAFE Aesto, AT A
FES r=>nNa—InNo)/d (r=7NA1 BBE, Na=E% d°|
Ao A, No=27] WA, d=8%L)S o83t ALt

stoich 27 Al B850l 0.5 o444 2
d 23z Agsiion AEE 9 MR 4RE

2 Table 2%} Zt}.

oo g e

4. 5AEA

zZ AAY F94 HAL SigmaPlot software
(SigmaPlot 2001, SPSS Inc., USA)2] Student’s t-test= H]
AskRoH p7t 0.05 oJ5kel A Kot Aoz B
o AEE 2 AL EE (Ol R ECso®t 95% A1F
F7+(95% Confidence Limit; 95% C1)2 Toxicalc T2 13
(Toxicalc 5.0, Tidepool scientific software, USA)2] probit %

Table 2. Summary of test conditions

Class Condition

Culture type Static non-renewal

Parameter Survival rate (24 h) and population growth rate
(72h)

Temperature 25£1.0°C)

Salinity 3010.5 (%o)

Photoperiod Darkness

Test volume 1 mL

Solution Filtered (0.45 um) and sterilized seawater

Feed organism Chlorella vulgaris (2,000,000 cell mL_l)

Validity >90% survival rate, >0.5 population growth

rate

AL o] &3dto] BA5tgtt NOEC 2 LOECE Toxicalc
Z 233 9] Dunnett’s tests ©]-83}o] EA3}4ct.

2 o

BDE-473} BDE-209¢] 24h 5t =% B. plicatilis®) A3
£&9 W3t Fig. 19] YeY it} BDE-479] =24 B.
plicatilis®] YEE&] A9 39mg Lo A5EH 39%= o
Z3 b g oz 7Aaste] (p<005), H1EE 125mg
L7HA 24202 743t BDE-2099] 3¢ HisE
9l 1,000mg L7k Z+2glo] 100%9] BEES A5k

BDE-473} BDE-209¢] 72h 5t =% B. plicatilis®) 7}
A AAEY W3 Fig. 29 Uehy it BDE-479] =
29 B. plicatilis®) NAIZ HE&2 4= 20mg L 'oA
0372 F23HA a3ty Aste (p<0.05), 15.6mg L™
ol Al AL Aol TEEA] ¢kttt BDE-2092] 7%
125 mg L™ oA WA AA-Eo] Z4str] AFksted, 1,000
mg L'olH 0278 §oAos gAastgr. 2gos
BDE-47°0 A& AE2&3} MAE A8 dF 5= &
ol H3}E HojF A9k, BDE-209°| A= A ARE
AMut 5= &2 FegE vehdch

BDE-473} BDE-2099 *=2% B. plicatilis®] JZ& 4
AR BAES ECso, NOEC®+ LOECEH-S Table 33+ 2
t}. BDE-479] A% Q&g AP AT ECs, NOEC2 LOEC

125

BDE-47

1001

754

504

25+

Control 0.1 02 05 10 20 39 78 156 313 625 1250

125

BDE-209

1004 o—o—o—o.\+/o—o—o—o

754

Survival rate of rotifer (%)

50

251

0 T T T T T T T T
Control 8 16 31 63 125 250 500 1000

Concentration (mg L")

Fig. 1. Survival rate of B. plicatilis exposed to BDE-47 and BDE-
209 for 24h (*p<0.05).
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Table 3. Toxicity evaluation using survival rates (SR) and population growth rate (PGR) in the B. plicatilis exposed to the BDE-47 and BDE-

209
Toxicants Endpoint Test duration NOEC LOEC ECso 95% C1
-1 -1 -1 -1
(@ (mgL ) (mgL ) (mgL ) (mgL )
BDE-47 SR 1 1.95 3.90 13.00 9.37
(2,2'4 A'-Tetrabromodiphenyl ether) PGR 3 0.98 1.95 3.67 0.33
BDE-209 SR 1 >1,000 >1,000 >1,000 -
(2,2' 4 4'-Decabromodiphenyl ether) PGR 3 62.50 125.00 862.75 155.52

ECso: 50% Effective concentration, NOEC: No observed effective concentration, LOEC: Lowest observed effective concentration, 95% CI: 95% Confidence

Interval

08

BDE-47

0.6

0.4+

02 * %

00

Control 0.1 0.2 0.5 1.0 20 39 7.8

08
BDE-209

0.6

Population growth rate of rotifer (r)

04

02

00

Control 8 16 31 63 125 250 500 1000

Concentration (mg L")

Fig. 2. Population growth rate of B. plicatilis exposed to BDE-47
and BDE-209 for 72h (*p <0.05).

ol 22 13mg L™, 1.95mg L™, 39 mg L™'2 Yepto
o, 7HA B8 A@ZA ECso, NOECS LOECH®] 7t
Z+3.67mgL™",09mg L™, 1.95mg L™'& Uebgtt. 1A qh,
BDE-2099 A= WAZ RSN FstA Fasty
ECso, NOEC2} LOECZto] Z+2}F 862.75mg L™, 62.5mg L™,
125mg L™ & Yepgon, JELAE AFA1EE 1,000
mg L YoM E 9&e nXA ¢ Aoz yepgn. B
A @AT NAE ZFEC] AELET oF 354 uzet A
o2 Yo, BDE-472 BDE-209¢] H]3}4 76~2358)

ol 4ol 9 4 glrkw worE

1

Uk

B AL B plicatilis®) A D MAE HFES o435}

o] PBDEs®| g4 =4<& ¥7tstglen £3], PBDEsY] o
g o] JAA FoA & =Tt B FRHCRE 3ol
Z 42 A UA ¢ BDE-47% BDE-2099] 54 93-S %
7¥stgict. & A A& F5H9], BDE-473 BDE-2099] =
A9 A= ZE v|wd|=H BDE-2099 =% B. plicatilis
o] 2L AL ECsgtol 1,000 mg LS 213, 744
T BAEY HE T EFQ vhe-E Hol A9k ECsofk
o] 86275 mg L& ¢ &2 e Yehy, Atzes &
o] ¢ FE Ao=w yeydtt s 9, BDE-47 A&
S A AFEANN BF 5 EFoE FaFon,
ECsogto] 22 130mg L™, 3.67mg L™' 2 BDE-2099} H] i
sfol ol £ E4S et OECDS US-EPAS) e
EA FAAEEQ Skeletonema costatum® 72 h A+ A
A& AP Z o= BDE47E ECsogko] 70ug L2 et
%o (Kallgvist et al. 2006), zebrafish (Danio rerio)®] 96 h
NS o] AS ECsoZko] 20,300 pg L' & UEFF T (Chan
and Chan 2012), 9|5 Fundulus heteroclitus©l] A= ECso%k
o] 100 pg L' o2 ettt w3k, 742-% Palaemonetes
pugiod A= F3 AFAANA ECsogkol 242 23.6 ug
L', 78.07 pg L™ 22 (Key ez al. 2008, 2009), ThH-E ] 3jok
AENA 545 Uetl= Aoz d2fA Slth. BDE-2099
L o], Microgadus tomcod® 7t FF1 23 W X Ag
2 0] &3t 49d MAEAA T} o) F (Carassius auratus)
gHAEsLa 4 (Superoxide dismutase, catalase, glutathione,
glutathione, peroxidase, malondialdehyde)E ©]-8-3F 21d 9t
AEAAADAA sEoEd vgS HAAT ECso7t AH=
T A &3ttt (Lebeuf ef al. 2006; Feng et al. 2013). o] g 2
2 213, BDE-473 BDE-2092] ECso3t-2 A EAE 9 A
ol whet o)z YIAIRE WA Z o2 BDE-472 BDE-
209 H|gto] 5/ F3Fol & ALz Ue, A W
oA aiidol & Ao wtE.

BDE-473} BDE-2099] 54 @34 Aol= =AWl &
FEE 54 "t 2ot BDE-2099 Z$= o3t 4
Alete= 7o Aol 22 YR 7 FoE o], Wl &

1o ot oM



Ecotoxic Evaluation of BDE Using Rotifer 47

Esto] 22 AW SHES YA TE(Moon er al. 2007),
BDE-472] A% AZAWZ F4un A8 was g2
Al =o] (Lema et al. 2007; Vigand et al. 2011), T+E PBDEs
B} F48o0] X Eth(Stapleton et al. 2009). ©]+= BDE-
209¢} Zo] 4t9] B 83} PBDERE Z4E ¢ B2 BEE 4%
7t 298 ZAlERA ZHEsto, JEAUNA SH4eg &
d=7] g o] 7] WFo]th(Moon et al. 2007).

2 AFolA AMEE B. plicatilis®] E&T AL A
A& 3t BDE-473 BDE-209¢] EARZAAL e
mg L' @99 =&Frolh BAFPoH, ol EZEHE
o] AA|A PBDEs® H=H92 ND~95.6ng ¢ 2t} &
L £Z207F JEGTH(We et al. 2010). E3H 20119 A A
=W g E (Fal, Fel, Asl) Aot HAES FARE
A9] PBDEs U E P9 -, Fa, @dfl, Asi o] EHE]
A 7zt 438,343,067ng g dw, FZ2F (FA)L o|dl)
F &, 92, oA EHE A" FAENA 0.17,0.14,0.11
ng g wwo g Uehd vl gtk (Back er al. 2012). B A 2
7491 BDE-479] LOEC%?! 1.95~3.9 mg L™'Z+ BDE-209
o] LOEC#Q! 862.75~>1000mg L™ Z+& ot A& &
FAAE W BDE-473 BDE-209 5= 3] A et
A9k, PBDEs= &EHs-E 2l A4 (log Kow)7F EoF A
|0l 244l EAS 7HA ABAIEZ FAEIL, FA
of dEsjHez st HolAkag wet o]FstHA A&
oNA sFEo] Uetd 4 7] "ol 449 ZAA <
7re] BANE oFoIsEE n1A 4 9ITk(Hong ef al. 2006).
gt BDE-473 BDE-209«= WA= A=) A - At
2 WES FEthe Ae=E dEA lon, FAF Xeno-
pus laevisQ] &3Jo]9] AL 1000ng L' ¥ Hwo
ANE HHE A At A 84 mRNA THAY Az
< fFEste] A A2"EE gidts AoE dEA 3l
o} (Qin ef al. 2010). E3F, BDE-470] =25 227 zebrafish
(D. rerio)®) A7 3 5480 Hazk wad v o]
(Huang et al. 2015), 82V Tigriopus japonicas®] B3] 33
& st WiH 2229 BHASE AUste AeR
& A Itk (Han er al. 2015). E3H, BDE-2099] =& &
B0 (Carassius auratus)®] ZtoA Abst AEHAE {3}
= (Feng et al. 2013), A o], Eisenia fetida"ﬂ]/ﬂ SOD, GST
4 CATY| &/do] g0} Az AAEYAE FUs
= o F8% &S ke Aol ¢EA v Ak (Xie et al.
2011). o] 23t A4+ A5 v o=, S PBDEs7} o A
iAo AAst= BEY A - A3eA 2Hgof w3 oF
P wdsh] g S A 2oT Aow
"ot

2 AT AE 1 2HA B. plicarilis®) AF%E3 7HA|

&+ AAELS £Y H o2 9 PBDEs(BDE-47, BDE-209)
7F WA &2 A DAY FFS BBt RE, Foll=
SFAEA oAl thekst FodaA el EAiste BE
o] g3t molecular ¥ protein @A O thet FeFS ZAME &
a7t Q& AoZ wiEn, £ AFE 53t =&2d 54
A= BDE-47 % BDE-209¢} %2 PBDEs?| a7 7|
< AR T AST AEE 82 Ao wodH

¥ 2

AR E T, B. plicatilis®] BE2&T} NAE ZLFES ol
£-5t9] PBDEs(BDE-47, BDE-209)2] AEH|EAE7IE 43}
SHh 28] 749 BDE472 3.9mg L o]4F9] F o]
A o5 Aaste] HEoZAS ey ok BDE-209
o] A= & HFE YA gstth AXE 4FEY 3
9= BDE-47%} BDE-209°4 217} F=9|&& 02 46t
Gtk £ AYAT ECsogte AELS) A 27 3mg L™
7} 1,000 mg L7'0] 90T MAZ AFEL 27 367mg L
T} 862.75 mg L' 2 UE} BDE-470] BDE-209¢] H]3}
76~2358) © Z4o] 7a Ao ey}t T3 BDE47
T} BDE-2099] th3t =82 LOECZHS Z+2F 390 mg L™,
>1000mg L' 22 yepgon, AAE 435S LOECH
2 72tz 195mg L', 125mg L' Yelytth 2 g1 &
sto] =&H LOECES Agtghgol|A o] BDE-473 BDE-
2095 %7} 0|8 2Iete AS B. plicatilis®t 2 SEA
YA Lo g v Aoz weHrh £ NOECS
ECso%tS BDE-47 @ BDE-209¢9} 242 =4 B2 9| 314 7]
£ FE] H A ARE 82 5 S Aol

At At

B ATE 2018UE FY44HH) ZAA (R2018029)
A7H AUOE FYSATY A ArATA P
9137 o A S5t
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