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Toxic Assessment of BDE-47 and BDE-209 using the Population
Growth Rates of Skeletonema costatum

Seung Heo, Ju-Wook Lee, Yun-Ho Park, Na-Young Park, In-Seok Lee!, Un-Ki Hwang and Hoon Choi™

West Sea Fisheries Research Institute, NIF'S, Incheon 22383, Republic of Korea
'Marine Environment Research Division, NIFS, Busan 46083, Republic of Korea

Abstract - Toxic assessment of PBDEs (BDE-47, BDE-209) has carried out using the rates of
population growth in marine phytoplankton, Skeletonema costatum. The population growth rate ()
in S. costatum was determined after 96 hours of exposure to BDE-47 (2,2'4,4'-Tetrabromodiphenyl
ether) and BDE-209 (2,2', 4,4'-Decabromodiphenyl ether). It was observed that r-value in the
controls (absence PBDEs) was greater than 0.04 and further a decrease was observed in a dose-
dependent manner. BDE-47 reduced population growth rate in a dose-dependent manner and
a significant reduction occurred at a concentration greater than 0.31 mg L', but BDE-209
had no effect on population growth rate even at concentrations greater than 125 mg L™". The
population growth rate in the presence of BDE-47 and BDE-209, ECso values were 0.55 mg L™
and >125mgL™", and NOEC values were 0.16 mg L™ and >125mgL"", respectively. Therefore,
BDE-47 is considered to be about over 80 times more harmful than BDE-209. In this study, the
ecotoxic assessment based on population growth rate in S. costatum can be used as a baseline
data for establishment of environment standard quality of BDE-47 and BDE-209 in the marine
environment.
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Hog HE AA7F ASeE ool st BE d#
?_1 PBDEs (Polybrominated Diphenyl Ethers)«= £< #+ 7 WESHE SEjAo] Wolxl= AR A A Uth(de
W e oI, chopet B0 thal A4S ZAH B8F Wit 2002). PBDEs: 7o) A8 HE U ST B
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AEA, AR, 4B, FehaE 59 4
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2001; McDonald 2002).

g E®Z<Q HEA YA ZE PBBs (Polybrominated biph-
enyls), PBDEs ¥ TBBPA (Tetrabromo-bisphenool A)GS Al
Z57F Qi E A, °]% PBBs: 1970t e 24wt
H5/go] ERlE o] Abg-o] FAEHUTH(Zegers er al. 2003).
E3F PBDEs+= &2 A-84 W&o &4 F A Wl & 5
Aum, Ak WollA & 2R ot BHLHS oF]
3 4= 9lo] (Danish 1999; Hassanin ez al. 2004), 9 o] A 4o
9%t 7Y A= oFFE v]A ¢ ¢tk (Darnerud et
al.2001).

A9 HAEDR AAYES PBDEs ¢ dWHE
o2 Azto] o] wet tha F7ME AR AYZrEm
(Martin et al. 2004), $-2|Uztol A= 2004~20053 B4k
o] EFEAHE WollAl 22709 PBDEs o|4&AI7F A&
® ©F §lew, S PBDEsY FE4E0] AAA sE4Ee
nd~956ngg BTk thd F& HolAL fARE Zlow
ALE ATH(We et al. 2010). 2011 =) A9 4] BE
PBDEs &% %X % BDE-473} BDE-2092] EZ &2
40%%t 10%Rem, S At EHEA Y Rx &L ©
70%%} 2% =2 VEFGTH (Baek et al. 2012). BDE-47%}
BDE-209= =Wl A<t EA &3 FARE Aol 7HE Bol
ARk, A FAE det 540 SEEe dEHY BE
shdAA & 4 Qo

BDE-47-2 34 W 8402 Qsto] ajghA o 1=
E JFEo gloen, ol 4 & 239 AH Al
A =™ (Lema et al. 2007; Vigand et al. 2011), T
Aol vlste] EA W] AT Aoz £4
Eld 4 @itk (Darnerud 2003; Chen and Hale 2010; Usenko
et al. 2011). TE3F BDE-209= EZ3-FoA 34, HAAEA
& Eaelo] il Y BAS UehiA, AAH o 7t
=, AAEg, esEd 0 wetEs A1 4 ok
95 A vF 912 ™ (Hardy 2002; Hardy et al. 2002, 2009; Du
et al. 2008), 354 ZFIEQ HAZE Y (Brachounus
plicatilis)®] NAIE BFEES JAIStE AL2E dHA A
T} (Choi et al. 2018). 3}A| 9k, 3j9F u|H|ZF o] ot BDE-47
7} BDE-2099] =45 2ARE A& AdH oz Ui E o]
161, PBDEs &9 T2 - AE g o] #3 A+
7b obd, 4 % EHET} 22 AT EAUWY 5

0 = N o

©

Table 1. Information on PBDEs used in this study
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2 ATl = AFAEA ol BAAE 7 =
A FEZ3H7]F (SO 1995)9] EEAIFAYEQ] Skeletonema
costatums ©|-&3te] BHEIFIAA Y] A g tE]
F 9% 5% (No Observed Effective Concentration; NOEC),
2|49 35 = (Lowest Observed Effective Concentration;
LOEC) ¥ W93k (50% Effective Concentration)S
ArEstglh %, ol2dt A9 Ai= PBDEs (BDE-47,
BDE-200 $)9 22 oqude| sjobad 7125E 4%
0o odBAN AE SANE WL ¢ UE F8T

e $8Y Aow woE:

s
rir

=
LN
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O
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HEEH
=1

=

LARRE

E A8 A AFAEQ] A 257 (Skeletonema
costatum)= o] | | 2 F-L38) (Korean Marine Micro-
algae Culture Center; KMMCC)o|| A HEoFutol A 3]ALa
T4 S AN B HAE F2A oA 67 ol AT B
ato] Aglol A8,

2. 43889 =4

2 Aol AHEE EE3dAA= BDE-47 (2,2'4.4'-
Tetrabromodiphenyl ether)@} BDE-209 (2,2’ 4,4'-Decabro-
modiphenyl ether)o| ™, FE=H 9= ARAHS 55}
BDE-47 (0, 0.16, 0.31, 0.63, 1.25, 2.50 mg L"), BDE-209
(0, 15.63, 31.25, 62.50, 125 mg L™ )& AAstgor, A
E49] 7|2 EE Table 13 Zth Al AH8H EZLS
DMSO (Dimethylsulfoxide, Sigma-aldrich, USA)E carrier
solution® 2 A&3}4] 100,000 mg L7'9] stock solution
& AR § BFE FANERE 3450} AL o
d DMSOY| s+ AFYESL S. costarum® NOEC
(11,000 mg L") o]3}9] FEaft =29 4 =2 L&}
St} (Okamura et al. 2001).

A ARE

AlPEM-L 50 mL test tubel] FE=HZE 30 mLA 4¥HE-S

Target concentration

Toxicants -1 Formula CAS no. Manufacturer
(mgL ")
BDE-47 (2,2'4 4'-Tetrabromodipheny] ether) 0-2.50 Ci2HeBrsO 5436-43-1 Chiron AS
BDE-209 (2,2' 4 4'-Decabromodiphenyl ether) 0-125 Ci2Bri0O 1163-19-5 Tokyo Chemical Industry Co. Ltd
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2 EF5Hqh °]—r A A-EH §. costamums 7] NZY stglom, AAIgE Al 27 Table 29 2ot AT A%
T 5000 cellsmlL'2 B3 I ujdext 200+1.0°C £ Fluorometer (Tuner Designs Model 10-AU, USA)E ©]
£ A O]'cﬂ on, 2E== FFS5S &3] 100+ 10 pmol &3t FFF 54L& 5 Chlorophyll a9 F& Z331%
photons m”s™', 37] 10 Light:14 Dark > 2 96 h 5t v}k t}. Chlorophyll ¢ 5=+ 3ALAAS 1317 95te] de

21 A13] 9 (Simple linear regression)S ©|-&3¢ o, Alxd

L & aF 3| L
Table 2. Experimental culture conditions using the population == Log=2, gl &3 Chlorophyll a 5=+ double

growth rate in the diatom, S. costatum (ISO 1995) square oot HF L2 ARE HF EEF} 3T A EZHUE

Class Condition 2 Akt # Chlorophyll a %=+ r=(InN,—InNo)/t (r= "7}
Parameter Population growth rate AL ABE N=AIFTE T HAZLE=, =27 =2
Experiment period - 96h =, r=vFAIZHe Aoz AAE AFES Adstded,
Culture type Static non-renewal o - 2

(=] A} 0] O A

Photoperiod Ambient light condition and 10L:14D period 2o AT AEECl 004 oD B B4 growth
Light intensity 100 % 10 pmol photons m” s~ curveS 7} Ao 2 Thste] FeHs AP AR ALY
Temperature 20°Cx1.0°C
Salinity 30+1 th(Hwang et al. 2014).
pH 8.0+0.2
Chamber yolume 50 mL test tube 4. EABRA
Test solution
volume 30mL
Culture medium En 223 AFFe o4 AAL SigmaPlot software
Test volume I'mL (SigmaPlot 2001, SPSS Inc., USA)2] ANOVA testZ H]|

Initial cell density 5,000 cellsmL™"
Acceptability
criterion

I 3tFgen p7k 0.05 o3kl AL o3t Aoz Tt

>0.04 population growth rate by the hour ATk AR AAE () e ECsolt 95% AZA7H95%

Fig. 1. Fluorescence microscope images of S. costatum at 96 h exposed to (A) Initial, (B) Control, (C) 1.25 mg L™ of BDE-47, and (D) 125
mgL™" of BDE-209.
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Confidence Limit; 95% Cl)2 Toxicalc =213 (Toxicalc
5.0, Tidepool scientific software, USA)2] probit FAHE ©]
23t 24314tk NOEC 2 LOECE Toxicale T2 13 9]
Dunnett’s testS ©]-8-3to] 4314t}

2 I

96 h 5<¢t BDE-47%} BDE-2099 =29 S. costatum®)
MAY = H3E JESHY Fig. 19] YeErWch. BDE-473%
BDE-209& Z§s}RA] &k& th 279 S. costatum—= 96 h Hj
& T JHA =Tt wikzy] o §435] S AeE U
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Fig. 2. The variation in population growth rate (r) in S. costatatum
exposed to BDE-47 for 96 h (*p<0.05, **p<0.01).

A AE 23] 7as Aoz Uehd ol BDE-209 (125
mgL )Y A9E tz23e}t fAR AA 9=2 yedth
(Fig. 1).

BDE-473} BDE-2097} S. costatum®| 7| A2 350l n|
A= ¥ Fig. 20] Utk diz2FolA S. costatum
AAE 4FE2 0.04 oS YeH O, BDE-479] =&
H MAZY] ZFES BDE4T 527 3718 8 =9
2302 7tadts AFL etk A5 E 031 mgL”
ol srolA MAE 4FEC]l FYSHA Ao
(p<0.05),125mgL™" 0|42 =M AATAYZEC] 0
o] it} 3tAITE, BDE-2099] %9+ =7t S7HlE WA
AAEO] W3} 9o, A% HueE 125mgL 7]
o 27eb FAFSHA UEF T (Fig. 3).
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Fig. 3. The variation in population growth rate (r) in S. costatatum
exposed to BDE-209 for 96 h.
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Fig. 4. Dose-response curve using population growth rate of S. costatum exposed to BDE-47 and BDE-209 for 96 h.
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Table 3. Toxicity evaluation using population growth rate in S. costatum exposed to BDE-47 and BDE-209

. . Test NOEC LOEC ECso I
Toxicants Endpoint duration (h) (mg L (mg L (mg L 95% CI
BDE-47 (2,2'4 4'-Tetrabromodiphenyl ether) Population growth 96 0.16 0.31 0.55 0.03
BDE-209 (2,2' 4 4'-Decabromodiphenyl ether) Population growth 96 >125 >125 >125 -

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

Interval

S. costarum®| WAL 47ZE°| gt BDE-479] FEHH-
< Sigmoid FH 2 FEEFAITHES Vet 21, BDE-2099]
A4 gdstd A Fe 2 Fxof gigh v YERA|
3T (Fig. 4).

BDE-473} BDE-2099 =%% S. costatum NAT A%
£9 54X+ Table 33 't} BDE-479] ECso, NOECS}
LOECZte] Z+2F 0.55mgL™",0.16 mgL™" & 031 mgL™'&
e A9k, BDE-2099] %= ECso, NOEC2H LOECZLO|
2tz >125mg L7 2 UghY, 125mg L7 0]8he] oA
P nX A o= AC 2 YEITH(Table 3).

e

1

ST AFT Ao HASAE 2 AAYE AW
PBDEs (Polybrominated diphenyl ethers)~= @A H& 235
ol o3 Fadrhy SRTGE, AHEFY F7He HE] 1
vzk7lo o) tha F7HE AL R BHE T (Martin et al.
2004). PBDEs 554 5 A4 2 AABEAA 7P &
o] H&%+= A2 BDE-47°|", BDE-2099] 7%= th=F At
|og Qe ALY HHSRAHNA HA HEHE A=
&2 A Utk (Hardy 2002; Hardy et al. 2002, 2009; Du et al.
2008).

A 74X PBDEsQ] EAdo et @2 A= Adde

$¥ch(Hardy 2002; Hardy et al. 2002, 2009; Du et al. 2008).
2 A7 Ao M= thed] ECso2 Bt B4 A7
£ u¥]w3hH BDE-47% 0.55mgL™", BDE-209% >125mg
L' yeht, BDE-470] 84 S4o] 7 Aoz vehg
ok T3 AEAE 9 AJEH it xfo|rh AN iR
Bo] AYZAT} BDE-47S BDE-2099| H]dte] =4 o3
o] Z Ao Yetgon, FENSHIES FAZET
(Brachionus plicatilis)S ©]-€3%t A389 Z$%= BDE-479]
i3k 72h AAZE FES B¢ ECsofto] 3.67mgL '

Eltal, BDE-2099] 39+ 862.75mg L"% UeR Tl (Choi
et al. 2018). 15 (Carassius auratus)®] FASIE A (eg.,
Superoxide dismutase, catalase, glutathione, glutathione,
peroxidase, malondialdehyde)E ©]-43t 21 d THASAAE
= ©]-&3 BDE-2099 EAAAAAE ECso7} AHEH A
%o d4= HIEI Qlth(Lebeuf ef al. 2006; Feng et al.
2013). o] A% =4 FF9 Aoli= BDE479 9= AE
Aol w=2A &&3HA o] (Lema et al. 2007; Vigand et
al.2011), BDE-209E.t} &489] X &7 g Eoz o
H o} (Stapleton et al. 2009).

2 AT ZIAAANE S. costarum®] WAL AFE]
BDE-479] 5EHH3-2 Sigmoid P2 EEEA vH-S U
B, S. costatum®] NAIZ 3%4E-S BDE-47 S4B 7}
&3 A Aew wdE . vhHe| BDE-2099 7
S F=o WA ge gYstE AANES YERth
BDE-209%= BDE-47:2.t} A4 9] 47|17} okstn], e1okelof Al
AHEEE YRR BEESGAAl= BDE-2097F WOl AHg
=3 glo] gA A& AT BDE-209+= &7 WollA
2 BEE3 ol A er 5o 7t vt o] 4 EA 9
PBDEsZ £3}|7} 7}553}t}. Bezares-Cruz et al. (2004)°] 9
st AA el ogt Azt EejibES gldt A,
2| FZ O 2 tri-E+ tetra-BDE (BDE-47)7A] &€ty 1
A vh Qe wEbA, iAoz =40 ekl A
A7 2 == BDE-479] tjgt Y54 A= ALAelA
ohFet A A5 7 FEES ol 83l AKH L= o]
FolAoF & Ao g Hrhdr.

£ AFoA 2 BDE-479 FHAY¥FsE (LOEC)S! 0.31
mgL™'ol| v|5}o], GAQHE| 2 B3} A AE A|Uje] PBDEs %
TIH(ATEHE: 53] 438ngg " dw; Fal 343 ngg dw;
A3 0.67ngg” dw, FAMEAW: 0.17ng g™ ww; 0.14 ng
g ww; 0.11ng g™ ww) B2 ZHS UERY AT (Baek ef al.
2012), PBDEs= £&&-& &8 A4 (log Kow)7} Eof &
A EAE 7 AA o] S FH L, FA o Y =3
HoE HoAsS wEt o] FSHHA AE w50 UEe &
7] 2ol A4S ZARRI Q7 BANE FFE v
2 & doke Aol fYsfioF & A olth(Hong er al. 2006).
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2 AT NS ERA H AR QS 7H S. costatum
o AZE AFEL endpointE 5] PBDEs (BDE-47,
BDE-209)7} ARZ @Al vXE 4 Bdstgon,
o]|#gt dFA1E= BDE-47 ¥ BDE-2092} 22 PBDEsY)
I 71E AA 9 g SAEARY] Yy 5A4AE
vl wsty] Y3t AFe AR §8E Ao g wdH

H 2

B AE R F (Skeletonema. Costatum)®] /WA ARAE
o]£3}o] PBDEs (BDE-47, BDE-209)2] EAH7}S 4
3}9ich. BDE-472 031 mgL™"' 0|49 S =2E §2on|
A st FEE4E Ui 2, BDE-2099] 79 Al
d A1FE 125mgLl A= HIE YeEhA gk B
A2} ECsogt-S BDE-473 BDE-209914 Z+Z} 0.55 mg
L'} >125mgL™'0]% 3, NOECZHS 0.16 mgL™'¢} >125
mgL™'o]9l o™, LOECZHE 031 mgL™'¢} >125mgL™' 2
2 e} BDE-47°] BDE-2099 f3i4o] o & A2z o
Ebytth E3F, AAEH o4 9] BDE-479] 5%7} LOEC %t
2l 031 mgL '8 278 AL S. costatumT T ABHEZ
FAE dYFS uH Ao wdHEt £ A e
PBDEs9| 337 71& 4% ¥ & SAEZDDY A3
EAXE Hlas] % AFT ARE &8 2 o

o,

> e

_o|l¢

nich
il
patk
o

Al Al

B ATE 20189 FYATretel AATH (R2018029)
78] Ao FYsatalery Aoeata e s
SAshEAHIE o A ST
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