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ABSTRACT

Tetrabromobisphenol A (TBBPA) is the most widely used BFR (brominated flame retardants) as a reactive
flame retardant in printed circuit boards, and as additive applications in several types of polymers. The purpose
of this study is to assess the adverse effects of TBBPA on the benthic amphipod (Hyalella azteca). Resulis on
the acute toxicity of TBBPA using Hyalella azteca showed that NOEC and LOEC are 100mg/kg and 200
mg/kg, respectively. In addition, when chronic toxicity of TBBPA was investigated at the concentration ranges
between 0.01 to 100 mg/kg, it was found that NOECs are 10 mg/kg (fecundity) ~ 100 mg/kg (viability), respec-
tively. Significant fecundity inhibition was appeared at 100 mg/kg of TBBPA, however, this concentration did
not show severe adverse effect on weight increment. The values of PNEC were determined as 0.1 mg/kg
(fecundity) and 1 mg/kg (lethal effect), respectively, using a safety factor suggested by EU and OECD.
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B 235} A) (BE3 A, Brominated Flame
Retardants)= TV, ZAFE| e} 22 71AA| &, AR
A, ZAEAA 2 7HAE AR 5 A4 F kA
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PBDEs 2 TBBPA7} ciokat AlEe sz A4
H3 ok FHAF(EU) FollA AT A
7tellA TBBPAY: 24 AAY] faiAde] wlwH
wol 27} 77} Wad #Az ANE ¥} U
(OECD, 2005). o]2]8t TBBPA2] AjefjA|e] o3t
Jae FEAR, AN FAHe AT 2 AA
o) 43 el 44, AR, £} Fol AAle)
t AEA A= §304 (hazard)ol] 7]}
(You et al., 2006). TBBPAX Ao A ukk7)7}
50~70% (25°C) A= o1, F3Hrkgo] 2 Yot
$E BAE 87 oA v R 2l
2+ 1 Q)u}k (Brenner et al., 2006). - £
TBBPAS] <A L AJefjSAde] i3t A+ AHAE
of F7teh3 glovt obx7ix TBBPAS] A
Fral Aol A -2 HEE] o] R YA &
t}. £3] TBBPAE: AJE-H Jlo|A] bisphenol AZ
2ol whe} ARS8 S ok
27t A7 EZ = st eolell HE AF A7t
" a3t AbEo]r} (Ogunbayo et al., 2006; Strack et
al., 2006). o]8}ell & TBBPAL] EAldl i 3
A7A FHE AT Ho7L o Foix T 9
ol AAF elodol= S, A ml Eokl] A
NS olF, 27HF, B2F, Ao BE ol4@
G FAlAd ARIE 2FEHI 9l 59
TBBPASH 20| S440] %1, 440 ¥& &
Ao 374 F fal4dE e dslre A
2o} ohjel AAe Paes & S4HA} og
L83}

£ A7l Aq = TBBPA 5471 3319l o,
AR A2 Fal AA 2R (amphipod)Ql
Hyalella azteca® A B0)E& FA4 02 T 23l
dat 5497 el ol-8H= AP AE o] (Brooks er
al., 2003). Hyalella %-& ©)-43t SAAE whge
ge AR w8l Agel ulmA golat, A
Zh-u)g ZAIFQl Gt wbiez dBA it v
% OECD %884 d|Asr}ol=e}elolxe] 3]
AEFL ofA|"t ZAut4-5 (Chironomus) w3
3= 29] Lumbriculus 3 ¥4 ZA|A ez da
AHeEE SAAEE 7Y skl (Wheelock
et al., 2006). ®=8F v]= 373 (US EPA) @ ASTM
SolN 2238 APAAL ARt ARl
A AFe B AEE 93 sfolmelels 2ol
# glu}k(Letter to Editor, 2005). Hyalella azteca
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T 7R 2 g8 25 UE 2 4l
FEA 5o FIEA vlwA wIFbEka, AgAl
W Aol fo|sle] AlFF oz ARG AHAL
Z7131= FA o]t} (Borgmann et al., 2007; Norwood
et al,, 2007). @etr] B QM Hofdt SA4E
e 4 gl BEIGA 7ed TBBPAE
ANEEA-2 MAsle] Hyelella azteca® AF4-3}ed
A AAAA velE £ Sl AHSAAES P78t
ok =8 wpselAFol A okA7A 2
A AR FDA (end-points)e] A= AdefellA
TBBPA®] & -5 »=3A8E& F3l &3-4ksA
& Heolx FAARE BT oo HE H5AZ}
+ AbEd IRt sk

ER

1. AlEE

Al EZE 254 AA 2474l Hyalella
azteca’s AH-319] o™ (Fig. 1), (F)vjeclv]= 2
A A AFAEME FHF THEE Ao
2 23°C, F7] 16A12H8A12(5/%), YCT 9 o]
MY ZF), 2= 1,000luxe] 7oz 249=ZA
U EHEAA wioksl MAEE ARSI A
%8 AAE 7bed AF 7~149 98 (350~500
sieve size) 241 234} 713 o] gli 778 ARt

Fig. 1. Benthic amphipod, Hyalella azteca uesd in this
experiment (NeoEnBiz Co.).
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2. NEEES =H

A8 E2-2 Tetrabromobisphenol A (TBBPA,
Fluka Corp., % >90% HPLC grade)3 A§4 =
A Bo| =2 spikingdt & XLL A
o A E BHAEL Bsea AFHsiger, 7}
dA7tegko v 243 §r|EFFL 3.2+0.5%9
TBBPAE spikingdt E|HE-2 1097 4°CollA Al
elEdlslo] oAl 3 8 & Hyalella aztecad xZA
At 3tE, A4 AxE 90410 mg (CaCOy/
L), pHE Hxd ¥ AHdA AlgAFE 7€
7~99] WS oA U=E dgoed, AF7)
7t B NP5 £23434E 23T 80% o)A

$A 3k

TBBPA®] 28t Hyalella azteca 3 A< 4
9] 7% 10%, e AL 297 =239 A
P2xs zIF 2E AP A AR 9 F
g9t 23¢ FAGAE AFEAY sEE FA
2ol A$ 0(H=D), 50, 100, 200, 400, 800 mg/
kgl i, WA &4 A9+ 0(H=d), 001,0.1,
1, 10, 100 mg/kgel et =¥ = spikingdt A&
2] FAEE FASAANER HASAHA-EAN ZF
7k 37 Q@ 5709] HbEEE Fo] Aol o] 4319
3, 7b qbE Mz 20uiEl ) AHAES £8lsty
AldE AEES FASAARAME AT
U] AEE, TAASANEY] A AEES H
o} AANASF Aabs A A3 55 FHe=
A A= (LO) =y 9935 = (EC)9)
AF2-2- probit == linear interpolation A& A}
4-3}9] o, FoJgibis = (NOEC) ¥ # 403k
Z=% (LOEC)E: Dunnett EAH-E o] &3} AlS
st

ot 3 @

1. 24S4AH
FAAEAAgM TBBPAS st e

HE (2D A$, APt Hyalella azteca®] 4~
3719 wFEZ(m)ellA 0~270A19] WS e
Hodet o8 =gz NS W 90~100%
(n=3)¢] HejolH, FF YEEL 95+£5(SD, 2F
APH%2A £ B A=A AP
H. azteca®] A7 ANE Solst EAIZE g Ao
2 vepgeh =3 2 Algel AM" I9E EA
B2 At Jlsa f71E kel 4% o lEA
Hay HAEEAM AR Aoz A9 5 A
o} Hal2e] A%, 50 2 100mgkge] TBBPAES
spiking8t E|HEo A= 104 F< 22t 93+3%
(m=3)%} 97£6% n=3)2] F¢F HLEL Y=
A Az vlms] §-o8 Gske] gl Ao=
FEE G 9, 200mg/kg o]kl TBBPACIA &=
2 §3Fo] 715l aet AEEe] Fade A
o2 veRd=d 200 mg/kge] TBBPAS spiking3}
HAEME 104 F HE ASF) HF 45k
18% (n=3)2A A N4t F43) F7lstede
=g 400mglkg FEAME FF AEFo) 17k
6% (n=3), 800 mg/kgoll M 3+6% (n=3)2A A
E MNAE A AT = ek o)g) o] S8
uhg- ofAbg Wolx gl TBBPA M=l &
E72] A= Fig. 20 vJepd wle} 2o

2. B RHAE

I EAAGE A AEET obxal
oz FEs WIS BASAAY =T
FASAARIN S FAS rseln AN

d
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Fig. 2. Viability of Hyalella azteca exposed to TBBPA for
10 days (3 replicates per concentration).
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A Eoll TBBPAE == spikingdle] »23}
Adow, A7 4292 vl =212 ¢t
dEx oA AFLEE H. azteca 8 WHE-Z)EE
2~6MAGom, JEE2 FAYS 9 70~90%
(n=5)e)] e, FF Y2FS 77£8%S
effiglet. vt =0 A$ FAFAC Bls] A4
70 x2S AT o B AjgeA 80% 717k
AEEE BYoZHN ARl F93 o)Afe]

= Aoz BIEg TBBPAE 0.013} 0.1 my/
kgo 2 spikingdt HHBoME HF YEFo| =
F 78+13% (n=5% e, 1 mg/kgel A=
82+19% (n=5)2] HF AEEFS HYo=2H |
mg/kg o)Fte] FEeME AF g WAHY &
sglch 39, 10 mglkgol A= 71 +£12% (n=5)2AM
oA B $2F BAN 2L £ AolE
Bo|Al astrh B TS FHu Fx9
100 mg/kg M2]Foll M HF AEF] 59+12%
(m=5)2A 23 vlws] 18% FHasldet (Fig.
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Fig. 3. Viability of Hyalella azteca exposed to TBRBPA for
42 days (5 replicates per concentration).
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3). 28y FAEAANFAA L mpIIA 2 100
mg/kg ©|3le] T2 HLE 50% o]Ae]
AEES Yoz Az Aatgd gk ez
Aokt W = Fol M XAFe3EE o) 9ol ofX|A}
gogr xF7|7F Fke AR o3 (A FHsh

A2 (fecunditiy)& ZA stk A4 33
Azt 2&7e] AE Mg ez =3
8 ¥ FHF 5% AP SAPe=

v watgct 2] AAE FiF 55

AZeke 7bzb 1.1+£02med 0.24+0.07 mg
(0=5) fou, H=<e A= NAE HF 55
23} AZFo] 7kt 0.93~ 1.12mg (n=5)3} 0.19~
027 mg(n=5)2] WHE eldch. g2k 0~100
mg/kg HHY =FeEelME 429 FUd AEA
A2l AR kel 23 ApolE MolA] = A
o2 =y} (Table 1).

& 7zHet dE2FF Aol ke H.
azteca ARYNAFE 2L S WEL ) F
13~2971 A0 2m, 0.01 mg/kgolirl= 16~30744),
0.l mg/kg, 1 mg/kg 2 10 mg/kge] A-S, 242t 12~
19704, 11~20704)8} 12~ 18 A=A HF 214
AAPE =l wet i st 45 Ve
Wlet (Fig. 4). 53] 100 mg/kg X 2ol A& uhE-
= 3 Hd AWANA ST} 24234 (n=5)H o1, &
3] 3749 HbEFo M AAAA T A AALE A

Yot gh, X g8 Prsbr] 98 dz=d A

MR o

HoE ol Wy

22| AAel gk AAAAS vl Es ARSI
= dz=Z 2 10mg/kg ©] 9] TBBPA A &]ol
AME oF 1.3+£0.2~0.5 (n=5)¢]g)er}, 100 mg/ke
AWM= 02£02 (n=52A FA3] ZAasleldt w
2t 10mglkg oWellA #EH Fx Frlo o2
A ZA e AMNA R e AE ANA LY

Table 1. Viability, fecundity, growth of Hyalella azteca in TBBPA chronic toxicity test

Fecundity Growth
TBBPA Viability
Conc. (mg/kg) (%) Noenates Neonates Wet weight Dry weight
(No./replicate) (No./adult) (mg) (mg)

0 77 (%8.4) 20.0(5.9 1.3(04) 1.06 (0.20) 0.24 (0.07)

0.01 78 (12.5) 23.8(5.8) 1.50.3) 1.11 (0.10) 0.23 (0.04)

0.1 78 (13.5) 21.4(5.1) 1.4(0.3) 1.08 (0.09) 0.23 (0.04)

1 82(18.9) 19.8 (6.9) 1.2(0.2) 1.09 (0.17) 0.27 (0.05)

10 71(11.9) 17.2.(4.7) 1.3 (0.5) 1.12(0.14) 0.25 (0.04)

100 59 (11.9) 2434 0.2(0.2) 0.93(0.19) 0.19 (0.06)

*standard deviation (5 replicates per concentration)
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Fig. 4. Effect of TBBPA on the fecuncity of Hyalella azteca
(5 replicates per concentration).

Zhael 7108 Aoz vEpgon, 100mgke Fx=
N AE ANAL A Aefel] 7t AYE ¢
4 30sich 2 Al A, 5YF wEeA 4=
QA Aol= XAleddd = AR Xl Bs)
AR es w1738 94 (end-points) & o 4
Uit

3. SdgY TFE ME

FASAT PASHAGANAL] SHAFE 3
s Sl 2 FAE 3% SR =Eshan
Je4ES LOx (X% AAH5 ), NOEC (T4 3%
A=) 8 LOEC (H40)3W3%x) o Table
29} 7o) AEHA. 108 2T FASAAHe
M| Aardgel dE FARBAFEE 100 my
kgel$l.om, Probit BAMOE A2e Areige
&t TBBPAS] LCi, LCx ¥ LCso 5 47
105, 134, 210 mg/kgo.2 vlepyde). TBBPAE =3

3 BE3dAle] AS ofx7A] AR Rl v
A4 s B5ES Adeld £ S48
A W o2& AE 23 v aglEvw H azecaol
ek AL AdH oz A deigd. £52
(bluegill), A7} <40] (rainbow trout), fathead min-
now 59 96417t MAARsE (LCso) e Wi 1
mg/L o) &}eo|m, B 2Ql Daphnia magna’s 487k
vl ke (ECso)7} 0.74 mg/L2A] v]ma HA
o] 73A JeFeH(IPCS Inchem; IUCLID). 18
o ANAZL b RS AP 24 bl
3 Bohe MalgA o] fAleE B A A EEe
vlmrt edtd o]& HsiME olE AHAAEA
A& oot SRS grse Ao $AlE <
of & Holt} wdt H. azteca®] 75 A o
2 943 U £ 24 HFEA 2R
xEE e FoEA A =A4AHWE 3
Me AR F AREA At ey BHT A
HEAY p4dE @ 222 E Fotste Aol
desiry 2o} 3HH, 4297 =&3 T SAA
ol ebd 33t £5E =225 A Axp3F
o] o3 NOECE 100mg/kgoe = veptor} £
Algel el 2 F=rF 100mekg ©]7] wfEel
| Apedgkell 8t LOECE AT 4 slslet =3
50% o’F APYE xFFxrt 2AEA] el o
2} LCso® s=i AFEEA] oghowm, aebr 100
mgkg o] oz vehiglet g, LCiw 10.9mg/
kg2 AFZF . o}x|A} ofgfo A YA E WHEH
o ®3t NOEC$} LOEC- Dunnett 4% < %3]
7+zk 103} 100 mg/kgo 2 viepgovt, A &3t
LOECE AF&3}17] $siM= 103 100mg/kg Afel
9] FEE A2 AAd A &3 MY
o] Hastyet vh= A& AWEQ Lumbriculus var-

Table 2. L.C, EC, NOEC and LOEC in TBBPA toxicity to Hyalella azteca

LCio (mg/kg) LCso (mg/kg) NOEC LOEC
(or EC10) (or ECso) (mg/kg) (mgrkg)
Acute toxicity 105.3 210.1
(Lethal effect) (*24.2~148.1) (150.5~294.7) 100 200
Chronic toxicity
(Lethal effect) 10.9 >100 100 >100
Chronic toxicity 0.7 54.2 10 100
(Fecundity) (0.0~30.2) (24.1~71.1)

LC=lethal concentration, EC=effect concentration, NOEC=No observed effect concentration,

LOEC=Lowest observed effect concentration (¥95% confidence limit)
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iegatuse| A9 HAZE vlmFPEd E FdME
28Y%F TBBPAES =& & o A4 5 ofAAL 9
gfo)] of3t NOEC~} 90 mg/kg, 28] 31 ECs0-2 294
mg/kg e 2 vield vl 9o} (NIEHS, 2002; Birnbaum
et al., 2004). 3-8 Linear interpolation 4|2 Al&
H Ao g X% F3e 5 (ECx)EA ECpo ¥
ECs0® 5=+ 7+ 0.77} 54.2mg/kg= Ar2H9)
upel X|Apedek, A W e ot B]ﬂﬁﬂ
AR oz wzst AxdE HdFKd. g,
AERAEANA A" 54k Hs8) < 471]—1—
(safety factor) 1008 H&3le o|&Fd3ew
(PNEC)E AAtslglom, 1 A3} PNEC k-2 XA}
Japoll dSAE Imgke 221 AAldFe e
0.1 mghgo2 FRHG ¥ QPN AHge H
azteca’s B & FefH o7 3t zbF EelA
ok, A Foll A Aol A A o] w2 AL
dEAY =4S sk 88 AESelEn
g 4 g9lo}(Borgmann et al., 2007; Smith et al.,
2007). 23y} "WbHell H. aztecats Fol] AA]3}HA|
gt wiyel olw SHT ALY A4 AEE 1
7] o8¢ A= AYx U= wEid A F 5
ez wE27=2 el T8 Bda H agtecad
o] 43t ZAAHuPY L AL, ok HE &
43 AAYEF LS HPIH, A F AR
Aol w2 FalsterEde Aot $s)AdFr}
o 9leiA ““}iﬂb EHAANE AR A B
2 Z2d 5 3 Aoz 7.

rl

42 £

BEspdAl R 7P de] AMgE e el
TBBPAS & -3 BA4E T4 AXYE<
Hyalella azteca® |43t Hrlslget 10d 7¢
w28 FAEAoJA: TBBPAS 0~ 100 mg/kg?)
FEHH 2 spikingdt HA BN &8 9
gk W3yl 9ot 200mg/kg o)A FEolAME
NEE] F43] ZAadte FAE HeERAH
(NOEC=100mg/kg, LCs0=210 mg/kg). 281}, 42
d ZF =53 WS AN AEE HE
of AAgedEFHFHshI Aol dFt opx|A}
oJ3fe] FAF . 10mg/kg ©]5te] TBBPA A2
Lol AEEE g2 Ko7 Zeolrt g
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o, 100mg/kgell A Sz Bls) FEEo] 18%
pashgent A2 AR welA Wit
a2 3, AN A4 (neonates) A& E3 PYAH
of W3t oJge AR A, 100mgkg A2 Lell
e NS 3A askel Adsol %
iz} vehdE EHeldldet wetd MR H
azteca A EAA AN A BTHE QA% A= X
AHE, AR § o TR vE dddes
N3 Al #] Aoz el
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