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Abstract: The accumulation levels of hexabromocyclododecanes (HBCDs) were measured in samples of muscle
tissue from crucian carp (Carassius auratus) and also in samples of associated sediments. Samples were collected
from 15 sites along the courses of four major rivers. Widespread contamination by HBCDs in this area was
identified from the results of this investigation. HBCDs were found above the detection limit from all of the
sampling sites. The ZHBCDs (sum of o-, B-, and y-HBCDs) levels ranged from 1.3 to 19 ng/g (lipid wt) in
the crucian carp musscle tissue samples, and from 0.17 to 30 ng/g (dry wt) in the associated sediment samples.
The predominance of a-diastereomer in the muscle tissue of the carp and y-diastereomer in the sediments was
identified, accounting for 88% and 60% of the XHBCDs, respectively. The YSHBCDs levels in the muscle tissue
samples of carp collected from the upstream sections of each river were much lower than those in the samples
from carp in the downstream sections. In addition, the XHBCDs levels in carp tissue samples from an isolated
site were much lower than those in carp collected from the sites along the major rivers. This suggests that
HBCD contamination in the rivers is likely to be sourced from the environment adjacent to them.
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A= AT S o HA st daE HuAl
k= AS BAor AEE AlgFelth. BEshddAl
(BFR, brominated flame retardant) s, A,
FYAHE 5 A 7R E BFHL BEkE dadA o=
TBBPA (tetrabromobisphenol A), PBDEs (polybrominated
diphenyl ethers), PBBs (polybrominated biphenyls) &
o], A== HBCDs7} EoHe ), -2 uztel
A AR E T e G9A 2+ TBBPA, deca-BDE,
HBCDs, FF-680{bis(2,4,6-tribromophenoxy) ethane},
octa-BDE, B.E.O(brominated epoxy oligomer) 5©] 31
th! HBCDs® BFR & Al ¥Al &2 @o] A=+ 3}
FEEA Suete] 20109 A F 1,896 o
2 th? o] 52 EPS (expanded polystyrene foam), XPS
(extruded polystyrene foam) == HIPS(high impact
polystyrene)ell F7t=o] 1552 ©HEAol| FE ALE
Ha, A2, A7 AFe JE5E, Fe, Al 7y
A W-e] QN Tl ZYEe] AHSE = g’
$-glugke 201019 o] HBCD (CAS No. 0025637-99-
4) 477 &3 1,2,5,6,9,10-HBCD (CAS No. 0003194-55-
6) 1,419 o] AF&EQTH? HBCDsE & 16 M9 ¢
Aol Q@A 7t 7vssAN, 49 H 2= o-HBCD, f-
HBCD 281 y-HBCD?| EFF )& AYibs =) 4
7-HBCDS] 7 olgh&e] AlH o2 o] JAA F 7V
A AR & 7 JorR AL HlEo] ETt0 3
A9 190 °C ©)/delA] a-HBCDZE o|4Asl7F dojut
Av 2™, AA W 2 AR os) y—HBCD°ﬂ
| a-HBCDZS] Ho|7} dojyrz =7 =
£ o-HBCD7} $-AMl st} * T=3F A8 HBCDs A&
o A= §-HBCD®} e-HBCD7F 22t 0.5%<} 0.3%<)
wo o dAL| e ?_51-14—,7
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= 3L, PCBs (polychlorinated biphenyls)<} 7+©]
g3 {F7IsEE| B2 A Yl F2E 7FeA
o] &t} HBCDs% PBTs (Persistent, Bioaccumulative
and Toxic Pollutants) ol &3te] AAA] Ulo] &4 =
o AAAG=AY & sl =duAL BEl, SET
ge] Aa}, 7k FFEE Foll dFE xvke vt
ATk A W 80427 Al o] dA F y-HBCD
7F 540l Mg e AA W %E.QE =&
"!E]-XLQ_% 3]_1:1 d .E_
AN E oz
HBCDs= &&% 013”4 59 Annex
A(Elimination, XA &2)E EF3A=d, AES
EPS¢} XPSE 95+ At ALg-& o elF e &8st
ool
HBCDs:= F-335%, B17], A 2282 8% ZH
FE ez 3 AT Ho] ZE(food web)S
23 4A AE 7 £ AR FFo] dojuE= A
o2 BEATE? Bol(crucian carpye = EF o]
FToRA e sk de] 2L g, Il
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o] o F AW FHE SAE A3 AR UEE AR
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Fig 1. Structures of the six (out of 16 possible) hexabromocy-
clododecane isomers that are present in the technical
product at > 1% (http://en.wikipedia.org/wiki/Hexabro-
mocyclododecane).
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Table 1. Description of sampling sites

Fig. 2. Sampling sites of crucian carp and sediment along
the major rivers.

(pesticide residue analysis grade, PRAS"), ©}A|=(PRATH),
‘:]iiiﬂﬂ EHPRAH), W EHE-(HPLCH )3} E(HPLCH)
< B JT Baker(USA)AA T3t o, AR AL
2.3} L FLEAALFPRAF 2 PCB £44F, Kanto
Chemical Co.)Z 227} 2 (Wakogel C-200, 75-150 pm,
Wako)y> 25 130 °ColA] 16 A7 o &/d3iA7] &
A A ol ol A Wy sted ALE-SFATE FAHACSHE)S
Matsunden Chemical Ltd14 38143 HPLC ©]5%
o] ¢hZF 9 YEFolElO]EE 1M 100 mL &
(HPLCH, Wako)S 8]4]3to] A1-8-31% T

River Site
ND @ Seokjeok-eup/Gyeongbuk Chilgok
ND @ Hapcheon dam/Gyeongnam Hapcheon
Nakd Ri ND ® Namji-eup/Gyeongnam Changyeong
akdong River ND @ Sangdong-myeon/Gyeongnam Gimhae
ND ® Daejeo Sluice/Gyeongnam Gimhae
ND ® Gangttara-fishing spot/Busan Gangseo
S R SI @D Geumji-myeon/Jeonbuk Namwon
comjin Biver SJ®@ Geumgok bridge/Jeonnam Gokseong
HO Chungwon bridge~Mokhang bridge/Chungbuk Chungjoo
. H®@ Gangcheon-bo/Danhyeon-1 bridge/Gyeonggi Yeoju
Han River . .
HO Ipo-bo/Gyeonggi Yeoju
H® Haengju bridge/Gyeonggi Goyang
YSD® Damyang lake, Jewol bridge~Samji bridge/Jeonnam Damyang
Yeongsan River YS @ Gwangju lake, Yangji bridge/Gwangju
YS® Naju lake, Singa brideg~Deokrye bridge/Jeonnam Naju
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%<& FF Al AMHS-g § E(thimble, Adanctec Toyo
Kaisha, A& 28 mm, A °] 100 mm)& A& A &2k
U Z 2 (1:1 vv) 150 mLE 4 A ZF F9F Al 2] g
B339 FA] ZE (nylon, 25 mm id., Whatman)
T73 02 pmE ARSI o]9e] BE PP FHE
22 71T AR A WEE, obMlE | Fite =
3 3] AH3A

B A7 A= AFHES A A(Native a-, B-, y-HBCDs)
9} BC-d¥ A|(labeled o-, B-, y-HBCDs) XFE-2
Wellington Lab.(Guelph, Ontario Canada)oll A T+ 3}
Fom, A& HHF 2 & BC-a-HBCDY} B-

ﬁ (ot

HBCDE, Al €A 7 ]’o L%%i‘— BC-HBCD=

ALt BE RFEES 747 50 pg/mLol o

(& EF4) AeES o] &3t 1 pg/mLe] A &
B

Hog Az F 20 °CYEF oﬂ
A 5o FEF A AHE KU
7191Ak] JAC-2010(P), ?l*d—‘:%ﬂ 71e A9
Union 32R, 97 A (vortex mixer):= Wise Lab.

Instrumentse] WiseMix VM-102 AR5t}

23. HA{HFE

—oH

231. AR F= 2 HA|

= %w‘%ﬂf\i—‘:— EPA Method 3500C2] % =
HoZ NFEE FE39, & gn2e pH 74 |
abobA E 1:1(v/v)—g,— AHE-3HTh zH A2 S PP FE
o] Y& ¥ 5C.oq-HBCD 25 ng Z22]3L "*C-B-HBCD
5 nge F71eA k. 15 mLe] &4k 0]-/‘115 1:1 (viv)9]
|rE ¥ F, 25 LE}E °‘xﬂ ol/g @A el AujE

E4 3 FEH 2 dFoXe= Yo 74 &
2HE} 44%-5F A7 AL SR AA S
44%-32 A7t A AP =k 97% o) itk
44%,] Zg ug2 24 Ayt £gs9oH, A=
Ao ste] 39 ool A3t o] WHo =R
HBCDS-J T8-S 66~86% BAZE FRE 5 U
7424 ° Oﬂ)\oi o]q_e _11 J_i’!_:":‘o}‘\l_
44%-§MJ Ayt A 5 g FFEEAN 2 g =R 27
P &4k 50 mLE AA AT o] dihtERR
uﬂEP 1:1 (v/v) 120 mLE £8A1A ¢ | mLE %33}

N B
;;gqﬂ

Atk FE5HE WEER Srjuskeldr 71719 o
QA= BA37] 98 BC-y-HBCDs ¥FE 25 ng2
A7rek F 0.5 mLE FHE ohy YA E FAP] dEE

717 o 717184 sksidh

232, X-I Et M|

HBCDs9] g #Fi4] o= LC-MS/MS (Agilent, Palo
Alto, CA, USA)E AH&-3151 9™ HPLCE Agilent 1200
Series, & &4 7] = Agilents 6410 Triple-Quadrupole,
I8]3 HPLC ZH & Agilent ZORBAX Eclipse XDB
C18 (4.6x50 mm, 1.8 um)S AFHE3IITE 27] ol54
2 10%2] HEEZ 90%2] 10 mM YEF oFAE <]
E Fgdo gt 587 FAEAT A% HExA
I FAF 717] 2AELS Table 29} 30 22t F) s}
At Fig 32 AA2 FAHS AXA ¥ HBCDE
E A (3C-labelled) T2 N3 ZZnfETHo|H,
Fig. 4= 50| A|8°] HBCDS] %A X+ES A7
%] LC-MSMS Z2vtEa#Holt}, BCa- B BC-p-

S w7 93 15~19 °CE HBCDE A2 3 @A 71893 *Cy-HBCD
FZ3}32 3000 rpmo 2 10 Eﬂ w%a stk & = 7R Ae] v g@Ale] Frkeit o- 2
2l AT E 250 mL AHbEERaAe] Rgtor 3] B-HBCDO| 3]&2 5 9o o] mA S vt
F8g w7 95 24 10 mLe] §UHE FY FHL o FHOM ojuf BC4HBCDS 3FEE 100%
23] WSS, FEAE BANS] A L A YA 1A T o- % PHBCDN o 31
A7) ) TGRS ERANAL O F olF A &S 27 65%9} 87% Lehgeh.
SLE 1 mL7HA 5% § 10 mLe] oz &
v w3kete] ohA] 1 mLE F353te] A skt 24. QA/QC

HBCDs®| K, 3t 5.6224 374 F< §71& 2 241, A™YFM
AR W AR Soll SAEH mE LM o= Wl AFA AL 98 o, B, v-HBCDs A EFE
Table 2. Multiple detection conditions of LC-MS/MS

Compounds Precursorilon Productilon Dwell time  Fragmentor  Collision Energy Polarity
[M-H] (Br] (mS) V) (eV)
a-, B-, yv-HBCD 640.6 79 81 10 72 10 Negative
BC-a-, B-, y-HBCD 652.7 79 81 10 72 10 Negative
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Table 3. Optimized conditions for LC-MS/MS

LC Agilent 1200 Series Binary Pump SL

ZORBAX Eclipse XDB-C18 RRHT

Column 600 Bar 4.6 x 50 mm, 1.8 um
Injection volume 10 pL
A = Methanol

Mobile phase

B = 10 mM Ammonium acetate in water

Oven temperature 30 °C
Gradient flow rate 0.3 mL/min
Time (min) % A % B

10 90
. 95 5
Gradient 95 5
14.5 10 90
10 90

Total run time

21 min. (including 6 min. equilibration time)

MS/MS Agilent 6460 Triple Quad LC/MS
Ion Source Electrospray ionization (ESI) + Jet Stream
Polarity Negative
Ion spray voltage 3500 V
Gas temperature 250 °C
Gas flow 10 L/min
Nebulizer 40 psi
Desolvation temperature 400 °C
Desolvation gas flow 12 L/min
Quantification Qualification 13C |, standard
o B -HBCD (m/2) 640.6 — 81.0 640.6 — 79.0 652.7 — 81.0

Detection mode

Multiple reaction monitoring (MRM)

x10# |-E51 MRM Frags TZ0W CIDE00{E52, 7000 <7 81,0000) C55d Smoolh
-

Y- 0-HBCD)
HC,-HBCD

G e

J

T T T e T e ]

159 SR e L S 15 E 08 e |

1 1!

Counts v Assulsitian Tiss imind

Fig. 3. An LC-MS/MS chromatogram obtained from labeled calibration standards of HBCD (**C-a-HBCD, 25 ng, 50 ppb; *C-

B-HBCD, 5 ng, 10 ppb; *C-y-HBCD, 25 ng, 50 ppb).

(Native standard) 50 ppmS W EH&=2 3|43} 1, 5,
20, 50, 100, 200, 500 ppb F== Z}7} 0.5 mLA =%
Ay WHEEFES 2AH oz AP S
FE(CS4)%l BC-a-HBCD 50 ppb, '*C-B-HBCD 10
ppb, 22 2 BCy-HBCDs 50 ppb7} X2 7}l
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x00 & [~E51 MRM Frage TR0V CIO10.0 (6527000 ~> 81.00000 $M_Fish E-2d Smoom

i

1 1ns 1 125 S i
Counts ve. Acquisiion Time (min)

Be -+-HBCD

B -a-HBCD

Ye,f-HBCT

o e

Fig. 4. An LC-MS/MS chromatogram obtained from a carp sample spiked with labeled standards of HBCD (**C-a-HBCD,
25 ng, 50 ppb; *C-B-HBCD, 5 ng, 10 ppb; *C-y-HBCD, 25 ng, 50 ppb).

Table 4. Concentrations of the calibration standards

Calibration Standard (ng/mL)

CSl CS2 CS3 CS4 CSs5 CS6 CS7
a-HBCD 1 5 20 50 100 200 500
Nati B-HBCD 1 5 20 50 100 200 500
atve y-HBCD 1 5 20 50 100 200 500
TBBPA 1 5 20 50 100 200 500
13C ,-a-HBCD 50 50 50 50 50 50 50
ISTD 13C,,-B-HBCD 10 10 10 10 10 10 10
MTBBPA 50 50 50 50 50 50 50
Syringe 13C-y-HBCD 50 50 50 50 50 50 50
sle] AA AFe FEE ALEaT AR 24 2 YehT
AFRH= 09 o] e dol AHAS &l
A, AF/AE 8] 25 oo FYPon, LC AZ 243. ZA=5H(MDL, method detection limit) 2! & 2¢
EdofollA A 3“& e ART o Az SHA|
g =o7] 98l 7HAE UxE dg skt CS1 5x°] 2~5 vl #F3t= CS2 FE(Table 4)
9] a-, B- 2 y-HBCD ZHZ}t 2.5 ngS 7 71¢] vIRA| &
242 321 WY of Mk F AA A@A L o R BA5)
HBCDs #419H 9] 3|¢& 43 234 de 3 o 7} BZe] #FUAE T35l 0471011 3.14 (p=0.99)=
Fg Qe EHER s oR fAR 4EE AY Fote] AEFAE AMFSIAT BE AAfS A/
ANk AR 74 FA37t XA e 5494 U5 2.5 o)Fo = sk ZJ7}?2 EFEY A=
A3 BFEES ARSEIRT AU YR EEES] T H FE7F £30%E Z2Fstd oA @ of st=dl
= AP S TE(CSHE 3o, &5 A% 2 A= =5 He el A o, B- R -

3l7] A A& LH ¥ FE(surrogate standard) '*C-a-
HBCD 25 ng, 28] 2 *C-p-HBCD 5 ng< #7139
th 71719 Ze MEE QA% 235 BAHs] A3
A7 3 BC4y-HBCD 25 ng A7}sksict.

HH g9 344 HE PC-a-HBCD 62.7~91.8%,
13C-p-HBCD 70.2~108% 1] H-o] 259 3|58 ¥
1= BC-a-HBCD 65.9~99.7%, “C--HBCD 71.9~109%

HBCDOl| tigt EAEx 2] AE$H= 0.028, 0.045,
0.086 ng/g(dry wt), Ho] Z&dAME 0.014, 0.022,
0.043 ng/g(wet wt)ol e UF ZFE Ca- 2
B-HBCDS] 3|58 717} 78~87%9) 85~99%<] W 9]
2 et

A E0] JFo] 7t HAF

(limit of quantitation, LOQ)+= ¥ +¥H

T 2A AZETH
A-2] 10 W= A
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AHE9 Tt a-, B- 2 y-HBCDOl that A 3= 53
EoA 7}z 0.089, 0.14, 027 ng/g (dry wt.), B0l &
S0l 0.045, 0.070, 0.14 ng/g (wet wt.) 2.2

244, HIEIQY =X

Al el viEA Ee WREEFEES Hrbsta E o
E ulg Al BEdlE CS4 (50 ppb)oll MFetE a-, -
9 y-HBCD 25 ng3} WHEFEES Hrtste] AA

159} ds Aoz AALS & 71718483
o MEAISEE 25 HAE3A o3t 3
Rom BC.g- @ B-HBCDY Ha &2 77
77% 2 85%NRL AP AAAA 9 H
< skt

245 Hazel Mu

Aoz} AUze 71z A e 25 ng A&
HEEZE(CS4H= A6t ﬁ]*&é}%ﬂv} A o- p- &
y-HBCD®| W&t Hy 3|F&x 2E:dA= 7H7
86.6+3.0%, 87.5+2.6%, LZ]AL 76.243.0%% LFEFSETE.
AEEE YER = CV (coefficient of variation) %k

H

o-, B- 2 y-HBCD®| tfsted Zz} 3.4, 3.0 & 4002
ettt

3. &dn ¢ nE

A Method 16882 3FaLste] &
= Z59 FE3= FHA G 4
Al 15 mLE #3 3t SH3AT & f7184 3
$2H(TOC)S Walkely-Black®] 42] AFsl
0:1 ZAsIATM S 259 N ¥ HAHES
TOCE z+zt Table 59 Table 691 B2 &ttt X2
SHEEL 0.62%°1A4 5.4% HHZ Ve Ha ek
< 1.9%%th TOCE 12% oA 3.3% HZ et
I BEES 2.1%A T

E
mlo
X 9
Olﬁo
[0
ol

3.1. 20| 2|0 =3E HBCDsel s=

ZA 1570 A-AA FolE 3 MAY gt o
Zt AAEE 28] =2 %E HBCDs 352 LC-MS/
MSZE EA3th 5o 280 ZHH o- B y-
HBCD &3 % HBCDs & J_(ZHBCDS)E Table 5

Table 5. Average accumulation levels of HBCDs in the muscle of crucian carp (ng/g lipid wt. n = 3)

Site o-HBCD B-HBCD y-HBCD
River ~HBCDs lipid(%)
MDL 0.014 0.022 0.043

ND @ 46 0.12 021 4.9 1.7

ND @ 8.0 - - 8.0 1.0

Nekdon Bi ND 3 14 038 0.96 15 2.8
ong River ND @ 3.5 - - 35 0.95

ND 5 10 0.29 3.1 14 5.4

ND ® 13 - - 1.3 2.1

Seomiin Ri SI® 1.6 - - 1.6 23
comymn Kiver SI @ 44 0.25 036 5.0 0.62

H® 3.4 021 0.46 4.1 1.9

Han i H® 17 0.72 1.6 19 1.8
an Kiver HO 15 0.43 1.7 17 0.76

H® 12 0.55 1.8 14 1.7

YS @ 4.1 - 030 4.4 1.6

Yeongsan River YS @ 14 0.43 1.6 16 2.4

YS® 9.0 0.22 0.51 9.7 1.8

Max 17 0.72 3.1 19 5.4
Min 13 - - 13 0.62

. 8.1 0.24 0.84 92
Average (Median) (8.0) 0.22) (0.46) (8.0) 1.9
Standard deviation 52 0.23 0.92 6.1 1.1

—: below MDL. Average value was obtained by considering <MDL value is equal to zero.
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of At v del= Ad o= s
A A ZF%(Iw, lipid weight) &2 UEFH T THBCDsE
13~19 ng/g (Iw) B = Jebyty HF3HS 8.8 ng/
gw)elAth. 3 HO A HX 7P &2 o=
Elsk o SHBCDsE 19 ng/g(lw), 283 a-, p- %
y-HBCD 5%+ 247t 17, 0.72 2 1.6 ng/g (tw)°] Tt
o] L T FAE F KoM AFA 9T W
E37]4 ##E THBCDs H|&=% 7S UER 2
ATES 2} 299 ViskanZdoll Al A HE FRX| 3
7(pike, Esox lucius)*|* ¥2¥ SHBCDs 4,000~8,000
ng/g(lw)Ech & MEo] | =2 v gro|r}? o] &
T FEk wlr]o BRA AFe X%k Oudenaarde
-2 ScheldtZdoll Al A-E o8] FF/He 37104
ZhEl 3,080~5,900 ng/g (Iw)3 Hlwal = 4 929 |
J& v grolth!® H ojgglo} EX Qe
Maggiore S50l A AN ¥ * o(shad, Alosa agone)
9} white fish(Coregonus lavaretus)®] 25l 2%
THBCDsE 13~792 ng/g (w)2] W< WA= Yephyitt”
olef HlalR 2 Ao YERE Fo] ZHFolA <]
YHBCDs S 1.3~19 ng/g (Iw) o 24 A -E =2 27k
o] 2ol oy AR F& FHoAM e g
Yepd S & 5 AATh T 2 U fAE a3
Ao AP¥E Bo] FeA 9] ZHBCDs ¥ 9=
2.1~76 ng/g (Iw)2-2A 2 A9} H|5=3t X E Ho|
3 =, Aol zfol7 o= Bx YA Pt
%13 ng/g (Iw) .24 B Ao A 9] 8.8 ng/g (Iw)3
Hs2gk S Hola Ut o]} 7o) THBCDs %
A& AFH A B3] TFHO dFS WA L

o
], 294l Viskan7d o]} ¥ 7o) Scheldt’7d-2 HBCDs
(e}
]

% i

Aol mlg =2 Al HlE e s 2

HZ7} o we Ao 2 Vet

HBCDs2] H-& 4] ©]d A A (diastereomer)= 7
of whgt thEA AEHIJeH, AESHA ol ez &
ZEe HEx 2JolE Bl o-HBCDE 15 7] BE
A AEHIYL 5 e 1.3~17 ng/giw)°]
At B-HBCDE 570 AN AEEHA vwto| o
o, ANFHS 0.72 ng/g(lw) - EA a-HBCD Hth %k
oF 25829 1 FFolAUTh y-HBCDE 4 7] A HeA
Az mRte 2 JEPA, HUg2 3.1 ng/g (Iw)
o224 a- ¥ B-HBCDY 7+ o2 AFFAULH
SHBCDsol gk 7} o] d&A ] H] &L o-HBCD
88%, B-HBCD 2.6%, L& 3. y-HBCD 9.1%% UFEbst
th 2t APEEE B- 2 y-HBCD7} AE3EHA wwte
2 YERY a-HBCD ®l&°] 100%E YeRd 4 7] A

< AQds YA 110 AZAA 9 o-HBCDY H&
o] 75~93%5 Ao zH o 9] glo] a-HBCD2 H]
&o] g=FHo7 =} o]xH HBCDs % a-°|A 2|
7t EHOZ T2 HES ARG AL v A
EA 9} B dubr oz FFE QoS82 g
A, HF e ZE7}F 4000 m oo RA QlFUE
7F w23 & E o] A gle AACA
3 Fa] Hoizl gl o] AolA A e B
oA = HBCDs % o-°]AZA 2l H]E&°] 63%F-H
100%7H4] A BHAL e Aoz AZF TS
A B M o-HBCD2 B]&°] £ vy o] H]
E2 HolAlEY 92 AFE JUkslE FloE R
P

7ol ke HBCDsOIA a-, B-, 2|3 y-014
A 2] v&e 77t 10~13%, 1~12%, 2B 3L 75~89%
2 48A Ut o] B gL AEA A AFE H&
Z ZA o2t HBCDs®| F29A] o] 8AAE Afel
o] 22 Aol B U3 a9} 7o 23}t
2 - zelg ot a-, B-, 22| y-0] 43
A2 Bol et Lal=e zH7k 488, 147, 283 2.1
pg/Lolth? gt y-o] dAA = o-o]dAA K} o wh
27 A ZHgo] dofjuhs Aoz dEA Utk P y-
HBCDS] AA| WolAe] w7717t o-HBCDETH &7
ol A FH40 A oFo] A= A= o-HBCDL] H]
$o] B4 =HE deloz ®Holth AF(mice) Aol
A a-ol @A 9 Wbz E 17 Lol Hl§) 2 T A
EZoNA y-o]ZFA Y w7 E 4 42 B A
a-HBCD7} y-HBCDOl| HI3] Eol A9 S %7} =17,
W71 7F A9, 283 giababgoe] =3 JFAER <
st} FRH O RHE Hr} AR AR S5
o] 2AHE ZAow Btk AA olFAs} W
(bioisomerization) = ] &l a-o]A A A7} AR =
H g2 FH e b 7dsts 302 Bl &,
A A | A y-HBCD7} a-HBCDE W 3= = A
o2 HIAHJUEAEY mEtr, FEHOZRE o
HBCD7} 4202 MAE 5453 y-HBCD| A
A o]/d &3l wkg-o] -2y} shdoA AT 5o
AW a-HBCD7} @4 £& H&ZE AT F
9 deloZ welr)

ox flo o

32. E[M=0| =XE HBCDs2 s=

HHEo| =44 a-, B-, v-HBCD &3 THBCDs
£ Table 69 A3l e T de A% 5%
(dw, dry weigh)©. 2 YERJSITE. SHBCDs= 0.17~30
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ng/g (dw) W92 YeRA HF3t2 5.3 ng/g (dw) (&
Gk, 2.6 ng/lg dw) o2 UEsTh ©o] PES HZ =
W Ak 34 A H S B X B4 2] SHBCDs
H£1(0.19~13 ng/g dw), BFH 32(F Y%, 2.4) ng/
g(dw),”® T vt s 29 7] AN AHF
E & Eol| A 2] SHBCDs H $1(0.39~59 ng/g dw), 3
2 1(ELE, 3.9 ng/g dw)® 5 HioJEl9} & o] S
Holx] ¢g=th. 2y e MEZIA| 23K San
Francisco Bay) 3 Y %7 ¥H(Tokyo Bay)ellA i3]
g ¥ EHAE, 283 vF T ERO|E FollA AHH
3 RH HHE =5® THBCDsHE Ut <F 10 1)
JE =2 2102 Yett 9 Al AR elA4¢] ZHBCDs
E SAHE 0.1-2 ng/g (dw) (97, 0.3 ng/g dw),!
0.056~1.2 ng/g (dw) (%%t 0.16 ng/g dw)*® 28] 3L
<0.075~3.7 ng/g (dw)*' ©11t}.

olHHAE T BXE a-, B-, »-HBCD £AHE
Z+7} 0.074~8.7 (B 1.7; T9%F 1.1) ng/g (dw), <0.045~
3.7 (B 0.45; U7 0.20) ng/g (dw), 0.093~22 (B
3.3; 9% 1.5) ng/g (dw)o & Yrebtth AR 15 70
A HoM AEH THBCDsol 3k 2+ o] A2 Ao &

W

o

E A& yolBZA T 60.5%% 7 =44, th
2 a-0)dZA 31.3% 223 B-o] A ZA 8.1%
2 et 3 AAAIEF ] SHBCDsOll gt y-
HBCD®] H]-&9] 75~89%H Tt W H] &S Holy
UARF o3793] y-HBCD7}F Th2 7 o] AA| o] |3}
R =2 veE AL Uk oA y-0173
AA7E A AFE = AL ¢ 1 ZAFFOEA

2 AFAE o]ef st AaFS Ho|ar Urk 803
2 AzA UeRd HAHEA 9 g0l A A9 H|S
(31.3%)y2 448 AFAA 2 B&(10~13%)E Tt ZA
Z71e Ao 2 YT F2 yol A2 RE W3t
H Aoz Hojn, 1 ARE o}F] A= AT
A2 A&7 WhS(thermal rearrangement)?} Ea <
T9] 2po] B F /1A A =7} B ET} y-HBCDE
TH o-HBCDZS] 8% A&A v 160 °CHH
200 °C Aol dojus Zo 2 By EQTE M o]
e 25 AEo) yEA BF § IdXe HH LS
AR = A7 A2t FANA dojd & Qo 28
ECHA (European Chemicals Agency)°]A] HBCDs2]
el 915 3-37] S8l 20 °C ARG NN =

o
L

i

Table 6. Accumulation levels of HBCDs in the river sediment (ng/g dry wt)

Site a-HBCD

B-HBCD y-HBCD

River ~HBCDs TOC(%)
MDL 0.028 0.045 0.086
ND @ 8.7 0.56 4.8 14 13
ND @ 0.074 - 0.093 0.17 1.2
) ND ® 0.40 - 0.95 1.4 1.8
Nakdong River ND @ 11 0.36 38 53 1.7
ND 5 0.17 - 0.64 0.81 13
ND ® 0.23 - 0.93 12 15
o SI D 1.6 0.24 1.7 35 33
Seomjin River SI@ 12 0.24 12 2.6 23
HOD 2.7 0.47 1.1 43 2.5
. H® 1.6 0.36 2.9 49 2.4
Han River H® 4.4 37 2 30 32
H® 1.4 0.43 5.5 73 1.8
Ys @ 0.75 0.13 1.5 24 2.5
Yeongsan River YS @ 0.92 0.17 1.5 2.6 2.8
YS @ 0.57 0.11 1.2 1.9 3.1
Max 8.7 3.7 22 30 33
Min 0.074 - 0.093 0.17 12
Average 1.7 0.45 33 5.5 2.2
(Median) (1.1 (0.20) (1.5) (2.6) (2.3)
Standatd deviation 22 0.91 54 7.6 0.7

—: below MDL. Average value was obtained by considering < MDL value is equal to zero.
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Ao e HHE oA o, - E y-
HBCD®] £3f wb71e 2tz M= 1139(1139),
68 (44) 28] 104 (65Y)E B EHUTE o] 2
= A 2H0A B- D ol AA Q] BajLwr)
a-olgZAA 9 Ba&rrn o wE Aoz iy
A e S BojFr? weha] 2 oA
ANF 3 3 HAEANME HHe dr)4g F7do) 7+

]

]

Fl

A % 9108 HBCD o424 Bej&we] Hol
2 Q% oA R WG] Walt oS Ao

=2 B}

=1 =
7@54 HBCD«] Z‘r& Aﬂ o] AA L] X H&F
& AFolA el HaF v&S Fig 59 depd ol E
Z Eo]A y-HBCD7} -4l & *JEH NA] o ZHolA
= o-HBCD7F 418 Ao 2 F35HA o]zt o
W Aol BRItk

7F Aol M o] Fo Z8olA SHE A g
o] 7]¢] %2 ¥ THBCDs AlololA Aozl A AL
(R?, determination coefficient) %2 0.0552, 22 3L ¥
HEANA F3F TOCS} o7]9 %2 ¥ THBCDs A}F|
ol 3 ARASRY) S 00813224 & o &
ARoz ou Qe AAAA T Yo gttt oA
< A W XA EHE W TOC7F HBCD7}
=45 e b 7195 At 24 28 Yehl=
Zo2 HAT) A, 5o 5 HFHEA Aozl
THBCDs Abelell A 3t A AR 32 0.07122
Al ofu] Sl AHEAIE FEAA skt ole EHA

-

Oy-HBCD
m B-HBCD
© a-HBCD

g
|

Relative proportions

:
|
|

20% —| —

0% ™

muscle of curcian carp  sediment  commercial mixtures

Fig. 5. Average distribution ratio of HBCD diastereomers to
the HBCDs in crucian carp (muscle), sediments
(summed from all the sampling sites), and commercial
mixtures.

Eoll 2% HBCDs %-°]ol %% %+ HBCDsd| 714
sl vl7b 24 don g2 odddel UL & U
< BHoEh

o] & 2% THBCDsE 7} é}ﬁfﬂ FF A
Aellx T8
@] A= FF

0:1)\]-71- Fso 7

>%¥
rlo
5
AN
tlo
T
o
vy
ﬁ.
ol
rz&

(o3
N,
fatn}

1
7} 4.9, 1.6, 4.1, 4.4 ng/g(lw)ogxi
92 n g/g lw) == F4(8.0 ng/g
. 387 A NDO2 3ol ¢
ERde fE Gojxl WA A
AR A AA 150 AH F
%o} 2% Ul THBCDs7} 7H4 ¥ 1.3 ng/g(lw)o.2
ettt o] HAIECA = Bolel Al 2717t A=
e S AL, R e g 9l
A F3HoZHE A HBCDs 299
deg 9 WA == Zo] HBCDs2 AW o] vt
| olg] gt AF2 ol &
%LOME frAE A2 e v Aok B E
M= ND® #7-2 THBCDs7} 1.2 ng/g(lw)L-ZA]
4%k 2.6 ng/g(lw)e] AWt o2 WA Yelstth
7} 8k ¢ a7 A3l ND@), NDO), SJ® H@~®,
223 YS@OQ AN AF3 & Sl F2¢
THBCDs: 5.0~19 ng/giw) H ¢ oA urEMz H
13.; ng/g (lw) L83 Y3 145 ng/g(lw)S2ZA 7/
vl A HH38 ng/g IwETE Al B o]Fe] #F
o2 EA Yehyth o= 54 $7°] HBCDs 573
of J&Fe ZA vA7] Wi Aoz Btk 2y
HAENX = o]zl AHaFe] Felo] Yeh A= =
th 53] =4 et HO A -2 5o 2FdAM=
AR =A b AR A EoA F WA
=2 i?ﬂ el NDO AHL A7 AF o2 Fof
SollM = vl A yehd Aol o= &
91 A2 W7 o] W] wiEe Bl e g

Z
Lo
i
rII
-
G
S
7

d
to

olel 27l0] % 912 % 91 Aolth
2.4 =
B AolAE e Fa skl Aske ¥

oloh 1 HAEo] Z4% HBCDs®| F2 H& QA
o3 AAE FAFSIth B2 EelM e 44§ HBCDs
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o] ZATF HH
y-HBCDZH¥ a-

AEFF 3A 2R &2
o AUAARE Fof E% 1
HBCDZ Ho|7} dojt A51A =
o] & JJr HZ Eo) 2% THBCDsE 2+7t 1.3~19
(B 92, 937k 8.0) ng/g (Iw) ZB 3L 0.17~30 (B
5.5, T4 26) ng/g (dw) °1ATH TS AFAME
Ve ARbAQl Ak s R 2 Fo] &A=
o-HBCD7} 28] 32 ¥ B A= y-HBCD7| =3 o
Z A FHEHA UG T ZSolAM=
HBCDs 29 A 91 Viskan7d (3] 21)o]y Scheldt”d
(A7]ehEc) ) Fo] | 2 A HEFHAUT 2
Hd) §HEJA = MIZTA| X~ qtr}(u]ag—) = =70k
@E)Eo 108 A= =4 AEFAS. 5o =52
E|H Eo] %% THBCDs Alololle SAIZ o2 9]
AAA 7 PR et

H &=
i—t—
Aol T

o)X= X
AT

¥ o AF-HA| sk u] ()l
o3t AFE RO, o]of ZAL=HUT]
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