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Q o
T Arhr 2ol AR H AR XA 557 SR (Octopus minor)olX B 5A 845 (Polybrominated diphenyl
ethers, PBDEs)S S743lth. U4 215742 el 2] PBDEs % W= ZHF 29.6~109.3 ng/g lipid wt(dt
53.7 ng/g lipid wt), 11.5~89.0 ng/g lipid wt(E <t 48.0 ng/g lipid wt)Z YERHTE 4] o4 2] PBDEs &5+
e Ao] 1kexe] Fkel| vl oF 2.58) 7heE A YEls o, EXE 9l o]njdlF Al=s} PBDEs %% H|wsth
A} Ao AR oz e w5 YERYSIYE. PBDEsS] 2AdHIE B Y] 253l A= BDE 206, 203/200
o] Z}Z} 72.3%, 11.8%% & PBDEs §=°] 80%°]/d-2 245191 nona-, octa-BDE7} 2]%77¢°4] PBDEs®| £ 3}
=R vERom], U3 Ui AlRelA= BDE 206, 4701 ZH2F 49%, 18.3%% ZJth ] 0 & 52 X/dn]E eIt

Abstract — Octopus(Octopus minor), benthic cephalopod, were collected from intertidal zone in Seosan,
Choongnam and analyzed for polybrominted diphenyl ethers(PBDEs). PBDEs concentrations ranged from 29
to 109 ng/g lipid wt(mean; 54 ng/g) in mantle and from 12 to 89 ng/g lipid wt(mean; 48 ng/g) in internal organ.
PBDEs concentrations in octopus internal organ were lower about two times than that in common squid col-
lected in Yellow Sea, indicating Seosan is relatively less contaminated with PBDEs. Major congener was BDE
206, occupying 72% and 49% of total PBDE concentration in mantle and in internal organ, respectively, which
is very different from PBDE composition in common squid with major congeners of BDE 47 and 99. From
PBDE composition, octopus seemed to concentrate higher brominated BDE rather than lower brominated BDE.
This PBDE composition in octopus may be affected by sediment with extremely high contribution of deca-BDE
to total PBDE concentration.

Keywords: Polybrominated diphenyl ethers(PBDEs)(E.& 7| 3}$H&), Octopus(Octopus minor)(=4]), sediment,
Composition(Z="3H])

1. M 2 Al AFEE o] SFEHWHO[1994]). PBDEs= Penta-, Octa-, Deca-

BDEs?] A& HE|2 AAAZ R 67,440%0] At Qlom,

Polybrominated diphenyl ethers(PBDEs)= AWd2A1%, 25 F 37% oFAlofoll A &H]% 1 QITH(Tanabe[2004]; BSEF[2006]).
gl A7) ARARES] AlEA] shAlels 918t H7HAEA] B9IsE o]#|$E PBDEsE ©] S3EEo] H7EEoIX A A, AR
HZ AR 52) oekel ARE Fole] S0 E A9EY, B
ZHRoR 3l B Fol gy wxshe 2= dEA ot

"Corresponding author: kgb@gnu.ac.kr

68
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(Covaci ef al.[2003]). =3+ PBDEsE= U324 34 0 dE4Q1 47
A sHET AR EEsletd] s T, 2E ATl
o3hd A T2 ol AN APS doyH, Ut 7hs
o] A7) 71 %= 313 THMcDonald[2002]; Staskal ef al.[2005]). ©]
3t HAg 0= Qal] 2% Wt ofe} SYE AL, SSVE, Sl
S oheFst mjdelA] 2bsEel gt A7t o] Fol Xtk (Darnerud
et al. [2001]; Mariana et al.[2008]; Tanabe[2008]; Shi et al.[2009]).

FeloME BEA 3Ee RUEPS B &, H4E 9
kst sl EM 0] 29 AAsy) Az A vXE 9F 5
of thgh W A7} o]Fo1A] ghth(Weisbord et al.[2001]; Bayarri
et al.[2001]; Stefanelli et al.[2004]; Corsolini, et al.[2005]). “LH ]|
T Bk ol sioRlEel Sloir BEA) BghEe]
Fof tisk A5t =Ew HoAok AA3] o]Foj#] 1L itk
(Moon et al.[2007]). $FA, $-2jve} Q]3ljelx] 7w e old
A= PBDEs7F B f714A ShghE w59t Al o=
AEH7)1E 81927 (Kim and Stapleton[2010]), =5552] 739 A4
P3| F& FEZ AFH A 59 Arols 2anh I
A2e A7 S5 (WHOY L 8 3k 77518415 ¢HA] (Provisional
Tolerable Weekly Intake, PTWDE HolX = A 22 YERITH(Kim
et al.[2008]). Ao A9 1hE gk uPTIEEs AR A
A gkom g Al wh QASEd Al un|E ZloE
=L, AXA] 57 YR (Octopus minorys 718714 A
AetE s Yz o] 2|44 a5 tieh s =2AE E qk
44 H7hs 5ok £ AT el YR AX TR
shbEA # (1) 7 T2 AV ALY, 21 = A
olsh= Zlo® dA glom, feluket Aallel Fell kel A
of ] #25R 54 7P Qrhegst 71[2003]; 7 [2004]). v}
ZhA] 2 ATrellAlE YRl oJgt 1A SJadell digh AT-E
Fsl] o] - Eluet Agtel] AAlshs YA E o]gsle] 41
Hog BEA e IFEEs S48k, 1 24 BlE 54
S ARk STk ek B Qs oA 7] Seueleld W
& A7} Hol9lA] ¢S PBDEs 5ol tiet w8 Au s
AATBEAL =2l HEZ A F557<20 YA olA] PBDEs
o] AlEEth=d & 997}

L

2. X2 g

I

2.1 AR

A F=E55F SR (Octopus minor, n=20)= 20083 112 &
AAatelA] AFdste] A Ws HEsieich AddE 1 & 5
Holo} 24 FAE S 0m, Wi 950 R FRato]
Az e AR A A7) el SR 8
Fnnas

of off ot oL

2.2 EAHHH
% 29 PBDEs(BDE 30, 17, 25, 28/33, 75, 49, 71, 47, 66, 100,

119, 99, 116, 85/155, 154, 153, 138, 156, 183, 191, 181, 190, 203/200,
205, 206, 209212 Stapleton ef al.[2006]2] A S-S Uy A
ZAsto] FABIRITE A 8= EllEate] oF 3~5 g& FT & IR
o A &AL o] AR UF-EFEZ 4-fluoro-2,3,4,6-
tetrabromodiphenylether(FBDE 69)2} *C-BDE 2095 50 ng %1%t
T 715581557 (accelerated solvent extractor, ASE300, DIONEX,
Sunnyvale, CA, USA)E ©]g-3to] SsllE 2 (dichloromethane)..
2 FE3AT) F=F N2 TurboVap(Cliper Life Science, Hopkinto,
MA, USA)Z o]&3lo] 1 mLE $&3 & A AT ZnlE 779
(gel permeation chromatography, GPC)S |30 HollE= A
= AABISILE 1 v SRTE ol838o] 2.5% H|ESAT &
224 8 g& o] &3l BES AlA. 71714 2 FBDE
699} “C-BDE 2099] 3582 S7dsl7] flsll HF F=0l GC

F¥FE4?I chlorinated diphenyl ether(CDE)141-& 50 ng %]
3kt BE FE NS GC/ECNI-MS(electron capture negative
ionization mode)E ©]-§-510] A EAE I FEHS
tri-F-E] deca-BDE 7F4] 29712] PBDEs 3&-E9} U RFEAS
olg3to] s7le wel disl A= Ak & FEseict.
7} PBDEs 3}35-2 #2]A]7]7] £J3] DB-5MS(15 mx0.25 mm i.d.
%025 um film thickness; J&W Scientific) Z ¥ A3} T}
PBDEs ¥-%1& 13t GC/ECNI-MS?] %718 Table 10 VFERAS]
OF EQH 25 GC AdoR Alark & A 4= Sl 80°C
T 0.381F A F 275°C 714 1 600 °CE 5A38] TR
Ao £ T2 ;L g0 °CE 177 A F B 18°CE
250 °C7H] 255 ASAIZTE I thy B9 1.5 °CH 260 °C7HA
LEE A AR F e e o R 2 25°CH 300 °CE AR
T 2087 FAIAATE. Transfer line =%+ 300 °C, ©]2 22~(ion
source) <= 200 °C2 FAAZ E4 0V E352 GC/ECNI-
MSE o]&3to] datkel tist At (m/z)y7t 79, 8121 A& 2

3t A2 (m/z)7} 486.63F 484.6 12) I 496.67} 494.6%1 7S o]
gato] 27t Aslslglet. sl s 5 AERRY ¢ i &
Aol #4319 0™ HAZE3HA | (limits of detection, LOD)= HFEA]
BolA HES 2] BEHEAl 30t ko2 ol A&
SHA12] M= 0.1 ng(BDE 100, 85/115, 153)¥} 1.1 ng(BDE 47)AF
o|& UERSITE AlFel 71017 FBDE 692 3|82 it 68
+ 0.15%°]c}, A9, TF e UlF- 23541 BC-BDE 2099 7%

Table 1. Operating conditions of GC-MS

Instrument: GC/ECNI-MS(electron capture negative ionization mode)
Column: DB-5MS(15 m x 0.25 mm x 0.25 um film)

Temperature Program :

80 °C [18 °C/min, 1min]—>250 °C

250 °C [1.5 °C/min] — 260 °C

260 °C [25 °C/min] — 300 °C [20 min]

Injector temp.: 275 °C

Transfer line temp.: 300 °C
Ion source temp.: 200 °C
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3|580] 40% mIREC R vl Wol AyE A3 4= glo] BDE
2099 #> B= EljelA ALl ek gk P AR (n=6)ll F7F
% 377} PBDEs 3582 81~101%= YERIT}H © BDE 206
2%k, Bz BhhEe] AR A FAIR ghbsiglon, 4|
WS- EA|1 R (gravimetric analysis)H-2 ©]8-310] S35t

3. 211 ¥ EQf

—

3.1 PBDEs XSk §iE

S Al AR AXA T SRl HEE PBDEsS]
52 Table 10 VERAQITH Z20% ¥4 PBDEs 5 YA €]
E4(mantle)ell A= 157] PBDEs(BDE 30, 25, 28/33, 75, 71, 47,
66, 100, 119, 116, 85/155, 154, 153, 138, 183, 191, 190, 203/200,
205, 206)7}, WaolA= 237} PBDEs(BDE 30, 25, 28/33, 75, 71,
47, 66, 100, 119, 116, 85/155, 154, 153, 138, 183, 191, 190, 203/
200, 205, 206)7} H=TH ode] gho = HEE T o T
Z(internal organ)°lA19] & PBDEs F=9 9= ZH2}F 29.6~109.6

771 - Heather Stapleton

al.[2008]), =2 Kodbs 7FA= 22 2144 (lipophilicityy= W]
B, 5 AREE gk 7HE uldellx] 2 PBDEs s s
HRl Zlow Ikt S 954 elA= nona-BDE7} 33F 35.9
ng/g lipid wtZ 71 & 555 YERI 21, hexa-BDE7} <
2.1 ng/g lipid wtZ 7P¢ 2 s55 UeERSith UPgr selM=
tetra-BDE”} 31 34.4 ng/g lipid wtZ 71 =2 55 YEIS
o1, octa-BDE7} H1 3.2 ng/g lipid wtZ. 7} 52 555 UE}
W3Ith(Table 1).

3 U] Yol M= BDE 472 557} thE PBDEs 313HE9

Hal At 0% 8 s s UERISI O, olFdelM = HEEA
AT} A 07 o)A R FAkE 01X 3| =4 BDE 472
5 TFE PBDEs 3itERTH 37 YeRdtt. o) &l Foll
BDE 470] 7P A EAstEE2A o]l allrelx ] 2|7t
A Eol] HHdE FoltH(Liu ef al., 2005, Oros et al., 2005). &
Azl 75 sllrell Sot Qe shEEe] S rleeks 8
FEKWF 52 e BESR §5H)9] S/} 511, BDE
477 o] AEFshe IS G FAH] FHAEAAN 57t

ng/g lipid wt(8+" 53.7 ng/g lipid wt), 11.5~89.0 ng/g lipid wi(d A YehAl k. o]= 5y A2 ¥4 = || PBDEs /3]
I+ 48.0 ng/g lipid w)@? YEF-om | 2] 719] PBDEs F5e 2 SolM L S0 YEhdth(Moon ef al., 2007). B3 Y] g
o7} 9l Ao UERsITh SHAINE PBDEs 558 AFHC® 8 o nld)] 25golA BDE 470] HEO] A o2 & U]
Arebd Aekro] 2vl 2 W52 ng/g dry wrel 2.1 HIE) elFdel ] ApEgike] vlof 2 HATHo R A
ng/dry wt)ell H]3ll & s 5 eIt PBDEs-J SEEE & W ARvEIIIA Fa9] AEgke]l BAHEEA olst
AR (logKo = 4.28~9.9F ATIH O R =2 218 7IAW(Li ¢ 2 U] WlFEo 2 AZbwojxn)
Table 2. Concentration of each PBDE congener in octopus(Unit, ng/g lipid wt)
PBDEs Mantle(n=20) Internal organ(n=19)
Number of Bromine Congener n* Range Mean n* Range Mean
BDE 30 3 2.5-4.0 33 11 1.1-2.7 1.6
Tri BDE 25 0 n.d. n.d. 1 6.0 6.0
BDE 28/33 0 n.d. n.d. 1 2.6 2.6
BDE 75 2 10.7 10.7 5 3.1-5.0 3.8
BDE 71 1 8.3 8.3 2 6.4-7.2 6.8
Tetra
BDE 47 0 n.d. n.d. 11 11.6-28.3 18.2
BDE 66 5 3.4-5.8 4.4 10 2.1-13.7 5.6
BDE 100 2 1.9-2.9 2.4 14 0.7-6.7 1.8
BDE 119 0 n.d. n.d. 5 1.7-2.3 2.1
Penta
BDE 116 6 5.4-30.0 16.1 1 4.7 4.7
BDE 85/155 2 2.9-4.7 3.8 10 1.2-3.5 2.2
BDE 154 0 n.d. n.d. 6 0.9-2.3 1.5
Hexa BDE 153 1 2.1 2.1 6 0.9-3.6 2.0
BDE 138 0 n.d. n.d. 4 0.8-18.0 5.4
BDE 183 2 5.3-6.8 6.0 2 3.2-4.1 3.6
Hepta BDE 191 2 1.7-2.5 2.1 9 0.7-2.1 1.1
BDE 181 1 22.3 22.3 0 n.d. n.d.
BDE 190 0 n.d. n.d. 1 1.7 1.7
Octa BDE 203/200 18 2.5-13.1 6.9 9 1.1-3.0 1.7
BDE 205 0 n.d. n.d. 3 1.0-2.3 1.5
Nona BDE 206 20 24.8-49.9 35.9 18 5.1-52.4 22.9
Total PBDEs 29.6-109.6 53.7 11.5-89.0 48.0

“n”

means the number of samples detected for each BDE congener
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Table 3. Comparison of PBDE concentrations in this study with concentrations reported from other studies

Media Location n? ~PBDE’ Unit Reference
Seawater Hong Kong 8 nd®-94.8 pg/l Wautl et al.[2006]
Sediment Korean coasts 20 0.3-493.9 ng/g dry weight Moon et al.[2007]

Osaka Bay, Japan 6 8.0-352 ng/g dry weight Ohta et al.[2002]

Pearl river delta, China 9 0.4-7435.7 ng/g dry weight Mai et al.[2005]

Bivalves Korean coasts 20 0.8-33.6° ng/g dry weight Moon et al.[2007]
Hong Kong 21 21.1-95.6 ng/g dry weight Liu et al.[2005]

San Francisco Bay, USA 3 9-106° ng/g dry weight Oros et al.[2005]

Squid Western Atlantic ocean 12 0.6-16.8° ng/g dry weight Unger et al.[2008]

Korean coast 10 21-211 ng/g dry weight Kim and Stapleton.[2010]
Octopus Seosan, Korean coast 23 1.1-11.7 ng/g dry weight This study

*n: number of PBDE congeners analyzed in sample

*SPBDE: the sum of all target PBDE congeners except for BDE 209

‘nd: not detected

dthe range of PBDE concentrations in 2 species of bivalves
‘the range of PBDE concentrations in 3 species of bivalves
‘the range of PBDE concentrations in 9 species of squid

3.2 PBDEs SEH|W

2] gellA 71E% PBDEs $59} 2 A7 el QIAgh A
oA ARE 2k Ao] 7tol| 4] PBDEs 5= Blweh A3}, AF
2] 7HEL 118 ng/g lipid wyell B8] U= WdCE 48 ng/g
lipid wt)ell41©] PBDEs 5%7}F oF 2.54) 71 A Yebgth(Kim
and Stapleton[2010])(Table 3). H-&A] $}5H=2] 237]¢o] thy-#
Sgolgtal F55]7] wiitel] X7}t ke go]o)
1Y Ao 7 odsiel o, A A v W= YeRstel. A A
Qbel] A Ash= HHellA €] FHE 7t Aol vls) o YA
Efd 212 AA|, HolFAd 2 Aol A=E & 4 vk 9401 A
£ F2 7= AolSIvhA@ Y 7H1998)), A= Al, A2k &
< [t ovllsllFE Adolghthd® 71[2003]; 71[2004]). Z12]
g A o® YAt 2 o] FE Aalsks 2ol
A KT} =2 PBDEs 55 X odE} oAdn) E4, e o]
o] A W A;MAE skl F W Al f9%= PBDEs
S FEHANE YR 2] A9 AlgkE A FelA Alskr] wiZel 3
rﬂﬂj w8 PBDEs 55 UERH Zo= gztE|ojzlt), Kgk

71zl oJahd i AtA] e )19] jYkE 4= W PBDEs <t
FEE 458 2724121 ng/g dry wt2 PBDEs 557} 7F4 =4
YERt 41494 ng/g dry weight)x]&e]] HIE|] Atfd oz @ o]
AL Aoz JEPITHMoon et al[2007]). 9] F7HA Hdolo=z
A3l =7t @ Adojol vlsl A o= v PBDEs ¥ -E UE}
Wl Zlo 7 gdE]ojRin,

Y=ol 4 9] PBDEs w9} -2yt At HAE
A1 71%% PBDEs %% Bl3ISLS o, 94#|9] 2%
ng/g dry wt)} UEEE 5.23 ng/g dry wt)ollX] =% PBDEs &
T vl A HHEET 273 ng/g dry whyI o]l
(17.03 ng/g dry wHTF AthA o2 e =r= el gth(Table
3). gukAl o 7 A E-2) 79 A PBDEs 552] 90%°]4-S BDE
2097} Z}A] $TH(Moon et al.[2007]; Mai et al.[2005]; deBoor et

]‘ 0 L:EE

ST

o] ufj)j el
A 2.11

al.[2003]; Eljarrat et al.[2005]). ¥ -l 4+= BDE 2099] =2 &
AMAEIAAZ Qe HAell4 €] BDE 209 &= k& AN
°i°*7l ool ARl e s & 57 Ul o]nfjsiFe

§ BlFoll AR oFIL] EllFE AU Rolzo] o Fahaxd
wolE Aolsle] sl 59 L9=de i FAATIAL 58 A
A os v gAY EE 7 Eells o] OFM wjiel T
ARl LAANFOoRE ARG L Qltt. ghE A= AAG T
5o obFol B vl ojuj® Aolstr® OluHJHwOH H]3l PBDEs
£ A7 FA7 e AR wEQl).

PBDEs?| A& 71s/dell thaide= Hx17) Al Ak, 055
Aolah= Zle 1EaIE W, S o miafFrETh Al G
o Fol % =7-atar ofujE) el vlal] HA A2 T} 3 A
O RHE Hopes B3 Augle doluA] 32 Zlow 35
=Tk, AR s LA oA vheket AR T AFdste] AEHA
sko s PBDEs®] AEE el thalir= F7HR1 2AF
3 g 3)}.

Yxof|x] &% PBDEs TE The F5F0lA 2] 5=8) u)
Sl el 71+4 Ag-sol wol F3Eo] QA ekorom, wgh
] 211, 4 %|o]%] PBDEs S5 A7 thE R R
W AR B sRsith mebA B dae
PBDEs s 5ol theh 712255 Algstal AMAd F=73l
Alell4] PBDEs -40] =rfjelollA] Hxw AL Urh=d] & 2v]
7} Q= Blo 7 AzhE|e 7},

3.3 PBDEs
e A=

ZgH|

<% PBDEs®| ZJHIE Yobd A7 A9 9%
ZollX BDE 206, 203/2000] ZF2} 72.3%, 11.8%% & PBDEs =2
80%°]/S 214517 nona-, octa-BDE7} PBDEs®] 2. 315-E2
Ueptom, Y= W A Zell4= BDE 206, 470] ZH: 49%, 183%
T AOE R Fe 2ANE JERITHFig. 1).
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Fig. 1. Relative contribution of 28 PBDE congeners to total PBDE concentrations in mantle and internal organ of octopus, sediments and
bivalves. Sediments and bivalves data were cited from Moon et al.[2007].
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Fig. 2. Relative contributions of 24 PBDE congeners to total PBDE concentrations in octopus(internal organ) and squid(liver).

A o5 W, elvel Ak B4 =, ofmisoll A 2
PBDEs®| Z/dn|E Blwdh A}, w4 g} ool a8
3}¥l PBDEs 3}3& (nona-BDE: BDE 206)°] 8o & =2 =
AJH1E Yelfjo], 18-23}¥ PBDEs 31H(BDE 209, Deca BDE)
o] vk shghEol vlsl A oR w8 2dnE el E
E(90% oVt olulEl T (60%C 1 elx el Aatel fAkeHAl Liek
W THMoon et al[2007]; Mai et al[2005]; deBoor et al.[2003];
Eljarrat et al.[2005]))(Fig. 1). 9 A= T2 ZAA(Macrophthalmus
Japonicusyz o] Ak Zlow A glom, HAlE Ao
2 L AAeh f71EES Aottt HarEItk# 5.
2008). TP HA] W} el B4 m ) o] i BEA| 3t
o] A oR w2 NS vEhlis o RN E AR

fel¥ uEska PBDEsS A7} A4k, AAE 97 4

28] wpe} YKo ZAE o)z 1 HEA) 355 A Fo] 1
OJES ol §9%F Ao WrlEo)R B M YR A Hol
~12] PBDEs Z/dH]|Z5E] S Wiz 21 0= AlEEofzic),
AWz o 2 olmjsliFol = BDE 47, 99, 100°] T2 3lgHE=
YERP (Liu ef al.[2005]; Oros et al.[2005]), & A7-2] W A&
o= BDE 206, 47°] A4tjd o2 =& ZAnE Yehlo], ¥A|
g} oujall 7o) 27387} FARH WERstTE. o] 9= 7} o]u)
75 Adolgel upet HolgEellA1¢] PBDEs 2401E Ioi= vt
gst A0 % FetuE|ojzIct, g U7} oluljsli el v]s) AdHdF
HADeE E-ekar YR 9} o|uj#]F-2] PBDEs Z/8]7} fAKS
Z o2 HE] Y29 PBDEs thilsdo] o|ujuj el fARHAl v

o
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o] BEA sigHEold 7]et EF LAELE RUHPE F 9le
T2 AE AXNFTOEN SEE < s

A, ‘#Zlﬂ ol 2413 *ﬂ
H|7} 28 7FsAdo] 55 O‘OJ BDE 209 3383t PBDEs
s3] AA 2/9n)E AR dojoRt JEks &
E AAE 7 Qo S 2 AuAAlEelEtal G4 4= ik
caejEE olefgh ERls fJ8iAE BDE 2097H4] w4le] 7hsgt
279 (Moon et al.[2008])0] E=EoJoF & Flo]t},

2] pdell X €] PBDEs 2/gH] 9} 2ke o] 1ol ] 2=AdnlE
Hwst Aa e o] 7k =9 3l3HES BDE 47, 997} 717}
55.3%, 19.8% = tetra-2} penta-BDE 3}5H=0]| 943t vbd | U=
W32 nona-, tetra-BDE7} 232} 49%, 27.4%% $-Al3t 2102 1}
el thFig. 2). A9 Ao]9)= th2 A YA o|A 1BE3E PBDEs
o] ZAn7} & 21 11H5351¥ PBDEs7} A H&31¥ PBDEs

o Ble] AA 0 R =& K, a2 7FXIL(Li et al[2008]), A4
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