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HEEN RIS 35 U D RS SRERRAI R K VA B SE LA WT5 Y D BLIR & BLfiR
THD, LTV AT A (Uytilus edulis) ZHatEAM & L TR\ REE
=Z VT EFER UL, IhED 20 HETAT XA T4 28R, AU RHK
b7 = =1v=—7 /L (PBDEs), ~FH 7 mEr 7 K7 (HBCD), KR VYUHE
fbe 7 = =)L (PCBs) . F6 L OMAHEHE R4 (0Cs) 23T L7z, PBDEs (5.9—
420 ng/g lipid wt.) I X OV HBCD (6—500 ng/g lipid wt.) IE54T L7724
TOFREN SR S, RFERERFNC L 2EEENR RO JRIIG Y38 5 )
(2l olzy LATHFA HAHD PBDEs EIL, MOETHE SN TV DHIRE
FVbm<. ®EIZIIT D PBDEs O HENEZ N L AR LT\ %, PBDEs
O SV & AT L 7= & = A, BDE-47, BDE-99 I3 X Y BDE-100 23 4&{AD
90%LL E& 5Tz, E7z. BDE-209 72 & D ERF#E(l PBDEs b &, A
T XA B ARNICIRY A FE TR OFBENE 2 Hiviz, —J7 HBCD & Bk
{ATIE, aHBCD 2k & EB L T\ e, M SN ARG DR T,
PCBs 3 LN DDTs DIRENHE B <. W T CHLs, HCHs, HCB DIETH - 7=,
it » TEADFE LWEE O BENR R TIE, 2 TOHRMEOIREDN 5
<, ELICRBREBHNOIGYINBE T o7, AFRIT. 2T XA A
Z O T ER RO RAERERANTG G2 A S NI LI TOWMETH Y |
IR R RCR 2t (T D EE T OB YR RIME L T D 2 &I L7z,
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ILHIT

NGB RCPE R TEE DR (Z L b RN SR E N EPE - RIS, R EE
SN TE 2, FTHRIELE 7 ==/ (PCBs) °DDT72& D F% 83 M A 1
TGYL)E (POPs) (L., AW ERIMEN @< IBMERZ2 A A T 2720 | KEIRFAN
B+ RIEA LA D TS (Tanabe et al., 2000), POPsO A FE L F 1T K05
HEEZ BV TI9704E IR IS T2y 2B DPOPSI TR IR E L TEREE 1%
&, EWICEREINTOD, Fhall TIERFE RERA] (BFRs)2E D772
AT ACE DV L BB A A DA IR E TR S D 72O POPs
A E L LT DBV A NS STV (de Wit, 2002), BFRsIL, 5 kMK
ICHERER 1D H BT, FERLSCOAMER | M BRSNS, BB HO
W72 kR & 72 A0 2B ST D (de Wit, 2002), 72200 Th, RURFELY
7 x=/)L=—7 /L (PBDEs) °o~F V7 0EL 7R F H (HBCD) 72X OBFRsi,
JRIRF S AU BT B L TR W RE CRULIZIRN - Bl & S b7 | Bl -
it ] - BEFE O FE CTERELHICIR I 92 ATREME DS |V, #92, PBDEs(, HER T
T2 OERSEIARC A YRNDRIHS I TERY, ZOJRIBE YD EREN R4 IZHID
NCENS25H5 (de Wit, 2002, de Wit, 2006, Law, 2006), E7- ik UE T, ERNCEF
EAEIIKT T DI A b HamS LD 91272 > 72 (Darnerud, 2003), ZO X572 4
2T —ry/SORoHSTEF AU &L THe it [E TIZPBDEs O - EHI 23T U ED
Z DA PE Af BT 2D (Watanabe, 2003), 4% LT, PBDEsDX;
BB LT8G LIZHBCDIL, 4723 H E2ME L TV % (Watanabe, 2003),
PNIVNBDUI T A (Uria algae) DIN% FAVTZAFFECTld, PBDEsTE B 13804413
LU JgAME ) Td D DK LT, HBCDD L~ LT EETEH ER LT TWaHZE
DNHRAEZIL TS (Sellstrom et al., 2003), 25 L7IRIL T 72 B EEAF DPOPsIZ
BT DG EREMRBATEALL TOD TN RFREIRANL, SHICE=HI 7T —
BEEREL | T ORESAOED), AR A OFEMAE BT 52l RDBND,

EZATHEENIHRVE 36 LOFE H AP Fhv, 2 DI RN I3RR « 70 T3 sk
AT AEF L TRY, oA 1 D33%03 0 FIRITE P LT D7D G e
AUEL TD, Bz R B2 A E L RV A H#ESRE LAY (0Cs) O
EEFHEICEID L IR FEO T EH-IE L CHEIEE OPCBs MR IS TS (Kim
et al., 2002), L2>UA D SedtE[EIZ e~ E O fF EW G YRS | L<IToE=
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ZV 7 FRAERNTA 2 ZIVETOMZEIL T LS AU PR TE 0] 1 I [RE S 7
TWo, iz, E TR TEMLATENEITLTWDICHLEDLL T
PBDEsX°HBCD72 & 0 555 R HEBA AN L D0 BB Yl B A R S & C
RN,

ATA7RED K EIF, R ONHLTAITH ML TEY, BEMETHLTDIT
MR DG G OB L3 fHBICER T E D, AR CA R TE D, BREEAR
L AT DIMED @ Ak % 2L B a SR IEE CERT 5. 728 DAk F
D, INFBRBEICB U DAL CHEMEOET=2) 7N bNTE
(Goldberg et al., 1978, Tanabe and Subramanian, 2006),

ARHFIE Tl DTV AT A (Mytilus edulis)z FatZ/E¥ LT, PBDEs, HBCD,
PCBs#5 KO B i 32 R PR BRI LD MR IR 15 Yo D FEREMR N &3 A T

HEBL O FHE
v
2005 G, #RER FEIR 20 MU TAT % A T A (Mytilus edulis)ZERELL 7=
(Figure 1-Table 1), sEHIERIAEZ I HL TRES T AL RV ZF L=y
(ZE AL THHTRFET-20°C THIFE PRI LTZ,

VAR IWIRES

PBDEs 3 JL OV HBCD 1%, Ueno et al. (2004) @ PBDEs Jii£% —#tkZ L T4y
Mrliz, mEVFA XLIRE 20-30g () %, MAMERT U 7 AT
ik L., ~FH >/ PoFLo—T WRERANCL Y 7 HEE Y v 7 AL —ih
M L7, RO~ L L CRFBLERAMAK T ~/L L7 PBDEs
(°Ci,-, BDE-3, BDE-15, BDE-28, BDE-47, BDE-99, BDE-153, BDE-154, BDE-183,
BDE-197, BDE-207, BDE-209) 3 & (8 HBCD ("°Cj»-, a-HBCD, B-HBCD, y-
HBCD) %% 24 5ng & 10ng SIIL, FViRiE7 v~ N7 Z 7 4 — (GPC)
X VAR L7z, BRI 2 BBy 2 m g, n—% ) —= iR — & —
TERMEL. YU BTV T A (L7 v S-1, 1.5g) 2k 0w - KR L7-,
ANFH ARIE T V=0T v 7 h, 5%V 7 aa AR/ ~F Y U 80ml
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TPBDEs &, 20%> 7 vn A&/ ~F % Y%K 100ml T HBCD % L2
W S,

PBDEs M43, #EfEt U Y281 7 & LT PC,-BDE-139 % 5ng ¥RAN
L. GC-EI-MSD TIlAE «- & L7z, 1~7 RFEAEZL Agilent B GC-MSD
(Agilent 5973N) T, 8~10 RFE/LIKIZHAE D GC-MS (GCmate 1) TZ4L
TNEE L, 1~7 BRIAEMERD GC # 7 A% Agilent £ DB-1 (30 m x
0.25 mm i.d. x 0.25 um film thickness) %, 8~10 &3 L&l DB-1 (15 m x 0.25 mm
i.d. x 0.1 um film thickness)Z FI\ 7z, AMWF5E TiX 14 #0> PBDEs £14:{& (BDE-3,
BDE-15, BDE-28, BDE-47, BDE-99, BDE-100, BDE-153, BDE-154, BDE-183,
BDE-196, BDE-197, BDE-206, BDE-207, BDE-209) % /#7164 & L, PNEEHE
ELTENTENDBIEERD BCp-T AR Z I L CRALIEFAIRIEIC L Y ER
L7, PCi-7 -V KD EILER T 60~120% DO EiPH % 15%7=,

HBCD #4531, ZARELEBZRICA Y ) — /L THEML, YV IR T L
L C dig-T7VL7=a-HBCD, B-HBCD, y-HBCD % 10ng #sJ1L . LC-MS-MS
TE « & L7, LC % Waters ¢ Alliance 2795, & &4 HT511E Micromass H
Quattro Micro APIZ HV N, AT SAFIZBERIZHE > 7 (Tomy et al., 2004), HBCD
D FEMEARFBEIZIT Agilent ! Extend-C18 (2.1 mm id. x 150 mm, 5 um particle
size) LC 7 L% AV, BEHEL TR, 7TBh=RNIL | 2% — V% iz,

PCBs, DDTs(DDT 3L UOME#IEY) . HCHs, CHLs (7L 4 BH#)E) . HCB
1%, BESRICHES THOMTLIZ (Kajiwara et al., 2003), 7 AL —filiik% GPC Tl
fEt% . IEMHAL 7 BT ML w7, [FE - B &I2iX, Agilent #Y
GC-ECD %721 GC-MSD %, 777 A% Agilent # DB-1 (30 m x 0.25 mm i.d. x 0.25
um film thicknes)z H\ 7z,

5V TN 1 REUTRIEEZAT O B\ TR ET 70 V& 0T Tt
L ATRRICR T 2 ZIRIGR IS RN L AR LT, Vv 7 AL — Rl IR D —# 2245 HY
LCHEMI & B2 REL  MIESEE DR EIIENEELH-VOEEL TRFLL,
7 M kg BE @ fife 38 @ 7= 8 | National Institute of Standards and Technology
(Gaithersburg, MD, USA) }JXO* Marine Mammal Health and Stranding Response
Program of the National Oceanic and Atmospheric Administration’s National Marine

Fisheries Service (Silver Spring, MD, USA) N E5ET 51X —FRF ¥ 7L —3
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~ (Intercomparison Exercise for Persistent Organochlorine Contaminants in Marine
Mammals Blubber) (ZZ& 1L . B 472 sl 4& 2 4372, £7=. Standard Reference
Material (SRM 1945) %4347 L T PCBs 38 L OVE 32 R RO EE — 895
ZEERERLT,

ERBLIOBE
YD
WEEVA E CERE L 72 5T W21 1/ DPBDESHE i 2 Table 112577, AHFZE THHT
LTeATT AT, BRI T & A UV KAl S C— EMIME B 528 LT

N
[NhY

RNDOT, @ RFCREERPERE T DU R T O BEZRET 572D, #
PBDEsif B O F HI32~7 B FEA IR DRGEH & W, & R FE LRI RITREE Tl

BRERL 72 8N R<GE A LIS RE CIREL TRV . ZR B M ThH A T A NIgH I

R LEBIZERL T, BRI FHEES AR ~OWINEI G IR ZER B

TD, Fo LR FARIT TR T IRIERI Th o7z, ABFIETHITICHEL

22 TDOLTYFATTADBPBDESDMR S AL, DR FE1X5.9—420 ng/g lipid wt.

OFiPH T -7, PBDEsEE I TFRHE B SIC Lo CRESE L, = /3N

FECIE. o> MU L0 OV EE OPBDEs M HH & HU7-, 6 R A IS 2

H B B3 A S & 2 TG ME 375 TR L e L THDILTND, v TR —

LT, TAC IS CERELL 72A B A (Perna viridis) 7512 OPBDEs) M H S

LTV % (Bayen et al., 2003), [k, F#EDPearl Riveril] H18 (Zheng et al.,

2004) Lz~ N—% L #E (Christensen and Platz, 2001) ¢ T340y 3 gl /a L |
NENEECPEZETEE AL P L O DI OHERE )5 | FLIE i\ Vi B2 OPBDES

AR LIZEVORESLHD, ZHHORERIT, EMESC BBV FESE, Ay T

HpEN, wEENR RIS DOPBDESIG YR CThH Z LA R L TV D,

SHIZ, FEEPEA T A DPBDEs{H YL~V 23 Al 57260 | AWFFE DR a2tk
T O ZE TS 7= A H OPBDEsE L LL# L 7= (Table 2), 4T *f 5
L CWAHBDE# AR FEF BN Lo TRARD -0 i 72 Ll 1 ZEE L A3, i
PEA 1A OPBDEsHE B 13, LoD Mk & [ FE FE D\ AR OISR W2 E NI L 72,
1999 DOPBDESTHE e & 1 H(~~ 28K A7 28K 7 H OREr) 1Ickbe,
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T U7 HRIZ BT AR BT R 2R 040%E HHHZENHESILTVWS (BSEF,
2004), ZOLHIZ, 7T TREDOPBDEsHMEHENTHAHICH O LT [ERIDTH
BELREGROFERBIZOVTIIFIEALEARIIL TR, il OAFFE T,
i [E] O — {% T D MR 25 i i FE OPBDEs AM& &AL, Z OB KD BB 15 s
DEEZUEBFERSIL TS (Kim et al., 2005), Wang et al. (2005) 1%, M 77 #
DT Y N biE iR EEOPBDEs M IS AUV JRIR L LT HEL @E, me T
15 HPBDEsD [k i H & 25817 T D, TN DOFERBL O A DHEE T 5L,
TV Mt Tl REE S E2E/RPBDESTHE [E O —->THY . ZOfE ] - U D1
FEEB YL OB T3 E 2 DD, ARRFFEIL, #EVR 7 OPBDEsIG YL E B fiR B 23X
. T HGE IR B 0 T3 C©2 DOIB YN BRTEALL TWADZEE BN LTI T
DHETHD,

HBCD, A B LTI TOLT XA HARE LR S L, 200 R 3 Rk
FNC L B0 ER R BR B O b NI b L T D ZERB D7 572 (Table 1),
20014231 ZHBCD O AE F & 1IAI17000hs THY | £ DHIH57% M — 11y
INTHEH L, IRWTT VT #illh T23%1HE ST\ % (BSEF, 2004), ZOX91Z,
HBCD®PBDEs&[AERIZT V7 TR EITHE SN TWDICH DL T ZDJREE
=ZV T NI A S TOR D ARWFSE TR S 7R HBCDIR FE (a-, B-, BEDY
y-HBCD B MR D#EF) 126—500 ng/g lipid wt. T, Onsan BayD kB bk i i FE
MRS A7z, Onsan Bayldim B ICHT (b, TEALL 72 Ul © |, S BHOEN
L2 K EICAEPE-FIHL CQ0D, HBCDIXZ OO IR - Eh a2l
725, Onsan BaylZ 317 2HBCDVG B EAL D —[K &7 > TWDRIREME R H D,
Ueno et al. (2006) (354 (Katsuwonus pelamis) & FoIEEAMELT-HFFE T, H AR
v [E JE 10 g SO HBCDR L S W 2 &2 S L Cas Y, #vififk, T ot
SeEREE D OB &N SN LR RBL TS, # TS5 OHBCD K H &
DB EERIB LTS 3 IZH V<2085 (Remberger et al., 2004; Marvin et
al., 2006), 57 %X A A OHBCD{H YRIZB 32 A 1%, A7 & TOFRAE R ME
—T% (van Leeuwen, 2002), ZOHE TIL, A7 F OIH A TR oA T A%
L. ZNZFH51, 0.4, <0.1 ng/g wet wt.DIEE CHBCD2M HHENLTVa, Zh
FTITHE SN T DR EFHEE Yt OHBCDL ~ /L%, 47 % D Western
Scheldt TEREXL 72T (<30—84 ng/g lipid wt., Asterias rubens) 33X OY, b CTHE
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L7231 H (29—47 pg/kg, Buccinium undatum) O TdH% (Morris et al., 2004),
TR BEREAME UK=Y 7 E T YT M TR L , HBCD D5 YL
I T HMEDN DD,

7 [E] 75 Hi S O HBCD/PBDE R £ b &3k 7242 A, 0.17— 18 DEREHILT
(Table 1), ZD¥FE LT 0nsan BaytGamag Bay T, ZiVHD #ilk CPBDEs% -
[B12HBCD O i 23RBS 417z, 20014 DOHBCD S5 F 2 (F9170000) 13, BE
(ZPBDED~ &85 (818000 K) % L [F]->TFY (BSEF, 2004) . PBDEs{ U i
L COHBCDIHE DO MNZRIEL TS, IRIZ, RAFFECTHITLIZ LT YF AT A
HPBDEs# L UHBCD & & A FHITEE) « PEZETE B E O BRI L7z E 2 A, T3
Mgk CE I L T2 DT R A A OPRFEITA EITEm W LB L7 (Figure 2) o A4

Zeid. BEER B OHBCDIH YL ~ L2 BN LTI TOWE THY, 77T ih
DAY HHHBCDZ A H LI e ) OFR A Thd D,

PBDEs [R5 AR DGR KL

ARIFFECTHNTLToA T A DFREHTITL, BDE-4703M K i W EIA THRELTERY, &k
VN"CBDE-99 3350 BDE-10023 i 7= PR R S L TR i &4 7=(Figure 3), F72.
OB =3 R O & —E LTV /2 (Oros et al., 2004; Johansson et al.,
2006), ZINETIZHESNNCWDBA T A DT — 2% fiFHTLT-L 24, PBDEs[R] % %%
(KD H T, BDE-47, BDE-99 311U BDE-1000EI4135190%% 58, Z0H160%
L EIEBDE-4712k > CTEH BTV % (Hites, 2004), 5 ZBDE A CThcd, 5L
L7 BB THDH10RHIR (BDE-209) . 11HLSORENOA EITHKR Sz,
— AR R B BRI R EEDTR N2 | BRI TR IR B R S
FEELTIIERECTIAEL T, AT XA T A IAW B THHT2D | RNITEDIA
ATERRIBRL OR8N 77 o 7 b D% 5% L TBDE-209723 g tH S 415, ReERL
FIEm R BRI O BEREE A THLIENMESIL TS (de Boer et al.,
2003), AWFIETHMNTLIAT AL, SATRNTADE A Z L TR oD | S
M@ B FZRIRRITRLF R THDHEE ZBIND, LT FA 7T A 1 OBDE-209(%
24 [E] DOH HEZALBR | Z K> TERIIZID 3523 A STV 5 (Booij et al.,
2002), ZDLH7REH G ARAFFEIZI W CTPBDEsD#A 1 D B H -0 LR (AHH R
T ABE, m R B R RE S TR LT
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HBCD S MEAR D7 R AELAL

REENVA 7 CERIL 72 257 204 77 A D F AR BIIHBCDFR B4 I £ A Table 31~ L7z,
R & 7ZHBCD B AR D723 Crd, #f720-HBCDA HBL TEY | Ht\ »Ty-. PB-
DNETIH o7, LT R E OKRBEAY R OS5 FH4H T . a-HBCDEME{K
D ELHAY 72 B NS S CUD (Tomy et al., 2004; Morris et al., 2004; Janak et
al., 2005), AL LI LTS A7 A Tldy-HBCDOE G A HERT I &<
WO D AR TlIy-HBCD > o-HBCD D /3% — L WAL=, a-, B-, BLOy-
HBCD Z AR DO KIEREE X ZNZE 1488, 14.7, 8K 2.1 pg/lEWoMmERHD
(Hunziker et al., 2004), HBCD{Z/AKIEMEDME =D | BREE W ClriHERE < 1 H8k1
TN G LT IERE THEEL T D, A A H Ty-HBCDOEI & DMt D /K BEAE M) K0
B Z R UT= OV AR IZHERIRL T 2 BUDIA AL T WD Tz EE 2 Hivd, AF YA
DTees) 1] 1 TERELL 72t T Ty-HBCD H: MK & o-HBCD FEME (A3 R E D E
ARSIV GRS = OB AR E NICE S LI HE R R 1 D2 L HE
XN TS (Morris et al., 2004), HBCD® T 28K 4121 3a, B, 3L y-HBCD
DIFED FMAR NG F4L, y-HBCDE AR T BB DKI80%% (5D T D (Alaee et
al., 2003), ZDy-HBCD # M4 {K1%, 160°CLL L CEEMAL K IG AL, a-HBCD
FVERICEBRSNDZEDNMBIN TS, | L TRICBIT DMNRICE ST, HKifk
B D BV R AR IR B 92 ATREME 232 (Tomy et al., 2004), ZDZ X%, i
Bl rf o BNV AAEL R BHBCD D% Yl 2 E 352 LA N EEIZ L TUVD, HEERE L
TY XA TTA TBIEESIVIZHBCD EPERHH AL D, B TP E Fn D B ASHH
DR, BHDVNTBREE T TOFERFHEDE A B TV,

POPsD{% YL 21k

V& [E] PEA AN S 72 PCBs 38 L OV #3257 23K (DDTs, HCHs, CHLs,
HCB) DR EEZ Table 11, #EETIXIZEA L ORREF LS DA E-
A2 1970 LA IEL TODICH B 59 RIREL TZMBPOPSIZL 5% B
DIRSFRDBAV, EDEWEREEFRE ML WS B RSN, S RISHT LT E
D55, DDTsH L UPCBs 2 i ia W L~ TR &AL, ¢V CTCHLs > HCHs >
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HCBODIETH 72, A4 (Monirith et al., 2003) > £3H (Yim et al., 2005) % fy /=
WFFETH AR M B S I TV D,
PCBs

REE T, ARl E L TOPCBsOF L1979 28 IS L7273, D14 19844F
F Tl ADFFES I (Hong et al., 2006) | D SEHEENZEL 2D LA FH 1 IERE 2332
Tz ARHFE Tl 1000 ng/g lipid wt.D &L~ LPCBs2 N B /& (Ulsan Bay,
Masan Bay, Busan Bay and Youngil Bay) DLTH 31 WA DD H S, B BER
(BRI R EE N R FR O LML TH D, — 7T, LEMDEA TR NHI
(Uljin, Ganggu and Wonmunpo) T, KR EOPCBs MR HS 72, K H (Kim
et al., 2002) CHEREY (Hong et al., 2005) %I UT-HFSE T [RIAR D Mt 45 Af
DI S TS, Ulsan Bay DB N ETE S TERIL 7oA T A 7B OPCBs 73 Tl 4
el g2 8, 2O EIXIEN (1000 ng/g lipid wt.) DIEIMEFS (500 ng/g lipid wt.)
FOLBLNEE Tdh o7, Ulsan Bay 131 1M L5, HEVEL, EH7/RE DREENTE
K THY, Hong et al. (2005) OHFFETE | AFHARE R E[FRRITIENOHERE M D
IREEDPCBs MRS TUNND, BRA IR TENE P L TNHT L A PABME AN
THDHTZOUER B E D /NS E23, Ulsan Bay DOPCBs{GEYEABAE(LL TV D
—KEZEZBIND,
DDTs

FEETIX, DDTO & B CTOMEHAZ197TVFEICEEIE LTS, AT ADDBIRIREL
TR STz, PCBs&lrlAk, #EE T HUE S B CARSE A @iV iR BE O DD Ts 23 %
Sz, DDE, DDD, DDTOAHXIEIEIE, ZNE158% + 18%, 22% + 13%, 21% +
12%C. DDT D53 fREY THHDDED b m W HIG 2R Lo, ZOZ i3, #E R
FFERBEC BT FEODDTIH YA NI EL A 72N L2 RIRL TV,
D7 HEHT F R A

fh DA HEE 3557 2 #K (CHLs, HCHs, HCB) 1%, PCBs<°DDTs|Z EL K & T
&7z, CHLsIIDDTs & [RIERIC, A H A ER M D\ 3 T3 L U THE 6 IS
VR ERALNT, ZHUCX LT, HCHsIZR TOH R TIZIE —ERE THY,
Z D@ EIEMED T2 D IR R THES 71, BREE IR AL THDH I Ea R
2L TV 5%, HCBIR FEEIZAMIE DX RME O H Theb K< (0.31-50 ng/g lipid wt) |
R [E O AR RN e B L TV, AT A DSBS NIZHCBIE, K&

9/20



AKARRH LTI it S 720> Lo RS O EIIEY) & LTl - S AUBR B2 HR IS Ak
HEn7ebBE 265, A BIOSHTRERA, 77 il TS 7172 Asian Mussel
Watch Program (Monirith et al., 2003) EbizL7=&Z A, #EEDOPCBsIEEIZ DU T
X7 T E OB L LIRE R E Th 7Dt L, DDTs, CHLs, HCHs#5
FOHCBIZOW TSRO L~ TR SN2, Zofs BT, SEICBIT5
AR TR R BAI O B D o2 sz, BRI IES =2 b5
LTV,

AAFFEIZ LY . PBDEsIS L UHBCDIZ K2 EL I D BREEIG YL ERENII O T
LSz, T LTIZ B TDLT Y XA A HPBDEs# JUHBCD 2 R 4,
EENZF 1T DR SR A D LI B Y SR S AT, SIS BTN R D LT
ATATENREZRL, ZOHBOHE i bl LT LD > TWHZEAVR
Wiz, A% ITFRICSEERETHD A AR RO L FEML . @IER FIROE YL
I 2 ENRE TH D,

R
Alaee, M., Arias, P., Sjodin, A., Bergman, A., 2003. An overview of commercially

used brominated flame retardants, their applications, their use patterns in
different countries/regions and possible modes of release. Environment
International 29, 683-689.

Allchin, C.R., Law, R.J., Morris, S., 1999. Polybrominated diphenyl ethers in
sediments and biota downstream of potential sources in the UK. Environment
Pollution 105, 197-207.

Bayen, S., Thomas, G.O., Lee, H.K., Obbard, J.P., 2003. Occurrence of
polychlorinated biphenyls and polybrominated diphenyl ethers in green mussels
(Perna viridis) from Singapore, Southeast Asia. Environmental Toxicology and

Chemistry 22, 2432-2437.

10/20



Bethune, C., Nielsen, J., Julshamn, K., 2004. Current levels of primary
polybrominated diphenyl ethers in Norwegian seafood. Organohalogen
compounds 66, 3861-3866.

Booij, K., Zegers, B.N., Boon, J.P., 2002. Levels of some polybrominated diphenyl
ether (PBDE) flame retardants along the Dutch coast as derived from their
accumulation in SPMDs and blue mussels (Mytilus edulis). Chemosphere 46,
683-688.

BSEF, 2004. http://www.bsef.com/.

Christensen, J.H., Glasius, M., Pecseli, M., Platz, J., Pritzl, G., 2002. Polybrominated

diphenyl ethers (PBDEs) in marine fish and blue mussels from Southern
Greenland. Chemosphere 47, 631-638.

Christensen, J.H., Platz, J., 2001. Screening of polybrominated diphenyl ethers in blue
mussels, marine and freshwater sediments in Denmark. Journal of Environment
Monitoring 3, 543-547.

Darnerud, P.O., Eriksen, G.S., Johannesson, T., Larsen, P.B., Viluksela, M., 2001.
Polybrominated diphenyl ethers: occurrence, dietary exposure, and toxicology.
Environmental Health Perspectives 109, 49-68.

de Boer, J.,, Wester, P.G., Horst, A.V., Leonards, P.E.G., 2003. Polybrominated
diphenyl ethers in influents, suspended particulate matter, sediments, sewage
treatment plant and effluents and biota from the Netherlands. Environmental
Pollution 122, 63-74.

de Wit, C.A., 2002. An overview of brominated flame retardants in the environment.
Chemosphere 46, 583-624.

de Wit, C.A., Alaee, M., Muir, D.C.G., 2006. Levels and trends of brominated flame
retardants in Arctic. Chemosphere in press.

Goldberg, E.D., Bowen, V.T., Farrington, J.W., Harvey, G., Martin, J.H., Parker, P.L.,
Risebrough, R.W., Robertson, W., Schneider, E., Gamble, E., 1978. The mussel
watch. Environment Conservation 5, 101-125.

Hites, R.A., 2004. Polybrominated diphenyl ethers in the environment and in people:
A meta-analysis of concentrations. Environmental Science and Technology 38,
945-956.

Hong, S.H., Kim, U.H., Shim, W.J., Oh, J.R., 2005. Congener-specific survey for

polychlorinated biphenyls in sediments of industrialized bays in Korea:

11/20



Regional characteristics and pollution sources. Environmental Science and
Technology 39, 7380-7388.

Hong, S.H., Yim, U.H., Shim, W.J., Li, D.H., Oh, J.R., 2006. Nationwide monitoring
of polychlorinated biphenyls and organochlorine pesticides in sediments from
coastal environment of Korea. Chemosphere (in press).

Hong, S.H., Yim, U.H., Shim, W.J., Oh, J.R., Lee, 1.S., 2003. Horizontal and vertical
distribution of PCBs and chlorinated pesticides from Masan Bay, Korea. Marine
Pollution Bulletin 46, 244-253.

Hunziker, R.W., Gonisor, S., MacGregor, J.A., Desjardins, D., Ariano, J., Friederich,
U., 2004. Fate and effect of hexabromocyclododecane in the environment.
Organohalogen Compounds 66, 2300-2305.

Johansson, I., Moisan, K.H., Guiot, N., Munschy, C., Tronczynski, J., 2006.
Polybrominated diphenyl ethers (PBDEs) in mussels from selected French
coastal sites: 1981-2003. Chemosphere (in press).

Kajiwara, N., Ueno, D., Monirith, 1., Tanabe, S., Pourkazemi, M., Aubrey, D.G., 2003.
Contamination by organochlorine compounds in sturgeons from Caspian Sea
during 2001 and 2002. Marine Pollution Bulletin 46, 741-747.

Khim, J.S., Lee, K.T., Kannan, K., Villeneuve, D.L., Giesy, J.P., Koh, C.H., 2001.
Trace organic contaminants in sediment and water from Ulsan Bay and its
vicinity, Korea. Archives of Environmental Contamination and Toxicology 40,
141-150.

Kim, B.H., Ikonomou, M.G., Lee, S.J., Kim, H.S., Chang, Y.S., 2005. Concentrations
of polybrominated diphenyl ethers, polychlorinated dibenzo-p-dioxins and
dibenzofurans, and polychlorinated biphenyls in human blood samples from
Korea. Science of the Total Environment 336, 45-56.

Kim, S.K., Oh, J.R., Shim, W.J., Lee, D.H., Yim, U.H., Hong, S.H., Shin, Y.B., Lee,
D.S., 2002. Geographical distribution and accumulation features of
organochlorine residues in bivalves from coastal areas of South Korea. Marine
Pollution Bulletin 45, 268-279.

Law, R.J., Allchin., C.R., de Boer, J., Covaci, A., Herzke, D., Lepom, P., Morris, S.,
Tronczynski, J., de Wit, C.A., , 2006. Levels and trends of brominated flame

retardants in the European environment. Chemosphere in press.

12/20



Lee, K.T., Tanabe, S., Koh, C.H., 2001a. Contamination of polychlorinated biphenyls
(PCBs) in sediments from Kyeonggi Bay and nearby areas, Korea. Marine
Pollution Bulletin 42, 273-279.

Lee, K.T., Tanabe, S., Koh, C.H., 2001b. Distribution of organochlorine pesticides in
sediments from Kyeonggi Bay and nearby areas, Korea. Environmental
Pollution 114, 207-213.

Marvin, C.H., Tomy, G.T., Alaece, M., Maclnnis, G., 2006. Distribution of
hexabromocyclododecane in Detroit River suspended sediments. Chemosphere
(in press).

Monirith, I., Ueno, D., Takahashi, S., Nakata, H., Sudaryanto, A., Subramanian, An.,
Karuppiah, S., Ismail, A., Muchtar, M., Zheng, J., Richardson, B.J., Prudente,
M., Hue, N.D., Tana, T.S., Tkalin, A.V., Tanabe, S., 2003. Asia-Pacific mussel
watch: monitoring contaminantion of persistent organochlorine compounds in
coastal waters of Asian countries. Marine Pollution Bulletin 46, 281-300.

Morris, S., Allchin, C.R., Zegers, B.N., Haftka, J.J.H., Boon, J.P., Belpaire, C.,
Leonards, P.E.G., Van Leeuwen, S.P.J., de Boer, J., 2004. Distribution and fate
of HBCD and TBBPA brominated flame retardants in North Sea estuaries and
aquatic food webs. Environmental Science and Technology 38, 5497-5504.

Oros, D. R., Hoover, D., Rodigari, F., Crane, D., Sericano, J., 2005. Levels and
distribution of polybrominated diphenyl ethers in water, surface sediments and
bivalves from the San Francisco Estuary. Environmental Science and
Technology 39, 33-41.

Remberger, M., Sternbeck, J., Palm, A., Kaj, L., Stromberg, K., Brorstrom-Luden, E.,
2004. The environmental occurrence of hexabromocyclododecane in Sweden.
Chemosphere 54, 9-21.

Sellstrom, U., Bignert, A., Kierkegaard, A., Haggberg, L., de Wit, C., Olsson, M.,
Jansson, B., 2003. Temporal trend studies on tetra-and pentabrominated
diphenyl ethers and hexabromocyclododecane in guillemot eggs from the Baltic
Sea. Environmental Science and Technology 37, 5496-5501.

Tanabe, S., Prudente, M., Kan-atireklap, S., Subramanian, An., 2000. Mussel watch:
marine pollution monitoring of butyltins and organochlorines in coastal waters
of Thailand, Philippines and India. Ocean Coastal Management 43, 819-839.

Tanabe, S. and Subramanian, An., 2006. Bioindicators of POPs: Monitoring in

Developing Countries. Kyoto University Press, Kyoto, Japan, 190pp.

13/20



Tomy, G.T., Budakowski, W., Halldorson, T., Whittle, D.M., Keir, M.J., Marvin, C.,
Macinnis, G., Alaee, M., 2004. Biomagnification of o- and y-
hexabromocyclododecane isomers in a Lake Ontario food web. Environmental
Science and Technology 38, 2298-2303.

Ueno, D., Alaee, M., Marvin, C., Muir, D.C.G., Macinnis, G., Reiner, E., Crozier, P.,
Furdui, V.I., Subramanian, An., Fillmann, G., Lam, P.K.S., Zheng, G.J.,
Muchtar, M., Razak, H., Prudente, M., Chung, K.H., Tanabe, S., 2006.
Distribution and transportability of hexabromocyclododecane (HBCD) in the
Asia-Pacific region using skipjack tuna as a bioindicator. Environmental
Pollution (in press).

Ueno, D., Kajiwara, N., Tanaka, H., Subramanian, An., Fillmann, G., Lam, P.K.S.,
Zheng, G.J., Muchtar, M., Razak, H., Prudente, M., Chung, K.H., Tanabe, S.,
2004. Global pollution monitoring of polybrominated diphenyl ethers using
skipjack tuna as a bioindicator. Environmental Science and Technology 38,
2312-2316.

van Leeuwen, S.P.J., 2002. The Netherlands Institute for Fisheries Research. Report
No. C023/02, 12 pp.

Wang, X.M., Ding, X., Mai, B.X., Xie, Z.Q., Xiang, C.H., Sun, L.G., Sheng, G.Y., Fu,
J.M., Zeng, E.Y., 2005. Polybrominated diphenyl ethers in airborne particulates
collected during a research expedition from the Bohai Sea to the Arctic.
Environmental Science and Technology 39, 7803-7809.

Watanabe, 1., Sakai, S., 2003. Environmental release and behavior of brominated
flame retardants. Environmental International 29, 665-682.

Yim, UH., Hong, S.H., Shim, W.., Oh, J.R., 2005. Levels of persistent
organochlorine contaminants in fish from Korea and their potential health risk.
Archives of Environmental Contamination and Toxicology 48, 358-366.

Zheng, G. J., Martin, M., Richardson, B. J., Yu, H., Liu, Y., Zhou, C,, Li, J., Hu, G,
Lam, M. H. W.,, Lam, P. K. S., 2004. Concentrations of polybrominated
diphenyl ethers (PBDEs) in Pearl River Delta sediments. Marine Pollution
Bulletin 49, 520-524.

14/20



Table 1. #E[EPELT VXA TADDIR ST AH N7 ALE W OYR FE (ng/g lipid wt.) (2005 FFDFHA)

Lipid

ID Location (%) PBDEs HBCD PCBs DDTs CHLs HCHs HCB  HBCD/PBDE
1 UljinA 0.78 24 12 17 24 6.8 20 0.93 0.5
2 Ganggu, Yandok M-3 1.7 8.7 6.0 30 130 50 38 0.31 0.69
3 Yeongil Bay, Pohang M-2 0.93 140 na 200 66 14 82 2.6 na
4 Guryongpo 1.6 27 66 89 100 62 15 50 2.4
5  Welseong B 1.8 83 45 130 99 36 6.8 23 0.54

6a  Ulsan Bay, M-8 1.0 250 na 1000 250 33 5.2 9 na

6b  Ulsan Bay, M-6 2.1 120 39 500 240 47 8.9 9.9 0.33

7a  Onsan Bay, M-1 0.81 38 na 220 120 14 8.0 17 na

7b  Onsan Bay, M-2 1.8 27 500 170 114 52 5.6 7.2 18
8  Kori, Ulju County A 2.1 23 21 62 63 42 13 1.9 0.91
9  Busan Bay, M-1 23 420 73 660 400 33 6.0 2.1 0.17
10 Wonmunpo, M-1 1.9 6.0 53 40 21 2.6 3.6 0.67 8.8
11 Kohyonsong Bay, Geoje M-3 1.4 180 na 60 190 46 7.9 1.2 na
12 Okpo Bay, M-2 1.2 41 na 200 56 6.6 5.9 0.43 na
13 Masan Bay, M-2 0.75 250 140 1000 400 23 6.4 3.2 0.56
14  Haengam Bay, Jinhae 1.2 130 30 200 180 6.3 4.9 2.5 0.23
15 Gwangyang Bay 0.86 17 49 210 67 24 5.5 2.1 2.9
16  Gamag Bay, Yeosu 1.3 24 350 270 86 23 1.1 1.1 15
17  Sacheon Bay, Sacheon 0.72 5.9 42 99 58 59 5.7 1.6 7.1
18  Chihwa Lake, Incheon 1.3 39 52 450 44 8 5.1 1.6 1.3
19 Garolim Bay, Dangjin 1.2 14 18 67 110 21 19 6.5 1.3

20  Chunsoo Bay, Hongseong 0.95 13 38 104 56 5 6.9 1.3 2.9

na: not analyzed
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Table 2. A A S HEA7- PBDEs #2 /£ (ng/g wet wt.) O [EER Lk

Location Year Species BDE-15 BDE-28 BDE-47 BDE-99 BDE-100 BDE-153 BDE-154 BDE-183 PBDEs Reference
) BDL- 0.002- 0.009- 0.002- BDL- Present
Korea 2005 M. edulis 0.03 0.09 0.02-3.3 44 0.006-1.1 BDL-0.22 0.33 0.04 0.04-9.5 study
. o Bayen et al.,
Singapore 2002 P. viridis na na 0.09-2.5 0.08-4.0 0.02-1.2 BDL-0.14 0.007-0.1 na 0.22-8.3 2003
UK 1996 M. edulis na na 3.5 3.9 na na na na 94 Allcllngnggt al.,
Christensen
Denmark 2000 M. edulis na na %(3159_ %%25_ 0(')08;1_ 0(')08 g ) na na 0(')05 ? ) and
) ) ) ) ) Platz (2001)
Christensen et
Greenland 2000 M. edulis na na 0.10 0.02 <0.02 <0.05 na na 0.11 al.,
2002
) 0.03- 0.01- <0.01- <0.01- <0.01- 0.06- Bethune et al.,
Norway 2003 M. edulis na na 0.12 0.07 0.04 0.03 0.04 na 0.25 2004
Johansson et
) <0.003- 0.02- <0.003- <0.003- <0.003- <0.003-
France 2001/02 M. edulis na 0.13 0.11-1.5 0.62 0.4] 0.09 0.12 0.04 0.14-3.8 22(1)1(.),6
M. BDL- Oros et al.,
USA 2002 californianus na nd BDL-3.7 20 BDL-0.70 nd nd nd BDL-6.4 2005

na: not analyzed
nd: not detected
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Table 3. HE[EHELT XA T A7) O HI 472 HBCD DR (ng/g lipid wt.)

(2005 FDOFHA)

ID Location a-HBCD B-HBCD v-HBCD >HBCD
1 Uljin A 7 BDL 4 11
2 Ganggu, Yandok M-3 4 BDL 2 6
4 Guryongpo 33 2 31 66
5 Weolseong B 24 1 20 45
6 Ulsan Bay, M-6 22 2 15 39
7 Onsan Bay, M-2 247 31 218 496
8 Kori, Ulju County A 9 1 11 21
9 Busan Bay, M-1 28 3 43 73
10 Wonmunpo, M-1 24 2 27 53
13 Masan Bay, M-2 &9 8 42 140
14 Haengam Bay, Jinhae 16 1 13 30
15 Gwangyang Bay 31 2 15 49
16 Gamag Bay, Yeosu 99 21 227 347
17 Sacheon Bay, Sacheon 11 4 27 42
18 Chinwa Lake, Incheon 42 2 8 52
19 Garolim Bay, Dangjin 12 1 4 18

oo ~ Chunsoo Bay, 19 2 17 38

Hongseong
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