A B 88| ] A20d (F13%) 145~155, 2017

J

. of th

Marine Environment Research Division, National Institute of Fisheries Science (NIFS), Busan 46083, Korea

o
e Korean Society for Environmental Analysis

= Fo dMT EN=2 d4U= L PBDEset CHAIN| 2%
SRAIS - OlQIAl" - HEIF - 2

Distribution of Polybrominated Diphenyl Ethers and
their Metabolites in the Sediment and Organisms Collected
from Korean Coastal Aquaculture Farms

Sihyeon Bak, In-Seok Lee, Minkyu Choi, and Jeong-Bae Kim

Received August 23, 2017/Revised September 15, 2017/Accepted September 20, 2017

In this work, the concentrations of several polybrominated diphenyl ethers (PBDEs) and methoxylated BDEs

(MeO-BDEs) in the sediment and organisms collected from aquaculture farms along the Korean coasts were
evaluated in order to study their occurrence and distribution. The concentrations of the PBDE and MeO-BDE
congeners were measured by using a high-resolution gas chromatograph coupled to a mass spectrometer based
on selected ion monitoring. It was found that the concentrations of the PBDEs and MeO-BDE:s in the sediment
and organisms from the southern coasts were higher than those found in samples from the western and eastern
coasts (p<0.05). Similar results were obtained for the persistent organic pollutants (POPs) such as poly-
chlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/Fs), and dioxin-like polychlorinated
biphenyls (DL-PCBs), indicating a similar contamination source or environmental behavior of these com-
pounds. Relatively higher concentrations of PBDEs and MeO-BDEs were found in bivalves and urochordates
as compared to those determined in seaweed, which could be related to their lipid contents. Deca-BDE and
tetra-MeO-BDE were the predominant homologues of PBDE and MeO-BDE groups present in both the sed-
iment and the organisms, respectively. Meanwhile, the concentration of MeO-BDEs appeared to be higher than
that of PBDEs, which might be attributed to both the natural formation of MeO-BDE:s in the marine ecosystem

and the transformation of PBDEs to MeO-BDEs.

Key words: PBDEs, MeO-BDEs, Metabolite, Brominated flame retardant, Aquaculture

1. M =

B EA3AA (Brominated flame retardants, BFRs)
o] Zg|H g3}t] 3 d o H 2 (Polybrominated diphenyl
ethers, PBDEs):= penta-, octa-, deca-BDE9] #|&3
B2 ALkE]o] s WA AAS 918 A7HIEA A
NVARAAE, Fep, A% 5ol ] AEI Ao,
E2] sk B4 A EalEA ear A &Ad0] s
3 F de Bxsla o, AEsE Eg =0

29 PBDEst AHZ 2 <17ke] dzel S48 =2

"To whom correspondence should be addressed.

297 AN, ASA, Beio], 1, 1A el
o 5)E dozitky B, olo] AT

AFe At g AR
eca-BDEE POPsZ A4 =]

S8 A= <

PBDEsel| Tzl BHE, AE F AT Ay 2t
Frrst el At AT JrpEso), w3 Ha
PBDEs®] tjAMH=21 Hydroxylated BDEs(HO-BDE)
2 Methoxylated BDEs(MeO-BDE)] 7-¢-, =A<l

Tel: 82-051-720-2533, Fax: 82-051-720-2515, E-mail: islee@korea.kr



U RTAZ 1A °1°Ur TR A ‘%‘ Azl tigt
= B=3) /\1;(40]13;]78) =

. w2bA], PBDEs®] ¢l3l4dell 1‘4%1} Bekgh Al
feire BEA daA 22
e 9 B Halslolok fefa BRRc ol
A7E A% 2 W oY HHE Y% | PBDEs
s} MeO-BDEs¢| i ¥ 94S ot
S| 9ISt o1ge] PBDEs 2 thARl 2l ol /1%
Aag Agsast sk,

ﬂllo Xl

<
o5

2. Mz A UH

2.1 =M EHE R AE MF
= AP T2 Y o Wl B = el
ZH+73l= PBDEs¢} MeO-BDEs9| #%9} #XE4S
aetstarzl, 20159 AR W o QoM HH=
5497, 2970 gHe o goln FAE 3WA sl=F
(“1‘%‘ oAeh, A, SiRGHE, 94, 29, v g, Alx
7N, 71en]) B R (-BolE AMFH IS Ael (@
SR, el (e A s, Hel (R

A= ], FEs Rkt 19 B Fs R E

1
Homogenized I

Sample l

Wet 40g

Alkali digestion |

Extraction |

| Liquid Liquid extraction I

. 2 - )
E AFAAE 2 Ay ZARNE ool HAE
A 8= van Veen grab samplers ©|-&38to] F=(Zo)

2 cm)yg AF3HeH, AE A5 A, slzF{e A
A 5 kg o, i 2 FAdFe A5 HAE 3070
oFS AMFH 7HAFR EElste] ARt A
HHES AE AEE SA AR 9 5 20°C
A A A7 W Basislnt

2.2. METAE| " 7171=Y
9] PBDEsE-A& A9 vy

A
2% o}oq #8-81%it}. PBDEs ¥4 %, A &2 o}
=z

:(o
Q
S
53
%
e 3
oo
=)
o
if
E
o
)
H
o M

APH-e Fig. 19 el A= AlEe] 4
sket 7RIS e Eeliste] -9 FE31%
2“4, B ES BA7AZ 5 Dionex-ASE 350 system
(Thermo Fisher Scientific, Waltham, MA, USA)S &
43l FE319h 5% &, PBDEs A& UHiE:
EZ(MBDE-MXE, Wellington laboratories, Guelph,
ON, Canadays H&%E A|8¢} A AlF) 50 uL (20
pg/uL), 100 uL 20 pgul)E 2 94 5 s 4
7 Zl o2 GAelsion, 859 w55 & A
A H7HE W E2E2 BDE-CVA-EISS, Wellington

I
| Homogenized, Freeze dry I
| l
Dry
Mud 25g, Sand 35g

|
ASE extraction (Cu)
DCM:Hx(3:1)

Concentration }J

standards (PBDES)

Spiking of surrogate ___—"

Multi-layer silicagel Cleanup

- 16% DCM in Hx 150 mL
Cleanup [ l

| Concentration

Spiking of

~—— internal

Analysis

[ HRGC/HRMS
(PBDES)

standards (PBDES)

Spiking of surrogate
standards (MeO-BDEs)

e

Derivation (Pyridine & acetic acid) ]

Concentration

HRGC/HRMS
(MeO-BDEs)

Fig. 1. Analytical procedures of PBDEs and MeO-BDEs for sediments and organisms in this study.
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Table 1. Instrumental conditions of HRGC/HRMS for PBDEs and MeO-BDEs

Condition

ftem Mono- to hepta- BDEs

Octa- to deca- BDEs MeO-BDEs

Capillary column
Carrier gas
Front inlet temperature
Injection

310°C

Run time: 27 min
Oven program

~ 320°C (2.75 min)
300°C
300°C

Interface temperature
Ion source temperature
Ion source voltage
ITonizing current
Accel. voltage
Tonization
Detection
Mass resolution

DB-5MS, 15 m x 0.25 mm x 0.10 pm
He (99.9999%) at 1.0 mL/min

110°C (5 min) - 40°C/min
— 200°C (5 min) - 10°C/min

ZB-5HT, 15 m x 0.25 mm x 0.10 pm
280°C 250°C
Splitless
Run time: 16 min
110°C (1 min) - 20°C/min
— 220°C (1 min) - 12°C/min
— 310°C (1 min)

Run time: 15 min
100°C (1 min) - 25°C/min
— 320°C (5 min)

270°C 270°C
270°C 250°C
30~38 eV
500~600 pA
10 kV

EI positive
Selected ion monitoring
> 10,000
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Table 2. The certified/standard reference concentrations in WMS-01 and NIST 1944 and the analysis results using our

analytical method of this study (n=3)

Congener Certified/standard value (pg/g) Analysis result (n=3, pg/g) Accuracy (%)
PBDE 28 3,124 £ 290 2,980 + 320 95.4
PBDE 47 12,320 + 24,800 11,500 + 2,600 93.3
PBDE 99 37,500 + 4,220 35,100 + 2,910 93.6
WMS-01 PBDE 100 35,870 £ 14,500 33,200 £ 7,200 92.6
PBDE 153 17,040 £+ 8,000 15,800 + 4,100 92.7
PBDE 154 1,970 + 2,880 1,970 + 360 97.0
PBDE 183 532 = 400 510 = 120 95.9
PBDE 47 1,720 = 280 1,580 + 90 91.9
PBDE 99 1,980 + 260 1,870 £ 110 94.4
PBDE 100 447 + 27 423 = 15 94.6
PBDE 153 6,440 = 370 6,110 £ 250 94.9
SRM 1944 PBDE 154 1,060 + 80 981 = 30 92.5
PBDE 183 31,800 + 100 30,200 + 70 95.0
PBDE 206 6,200 = 1,000 5,810 = 320 93.7
PBDE 209 93,500 + 4,400 90,200 + 2,900 96.5
3. 24 o n# B3} iR R 2E 5199 Y2AElr] BDE2097}
20~280 pg/g ww= ZA| PBDEs o|ld&A 5 7%
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Flo] AR 5 A, FAfslel Hlsl Fal, Easl 2
o] TErt A oR won, a% WEsle] 3
4ol 7FE =3thp<0.05). gl o] B =oA
BDE209¢] #Hi5%=7} 3,600~10,800 pg/g dw= ©]A
A F 7P =3tHTable 3). o]+ E% & PBDEs %+
FErd gk 7129 At FARSE A2 AR
%2 BDE2097} HA B sz 2Rl ks 2
S HojFEdID,

F2E W F PBDEs k& #9l= 3l 52~670
pg/g ww(@EH 270 pg/g ww), B3 20~1,200 pg/g
ww(E 370 pg/g ww), &3l 87~1,500 pg/g ww(3
7+ 530 pg/g ww), B3l 3.5~500 pg/s ww(H
160 pg/g ww) = Al 44~110 pglg ww(BET 73
pgg ww)E YEh} ZARIY & 3l dael, Hel 2
wAjse] vls) Asfi7F iAo g Fert el B3

=

ol
=

ofr

=
2=

Zo| 3hggfo] e BDE479] w57} 7P E=A JeRt
A1 olnjw 7 @ 71EPY S]] BDE2099] FE7}
7V = g% B A& A|g o4 DBE 209
7} =4 Ye= olfE ditte dols AE el 9
A7F E2AERAYY, HFE vES o3 F4S =
AFEL] 7B, Holg HFshs A T FiE 2
HAE F3E 2AEALS 4F3o 2% BDE2092
ST A UERE S A,

§]ei¥ PBDEs #Hiek 443 HHE3 RN E
S5 A3, wAalel] visl e, sl 2 sl A
A3 A 87 =4 YeRter(Fg. 2), 25 s, 59,
Fab gkl Pssle] 9= E MY A SAE
($<0.05) 7]1& B LAED (ol A, FHHF

= |

) AR AIAL, Sl RS e e9e
o P W Ao BREO,

3.2. MeO-BDEs &F=sx
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Table 3. Concentrations of PBDE and MeO-BDE congeners (pg/g dw) in sediments from aquaculture farms along the

Korean coasts

East coast South East coast South coast South West coast West coast
(n=6) (n=15) n=8) (n=15) (n=10)
Sampling station Guf;(?li;p(())f to Jinhae bay to Jinju Bay to Haigzllsetol?; to Estugry of
Gosung in Coast of Busan South cqast Estuary of Han river to
of Geoje N Gomso Bay
Gangwondo Seomjin river
PBDEs Congener Range Mean Range Mean Range Mean Range Mean Range Mean
Tei BDE 17 2.8-103 59 ND*-19 46  0.7-32 1.5 ND-42 0.6 ND-14 32
BDE 28 1.3-6.1 3.7 ND-6.2 2.6 0.6-3.6 23 ND-1.6 0.3 ND-3.6 1.2
BDE 47  17-70.6 39 ND-140 31 6.3-26 18 1.3-16 4.0 1.1-34 119
BDE 49 8.6-35 20 ND-67 14 2.7-11 6.4 0.2-15 2.6 ND-34 8.9
Tetra BED 66 0.7-5.0 2.7 ND-23 2.8 0.2-1.6 1.0  ND-2.0 0.3 ND-2.6 1.0
BED 71 ND ND ND-74 1.0 ND-11 2.1 ND-1.2 0.2 ND-0.4 0.0**
BED 77  ND-0.9 0.2 ND-1.1 0.3 ND-0.2 0.0 ND-04 0.1 ND-0.2 0.0
BED 85 0.4-5.5 1.7 ND-13 24  ND-2.7 0.8 ND-1.7 0.2 ND-1.9 0.8
BED 99 18-83 40  ND-210 49 1.4-45 13 0.6-15 4.2 ND-32 122
Penta BDE 100 6.1-15 16 ND-26 7.2 0.5-4.3 2.8 ND-58 0.8 ND-7.8 2.0
BDE 119 1.8-7.5 5.2 ND-12 2.7 0.6-2.7 14 ND-8.8 1.2 ND-3.4 1.0
BDE 126 ND ND ND-1.2 0.3 ND ND ND-15 0.2 ND ND
BDE 138 ND-9.5 19 ND-18 39 ND-16 0.4 ND-27 2.1 ND ND
Hexa BDE 153  7.1-42 18  ND-120 23 1.8-55 12 0.6-540 42 ND-8.1 2.6
BDE 154  5.5-25 16 ND-67 170  2.0-13 6.9 ND-110 9.9 ND-6.7 2.3
BDE 156 ND-4.9 2.0 ND-20 35 ND-24 14 ND-12 12 ND-1.1 0.3
BDE 183  7.0-170 66  ND-620 120 18-59 34 298600 620 ND-14 6.2
Hepta BDE 184  1.1-18 6.7 ND-202 55 2.9-16 6.4 ND-62 6.8 ND-4.4 1.7
BDE 191  0.9-20 6.5 ND-30  10.1 2.7-12 5.9 ND-27 5.6 ND-6.4 1.9
Octa BDE 196 10-56 28 ND-390 80.5  12-130 62 ND-2,200 160 ND-104 20.5
BDE 197  4.9-87 39  ND-370 84 11-67 29 ND-3,400 250  ND-63 16
120- 190-
Nona BDE 206 1,300 520  23-3,400 1,005 1,300 670 ND-870 210 ND-760 330
BDE 207 70-800 340 43-2,700 804 120-660 340 16-2,800 340  34-520 208
1,600- 48- 2,000- 61- 220-
Deca  BDE 209 20,000 7,200 95,000 8,500 92,000 7,000 10,000 2,900 8.700 3,000
2,200- 120- 2,300- 86- 308-
Total PBDEs 92,000 8,300 24,000 10,800 95,000 8,200 99,000 4,500 10,200 3,600
g[];gs Congener Range Mean Range Mean Range Mean Range Mean Range Mean
2-MBDE68 ND-39 12 7.8-98 50 40-130 74 ND-33 13 ND-21 3.8
Tetra 6-MBDE47 13-130 51 8.1-530 170  220-620 420  7.0-160 78  ND-130 35
5-MBDE47 ND ND ND-20.7 23 ND-73 18 ND ND ND ND
4’-MBDE49 ND ND ND-20 1.9 ND-30 5.0 ND ND ND ND
5-MBDE100 ND ND ND-37 4.9 ND-47 15 ND ND ND ND
Penta 4’:MBDE103 ND ND ND-26 39 ND-150 25 ND ND ND ND
5-MBDE99 ND-83 14 ND-38 2.6 ND ND ND ND ND ND
4’ -MBDE101 ND-46 7.6 ND-30 2.0 ND ND ND ND ND ND
Total MeO-BDEs  13-220 84 71-650 230 12 %)(3)0 560  7.0-190 91 ND-150 38

*ND: not detected. **Values are expressed as two significant digits.

3 210~1,030 pg/g dw(EHd 560 pg/g dw), HA13l
7.0~190 pg/g dwEH+t 91 pg/g dw) 2 A&l EHE~

150 pg/g dw(H7 38 pgg dw)= UEh} 2ARIY 5
Fal, GAs] E AEiE EEaet Wl w2 AT
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Table 4. Concentrations of PBDE and MeO-BDE congeners (pg/g ww) in organisms from aquaculture farms along the
Korean coasts

East coast South East coast South coast South West coast West coast
n=3) (n=11) (n=6) (n=38) (n=4)
A. broughtonii®
. . C. gigas® A. granosat
(0) . . . . .
reanisms species H. roretzi® L. japonica’ C. gigas® C. gigas® T philippinarum®
P yessoensis” M. edulis® H. roretzi® M. edulis® '

U. pinnatifida® P tenerd’
U. pinnatifida®

PBDEs Congener Range Mean Range Mean Range Mean Range Mean Range Mean
BDE 17 ND’ ND ND-16 5.5 4.0-8.7 6.3 ND-6.8 14 1.8-5.3 3.6

BDE 28  ND-0.6 0.2 ND-14 4.8 3.3-75 53 ND-8.1 15 ND-23 1.0

BDE 47 4.9-15 8.7 ND-106 36 31-64 40 ND-28 7.7 12-30 17

BDE 49 5.0-7.6 6.5 ND-33 15 17-24 20 ND-14 4.1 10.2-24 152

Tetra BED 66 ND ND ND-13 1.2 ND ND ND ND ND ND
BED 71  ND-0.8 04 ND-5.7 2.7 1.6-4.9 2.7 ND-2.1 03 ND-09 04

BED 77 ND ND ND-0.9 0.2 ND-1.3 0.4  ND-0.5 0.1 ND ND

BED 8  ND-34 1.1 ND-37 12 2.0-24 10 ND-14 69 ND-25 0.6

BED 99 ND-1.2 08 ND-27 03 ND53 21 ND-11 0.1 1.0-1.7 13

Penta BDE 100 ND-1.1 0.4 ND-4.1 0.7 ND-25 1.0 ND ND ND ND
BDE 119  4.8-11 7.8 ND-90 21 4.0-49 17 ND-11 2.0 3.9-7.7 5.1

BDE 126 ND ND ND ND ND ND ND ND ND ND

BDE 138 ND ND ND-1.3 01 ND-25 04 ND-13 0.2 ND ND

BDE 153  4.3-7.7 5.9 ND-14 4.0 ND-20 42  ND-4.8 1.0 ND-21 14

BDE 154  6.4-13 9.7 ND-17 8.8 6.8-23 126  ND-14 2.6 1.7-8.1 4.7

BDE 156 ND ND ND ND ND ND ND ND ND ND

BDE 183  1.8-20 11 ND-24 7.3 ND-50.3 10.0 ND-12 39 ND-6.0 3.0

Hepta BDE 184 ND-5.1 19 ND-56 08 ND97 20 ND-2.6 0.6 ND ND
BDE 191 ND-4.5 15 ND-6.8 11 ND-12 2.7 ND-6.3 1.7 ND-16 04

BDE 196 ND ND ND-30 59 ND-697 11 ND ND ND ND

BDE 197 ND ND ND ND ND-57 9.6 ND ND ND ND

BDE 206 ND ND ND ND ND-130 22 ND ND ND ND

BDE 207 ND-687 227 ND-140 40 ND-250 69 ND ND ND ND

Deca  BDE 209 ND-522 190 12-908 200 ND-980 280 ND-430 120 ND-79 20
Total PBDEs 52-670 270  20-1,200 370 87-1,500 530  3.5-500 160  44-110 73

Tri

Hexa

Octa

Nona

glggs Congener Range Mean Range Mean Range Mean Range Mean Range Mean
2’-MBDE68  96-500 240  3.1-880 220 11 (()3(1)0 509 ND-1,400 440 30-540 200
Tet; 6-MBDE47 580- 1400 6.8-1,800 620 107- 1,500 17-5,800 1,600 80-580 270
chra b 2,900 o 4080 ™ ’ -

5-MBDE47  8.1-58 26 ND-130 29 ND-140 30 ND-250 64 ND-20 6.5
4’ -MBDE49  3.7-24 11 ND-87 18 ND-84 20 ND-170 39 ND-11 3.8
5-MBDE100 ND-29 9.7 ND-28 5.1 ND-27 11 ND-68 20 ND-55 16
4-MBDE103 ND-101 34 ND-26 2.4 ND-70 23 ND-98 27 ND-43 14
5-MBDE99  ND ND ND ND ND ND ND ND ND ND
4’-MBDE101 ND ND ND ND ND-26 4.3 ND ND ND-79 19.8
Total MeO-BDEs 700- 1700 113,000 890 270- 5100 187400 2200 1L 530
3,600 ’ ’ 6,600 ’ ’ ’ 1,300

*ND: not detected. **Values are expressed as two significant digits.

Urochoradata: *Halocynthia roretzi; Bivalve: "Patinopecten yessoensis, “Crassostrea gigas, ‘Mytilus edulis, *Anadara brought-
onii, Anadara granosa, “Tupes philippinarum; Seaweed: "Undaria pinnatifida, 'Pyropia tenera, Laminaria japonica.
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Fig. 2. Sampling sites and mean concentrations of PBDEs and MeO-BDEs in sediments and organisms collected from

aquaculture farms along the Korean coasts.

Ae2 wiew), 2% Y YUl 7 Bk
<0.05)(Table 3). Wl A AZH Bplel 5

WA= Fal 700~3,600 pg/g ww(ET 1,700 pg/g
ww), 2538 11~3000 pg/g ww(@EH 890 pg/g ww),

938l 270~6,600 pg/g ww(EH 2,100 pg/g ww), T4
8 18~7,400 pg/g ww(Ew 2,200 pg/g ww) Z A3
110~1,300 pg/g ww(®E 530 pg/g ww)ez UEeh}
AR F wEel, AR 8, wWell B EAiE el
Tt dEo R ETHY<0.05)(Table 4).
MeO-BDEs ©|/d&A &4 A3}, HHE3 AE 2F
6-MBDE473} 2-MBDE68¢] =%kom, HAEL 6-
MBDEA7¢] 5%} 35~420 pg/g dw, 2-MBDE68
4 73 3.8~74 pg/g dw= ZH7F UERsTE FAAES
7% 6-MBDE47¢] 5% W7} 270~1,600 pg/g ww,
2-MBDE682 200~509 pg/g wwe] 7S Bt} =<
Aol 2= W A w7t BEeI o

17 1 Aporis BE 394 MeO-BDEs7} HZE|
Ak o F 2 EHFE o= g AFgPATelA 6-
MBDE477} 2-MBDE680] &5 %7 Ueht} o] F o]
AAAZY A T2 AT IS BRI 5 AU
oml7) g8l A HE 2% MeO-BDEs7} 43l
2 A|9)3 BE 9ol =7 Vet PBDEsS} fALSH
AE Ho o]AL tAlHe] A% 9 =23} PBDEs]
FHAE ety AdEFg. 2).

=

3.3. EINEn AAME H|W
AR Y BHAET FNE] e &
AFFE s 4¥, E5E° FPBDEs #(H+
7,070 pg/g dw)e] AEET 300 pg/g ww)oll Hlal =
A YeRd vbd, F MeO-BDEs?] 73 wagg(ﬁﬂ&
1,500 pg/g ww)el EXE(E 190 pg/g dw)i.
e BATHp<0.05). 7 o dEA Y] T ‘ﬂ]m—°ﬂ’\1—u
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Fig. 3. Concentrations of (a)PBDE and (b)MeO-BDE congeners in sediments and aquaculture species from coastal aqua-
culture farms. (The error bars show the standard deviations).
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WSAthFig. 3). o7 e dEdel thgk 87 vjAd &
o4& Uehll= Z3loln PBDEs &8 A&} v
WP B & Ee] ¥ ¥, MeO-BDEsE 2 EHT} A
& o] Foh= A& HoETh

%3l 9 PBDEs % Deca-DBE7}
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233920 BDE2097} A&l 2w A Yol
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B o] SFHEHM0 meba o)9} 7k A U
OIAHA] A 2R8-Eol ofsll HAERT A= WolA
MeO-BDEs®] #te] =7 S8 = Arkar dhekE ).
SHE, didEEe] 2AUE Yol 43} PBDEsY]
3%, EZ& &4 BDE 209, 206, 207°] z}z} 78.5%,
79%, 629%% % PBDEs %2 90% o4& X5}



A= 8 G HH=s 8= W PBDEse} tpb w2 153

10 -
(a) PBDEs

Relative contribution (%)

il .

100 -

H sediment 75

Oaquaculture species

50 A

ol R

(b) MeO-BDEs

75 A

Relative contribution (%)

50 -

1
25
0 - 0 4

BDE BDE|BDE BDE BDE BDE BDE|BDE BDE BDE BDE BDE|BDE BDE BDE BDE|BDE BDE BDE|BDE BDE BDE BDE | BDE
17 28|47 49 66 71 77 |85 99 100 119 126|138 153 154 156|183 184 191(196 197 206 207 | 209
Tri-BDEs Tetra-BDEs Penta-BDEs Hexa-BDEs Hepta-BDEs [Oct-BDEs Nona-BDEs |Deca-

BDEs

H sediment

Oaquaculture species

1

2-MBDE 68

6-MBDE 47
Tetra-MBDEs

Tetra-MBDEs

5-MBDE 47 4'-MBDE 49 |5'-MBDE 100 4'-MBDE 103 5'-MBDE 99 4'-MBDE 101

Penta-MBDEs ‘

Fig. 4. Relative contribution of (a)PBDEs and (h)MeO-BDE congeners in sediments and aquaculture species from coastal

aquaculture farms along the Korean coasts.

Table 5. Comparisons of Lipid, PBDEs and MeO-BDEs concentration in aquaculture species

Lipid (g/g dw)

PBDEs (pg/g ww) MeO-BDEs (pg/g ww)

Species n Mean SD Mean SD Mean SD

Seaweed 6 1.06 0.33 80 70 30 20

Bivalve 22 7.9 0.68 310 370 1,900 2,100
Urochordata 4 6.7 1.0 590 660 1,500 1,300

SD: Standard deviation

W Deca-, Nona-BDE7} 58 3}E2 Uepton, o
A B A= BDE 209, 207, 47°] Z}Z} 57.6%, 9.6%,
83%= LFeRITHFig. 4). 227 A4 ne 71
23} PBDEs 332 (Deca-, Nona-BDE)°] T}E o]A42
Ao vl w& BEXEE HYon, o] A FHE
olnsfFE o= 3t PBDEs ?i:rL A} AR
L],E]_%Lqﬁ,ll,ﬂ).

iAol Bxw B4 A3 5185839 A&

Al

MBDE47°] 70% ©1’¢, 2-MBDE68°] 15% ©I

R 6
&2l 7

oE=E H3low, HHs
oA exgktt.

= e 1]

2] Aol 1

34. YAUE0| BE |

2 Aol AMSE FAES FIEF, R 2 9
o|™ PBDEs w4143 747t 57t 80 pg/g ww,

306 pg/g ww, 590 pg/g Wwol&’iiﬁi, MeO-BDEs¢] 7
-, Bt 28 pg/lg ww, 1,900 pg/g ww, 1,500 pg/lg ww
2 7¥zF Yeldti(Table 5). 5 232
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