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AT B 7F 2012 o= BDE-28, 47, 99, 100, 153, 154 2 1834 A W F4 55 AR
t}h. PBDEs #41S 93k dXj2] o R ojjfel A% g4z 3 FE2HS A8k Aol Ajtst
Zo 2 IRIFH L U Al7M AE AAE 50 mLe] FAkS o] &-3te] Wl &S A AT, 100 mL
o] FkTEFZ2HRH9:)E §E3A171E Zlo] A3t Aoz gel= ). et Al 792 100 mLe|
Aibb SRR EG:)OE §EA7)= Aol At oz SRIE ouFE oz g AeA

Fole F24 FF 71F 890 pg/ge] A&, AR F 7P =2 PBDEs 4 AEE EAth AHE 40
pg/gel AEH ] AR F PBDEsS] 54 Arrt 7P W2 Z1o 2 Yehkit 2 f\l‘E'—-‘ﬂWb A&7t A
F Aol A T 71 2,580 B 3,600 pg/ge] HEFHNCH, BDE-1533} 183 S AEHA o
SECk, AR 2410 A 3200 D 3000 pgS % 2 Aok B ASE elsich, & ATl 13
& ol 2 QAARANS) PBDEs 54 HES sholt A3k, lFolA Bud o) Hlg) e &
& XL s 1T 5 AT

Abstract : Flame retardants are added to prevent catching fire and to slow down the burning process. PBDEs
are known to affect thyroid hormones and hormone disruption. The aim of this study was to propose a manual
for determination of PBDEs, and investigate the accumulation of PBDEs(BDE-28, 47, 99, 100, 153, 154 and
183) in fish&shellfish and human milk samples. Pre-treatment for PBDEs determination, alkali digestion and
L-L(Liquid-Liquid) extraction method could be applied to fish and shellfish. When Multi-layer column was
used for cleaning up the sample, 50 mL of hexane and 100 mL of hexane:dichloromethane(9:1) solutions were

used for pre- and post-elution, respectively. Activated-carbon column was optimized by a 100 mL of
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hexane:dichloromethane(3:1). The result of fish, highest concentration was detected in flatfish, 890 pg/g(wet
weight). The other side, lowest concentration was detected in pollack, 40 pg/g(wet weight). The result of breast
milk, PBDEs was detected 2,580 and 3,600 pg/g(lipid weight) from breast milk of Seoul and Juju, respectively.

BDE-153 and 183 were not detected in all samples. There was no difference in PBDEs level was not difference

between first and second delivery. In this study, we could find that PBDEs level in Korea is lower than other

countries.
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Table 1. List of target congeners of PBDEs

Homologue IUPAC No. Congener

Tribromodiphenyl Ether
(TrBDE)
Tetrabromodiphenyl Ether
(TeBDE)
Pentabromodiphenyl Ether BDE-100 2,2',4,4'6-PeBDE
(PeBDE) BDE-99 2,2'4.4'5-PeBDE
Hexabromodiphenyl Ether BDE-154 2,2'4,4'5,6'-HxBDE

BDE-28 2,4.4-TtBDE

BDE-47 2,2'4 4 TeBDE

(HxBDE) BDE-153 2,2'4,4'5,5-HxBDE
Heptabromodiphenyl Ether , o
(HpBDE) BDE-183 2,2.3,44,5,6-HpBDE

(HRGC/HRMS)ll ¢Jgt 5994 SAHES HAZ &
o UlF ZFEZo] Al#HI 9l

PBDEs A &< 93 522 Wellington Labora-
toriesol| Al Y 8l] A}tk A A8 53
EZ 2% BDE-CVS-EE A58 o, 5994 &
FEAZE BCLE X 50 ugmLe] MBDES
o] A = ujsle] 50 ng/mLE 3|4 ake] AR
t} 358 A S 9% EFEFEE MBDE- 1545
50 ng/mLE 84 3lo] AMESI S| Table 194 39
= olE 7} o)A Y T/ B TEE YEII

o

222, 7171 A4 21 2 A Wy

PBDEs®] #4418 Agilent 6890 7}~ A ZwlE 1)
3] 9} Jeol Mstation 700D High resolution mass spec-
trometerS ©]-8-3}¢] EI-SIMH O Z 43315t} ol
HRGC®l 228 A& DB-5HT (30 mXx0.25 mm 1D
X0.lum)E A28 oM, °o]F 7= Hes 1 mL/
min® 2 FEFUT 08 &% 212 27 140°coﬂ
A 1EZE FAAIZD 3, 20°0C/mine 2 200°C7HA] %

AT} o]F 10°C/minS 2 280°C7HA] 54171 3 2
B2 SAAIZA T upR e 2 10°C/minS 2 300°C7F
Al SEAIA 1427 FA8H, T 24 A7 308l
Atk FUTE 260°CoA v R 2 uLE F
PAIZ .

PBDEs®} PCDDs9] A-¢ =2 B4 +% % 3}38H3
z7g0] ul-§- FAkste] A A 3o ”i vl
2g-9] 7PsAo] QOB T HRMSS| #al%s
o] & °X] &}tk PBDEs 7t o]% Zﬂ"ﬂ T:HU}

1S 7t FFA vt 271 9] AdEe]2e] o] 2
o] W7} 99% A Z])F7kel| Eoje A glE
2 el on, sjggo] 50914 120% 1§10

H= AR tieliA F S sklen a2 #LE

B o o ol X
°“ o K1 ox HI o
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Table 2. List of PBDEs calibration solution (BDE-CVS-E)

ol B4 9 o]3|F % PBDEs 2 @l RUE Y 247

Concentration (ng/mL)

Compounds

CS1 CS2 CS3 CS4 CS5

2,4,4-TrBDE 1.0 5.0 20 100 400
13C,-2,4,4-TrBDE 100 100 100 100 100
2,2'.4,4-TeBDE 1.0 5.0 20 100 400
13C|,-2,2',4,4'-TeBDE 100 100 100 100 100
2,2'4.4'6-PeBDE 1.0 5.0 20 100 400
2,2'4.4 5-PeBDE 1.0 5.0 20 100 400
13C,-2,2',4.4',5-PeBDE 100 100 100 100 100
2,2'4,4,5,6'-HxBDE 2.0 10 40 200 800
13C,-2,2',4,4',5,6-HXBDE 200 200 200 200 200
2,2'4.4,5,5'-HxBDE 2.0 10 40 200 800
13C,-2,2',4,4'5,5"-HxBDE 200 200 200 200 200
2,2',3,4,4,5' 6-HpBDE 2.0 10 40 200 800
3C»-2,2',3,4,4,5',6-HpBDE 200 200 200 200 200

Table 3. Internal Standards (ISD, MBDE-154)

Compound CAS No. Molecular weight Prepared conc. (ng/mL)
13C,-2,2'4,4'5,6'-HxBDE - 555.50 50
Table 4. HRMS condition for PBDEs determination
Congener Mass 13C,, Labeled Mass Ton ratio PFK Lock Mass
TBE 405.8026 417.8429 100
r 407.8006 419.8409 97
TeBDE 483.7131 495.7533 69 430.9729
485.7111 497.7513 100 (Group 1)
PeBDE 563.6215 575.6618 100
565.6195 577.6598 97
LNBDE 641.5320 653.5723 77
X 643.5300 655.5703 100 654.9601
(Group 2)
HpBDE 721.4405 733.4808 100
723.4385 735.4788 97
Woluhs ARel tialAt dlolee] Aol gk olRe] A ty B9t 1 o]Fe) 43 Il
detste] AA AT WFEde] AEE Feele w2t AlE F91E Ak B, 2719 22 0F
olof] t)-g-8k= C,, X3+ FFE(Labelled Compounds ojFe] AS F5, w 123 WS AAS 7HEE
Standard : LCS)°ll thgt “Fd]u¥k-3-7] 5*(RR : Relative Fste &3, A8k xS wA ey, 2
Response)2 ©]-83F 5994 34 (Isotope Dilution X&) e 428 o] F ALdE A 9= E3ts)
Method)ell whe} g &kl om, Wi EF5 2 (Internal o A8 HAE Bt #43) st AR/ A5
Standard : ISD)Z A}§-3+ °C),-BDE-154 2 LCSE o= 7HAREES A F, B sl B4 AlEE S
o] WE-8-A1 5~(RRF : Relative Response Factor)& ©]-8-3F o3l FE AIE 50 gofl WEEFEDS M7t
Wi-EEH o wet Gttt o] Aol gk ghgoll 782171 100 mLe] 1 N FAtsldE89S 7t

o] & 7ol H|E Table 49} 7t}

223. N8 Ax7

Vol. 19, No. 3, 2006

St F 22T FE7|00A oF 45°CoNA 2417 B9t &
Zre] B S sty &z Bajo thek 348 )
2Es @7z £ g o) AA 2 50 ng/mLE



A - A - aEA
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F 2L U 22 S 58 SA59
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< A3 AAST AlE= 400
o] 8~10417+5 % &4
AN I FAE

248 FH5 -
A7rete] S8t FE2AS S 22 oF
5~10 mL7HA] 55313 54 S TE fEddd &7 A% 3
s A4 55712 Al890] 2 mL7F @ W7kA 5 th A8 5 g8 3
3t FEoE tF A A7 S vEolA & AASAT
AR A Ax Wi v At AF mLe] HEFZ2HES o
7}@3 A FFFIEF©Na,SO,) &S ¥ FE71& ol&ste FEs3nh
S kol Ao e AT 3 g2 ZH W F71E 83t 3~5 mL7HA| 5% ¥, ikE o) &
of ZREATE L Qo FFIIEFS 2% ¥ ated 20 mL 2ol AEAI A AEE &vjE S
4% st AY7HAS S 1g3 109 Hl& mL7H] 5% &, 2% 1 mLE F3 105°C 2
18tk 28 & A2 v 559 2mL s oA 4 AZHERYF AEAA FA HstE Fa ALZ
7hetal F4ko 2 1 mLA 33] AT ol & AT = ALtsidt B4 AlRS AW S-S 5 &
ZFo] S FEA17 PCBs 2 el I EA S Al mLE 5% FEY0lA 1 mLS F sk YPst3ith
A% &, Sk 22 2 ek9:1)S o] &5to] PBDEsS
SEAZAT. FEAE I JASTE FF72 ¢ 3.4 1
5~10 mL7H] §53taL $54S ] ohE fralol
7 g 22 F27]2 05mL o387t 2 w7kA 3.1 X gE ¥ Zn
FEote] A Aol TIAA BAskAT e of sl F ® B A e S A= Table 59
AYE 2oz X FH3ER A%FS 2t
2 o A" 05g A FEVES A% oA F Al5e] A THE A o] Ao|rt 2
74ste] A zgt. F5HE A 2HA Thekal e A Ao, Z242F thE Fo] Zfolol what 0.28¢1 4
Fol ko R 33] A3t 307 BAAA AE 429 g7hA Zol7t AATh BEfAlE= 053914 3.31
FHo AlE7E 3 F RS WX T, sk g7HA ARbEEe] ztol7h Al ow o= HQ1ASl A%
SERIMEE:)S o] &3te] EAHRES EEANAT I A B A FHe] Afolof o Ao g ek
e A7 AY A9 e A8 ZAA 87 Ho 2 dFoA 4 A e o5 A4
He 8299 A4FS & HEEE St 4 A S o] &3 BA FAolA Has st A7
Aotk fFEAS BF B2 v AT 5 o] &g AHste oA AEE EE&HU
719 A& FF7E AREEt] 4% & d7EA]
=39tk AMEE B 2 mL v Lo £A4 HEZF 32, M2 Yol chst DH
o2 AFHS 3] AAAx A F 35E 2F dzre] #ajol o) gt 34& E]~Eo| A BDE-28
| YR EFEZ2 BDE-154(50 ng/mL) 25 uLS 3 47, 99, 100 154, 153 B 1832 3]5&°] < 100%=
7kste] HRGC/HRMSE 24315t FHE Wl el 4% = (Tuble 6). BDE-
EHE AR 50 gofl WHEEEAS J7iske & 100<] 7§T°ﬂE Bt 82%E THE Aol Hla] 34
EE0F F oF 1087 A s Ao St
L]-E%— Aere, A3 JEFS 7Iste] EsjA|Zt). o] Table 5. Quantity of fat in fish, shellfish and breast milk
5 32k 100 mLE 2084 2¥H FET v, AT (Unit : /50 g)
200 mLE 2¥e] AH FAGIon FEe PG Average  SD Min  Max
AFEFO] BHAA SRS AAGY FEAe v Flatfish 0.89 0.23 0.68 126
% AP A9 B AHE o) gajel Ay Pollack 043 om0 0w
ge vews v gac dimen w2 W0 0%
= OPHE A]E"] Z”“ U ‘Jf F A ‘*Oir’} Mackerel 502 069 429 589
PBDEs= Tho] 4179} frAlshAl 743t A1d &3l Anchovy 224 034 178 2.63
ol AL (Y o] FE AEA L AH x3F 9 Oyster 0.86 0.06 0.77 0.95
ZHHT. 2HEE B A7E Ags=y 9ojr] 2+ Clam 0.40 0.08 0.28 0.47
Ngo] A e 2gstoma $& Aube] e Breast milk 1.44 0.54 0.53 331
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Table 6. Result of recovery test for treatment condition (Unit : %)
BDE-28 BDE-47 BDE-100 BDE-99 BDE-154 BDE-153 BDE-183
Alkali digestion 108.15 103.74 82.01 97.69 104.12 100.37 103.68
Activated Carbon column 54.81 72.58 100.61 91.56 93.20 59.73 60.29
Clean-up stage 104.89 9541 70.88 99.06 83.96 93.96 86.91
Table 7. PBDE concentrations in fish and shellfish collected from Korea (Unit : pg/g wet weight, n=5)
BDE-28 BDE-47 BDE-100 BDE-99 BDE-154 BDE-153 BDE-183
Flatfish 42.41 507.90 154.18 95.57 64.16 27.17 ND
Pollack 3.00 22.32 433 7.08 1.89 1.63 1.48
Hairtail 12.51 87.65 29.83 18.73 33.65 10.57 0.54
Croaker 62.23 341.57 59.51 54.84 83.28 22.51 0.73
Mackerel 3.78 24.74 9.50 9.50 9.14 391 ND
Anchovy 18.03 215.67 9.93 27.44 14.90 7.33 4.84
Oyster 7.63 60.30 6.91 10.46 7.43 2.16 0.98
Clam 9.17 34.38 4.84 14.06 597 4.13 1.17

ND : Not Detected
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Fig 1. PBDE congener concentration of fish and shellfish samples.
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Table 8. Level of PBDEs in fish, shellfish and bird sample from
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Fig. 2. Comparison of PBDEs congener distribution between fish and shellfish.
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Specie Class of sampl (ng/(;nzve;n;iziognht) Referenc Target congener
Baltic salmon blood 130> 630(lipid) Asplund et al."? 47, 99, 100, 153, 154
Baltic salmon egg 75X 150(lipid) " "
Baltic salmon muscle 190> 410(lipid) " 47, 99, 100
Lake trout(1997, Ontario) 117> 600(lipid) Luross et al.” 47, 99, 100
Lake trout(1998, L. Ontario) 945(lipid) " i
Yellow tail(cultured natural) 1.58%X1.72 Ohta et al.™ 28,47, 99, 100, 153, 154
Mackerel(natural) 1.28X1.55 " =
Yellow tail(natural) 0.99x1.32 " =
Fish Conger eel 169 (ww) N .

Flounder 120 (ww) Asutsu et al.”® =
Gray Mullet 3,342 (ww) " N
Sea baass 263 (ww) - =
Flatfish 0.89 (4.9 lipid) This study 28, 47, 99, 100, 153, 154, 183
Pollack 0.04 (0.48 lipid) " "
Hairtail 0.19 (2.07 lipid) " "
Croaker 0.63 (11.4 lipid) " "
Mackerel 0.06 (0.78 lipid) " "
Anchovy 0.30 (3.41 lipid) " "

lipid : lipid weight
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Table 9. PBDE concentrations in breast milk samples collected
from Seoul and Jeju
(Unit : pg/g lipid weight, n=20)

LocationCongeners Average SD Min Max
BDE-28 113.81 53.87 2734 240.16
BDE-47 1,082.32 418.40 479.42 2,009.69
BDE-100 438.01 210.20 18292 819.71

Seoul BDE-99 226.61 76.48 104.89 407.70
BDE-154 ND ND ND ND
BDE-153 720.63 298.86 202.68 1,301.53
BDE-183 ND ND ND ND
BDE-28 157.88  198.58 0.17 952.52
BDE-47 1,167.95 948.51 2.07 3,694.15
BDE-100 40423 360.21 ND 1,692.20

Jeju BDE-99 34992  508.87 ND 2,279.95
BDE-154 ND ND ND ND
BDE-153 1,209.85 1,070.91 ND 4,904.38
BDE-183 ND ND ND ND

ND : Not Detected
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Fig. 3. Comparison of PBDEs congener in breast milk.

Table 10. Comparition of PBDE concentrations in breast milk
between first and second delivery
(Unit : pg/g lipid weight)

Location Congeners Average  SD Min Max
BDE-28 123.15 70.38 2734 317.25
BDE-47 1,189.45 794.40 340.65 3,694.15
Second BDE-100 51320 359.54 105.98 1,692.20
ddliery BDE-99 33727 481.61 104.89 2,279.95
BDE-154 ND 0.00 ND ND
BDE-153 1,081.68 1,022.25 202.68 4,904.38
BDE-183 0.00 ND ND ND
BDE-28 158.41 188.66 5433 952.52

BDE-47 1165.98 658.56 441.19 2794.93
. BDE-100 515.66 756.67 ND 3735.80
First  BpE99 26205 20900  ND 94365

delivery

BDE-154 ND ND ND ND
BDE-153 888.47 542.75 ND 2527.67
BDE-183 ND ND ND ND

ND : Not Detected

2 e RS dFe= A5 2 4 Ik

Ef A8 AA L 7+ o] A o] HfvlE Fig 39l
YeP ATt Fig 29] ojslF Al59} v wd o BDE-
470] AA3H= HlEo| thah W AR UEyon,
FEE whek AR oHl 7 Al EoA AA sk Bl
o] oJF 9} F 2zt 99 % 8%2 BDE-153°] R+
A Bl M= L v]go] oF 32% =S o] 5 vt
gt Abglo|t}, 12y} PBDEsS] & HE3} &4
St R B3] wjiol] o]of thdk ¥AL st
71 AR Brlse Ao s wurEn)

B AEE 223 Ao g TR Table 109
e AT

o A3 Y AR A9 FAF 35 mE
PBDEs 224 Ax9] xjo|2 w7 2= gt 7HH:1
oldAT M =L ¥&S A= BDEA47Y] F

=2

Analytical Science & Technology



¢l Bf 9 o|9F{ 5 PBDEs 2H7 #W RUE R 253
2500
OBDE-28 W BDE-47 OBDE-100 BDE-99 BDE-154 mBDE-153 EBDE-183
2000
2 1500
g 1000
S
il Ludll bl kﬂLEﬂLm [Lnﬂ Ll
¥ = ¥ ¢ ¢ % % & ¥ % s & ¥ S E E E E
2 ¢ g2 ¢ ¢ g 50000
Location
Fig. 4. PBDE congener concentrations comparison in human milk, case of Korea and Japan (Akutsu, 2003).
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