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Polybrominated diphenyl ethers (PBDEs)= &}A] TS AA A7
AAzA HH, LEAvAe BES AAAE, 7HE, 7, Aw 5 o
gk Hopoll A AMEE AL Atk FAAZA ] FEAE B 3lal PBDEsE
polychlorinated biphenyls (PCB)4 dichloro-diphenyl-trichloroethane (DDT)
S} fAME AAEE F4 W ole, ddH SRS HEd o dEH

o o= dovga dHA 3

PBDEs & Z AAIHSZ penta-BDE, octa-BDE, deca-BDE7} 2 3
o7 HAEY, I AaEe 47 14%, 6%, 80% S AAEa k. olE F
53] penta-BDE$} octa-BDE7} A EA o AT ¢HA o, g8 4

Tl Al A EA o] PBDEs/F =X AEE A&

T
e
Y

=19l A= PBDEs congeners &, 7Hg &3] AEE = BDE-4Y,

BDE-99, BDE-100, BDE-153, BDE-154%] HAZ&&S Z17] t& A2 7o 4

e 299 A8Y B, B8 B0 AW 237, ez At A
u 7|gel whel vlaste], 159 A3 wel PBDEs 3 o] ou sk
aFAT. =3, 7] congenerd] WIS AlTte] wiel FH#AFELA,

1 AFEZ penta-BDE$} octa-BDE®] S FA3td 1 W3} Fol& #&3)

29 el oJAle] B HoA AE=H A PBDEse & 1972\d3-E 19901
g Fu7bR] Alg E71ekgrt, 1990 d ] Fuk oAl ZHASEYE T o8 sk A

FAZe Wege §3 AddAY penta-BDES] Wit A7t 714 & 28-S



9o glgl 2ot PBDEs 5 BDE-47°] 7% @o] 7AZ%921, penta-BDE

FAFE HT 865%E AASHY, =AW Ao S HU2ZA penta-BDES]
o] 2o

53 /9] AWxAdA #E¥ PBDEse 4= 1980 olF A& F
Zbetd e, O S 19904 Fute] Holx ZaskA] fth ol &
X9 penta-BDES] F A AFX]0] 2, penta-BDES] A4t tfst +A17F QU
A ggol, olFe] A SALLE FAdHE t7E Tl F5l = =

B3] E7jdl- %= PBDEs % BDE-47°] 7}4 ®o] #A&H3oH, o
2 ASdddArg 53] © "ol AZFHJUA T
2 AEFDANMEYG Bo] HEH A

2000 etiE At A 7] dolN HAEH FEA ALE FFHIT F
71313+E % PBDEs= PCD<} DDEJ] o]o] Al A 713 o] A&+
F718gEoIHdeH, 1 FEE 19813 94 g/golA 2000 530 g/g o=
oF 560 S7tslA . ol#dt FU/HES F=Z BDE-47, BDE-100, BDE-999] %
7tell 93k Ho|w, o]% BDE-47°] 714 & HIES 2A 3t Th

A7t} s Wk PBDEsS] A& W S-S 1980d o|% AL S71
AE delon, d5F s HJdolXes 19909 Fuk HAsr e &3

. ©]2]3F PBDEs9] A& W FHFL A2 87 FWHe PBDEse| AH| &y}

o

2|

FAZE do], penta-BDES] = AH|X|Ql Fr] A o] 3 A A=+

NHE I FAEFA7ZE 2359 AT



v &2 #EHUY. A PBDEs % penta-BDEZ} AA|&t= Hl&E HA+=
66.0%°1 4 i 988%% penta-BDE7} A& o] %25+ F PBDEst
penta-BDE % BDE-47°] BDE-99%R.t} ¥ ®o] &2 E o, o] BDE-473
BDE-99°] A& WA B3 Wiz E 7Hgsitigs, s WelA e o]

s 049 zte], polymer matrixE THsE B, W VIEHoR g wh

rl

£ A% 5 oY 7H adle] B Row FHHET

814 e] . Polybrominated diphenyl ethers (PBDEs), <14, penta-BDE,

octa-BDE



1. d7o 2oy

Polybrominated diphenyl ethers (PBDEs)= A TS A AA 7= Fd
A=A e, dERAS BEG AAAFE, 7HIE, 7H, A T TS
Topell A AFEH AL JATH(WHO,1994) o]2lgt F+8&4do2 Qs 1 Hid=
AAIZ 2 1990 °F 40,0004 2001d F 67,0008 2 A& F7Hel L

3 Aok (WHO, 1994; bsef, 2001)

flo

PBDE= ©o|&& o= ¢ 2097}A9 congener’} EA7}s3tH, 1 54
polychlorinated biphenyls (PCBs)®} f-AFstth. (ICPS, 1993,1994) ©l% 744
Ao 2= F2 penta-BDE, octa-BDE, deca-BDE®] 3714 FEH|Z AJAt= a1 §)
o} (Alaee, 2003) penta-BDEw 2,2°,4,4'-tetrabromodiphenyl ether(BDE-47)<}
2,2°,4,4" 5-pentabromo diphenyl ether (BDE-99), 2,2°,4,4°,6-pentabromodiphe-

nyl ether (BDE-100), 2,2,4,4°,5,5-hexabromodiphenyl ether (BDE-153),
2,2',44'5,6'-hexabromodiphenyl ether (BDE-154)7} ¢F 9:12:2:1:1¢] Hl& =

&34E AolH, Octa-BDE+= hexabromodiphenyl ether®} nona-brominated
congers®] &3%E0°|H, deca-BDE+= decabromodiphenyl ether (BDE-209)Z 1k
SERS PR

19991 d 9] A MAA AiraFe] QoA penta-BDES} octa-BDE, deca-BDE&
ZY7} 14%, 6%, 80% = deca-BDES] AitaFo] 7bd Btew, 1 & 71 &

A7t =i = penta-BDES] 95% o]/ w|Fol|A  AH| EHSITh (Arias,



2001;bsef.com, 2001)

olg1gt FAAZAM Y Hold F8&A0= E3lal PBDEse PCBY DDT
o Ak A17AEA o]ts dod F Uso] WA Yok (Eriksson,
1997, 1998; Eriksson et al, 1992, 200la) Erriksson &< ZA4 =7]
2,2 A4 tetraBDE (BDE-47)%} 2,2°,44' 5-pentaBDE (BDE-99)o] == F|+
djleo]l © Fox HyFTA, URE FE&AY WHEl 5o AATH ool I
THOoZ WAStY Yo7t 45 ostEval ST (Eriksson et al,
2001b) =3, PBDEsel =¥ Fv gz 7198 Foix yegth

(Branchi et al, 2002)

3 1199997} 20001 ] PBDEs A7 4-2.3F (Ronald, 2004)

m] = % T4 % oMok % 71t % T

1999

deca-BDE 24,300 44 7,500 14 23,000 42 54,800

octa-BDE 1,375 36 450 12 2,000 52 3,825

penta-BDE 8,290 98 210 2 8,500

T 33,965 51 8,160 12 25,000 37 67,125
2001

deca-BDE 24,500 44 7,600 14 23,000 41 1,050 2 56,150

octa-BDE 1,500 40 610 16 1,500 40 180 5 3,790

penta-BDE 7,100 95 150 2 150 2 100 1 7,500

T 33,100 49 8,360 12 24,650 37 1,330 2 67,440




AdA =3 PBDEsS] 723 FAMdol kst 3 T2 o
3 9SS AF3 llonka T dAFoA= PBDEs7F FH 9 oA
hydroxylation ©] ¥ % transthyretin (TTR)ol| A thyroid hormone
thyroxine (T4)®} AAA o2 &3t ASZ YelKT. (llonka et al., 2000)

olg gt o A et 549 7hsdol= &5kl PBDEsw= 1%k, S
G AE EY T AQA =XA BAHH I F= wid Srbskal o
(de Boer et al., 1998; Johnson and Olson, 2001; Strandberg et al., 2001) =
29Jo] EYGS Y SE PBDEsY 55 58T Zegers 59 ATFolAME
1975'd 0.044 ng/g (in dry weight)oll A 19993 2.63 ng/g (in day weight)
2 F7tete Ao E W AT (Zegers et al., 2003)

5 o
g, =

T EdME PBDEs7t HE HAeH, = FEeehe

Hel

Ak, Fab, s knttke) BHEolA 54837 PBDEsY] k= X dftolA
+ 1.1 ~ 33.8 ng/g dry weight (3 5.3 ng/g dry weight), &4t 3l el A
+ 1.6 ~ 364 ng/g dry weight (B¥ 5.7 ng/g dry weight), F4F 3kl
A= 08 ~ 303 ng/g dry weight (31 49 ng/g dry weight), 3] 7hol A
+ 0.8 ~ 10.3 ng/g dry weight (H1 44 ng/g dry weight) ¢] PBDEs7} =
4590, 2,244 tetraBDE (BDE-47), 2,244’ 5-pentaBDE (BDE-99)7}
2 A A (F F, 2001)

Aol EAst= PBDEsw 2 T4&9 Fo 42 7teAdS 7Y, 4
AZ We AL PBDEs7} AEHUAT AE WX, &
7hke-A], &, o], F°o] T PBDEst 74 AE ¥ ofue} s AEH =
T o EE A4 8AAM HEHNeH, O G vid S7hEACd Ao

(Meironyte and Noren, 1999; Noren and Meironyte, 2000, van Bavel et al.,



2001; Norstrom et al., 2002; Allchin et al.,, 2000; Sellstrom et al., 1993;
Huwe et al., 2002; Rayne et al., 2003)

dukzio 7 Az o7 MAEE PBDEs % deca-BDEE QAo o] g

rir

A FE Ao=Z &#A o], penta-BDES} octa-BDE7} A& A ol A A =
QTS AAste Aoz deA Ao
Ross J.¢} Norstroms< PBDEs®| congenerg 413t penta-BDES}
octa-BDE®] &S FAH3 & & Jotal AT (Ross et al, 2002) penta-BDE
£ BDE-473 BDE-997} F4&o]n, A#o] BDE-1003} BDE-1530.8 T45
o] 2131, octa-BDEE BDE-99¢} BDE-153, BDE-1542 F4 ¥ o] 1t} BDE-99
o] 7%, penta-BDE®} octa-BDE EFollA WA=, Ross J. o] #AZn]7]
oto] PBDE %ol tfst oA 1 wWslFo] BDE-100, BDE-477} f-AFSH W
35 HHTh o]= BDE-999 Y32 penta-BDE gtal FHo] 7Me3dtthal &)
t}. BDE-153¢] 7Z$-% penta-BDE$} octa-BDE X529 FAAEo]xqt, 1 W
3}%S BDE-183¥ BDE-154%} #AFgH ®sl®S Ho, BDE-1539 A=
octa-BDE & F483 & F Antar 3ot =, penta-BDES] W3tk
BDE-47, BDE-99, BDE-100 ¢| W3&&S #Fste F4s) & F U,
octa-BDE®] 3} #-& BDE-153, BDE-154, BDE-183 ¢ W3}#S #&3le]
sl & F vk & T e ARFHY §olde 98l penta-BDES] &
A @& BDE-47, BDE-99, BDE-1009] &A%< &3l 43 2™, octa-BDE
o] EA| %2 BDE-153, BDE-1549] &A%< T3t F43 BEUutt

ole], ¥ A= AY Ef, =UHY AEFH, Adur] gl EAste
PBDEs9] =L 1980 ©o|%9 A8E o83 we}tslal, penta-BDES}

octa-BDES] %4 %S 4] ¥ BAY FAFL NABAY AL o]
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2. O|EH HiZF

7}. PBDEse] &84 3183 A4

PBDEs®] dHH2]2 CpOBriHuox©l ™, Polychlorinated biphenyls (PCBs)<}t

AR FE2E st AT (2" 2) olEH S E = 209F R/ congeners YHE
F Aoy, A4 &3] wHES A= PBDEst 3 Ho Utk (X 2) 3], B
& H9A7F 47) ©o]3k]] PBDEs compounde FHHOZ ALtEojR=] a

Aot (Darnerud et al., 2001) PBDEs= & IUPAC numbering A]Z2~Fl ]
ZAse] EF7F3h=H, mono-BDE®IA] deca-BDEZ A 107} 1Fo 2 o
o]t} (Ballschmiter et al.,, 1993)

a2 3183 54 PCBsot fAkste] A&olA e 7Ig3s HolH, =&
Ad APE 7HAY w1E, 334, =83, A=A el A3 AP
S B, A BAlEHA Fevh B 3105004 4255704 g, &

A= @ %A ged, BEgst o 252 o ¥ 54 gerh

Oll

%,
r?
)

O

o2+ F=2 A4tE = PBDEs compound+ aromatic ring®] H &3}
o] Azof w} F=2 371x FE|E AAFEY. (Daunerud et al, 2001;Hardy,
2002) A A, penta-BDET BDE-47, BDE-99, BDE-100, BDE-153, BDE-1547}
oF 9:12:2:1:19] wW|E&=ZE 3% Aoltt. &4, octa-BDE= hexa-BDEs 10%,
hepta-BDEs 40%, octa-BDEs 30%, 1 €| nona-BDEs®} deca-BDEsZ /%
o} glom, AA|, deca-BDEE BDE-209 2% o]Foi# lth o] ZF 2001
71Eo2 A MAHSZ deca-BDEs2] AAbaFo] oF 56,1505 0.2 7 w9t

ow, ol A ALY 80% oS AASFHRS™, penta-BDE = oF



7,500%E 0] AAE QO W, octa-BDEE oF 3,790%=0] A AMAZHoE AWAES]
t}. (bsef.com, 2001)
GARNZA S PBDEse @ BIAH, HFH Y AAAFAA AFAE, A

_;:‘_ll__
A WEA, 7FA T ARG TFeAl AREE AL

Polybrominated diphenyl ethers

18 1. PBDEs9} PCBse] 3}et1=%



BDE No. No. of Br Structure BDE No. No. of Br Structure
1 1 2 47 4 2,2 44
2 1 3 51 4 2,2 4,6’
3 1 4 66 4 2,3 4.4
7 2 24 71 4 2,3 4,6
8 2 24 75 4 2446
10 2 1,6 77 4 3,344
11 2 3,3 85 5 2,2',344
12 2 34 99 5 2,2' 445
13 2 34 100 5 224,46
15 2 4.4 116 5 2,3,4,5,6
17 3 2,2' 4 119 5 2,3 44,6
52 3 2,34 138 6 2,2'344 5
58 3 244 140 6 22,2344 6
30 3 24,6 153 6 2,2' 4455
2 3 24,6 154 6 2,2'44°5,6'
33 3 234 155 6 2,2'4,4,6,6'
35 3 3,34 166 6 2,344'5,6
37 3 344 181 7 2,234,456
190 7 2,334,456

=

2. 39 H o2 4= = PBDEs congeners. (Andreas et al., 1999)

1}, PBDEse] tigh 17ty =&

® deca-BDEs= & FFHA &= ¥ ofde, vigx &
Hol Fol FH=E 7teAde 2k (el Dareer et al, 1987, Norris et al,
1975) 28y, H2o dF AFo)A deca-BDEs®E A o] FZEo] g
PBDEs¢} frAtgH alE 713 & Ut= Eart o] =7o] Hi vk
(Darnerud et al, 2001; Hardy, 2002; McDonald, 2002) ©]el H]3l lower
molecular weight congener?l tetra-BDE, hexa-BDEG-2 79 $33] 42

ooyl miEx 2 HA ol Fol A S HEu. (de Wit, 2002; Orn et



al.,, 1998)

H¥7} BDEs® £33 PBDEs®] * FF4ZE $4% FaMgn +

o

d

kel

o} (Alaee et al., 1999; Darnerud et al., 2001; Wenning, 2002) 2] A &
Zﬂﬂ% PBDEs+— 73' 011’[‘9][‘ 71-% %Aé %/j‘oﬂ}ﬂ ,I_ET-E—] %’O] ‘?—i?ﬂﬂ%ﬂl,
o] 79} oFx], 7oA PBDEs®] %5 -3k Ohta 5©°] 2002139 A3y

@ Aol oJsm A, w4,

0¥l

ZoAME 42 134 pg/g, 47.6 pg/g, 38.4
pg/g2l PBDEs7} #Z= %1tk (Ohta et al, 2002) 53], #elS =& 74
el v s FX A T ¥ PBDEs7t AE® AL 37 F

°] PBDEs”7} 3%k

o
N
X,
2
O

A Aoz FHsAY. HAaL7], ar7], gar7lelA

|

= 717 63.6 pg/g, 16.2 pg/g, 6.25 pg/g ° PBDEs7} A& =AUtk olF=
17.7 pg/gol A 1720 pg/g 7HA B¥stA AEH A, A2 $HY Ax
Foll wal o B HAEHA

224 AH o= 17t PBDEse] =Zdle tddt HE7t Bod Ao

2 dFEAs. 2 F dAE F3 sF5719 427 7P w8 H

rl r
m&

AR HAFHE Bl tFe AT 37 T PAEAld = 43S PBDEs

<
M EHE wEE VISR vlusklth "A, A7 A A EHE
PBDEs= A th/del AFA el weh vhFstA £330 Meneses 5 °]
29919de] ALxAE tFe®  FAE PBDEs®| FEE  tetra-BDE,
penta-BDE, hexa-BDE7} 742t 1.4 ng/g, 09 ng/g, 1.8 ng/g &= ®iH
W, o]~ dAL tetra-BDES} penta-BDEZ} 7+ 7} 2.8 ng/g, 195 ng/g &

o] =4 YEST (Meneses et al., 1999, de Boer et al., 1998) T3l HH=



ol = 7.3 ng/g 2.2 ng/g, 2.3 ng/g (Strandman et al., 200), ¥7]od= 1.4
ng/g, 08 ng/g, 15 ng/g (Covaci et al., 2002), B ZYololX= 333
ng/g, 9.8 ng/g, 163 ng/g (She et al, 2002)2 stth. 53], Azlxyo}d
MBS 44 PBDEs7t HE © AL wl=o] AlA FHuie] PBDEsY A4k
ojAF AWl o2 PBDEse] Widt =F°] 7HE B2 A ol7] wEolzta A
7+ 5] o} Z T}, (She et al., 2002)

A A Ao THE= PBDEs o s=+ 7109 4", yel, 4

A Sl

—

kA sk x}o]E HRIth (Hardell et al, 1998: She et al.,

2002) AFES @o] AHgst= 9L 717 2% BDE 473 BDE 2099 5%

>~

7b 53 =4 UsteH, 1 AFESe AgEA A 5% PBDEsS] skw
37 pmol/g o2 xR HAFHET oF 6v] A Ukth (Hagmar et al,
2000; Sjodin et al., 1999) L& A9k, 1 ¢ 29

FrRu Hlow, o7 PBDEsS] F+ =EAEE 7R GE EfU 542

S Hete AL o AART A & 4 Qo) (Darnerud et al., 2001)

_10_



PBDEs®| congener= Al A3 EFoA AAAE & F e AR

BDE-47, BDE-99, BDE-100, BDE-153, BDE-1545 A& 3} ¢t}

Z+e] congener®] W&FS] ztol7t J=AE Wl H O™, penta-BDES}

octa-BDE FA x| oM x Ztzte] HEFA xpol7} JEA vlwal] Bt

A ARTE vl BozM, AR, WA H<Q] PBDEs Aitge] ke 1
AE FHF] 1 A wet gEA fFs = F e, =4,
PBDEs®] 7}7}9] congenerdl W& 1 Ao zo]E Hlud] BoZH, A
EoA 53] FZo] @ HE congeners: FFE 4 Atk AA, Z4Z+e

congener 2 %O 2 penta-BDE®} octa-BDE®S] & FH3te, FHHo=

_11_



L
.

]

}o] PBDEse] AE&Eo| u|x

3|

A A+E] = penta-BDES} octa-BDES] %k} Bl
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*Language : English
*Year : 1980-2003

*Keyword : PBDEs, BDE, environmental hormone

£ 44

* PBDEs congener : BDE-46, BDE-99, BDE-100, BDE-153, BDE154
AT i QIZEY B, 5538 =7l (male, 0-154]), Lt Awir] &

7NEATEAS Hla Y

2499 Az3e 2 538 274 Lz AAv7)L

* PBDEs A&

- 1980'd ol A 2000712 ] PBDEs A=% w4
* PBDEs /3 H]

- BDE-47, BDE-99, BDE-100, BDE-153, BDE-1540] W&+ T8¢ w3}
* % PBDEs W3l& %4 9 penta-BDE, octa-BDE W3} +73

T332 F A7 (Goal)

- Q1L BN, AZAwl 7] &e] PBDEs W3S a4
- XA PBDEs & BDE-47, BDE-99, BDE-100, BDE-153, BDE-154¢] # ¥ & ¥z
- penta-BDE®} octa-BDES] W 3}&F #4

oY 2 A7e B
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B d7e dAldista o= dolEuols HAS Fa 1980+
B 2003d7A]¢] AEE B3t U+ Medline?t JCR(Journal Citation
Reports), EMBASECA Z47+e] A& F FA|o|7} “PBDE, PBDEs, BDE,

environmental hormone"°]2t= ©olE X dst= A ABE FRFOE

ZAFSto] ZRlsk

aFe] a3 £3dS AN 3ol PBDEse] AEA WA=

iy
o,
2

B3t A7t BEjA A LAEE PBDEsY %ol thdt A= =A

A
ot

@
o

A+=d], o]H Ao A= PBDEs 7=

r
o
re

Tl A ghS

o
<

0&#

[1.[0
i

=
T

o
o

2= 0] 2 o
T oM o

<
T
B, 53], 19805 E 20003744 Ao w3}
=

So| MAste Ay & 247 ARG 29

A5 Meironyte 59 1999 A5¢} 2003 A5 E o] &3t oH, 553

d

B9 Az Z o el PBDEse| thdt AE+ Michael 59 20029 A8 E

o] &3tFTh 2uls ot A Zu) 7| Ae] PBDEs AEZHLS Ross 59 2002
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d A=

mlm

o] &3tHth 7o) =ES AT olfE HY =wddA =
BDE-47, BDE-99, BDE-100, BDE-153, BDE-154 Z}z}o] th3t 7<) 1980
FE 20009 7HA 25 veb glol Alzkel]l digh Zh7+e] congener®] WEFES

wal7] golsly] gEoldTt FE AFEE 471A =83 gEo] Fu

A % 7309 AEE o] &3ATh (E 3)

g
9

Ztzve] A7 E3# o4 BDE-47, BDE-99, BDE-100, BDE-153, BDE-154°] o)
g A5 E 1981 FE 200009 7HA] dA st WSS AR A2 H A
o} ®A, 747te] congenero] wgh HI&<] WIS F4¢ §F, penta-BDEC]
kS BDE-47, BDE-99, BDE-1009] o2 #4314, octa-BDEE BDE-153,
BDE-1549] o2 FA3}o], 1981356 2000374 A 2l s- ATt

ojof, &7, 2I7tY B, AAvlr] £ A=l PBDEs®| HEZFS &4
g A8l dsiX= A PBDEs®] &3 Z42H9] congeners®] HEol| gk
AHRAE A ste] Blas T

ool oY A7 AIAES o|&ste, FAEEH Y FEZY PBDEs
o A& Holot Hul A3} 7 AH3e] PBDEse| HEe| Afols

H 838t H 3ttt
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3 3. A 3 4 PBDEs HEE
PBDEs #A&%
24 dx A7 4T o 4T A9 AAS NN S
(ng/g Lipid)
1970 Anon human,adipose tissue Japan 10 0.023 no
1976 Sellstrom U & Guillemot eggs Sweden 10 762 no
1977 Thomsen C 5 human, blood Norwey 34 0.03 no
1978 Hori S 5 human, milk Japan 1 0.03 no
1978 Sellstrom U & Guillemot eggs Sweden 8 352 no
1980 Meironyte & human, milk Sweden P 0.45 yes
1981 Thomsen C & human, blood Norway 17 0.93 no
. seal(0-15yr), adipose = Canadian arctic
1981 Ikonomou MG % : 7 0.42 yes
tissue area
1981 Norstrom R] & gull, egg US., Great lake 3 124 yes
1982 Sellstrom U 5 Guillemot eggs Sweden 10 1060 no
1983 Hori S 5 human, milk Japan 1 0.40 no
1983 Sellstrom U & Guillemot eggs Sweden 1 1140 no
1983 Norstrom R] & gull, egg US., Great lake 3 158 yes
1984 Meironyte & human, milk Sweden P 0.70 yes
1985 Schroter 5 human, blood Germany 16 2.66 no
1985 Haglund & herring Baltic sea 4 13/6 yes
1986 Thomsen C & human, blood Norway 24 1.06 no
1986 Sellstrom U & Guillemot eggs Sweden 1 1510 no
1986 Sellstrom U & white fish Sweden 35 26.1 no
1987 Sellstrom U & Guillemot eggs Sweden 10 850 no
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(A=)

PBDEs #A&%

24 9% Q74 A7 oy A7 Ao AAS IR EH
(ng/g Lipid)

1987 Norstrom R] 5 gull, egg US., Great lake 3 831 yes

1988 Sjodin A & human, blood uUsS. 12 1.47 yes

1988 Hori S & human, milk Japan 1 1.00 no

1988 Norstrom R] 5 gull, egg US., Great lake 3 1230 yes

harbor seal,adipose .

1989 She | & . San Francisco 1 87.7 no
tissue

1989 Sellstrom U & Guillemot eggs Sweden 1 1910 no

1989 Sellstrom U & Guillemot eggs Sweden 10 1210 no

1989 Norstrom RJ & gull, egg US., Great lake 3 1240 yes

1990 Schroter 5 human, blood Germany 19 3.32 no

1990 Thomsen C & human, blood Norway 20 1.76 no

1990 Meironyte & human, milk Sweden P 2.00 yes

1990 Norstrom RJ] & gull, egg US., Great lake 3 1270 yes

. seal(0-15yr), adipose = Canadian arctic

1991 Ikonomou MG % : 5 1.63 yes
tissue area

1992 Ryan | & human, milk Canada 10 2.90 no

1992 Ryan | & human, milk Canada 72 2.45 no

harbor seal,adipose .

1992 She | & . San Francisco 1 783 no
tissue

1992 Norstrom R] & gull, egg US., Great lake 3 1780 yes

columbia river,
1992 Ryan S & white fish Us 4 49.8 yes
1993 Hori S & human, milk Japan 1 0.69 no
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(A=)

PBDEs #A&%

tissue

24 Qs ATA Q7 o AT A A N SR
(ng/g Lipid)
harbor seal,adipose
1993 She | & . San Francisco 3 658 no
tissue
1993 Norstrom R] & gull, egg US., Great lake 3 3490 yes
1994 Meironyte & human, milk Sweden P 2.00 yes
1994 Meironyte 5 human, adipose tissue Sweden 5 4.97 yes
1994 Haglund & human, adipose tissue Sweden 1 134 no
1995 Schroter & human, blood Germany 19 4.27 no
1995 Thomsen human, blood Norway 19 3.07 no
1996 Meironyte human. milk Sweden P 2.89 yes
1996 Strandman human, milk Finland 11 1.49 no
seal(0-15yr), adipose  Canadian arctic
1996 Ikonomou MG % ; 9 244 yes
tissue area
seal(0-15yr), adipose  Canadian arctic
1996 Ikonomou MG % ; 8 3.17 yes
tissue area
1996 Norstrom RJ & gull, egg US., Great lake 3 4280 yes
1997 Meironyte human. milk Sweden P 3.69 yes
1997 She | & human, tissue, breast San Francisco 22 38.6 no
1997 van Bavel & pilot whales Faroe Island 6 165 no
harbor seal,adipose
1997 She | & San Francisco 1 1940 no
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(A=)

PBDEs #A&%

tissue

area

24 9% Q74 A7 oy A7 Ao AAS IR EH
(ng/g Lipid)
1997 de Boer | & mackerel Netherland 1 9.10 no
1998 Nagayama ] & human, blood Japan 24 3.97 no
1998 Meneses M 5 human, adipose tissue Spain 13 412 no
1998 Strandman T % human, adipose tissue Finland 10 10.34 no
harbor seal,adipose .
1998 She | & . San Francisco 2 4950 no
tissue
1998 Norstrom R] 5 gull, egg US., Great lake 3 6040 yes
1998 Akutsu K & several fishes Japan 25 6.82 no
1998 Strandman T & herring Baltic sea 3 17.3 yes
1999 Schroter et al. human, blood Germany 20 4.53 no
1999 Hori S. & human, blood Norway 29 3.10 no
1999 Darnerud P 5 huamn, milk Sweden 124 2.98 yes
1999 Norstrom RJ] & gull, egg US., Great lake 3 6600 yes
2000 Meironyte & human, fetal blood Sweden 15 1.29 no
human, maternal
2000 Meironyte & Sweden 15 1.79 no
blood
2000 Meironyte & human, milk Sweden 15 1.84 yes
2000 Hori S. % human, milk Japan 1 1.28 no
2000 Papke O & huaman, milk us. 4 193 no
. seall6-35yr), adipose  Canadian arctic
2000 Ikonomou MG % 5 1.69 yes
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(A=)

PBDEs #A&%

us.

I A7 ol A7 Ae AA% N S
(ng/g Lipid)
. seal(16-35yr),adipose  Canadian arctic
2000 Ikonomou MG % . 8 4.03 yes
tissue area
. seal(0-15yr), adipose = Canadian arctic
2000 Ikonomou MG % : 7 4.03 yes
tissue area
2000 Norstrom RJ] & gull, egg US., Great lake 15 5540 yes
2000 Norstrom R] 5 gull, egg US., Great lake 3 7510 yes
2000 Luross ]M & lake trout Great Lakes 40 217 yes
2001 Choi ] & human, milk Japan 10 1.27 no
2001 Hirai T 5 human, blood Japan 10 3.52 no
2001 Ryan J. & human, milk Canada 20 222 no
river eel, adipose
2001 Leopam P & . Germany 5 6.31 no
tissue
2001 Jacobs M & salmon Scotland, Belgium 13 19.2 no
2002 Schecter A % human, milk UsS. 47 292 no
2002 Zennegg 5 rainbow trout Switzer land 4 16.1 no
Austin, Texas,
2003 Schecter A % human, milk 47 73.9 yes
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1. 7|& 93423 &4

1. 298 49 27

N

boAs 53
2l

o AM&-

ri

Pl
fr

Efe 2dde 2535 ZRARCGAM 51" A5E A
3tk 19809, 19841, 19859, 19901, 199413, 19963, 19973, 19994,
20003 Z+7F 116, 1029, 209, 207, 209, 409, 1249, 1549 #ES
AAREPoH, £ HF vole 197204 1985374 A& 27-284], 1994
dolls 294], 1990 o] FolE 30-31419t.  (Meironyte et al, 1999;

Meironyte et al., 2003)

v At 24

20008 =919 o] m{olA HEH PBDEs®] FHS 184 ng/gl =

19723 A& % % PBDEs9 & 045 ng/g 9 oF 4ujAth. AA ¥F& 19801
ol wid Frtete FFolAL, 1999 3.69 ng/gol HEHE o]F ©A] 3
28t (3 3)

1 % BDE-479] H]&o] 714 o} BDE-47, BDE-99, BDE-100, BDE-153,
BDE-154 Z A oA A= vHE&L HA 60%NA HA 74% S A 5FH T
BDE-472 1980 622%E 7]S53H o]l 1 Hl&o] ¥H F7ste, 19944d

742 7Hg ol AASAT Iy, o]F wA] st 20004 0l=
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625%% ThA] WolA= Pge Helth (1Y 3)
BDE-47 522 Bo] HEH congner= BDE-99¢} BDE-153 ©]Aith. 1997
W7lA= BDE-997} BDE-153E.t} ®o] HEFAoy, ©]F BDE-1539]

BDE-99R o} H=wo] ¢ Zolx

?iEBDES BDE-47 BDE-99 BDE-100 BDE—-153 BDE-154 | >PBDEs
1980 0.28 0.09 0.04 0.03 0.01 0.45
1984 0.49 0.08 0.06 0.05 0.02 0.70
1990 0.81 0.15 0.06 0.10 0.04 1.16
1994 1.48 0.26 0.09 0.15 0.02 2.00
1996 2.08 0.41 0.15 0.24 0.04 2.89
1997 2.28 0.48 0.42 0.46 0.05 3.69
1999 1.77 0.37 0.27 0.51 0.06 2.98
2000 1.15 0.21 0.14 0.32 0.02 1.84

£ 4. 29" o943 EfolA 9 PBDEs®} PBDEs congenerd] &% (1980-2000%)

(Meironyte et al., 1999; Meironyte et al., 2003)
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XA PBDEs % penta-BDE7} AAsHe ul &L 19999 HA 753%0] A
1980\ 91.1% = BT 865%= A3+ ch 1980 FEH 19963712 E 89%0]
A 90%=2 vHlud A HlEolPo, o]F penta-BDEY H]&©o| 743}

H

19999l = oF 75% Atk (L9 4)

100%

90%

80%

70% W BDEO154
60% [ BDE-153
50% f [BDE-100
40% | B BDE-99
30% | [ BDE-47
20% H 1 + H H H H H

10% H — HHHH H

0%

S \09'\ S %QQQ

O 3. 2% o] EfolA WHE PBDEs congenerd] HE9] Wz}

W octa—BDE
O penta—BDE

a9 4 29" 49 EfolAY penta-BDE®} octa-BDES] 74 =Fe] H3}
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2. 233 249 XY £

=]

7F AR 3

ol

Avkt B4Z TRy Agse 249 5 29 AW 252 o 10g9)

A 250g A FASEATE 1981, 1991, 1996, 2000'd 4-€

m{o
é
_I_z
o))
o
>
o
o)
=2
2

2% FPaRen, B4 A4 20%e] Lxd THEE Q0] AN B
Stk # =RA ALSE B welt 054900, BF 3 FAY

t}. (Micheal et al., 2002)

2000 =3 E/He AWxzFA HAEE F PBDEs9 ¥ 430 ng/g
o=, 1981d A F PBDEs9 % 042 ng/gel oF 108tk 1991139 =
PBDEs AZE#2 163 ng/glZ 105 103t 3.88) F71stdow,

19919 5-E 2000 7bA] 9d F<the <F 2.68) F71etATh (& 4)
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R BDE—-47 BDE—-99 BDE—-100 BDE—-153 BDE—-154 | 2PBDEs
1981 0.38 0.012 0.023 0.004 0.002 0.42
1991 1.43 0.072 0.100 0.006 0.012 1.63
1996 2.71 0.170 0.210 0.050 0.025 3.17
2000 3.75 0.190 0.250 0.069 0.036 4.30

& 5 553 E7) AWz 49 PBDEs¢} PBDEs conger®] A&

(Micheal et al., 2002)

1981 &3] E7/19 AW ZZAA 714 ®ol HAE% PBDEs congener
= BDE-47Z4 A PBDEs % °F 90.1%2 A5t} BDE-47S o] F o=
7} @o] 7AZE 5= PBDEs congener24 1991d9l= 87.9%, 1996'd 85.5%,
20000l = 87.2% 2 3] MA PBDEs % 85% ©] x1A|5HH.

BDE-47 th22 Ho] HAZE ¥ PBDEs congenerv= BDE-1002.2 19814,
1991, 1996\, 20003l z+z} PBDEs % X}AI8t= HlE0] 55%, 6.4%,
6.7%, 5.9%% 1981'A° A 200037} B2 WstE Holx ¢ty BDE-99=
BDE-100 th& 22 ®o] 7E% PBDEs congenerZ 19811, 1991, 1996\,
20003l z+zt 2.9%, 4.7%, 5.4%, 44% S FA3HATH

19811 F-E] 200097} PBDEs &% 10W A= Z7igk ¥HH, PBDE
congener®] Bl&2 B W3SIE HolA ¢ttt BDE-47-> 1981dF-H 2000
WA7kA] PBDEs% 2A|SHE HIEo] 85% oldoz B33 B/l AzxZ

A 7 ®o] HE%+= PBDE congener it} (1¥H 5)
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penta-BDES] FA Ao A+= 19819, 19911, 19964, 20004 Z+7zt

0.415ng/g, 1.606ng/g, 3.09ng/g, 4.19ng/gS = 1 HI&L 985%, 98.8%,

97.6%, 97.5% Tt penta-BDES] Hl&o] ¥ Z2 FZ BDE479] H &0
d

7% PBDEsolA] 85% o] 4< A3y WRo|th. (1Y 6)

100%

80%

B BDE-154
O BDE-153
O BDE-100
B BDE-99
O BDE-47

60%

40%

20%

0%

1981 1991 1996 2000

a9 5 553 E/MY AgxAd A dHdE PBDEs congener®] H&9] w3}

M octa—BDE
@ penta—BDE

1981 1991 1996 2000

ag 6. 5538 B AWz A9 penta-BDE®} octa-BDES] F74 o] wis}
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3. 2z AHQtS[ A Zzof7| &

7F AR FF

19813 HE 2000@7HA] vl Qs T 2eg3o AZdulr] doX A=
¥ PBDEs9 HLEZ vl 3tguh AZdulr] 4o 4029 &x 2 HAEO

MUt oA &E 2ol A X319 (Ross et al., 2002)

v At 24

1981 d 2Ete]s o] AZAvr] &elX F=% PBDEs®] & s&= 94 g/

QQ

flo

old e}, 200039 E 530 g/g o2 °F 56u] FUFetTh ol¥E FUHE
= penta-BDE®] congener?] BDE-47, BDE-100, BDE-999] Z 7}l gt A
olth, Z47te] T2 AwRw, 19819 BDE47 ¢ B57} 28 g/g= 7}
% ¥Shom, BDE-153°] 22 g/g & F ®AE At BDE-154, BDE-99,
BDE-100> 7}7}t 14 g/g, 12 g/g, 0.7 g/g ATH (& 5)

BDE-47-> 1987'd % 1988'd& Al¢lstales 1981 F-H 200067HA] 78 B
o] AZH Atk 198733 19881 d o= BDE-153°] 93.7 g/¢g, 73.1 g/g ©] A=
o] & PBDEs AE%F ¥ /M 22 &S At 200092 BDE-479]
FEE 220 g/g ©& A PBDEs®] w27} oF 564] Z7}std] whs] BDE-47
< 78919 FUHES H AT

A A PBDEs % BDE-47¢] HI&% 1981 33.7%14 2000 442%% =7}

sgou, 19929 o] F2 = 40%U2 IAF HE&S FX

it
O

Fa Aok (28 7)
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. BDE-47 BDE—-99 BDE-100 BDE—-153 BDE-154| 2PBDEs
1981 2.8 1.2 0.7 2.2 1.4 8.3
1983 3.7 1.3 1.0 3.6 2.5 12.1
1987 16.6 7.2 4.6 93.7 8.1 130.2
1988 44.4 20.7 10.6 73.1 10.1 158.9
1989 47.3 26.0 12.2 35.3 15.7 136.5
1990 53.2 38.8 14.2 43.3 13.3 162.8
1992 82.8 40.4 20.5 39.4 17.2 200.3
1993 120 55.4 31.5 37.4 17.2 261.5
1996 125 59.7 39.7 40.1 18.4 278.9
1998 159 83.8 50.0 50.4 19.6 362.8
1999 229 133 72.2 61.2 31.7 527.1
2000 220 113 67.5 65.2 31.8 497.5

E 6. 2UlE AZAw7] Lol PBDEs¢} PBDEs conger®] A&

(Ross et al., 2002)
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penta-BDES] ¥%Z wh¢J3dl= BDE-47, BDE-99, BDE-1003% octa-BDES] &
=5 wWgsh= BDE-153% BDE-1545 747 Ho|A RW, penta-BDES}
octa-BDE9] FHx9] HISL 1981 56.6%, 1988'147.6% 2 7+ wkgrony, 7

& Z71sked, 19991 82.4%, 2000 80.5% = AL Z7FstATh (¥ 8)

100%

80%

W 154-BDE
0 153-BDE
[J100-BDE
W 99-BDE
O 47-BDE

60%

40%

20%

0% ! |
NoO A DO D DL LD
D R X B XD D QD2 LSO

OO ORI ES

Oy 7. LE AZAvf7] oA A E PBDEs congener®] Hl& 9| W3}

600,

500" l l

400

a0 W octa—BDE

@ penta—BDE
200F

100

a9 8 etz A7) &M penta-BDES} octa-BDES] 74 7o) s}
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%% PBDEs9] sxwigld] gt AE oAtk 1 F HolA A4HE 299
ogde BfolA &% PBDEs?] o] &3t Meironyte 59 A5 HH,
294 oA e ZHolA HEE PBDEsE 19729 F=E =AH3 o]F A%
g W3ts 19909t Tk o] FAFARE Sy
Ak WFEEL] =T olest FUHES

of we} FaFAESL o] o]FoA7= &tk (Nylund et al, 1992

olN
)
T
>
2
¥,
32
lo
2
°
v

flo

K

Sellstrom, 1996)
1990 ol =45l oJAd o] Efolx 2HE PBDEsS] Fi2 oA
Ag %7 H=sETh =, 30t 40t 299 3 40 o] FdoA] A

® PBDEsY %<& 21 + 14 ng/g ©& 1990d 299l ool ZHolxq A

\

=¥ % PBDEs & 121 ng/g¥® 1994 217 ng/g, 19969 3.11 ng/g,
1997'd9] 4.02 ng/g ¥ B2 AolE Holx] &Adth (Klasson Wehler et al.,
1997) EfrolA o7 E PBDEs congenerd HI&E oA LZHE PBDEs
congenero] Wt HIEF FAEIATE 18y, AP9F o2 =EFF PBDEsY
TEE A7% Sodin 59 AFolAE BDE-1839 w=7F 7B =4 v
ISR} & =F FEE 7ML e AlAMSRL 3 H(Sjodin et al,
299l o] B HE PBDEsS EYS=E PBDEsol 29€E &

a717F 74 fEetthal skt (Meironyte et al., 1999) =317]7F PBDEs®]
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7Z4ALYd Aolgt= FHE 1981 Andersson & AFoAME AAH AT
3 AFeMe 29 FAAF vl AAste FmAEar]e] AW

X2 A PBDEsE #HE3I3wH, PBDEs A&%-2 20,000 ng/gollA 27,000
ng/gl 2 E=A Uth (Andersson et al, 1981) 18y, E317]d tis 2 ¢
Agz Aol wet & AXE 2ok 19939 PBDEse] 24

]_
© B5A9e Eur] AzA A 7E% BDE-47, BDE-99, BDE-100

2

|
e £A

o o
A

FTF2 100ng/gol A 600ng/gS = Anderssons e Ao} W2 xzo]7t
A AT} (Sellstrom et al.,, 1993)

1999\d 9] penta-BDE$} octa-BDE®] A48 72 2H7} 8,500 3 3,825 S
2 O HELS ¢F 689%9 31.1%HRem, 20000 = 750088 3,790=°. 2
66.4%%t 35.6% At W, 99l ool Efolx THE penta-BDE= %
Al PBDEs & 753%°l4 91.1%E A3k, HdE 86.5%2 A FFoLdFET
penta-BDE®] Hl&©o] EA UEINTH °|= penta-BDE®} octa-BDES] AU ©]
SRR} S Ax Aold 9 Aow FAHL F Utk

1981 78 20001 d7bA] 0014 1541 Atole] HES8f 3 =79 A4
oA A% PBDEsY F &2 042 ng/golA 430 ng/gl = F7stth 1

7hd wo] A" PBDEs® congener= BDE-47, BDE-99, BDE-100%1 2.1,

of

£3| BDE-47¥ BDE-100= 1 ¥ oYz} F71E = F Y. BDE-999] 7%

19967} x| 2] Z7}Z& AA PBDEs, BDE-47, BDE-1002] A& =4

olN

7Fatiot, 19961 o] 5 20003 7kA & b2 FHiH o2 E3He
k.

20000 Az oA 154 olste] FHe FH ENS} 16M A4 3BAZAS H

e
4

< 772 E7) Atole] F PBDEs &X9 717+ congenerdl gt ¥E= =



A 24 gk (p=0.98 for total PBDE) o]& 1990 dt) Futo]

ad
ol
[N

7}%+ PBDEs A2taFe]l 77 & 73 B0l ¥AE PBDEse] ®2

1

25 2=

e AARHgE AS +4E

o

g

1981958 20009 7kA] A E7H9 Az olA WHE PBDEsY e
0ol 1541 HE= 164|914 354 Alo]e] =70 EFo|A 7 =709 PBDEs
o] Rt AA A=HIAH ol & #H F PBDEs7F A= HiZH U]
W ozt AHztE T Micheal 5% 0014 154 o]ate] BZa 2 E7)9]

P
T
PBDEs®] e A== F/E AAstAA 43 E719 volo] W& PBDEs
=

T F7betd ok 53], 1981 FH 1994
A7bA] Aol A A4te PBDEs®] TS 3l A AAIA<Q] PBDEse| A4t

Fe Fst 55 = AgxAdlM HE" PBDEse| 43 ®lul &

=
o2 w3 Micheal et al, 2002) o]9tE g2l 2gdl Ao FfolA
7AZ ¥ PBDEs9] & 19979712 Z7F A4 ey, 1 o] tA]
23t ol frHolA penta-BDES] A4h-S qHAlekA 7] ool
g 4= 9tk (WHO, 2001)

R
XY
o

4

1990t SH7EA]e] A5 E R AE5ESE 2 FHI F AYd H]F
ZA Eo] AHzAA v 2o PBDEs7t AU, Micheals2
71 °]ff2 PBDEs7} W71 Fdll AR wol oleshily] wielzta

AstA . (Micheal G et al, 2002) 53], 553 &/ AWxZ A &

olN

-

_%_
A% % PBDEs®| 42 JHZAo= Ay4HE penta-BDES] F 7y} Hlszgh F7
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6000 Levels in Arctic Ringed Seals
| -a- Levels in Human Milk
o Worldwide PeBDE Production

pg g’
A sauuopy

I
4000 ‘

2000 -

1980 1990 2000

29 9. AIAIAS] penta-BDE (PeBDE) Al4take] 2423 259 o) 2f, %

3 e AzHoM LHAE PBDEse] o] Hlul (Micheal G., 2002)

A& Btk (19 9) ole% pentaBDEE 53] HuAe] N wol 4t
b FAges
].

e F2 2w olXolE Ealt A0 olu PBDEs7} FAMOZ ol
=

ofr
)

_il_

He o=, oA AAE penta-BDE7} H7]|E &
=

o

ol

982 AT B & Atk 53, BB TAYCE #3

I
fr
off 2

kD

o ddd. weld, FHA 99 penta-BDEQ] A4k 7HAd
T A5HY dirlols S TS HEV|AHoA AAHE = penta-BDEZF 5= A
qogo] o]Fe sheAe FoldA "k =, 1996 o]F §HP A oA <]
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ABSTRACT

Review on the concentration of Brominated Diphenyl

Ethers founded in human, seals, gull eggs (1981-2000)

Hwan Sug Jung
The Graduate School of
Public Health and Management

Yonsei University

(Directed by Professor Dong Chun Shin, M.D., Ph.D.)

Polybrominated diphenyl ethers (PBDEs) are flame retardants used in a
wide range of materials such as television sets, computers, radios, textiles,
and furniture. They appear to have an environmental dispersion simlar to
that of polychlorinated biphenyls (PCBs) and chlorodiphenyltrichloroethane
(DDT). In addition, based on its chemical structure and biological
experiments, it is concerned that PBDE may have endotoxic or neurotoxic
effects.

Three commercial mixtures are widely used (penta-BDE, octa-BDE, and

deca-BDE), making up 14%, 6%, and 80%. In contrast to deca-BDE, penta-
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and octa-BDE are founded in both human and wildlifes.

This paper is review of the available PBDE concentration founded in
Swedish woman milk, Canadian arctic seal fat tissue, Great Lake gull
eggs.

PBDEs concentration has been increased in Swedish human milk, seals fat
tissue, gull eggs from 1980. Most of the dramatic increases in total PBDEs
concentraions observed over the past 20 years seem to be connected with
the penta-BDE formulation, which is mainly used as a flame retardnat in
North America. In 1997, PBDEs founded in Swedish woman milk have
been decreased. It may be due to the restriction of the use of PBDEs in
Europe.

In PBDEs congener, BDE-47 was relatively higher in the all wildlifes. The
concentration of BDE-47 measured in several wildlifes was varied from
66.0% to 98.8%. The concentration was highest in Canadian arctic seals
which is influenced by North America. It may due to its relatively higher
vapor pressure, or it may be due to the selective environmental

elimination of BDE-47.

Keywords : Polybrominated diphenyl ethers (PBDEs), Flame retardant,

penta-BDE, octa-BDE
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