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Composition, Source, and Regional Concentration of PBDEs in Pine Needles
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ABSTRACT : The composition, source, and regional concentration of polybrominated diphenyl ethers(PBDEs) were measured in pine needies
with several sites in Korea. Homologs specific analysis confirmed that hepta-BDE(bromodiphenyl ethers) through deca-BDE were predic-
tive indicator for total PBDEs concentration(Pearson's correlation coefficient 1>0.96, p<0.001). Deca-BDE were detected in relatively very
high concentration compared to other PBDE congeners in all samples. The similarity of between congeners profile to those of Bromkal 70-
5DE and DE-71, the commercial mixture of PBDEs, indicates these mixtures are source of PBDEs observed in these sites. Also, BDE-47, -99,
-100, -206, -207, and -209 were the dominant congeners in all samples, suggesting that the widely used commercial penta- and deca-BDE tech-
nical mixture were the original sources. However, Pearson's correlation coefficients of between BDE-209 and BDE-47, -99, -100 were insigni-
ficant, which implied that tetra-BDE and penta-BDE may originate from secondary sources such as air-plant partition in manner similar to that
of the PCBs, while deca-BDE formulation still has primary sources.
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Q09 : PBDEse] &4, 249 2 A9% v& 23 &9ap] 98 FUY JAGRAME, ¢, 3F, &4, o, 4 =)l
A Adste AU 9 A2 5490 Hepta-BDERE deca-BDE7HA] 9] EZAl|(homologs) =& % PBDEs®] %9 vi-¢ #9392
B (Pearson FBAG r>0.96, p<0.001)€ BAh DecaBDEE: ThE homologsel]l Hs] RE AlFAA Hs=E Uehlth PBDE
& A E(Bromkal 70-5DE, DE-71)% 4£UF % AZ¥ PBDE &2 (congeners) Ao19] A&/ o] ¥A vreht PBDE o #A|Fo] £
AAXNHANN SAh o2 FrgArk EF BDE47, -99, -100, -206, 207 = 2095 EE 2R YelA] F8 GRS Uehidsd o
' AAAF o2 OF ALSH penta-BDES deca-BDE &5 A Fo] T E tigoz ALy iz #gdrt T2y BDE209
¢t BDE47, 99, -1007ke} a4 G984 2k ol tetra-BDES penta-BDEE th7)-EF #ufsh £ 23 Lol GFol A
Wl Z Q] Bhd deca-BDEE o] A3 13 &9 9 dgo] 23 249y gFuo NujFogly] Eoz ddtdn

ZFH|0{ : PBDEs, &% ¢, Deca-BDE, PBDE @& A, 231 A

LME

BE4 39A) (Brominated flame retardant{BFR])E PBDEs
(polybrominated diphenyl ethers)y= TV AE, 7 AFH 9
3, A7F 2 V1w Y 928 9 HE, HEEE
AANEY 3d, A5259 SGHANZA ALHT k"
BEA dAA|= PBBs(polybrminated biphenyls), PBDEs(Table
1) 2 TBBPA(tetrabromo-bisphennol A)S Al £F7F EF
o™, ¢]% PBBst o|F] 1970du)¥E @ty s Lol
g5 AMgol FAHUTE PBDEs= 7HA &1 (potential)
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2HA 971944 3F5HE(Persistent Organic Pollutants: POPs)
2 HAE, 8§ A9F, AU 37, A5 GFd SFA
A&5 3 glth. PBDEsE PCBs(polychlorinated Biphenyls)
S} fAMEHA @A) Sislo] 2 B FHA Fe ARG, O
B4 ggEo|th. T% PBDEs= &2 A-8(lipophilicity)
7o 873 F AAAS 2 FHAHA, T/ FEZFHAA
= 274 2ag A dAE AR AAY =d AoR
otelx gith” PBDE a-9-41% (03} technical mixture)
penta-BDE, octa-BDE, deca-BDE technical mixture®] A &
Folm o]% deca-BDE technical mixturel: 97%7} deca-BDE
o]l 3% AX7} nona-BDEo]H, penta-BDE technical mix-
ture= BDE-47, -99, -1000] &2 37%, 35%, 6.8%°]H 4}
® A= BDE-17, 28, 49, 66, 85, 138, 153, 1542 F4 =9
9tk A B&35 33EQ tetra-BDES} penta-BDE= 4ol
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Table 1. PBDE standards and formula

IUPAC No. PBDE IUPAC No. PBDE

3 4-Mono-BDE(BDE 3) 126 3,3'4,4' 5-Penta-BDE(BDE 126)

7 2,4-Di-BDE(BDE 7) 138 2,2'3,4,4',5" Hexa-BDE(BDE 138)

15 4,4Di-BDE(BDE 15) 153 2,2'4.4'5,5-Hexa-BDE(BDE 153)

17 2,2'4-Tri-BDE(BDE 17) 154 2,2'4,4'5,6-Hexa-BDE(BDE 154)

28 2,4 4"-Tetra-BDE(BDE 28) 156 2,3.,3'4,4',5-Hexa-BDE(BDE 156)

47 2,2'44-Tetra-BDE(BDE 47) 183 2,2'3,4,4'5',6-Hepta-BDE(BDE 183)

49 2,2'4,5'-Tetra-BDE(BDE 49) 184 2,2'3,4,4'6,6-Hepta-BDE(BDE 184)

66 2,3'4,4"Tetra-BDE(BDE 66) 191 2,3,3'4,4'5',6-Hepta-BDE(BDE 191)

71 2,3'4',6"-Tetra-BDE(BDE 71) 196 2,2'3,3'4,4'5,6-Octa-BDE(BDE 196)

77 3,3'4,4Tetra-BDE(BDE 77) 197 2,2'3,3',4,4,6,6-Octa-BDE(BDE 197)

85 2,2'3,4,4-Penta-BDE(BDE 85) 206 2,2'3,3'4,45,5'6-Nona-BDE(BDE 206)

99 2,2'4,4' 5-Penta-BDE(BDE 99) 207 2,233 4.4'5,6,6-Nona-BDEr(BDE 207)

100 2,2'4,4' 6-Penta-BDE(BDE 100)

209 Deca-BDE(BDE 209)

119 2,3'4,4' 6-Penta-BDE(BDE 119)
Hog 31 BES AFEET BE 3o 2 Hed o= 71 i Save #4uAolA PBDEsY] REE A%
BARAA L BES SFEY 2o fED Aoz g 9 ARG FFsor & Zolth old) ¥ AT v
th? =@ deca-BDEE APANN AEERZ w28 S 2 AYe] AL FEFEH A AAFLE FAFE BE

g 4 7hsAel Baggen,” octa-BDES} penta-BDE:=
deca-BDERT} W#u)4, 2144, 447 59 E4& o &
o] mAs Ao ezt AZ7A PBDEsg} 22 HE
A FFEL 87 Fo dToz wSE) wal uy), EF
T4 2 AANME AEHIL e Folk aYA vF 2
X YolFo) A = 20083714 PBDEs # A ¢+ EFA 2
A%olm penta- 9 octa-BDE AHE-F2] Y 3HE A sttt
Eg 299 3¢ 55872 P& ZE PBDE B2 g 24
ANZIZTE 878 gled, #Y JF2 Az H718% A7)
71719 A& Al dg ZAGE FAE APt Uk ¢
U= 19999 PBBsE AX - 9 e ARSEA sigou,
PBDEsel| oA 20019 89 279578 3 EA(82712)
AEE Fotd EZANES HEFAGS D e AF ol
olA® A =Fo|A= PBDEse] tig 873 o2y ()],
EY HAE, FA)IAY v 2 A% EXE dgsiA o
otstal glom & 4 oufF dde 53 AA w4 H
M A%HoR AFaa Yokt Y A TN
874 % PBDEsel tigh A7E F3) nAg e e 7o
v FE =A<l PBDEsAl g A4 D A&FA o

Table 2. Characteristics of sampling sites

Hol e AR d& MEste 2UF Ao AZFE PBDEs
9 9 ¥ %, technical mixture®}e] T 2L LAY S
B st A gt

2. &

T

e

T TRLE Mg, F7E Y, FEES UT

A, FABRA) A WPAGor FEH

QA
29 = AHold FUFY 194 At 4L 4 =23
AFEz 5% Agstd AAsEct 2FAEE 94 ¢
E32 Table 2¢] behf et

22 M| 25 H MR

AU% 99 AAY wEe AAS 2R

54
w

5 g% 9

AHhexane) : o}A E(acetone) (4:1 v/v) £ 100 mLE
250 mL 249 @3l ojnf FEEY ¥ I5& HFE 9
3 A| & surrogateE C,-labelled PBDEs= spike &} 9 o}

Site Location Characteristics
Seoul(SE) Mojindong Kwangjin-gu Residential, Commercial Area
Gyeonggi-do(AS) Sekjung-dong Ansung-si Residential, Commercial, Agricultural Area
Chuncheong-do(CJ) Haengjungdong Chungju Industrial Area
Daegu(DG) Daemoung-dong Nam-gu Residential, Commercial Area
Ulsan(US) Yeochun-dong Nam-gu Industrial Area
Busan(BS) Kamman-dong Nam-gu Reclaimed land, Sea side Area
Chungcheong-do(PDR) Padori Taean-gun Background area, Sea side Area
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MEE 289 FE7]04 240 432 F 2398 250
mL E2tA3a2 &30 o, o] Aol EE: 1 wy) &
#8100 mLE 7Hale] 1212 B 3&38le) 2zae g3
¥ A5 EEF7](rota-evaporator: BUCHIfi, R-124)]A]
45CeM 2~3 mL7tA] F&F3th 39 A5t B4 4
FlEd2 A8t A2 2L G242 AARN] deid g
S(multi-layer) J7t 29 EFALT. A5 29 s
F8 &/447 7Hneutral silica) 0.6 g, €74 de7HKOH
coated silica) 1 g, 54 A7} 0.6 g, 44% A7 FHaci-
dic silica) 3 g, 22% AT} 3 g, B4 A7} 06 g A
2 A2} FHANO; coated silica) 3 g, F-4= NazSO4(Dulksan
i, GR grade) 6 g ¥ t}& 34t 30 mLE 23 B2S
AAF F A8 G A UZERME9: 1 vv) 100 mL
€ 29 AT Al 2he EFS AEE g4 =
BEE71NA F 1 mL7hA) s2stgc 28U g 29
T4 Sl AALA e 29Ed I AL GPC(gel per-
meation chromotography) B¥o 2 thr] A4 3%tk Bio-Bead
(Bio-RADjit, 152-2750)7F 238 GPC Z@HL A OF2
EvE1:1 viv) EFLUES 90 mLE ALl AlBE &
71t &84 Ag 34 mLE A2 9 2480 855
T FEOIEE MR UdA 56 mLE Hio JAZeE
E712 2 mL AXR] &35k keeper 2 dodecane(Sigmarit,
D-4259), internal standard 4] 4,4'-dibromooctafluorobiphenyl
(44-DBOB) 25 pLE spikedt Uh& hot plate o)A iz
FFHIE 25 WL7R] LA & HRGC/HRMS(high resolu-
tion mass spectrometry, Hewlett-Parkard 689011/IMS-700)-&
o] &35t} PBDEsE £4135}9 tTable 3).

=

23 Bz e

PBDEs?] AE=RE ) S5-8 A3 (recovery analysis),
554 A (duplicate analysis) 2 HZAIRS] 4849 Kregre-
ssion analysis)&& AAISATE dAFg AP A2 A
2 FHAEY F&, 55 2 FANA RAZGoz Sy
v NEY £4g 2387 98 8% PBDEs surrogate
("Cio-labelled PBDEs)S o] &ated Alze] @z Bg7 =
4 24 P F EMY 559 spiked TS wims
o 35g&g 2339tk PBDEs surrogate?] 3<=go zhzb

Table 3. Analytical conditions of PBDEs with HRGC/HRMS

Instrument Analytical conditions
Column DB-5MS capillary column
length 15 m x 0.25 mm, film thickness 0.1 pm
Inlet Splitless
Aux temp. 280°C
Injection volume 2 ul

110C for 5 min.
40°C/min. to 200°C, 200°C for 5.5 min.
10°C/min. to 325C, 325°C for 5 min

Temp. program

Carrier gas He(99.9999%)

32 min.

Total run time

&UF ¢ 5 PBDEsY &4, 249 2 A48 5= 831

BDE-3(116%), BDE-15(147%), BDE-28(149%), BDE-47(130%),
BDE-99(130%), BDE-153(137%), BDE-154(126%) % BDE-
183(100%) = F+ 129%29] +gL Btk 2UF 98
FAAR 2814 FEoted FEAES YL 449 A&
A A%H PBDEs 5ZA g IARNE B3 234,
ZAARRY) 2 A4 71€717F 242 0.99(p < 0.001), 0.69
(p<0.05Z Yellddt. 3 PBDEs #ZFEZ(calibration
standard) 26%-& THAIR A3t NPH S Hold A 3
A9 7187171 0.991(BDE 85) - 1.000(BDE 126, 196, 207)
ettt PBDEs AE5HAIQl LOD(limit of detection)
AdEEe AETAY 154 A2 ZASo 63 w2
A FEELY 559 Hdd TFBAY 3w e FeA
FQHLOD = F¢ +3 x TFWUAP. 2 27} 4E F PBDEs
2 A LODE 0.08(BDE-7,-17,-28) - 10 pg/g dry weight
(DW)(BDE-209)0] 91 t}.

de e
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-~
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3 En A 1

3.1. PBDEsS| 5%

3.1.1. PBDEs HH5%

Fig. 12 73¢8] 2vH7- Qloll &4 PBDEsS] Hi5%[Log
(rg/g DW)IE #A=23t & Zo|th PBDE EFEZ 26%
S AFE congenersd £ 47 FF 21%, Aed oM
20%, o7k 241 19%, B4 18% 4 A% 7302 Yy
Wt 53] #xg AFHAHEL A ER PBDEs(di-BDE, tri-
9 tetra-)$} BDE-2098 AYtie FEE9 EA42+L 7}
% homologs(penta-, hexa-, hepta-, octa- ® nona-BDE)=

¢

HEHA gk 7349 543 PBDEs BEsE+ BE
A= 19,010+ 33,440 pg/g DWE ZF A9¥ 2 & o)

[l

23t} PBDE congeners®] Ho-5XEv BDE-2097} 17,278
32,090 pg/g DW= S BDE-170] 7.8+5.8 pg/g DW
2 HAE Yol £3] deca-BDE technical mixture)
T4 ER=Z ¢#l4 deca-BDE, nona-BDE, octa-BDE?]
#5559 penta-BDE technical mixture®] 74 EZ = gl
Z BDE-47, -99, -1008} H#5=7} t}E congenersoll 1))
A Vbt ol el 998 BEA ¢4 PBDEsY
AtgEa RS FHAYS HEACE #ugEdn. 1 2
3, el 98 BEA GAA(TBBPA, PBDEsE)S 42
1996d 31,0002, 19973 39,000E, 19983 38,000E, 1999
| 45,000, 20003 53,000E, 20013 46,000%, 20024
55,000, 2003d 58,000E, 20049 69,0000 2 A 109
=g BEEA 3aA $LFL g 100% o1 F7bet
At o) HEA AN $Y9F £(200394E) PBDEs
7} ZAA = B8L2 19.3%(deca-BDE), 0.1%(penta-BDE) 9
0.5%(octa-BDE) 2 WElt o, TBBPAZ} 36.5%% 7b4 2
I 71e} BEFQAA 15.7%e2 ZAHQG.' =, 2y
o] st AV QoA deca-BDE7} th2 PBDE homo-
logsel} vja] HA Ueld AL ol BEA ddA 9 4
Foll w}2 A}gFo) = technical mixture(penta-BDES} octa-
BDE)e| wla] @gly] MjEoz dgs

Hoqy

Tiotetd o otul K| 287 83, 20061 8L
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Fig. 1. Mean concentration
for 7 sites.
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f PBDE congeners in pine needles

3.1.2. XPBDE X2} BDE-209 5%

SPBDE(SZPBDE: & PBDEs% BDE-209Z A|93} 1w
congenersE 3 HE)$} BDE-2099 B%5i= HAFA] A
SEE BJon HAEEE gxy A vehgth o
T $oA AFE Hie} o] A= AH A U
Hds=AY9 22 PBDEse] #d® 5dF Fogddol ¢
© #¢ dH FFAFE HA BEAEE, LA B4R E
PBDEs®] ZAZQ #HPoz Frisle Fo] A8y o
Folt}. Fig. 2= Z 23X 3¥8 IPBDE 559 BDE-209
=9 FAFAE YEHd Aot F ’é-‘?‘—ﬂ BTEE AF
(exponentia)F 0.7 F7}sla lom wl$ {905 A=
0.92, p<0.01)E R, o] Bezares-Cruz %“)01 24

71914 S'Y(solar radiation)yg o] &3] A&=9] BDE-2099]
EHQ_]_- FRe) 2€S A5 A3 nona-BDES A RE tetra-BDE
747 B congenersE0] 21F AEHJT- oAY &
TolA AUF 4 £ BDE2099 %7} =t AL BDE-
2099 FEAH FET 2o FN4E £ AdE AL v

222 AU 9 F BDE-2099 B&7) 2 A9ds
= ZPBDEY B5EE o] &7 st 928 &4 & 5 39l
th. BDE-209¢} XPBDE9] ##4& Chen §'o] 712 o
G2 AT AFHANME §I(r=0.99, p<0.01)3tA e
pra=s

=

100000
®
80000 r=10.92, p < 0.01
2 60000
«Q
a
=® 40000
20000
®
0 o
0 1600 2000 3000 4000 5000
ZPBDE
Fig. 2. Pearson's correlation coefficient between XPBDE and
BDE-209.
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3.2. PBDE homologs2} congeners S= §4

3.2.1. homologs SE=E4H

Table 4= Z324 3 PBDE homologs®] 5=& el
Aot} A&x]7 9 PBDE homologs &X+ deca- > penta- >
tetra- > octa- > nona- > hexa- > tri- > di- > hepta-BDE, ‘?}/g} ]
2 deca- > nona- > penta- > octa- > tetra- > tri- > hexa- > di- >
hepta-BDE, T2 A& deca- > nona- > octa- > penta- > tetra-
> hepta- > hexa- > tri- > di-BDE, |42 deca- > penta- >
nona- > tetra- > octa- > hexa- > tri- > di- > hepta-BDE, &4FA]3
2 deca- > penta- > tetra- > nona- > octa- > hexa- > tri- > di- >
hepta-BDE, H2F28 L deca- > penta- > tetra- > octa- > tri- >
hexa- > di- > hepta- > nona-BDE, vkAj@to g2 s} A A2 deca-
> tetra- > tri- > di-BDE 22 ¥2 FEF Hth Deca-BDE
B EE FEAHANA AdEEE EZMe™ hepta-BDES
d-BDES t)%29) AFlN ALBES JegTh =3
EAAA H SEEE()S ANE 23 AeAHL deca-
BDE, penta-, tetra-7} 242+ 65%, 16%, 10%9]1, <A H L
deca-BDE®} nona-7} 242} 87%, 5%o]lX, AFA AL deca-
BDEZ} 95%°)3, t™4A8& deca-, penta-, nona-BDE7}
b 83%, 6%, 5%o|x, AR P L deca-, penta-, tetra-,
nona-BDEZ} Z}2} 79%, 7%, 5%, 5%c]al, FARXAL deca-,
penta-, tetra-, octa-BDE 7} 22 79%, 7%, 5%, 5%°]1,
= AAHL deca-BDEY} 95%E VER¢en 2 0]€]9 homo-
logse 5% me] 5= 28 Ktk 53] deca-BDES] =
BAHE BE B&2 65%AA 95 %7tA BA JEgth

2 EA+ homologslhigh brominated homologs(hepta-BDE ~
deca-BDE]|= HBHsZ XA)5}al A&3} homologs[low bromi-
nated homologs(di-BDE ~hexa-BDE)= LBHsZ ZAl3k] I
A9} A £A4 PBDEs®] £4& setetid 313t PBDE
homologs = hepta-, octa-, nona-, deca-BDEx= ZFx] g4
Y= Yelhd ¥hd, di-BDE A hexa-BDE homologs= A&
AN Ale=E BYch = B=g] AFL EE homo-
logs7} AATEE VJERIATE & 23 AF7 224 homologs
[high brominated homologs(hepta-BDE ~deca-BDE]: ©]&} HBHs)
9} &4} homologs[low brominated homologs(di-BDE ~ hexa-

Table 4. Concentrations of PBDE homologs in each site

Homologs
(pg/g DW)
Di-BDE | 60.72 | 5037 | 5048 | 36.61 | 1959 | 2844 | 9.95
Tri-BDE | 100.50 | 65.15 | 54.19 | 52.69 | 26.95 | 32.75 | 16.58
Tetra-BDE | 756.23 | 248.08 | 406.46 | 231.74 | 202.32 | 142.97 | 91.65
Penta-BDE |1236.66| 425.21 | 613.76 | 485.69 | 284.52 | 194.43
Hexa-BDE | 116.33 | 59.03 | 105.66 | 65.69 | 43.56 | 30.91
Hepta-BDE | 33.90 | 24.78 | 125.96 | 28.19 | 1944 | 1693
Octa-BDE | 253.21 | 316.77 | 653.94 | 141.70 | 124.22 | 137.66
Nona-BDE | 20091 | 650.10 | 2657.54 | 267.95 | 127.59 | 3.70
Deca-BDE (5185.36/12415.60{89598.78 |6320.88 ]3218.3112163.93 |2041.81

SU AS CJ DG uUs BS | PDR

Sum  |7943.81(14255.10(94266.77(7631.12 | 4066.48 |2751.72 {2160.00




BDE): o|gt LBHs]9) B+ & £&(%)2 77 88%, 12%
E HBHs7} LBHsel| "] 79 F= Esivh 53], 423
94 LBHY 5E &2 29%2 T2 AF9 & 282
6%(2H), 1%(FF), 11%(AT), 14%(&4), 16%((F-2hH 2
S%(st=e)ell wls 2ufollA 2987k EA vheRgh oY
A gA oA LBHsS] 5% ¥8°| ¥4 veld A2 penta-
BDE technical mixture%] Bromkal 70-5DE, DE-712] A}&%
o] ¥ A wla 4ty dFo2 FF5drh £, Bromkal
70-5DE$} DE-719] 242 penta-BDE(BDE-99, BDE-100),
tetra<-BDE(BDE-47) 2 hexa-BDE(BDE-153, -154)2 T4 5] 9]
glon 9 AEREo] 85%(Bromkal 70-5DE)9t 98%(DE-71)=
WEEL AAF J2l22 HEAHA E3] tetra-BDES}
penta-BDES] % E8o] ¥4 veld AL 92 technical
mixture®] A& @Edo] lg AR FWoHATE EI A
&2l deca-BDES] ¥(sunlight)ol] &Jgt #af&o] e
AR Hls #A Jeht LBHsS 4TS 7171 Aoz
#a80.'""Y = PBDEse] HFEE9} homologse) AaHEA
Z 3, HBHs(hepta-, octa-, nona-, @ deca-BDE)2} £ PBDEs
9 AAAGE 0.96 o)Az $-23Kp<0.001) < YRl
o] HBHs”7} % PBDEs®] L& F5-5}& A A AN predictive
indicator) & ¢l & 5 APt

23 A7 7+ PBDE homologs ¥5¢] A#AEAN A}, LE
Z3A A homologs 7t FHAF7L FAF +E(1> 097,
p<00)g Btk o} Shim 57o] 92uvtet Ao A
Aehe avE o8 AFSke PCBs homologs 7+ 43 &
Mg & A AR £ Chen E'70] South China
9 Guangzhour] [FGAY 23, EAIXNY 13 2 wlBA Y
(city background site) 13:]ellA] ©]”] % PBDEs¢] &4 4
FEHS I 2R94E FAER LY olE technical mix-
tures(penta-, octa- ¥ deca-BDE)E TAsts HESo] )
Z Ao FEagr] dEeE wgdnt & £ &34
AREY AY EQzloldE BFstL AUE go FZLH
homologs®] &% ZE2HYo] FAISH vebd A2 Fufol
A} ALg 29 PBDE technical mixtures7} A} A& 7}
A len o] JEE ALFez JU #F A #
PHIL J&E AlAIT

3.2.2. Congeners ==l A FAEHLl 2@ HI}

Fig. 32 Bromkal 70-5DE(technical mixture)s] 24 &
) v <o) AFE BLHEY B FHe] A
vehd Aotk Sjodin '92 Bromkal 70-5DES] 24 E&
(%)E ZAstg=dl 2 A3} BDE-47(37%), BE-99(35%),
BDE-100(6.8%), BDE-153(3.9%), BDE-154(2.5%), BDE-85
(1.6%), BDE-138(0.41%), BDE-66(0.22%), BDE-28(0.11%),
BDE-17(0.022%)2 HIsdth 2 QT ZAF A%
4 = & AEe] PHF &+ ZFHIHBDE-17, BDE-28, BDE-
478E% AEHY =g AW FFAEE A2 BDE4T
(24.1 £2.96%), BDE-99(37.9 + 4.24%), BDE-100(11.8 = 1.94%),
BDE-66(6.8 + 1.90%), BDE-28(5.5 % 1.40%), BDE-85(4.9 =

fjo o

AUR 9 3 PBDEsS 24, w49 9 A9Y 35 833

1.52%), BDE-153(4.1 + 1.16%), BDE-154(4.0 + 0.90%), BDE-17
(1.1+0.75%)% Bromka 70-SDES] 283 ul$ SAMA(p
<0.01) Yelstth =, penta-BDEQ] o) #3 Q] technical mix-
ture® ¢## Bromkal 70-5DE™'¥9] 24 2g3 B AT
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