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Abstract: The objective of this study was to understand the content characteristic of polybrominated biphenyl
ethers in indoor household dust. Polybrominated diphenyl ethers (PBDEs) are widely used as additive brominated
flame retardants (BFR) in electrical and electronic equipment, and insulation in the indoor environment, and
may be released indoors via volatilization or as dusts. The indoor household dust samples were collected from
January to December in 2011 and measured for the concentrations, congener profiles and possible sources of
PBDESs. The concentrations of 22 congeners of PBDEs (the sum of PBDEs 47, 49, 66, 71, 77, 85, 99, 100,
119, 126, 138, 153, 154, 156, 183, 184, 191, 196, 197, 206, 207 and 209) were 35.22~575.88 ng/g for apartment
dust samples and 524.44 ng/g for laboratory dust sample. The eight congeners of BDE-47, 153, 183, 196, 197,
206, 207, and 209 are detected in the more than 1 ng/g. The three congeners of BDE-206, 207 and 209 in
all dust samples were detected.
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$-go] Aol oJBA HlEHEA detstrAl 7P HAEE WX AEE 20119 195E 12971
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°] PBDEs (47, 49, 66, 71, 77, 85, 99, 100, 119, 126, 138, 153, 154, 156, 183, 184, 191, 196, 197, 206,
207, 2095 £418te] et Ax, olgtE Ay WA A HEE PBDEs =% 3522~575.88 ng/gl 2
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A7 7129 EZ((POPs, persistent  organic
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sl AFA f1L9E52] AL AL
gt Aok? g, 2EEE oAM= olE 12
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= t] ¥ d o 8] 2(pentabromodiphenyl ether), S EFH 2
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S dAA g s} AlgF POPs EEE SAE
2] B&3}t] 5 d o] A (PBDEs, polybrominated diphenyl

ethers)= ZefY, A7) - AAI 2 LA}, TV, AEAA,
Af Tl 7HaA B2 T AR Ariste] ek
WA AY A Al BHoZ AMEE gFA B
23394 & sholth. PBDEsE EE3lekslsAd
=9 YR HEE ]9 A7 BESE X 3hH o
PAH ) PBDEsE= AAFH o2 FAER] = Ao
2 gEA o, CIZH(IO—x-y)Br(ery)O'o’] EAAE 7HA]

w #Hd7]e] BEEdAe] f1X|¢F ol mhEt 209% 9]
SZ37|7} A3} PBDEsE F4 540 vton 7
GE BEpo mEk 54¢] thE™ Deca-BDEE V=
ATSDR (Agency for Toxic Substances and Disease
Registry)oll A B2(1 7+l Al & 422 7Hs/do] A
= B3) 5w EEE #EE Ak 53], 4Hist
w2t A7) - AR} AFe] ARge] A F7kE AL
o, o] & %k FAA] FES] A H AEE
F7 AL Qs Aol g, A7IAAAES] 4,
2y 5o ALE&IHF ol &7t T #H 7T odlA
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dRE 7] - ARAE] e BEshdaA el Ag
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certain Hazardous Substances in electrical and electronic
equipment) 7374 tIFERAZ A)stal ok 28
2R 2 AFdAE FAHSRE #4le] tige] HA
Ue BESIEAAS &< #HE Hsto 7HY
92 AYA o Ayt ARgsa e d7)A
2HAFO $HrE BEsPdAA 7 929 AgelA of
DA MiEEH A Hetetaat 7P oA A EE WA
AEE ARERE A - B8t 58S ZABIA
ok w3l Syl 2 AEEHT de 2] - A
AAF 5 HEgddA Fr54E Eg=E &+ A
7] - AAAE H71E] AL 9 HF A2A] AA-A
2 kS vlely] 98 71 FAE R 8- Aot

-

2 ARUS U AEYH

21 AEAH H =24

7% A e olmEA 2011 195E 1297}
A FRto A B EE WA ARE A th(Fig.
1). 78l A E AR E Table 13 o] &, 9F,
7he, AER RS MY St AFE P9
HAE sk FFES AASIAL 500 mesh A =
AX EA AEE FHlsHATE B3, GC/ECD (Gas
Chromatography/Electron Capture Detector) & 8% <]
471717} A APdoA dA Al&E A3 sk
PBDEs W& 5735 Wlasidith. 5, Al dE Qe
A7) - AARAFA AHE dAA 0] S/ B e 71
o] A5 2 AgsHA A ot AFel F2 Bol
AREEIT Qe AlFoZ 927 PentaBDE (DE-717,
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Fig. 1. Model room experiments to investigate BFR emission
from products.

Bromkal 70-5DE™)$} Deca-BDE (Saytex 102E™, Bromkal
82-OED™)9| 7/3/3 %3 vl - AE 33t

22. ABEN

AAE DA AEE B3 POPs FHAE7IZT)
Y F BESUAA BAPES Fuzstel $919
238]4 M3} HRGC/HRMS (High Resolution Gas Chro-
matography/High Resolution Mass Spectrometry)Z
A&kath AFE AN EE AF EFA 500 mLE
2477k & SAE FESIT FE2AL2 oF 2 mL}
TEY v, AF Ao S 5 kA
sen tedasbd 2H(EFE-97178-58-4

X

Table 1. Summary of samples

HFH #OR FR), BTG FY A AYL 5
Asjeirk. 7171 84L 50 WA 55 ARe) A7)
A7HE W EFEZ 2 BC-BDE-138< 2 ng 71k
DB-5HT (15 mx0.25 mm id., 0.1 um, J&W Scientific)
ZA# S 014319 HRGC/HRMSE 35 10,000 ©1%4
(10% valley)©ll 4] EI-SIM (Electron impact-selected ion

monitoring) REZ 53] 5} T}

23 #FESY A Iz

W] 5 PBDEs #2415 913l Native(xt4ataLzt 3t
= U B9 EEER), LabeledFE 2 FA Aol
A4 TR FYshe =R B4 93 A=
£ 3lsl7] 98 £7534), Syringe standards (Labelled
HFEZ Fras IR S8 EA" A F4)
sl= EE34) 18] 3 Calibration standard (CS, g %

£ FEZ)0] AFE-FA T} Native standards= 1353}

labelled standard 4.,4‘-dibromo-octafluorobiphenyl (DBOFB)
o] 50 ng/mL~450 ng/mLe] STA ¥ & W2 A
Ae skl A #slgdom, PCBs 209 (200 ng)©]
syringe spike standard@ A} ST} TS Table 29
e elshonl, AT Solit 2l
A% 09 RE ARy Astel MPARE #H
3199 t}. PBDEs H“oﬂ A7 1359 BC-labelled ©]

Table 2. Analytical conditions of HRGC/HRMS

Item HRGC/HRMS

DB-5HT (15 m x 0.25 mm x0.1 pm)
1 uL (splitless)

Helium (99.9999%) at 1.0 mL/min.
Injection temp. 270 °C

Transfer line temp. 270 °C

100 °C (5 min) — 4 °C/min to 200 °C
(5 min) — 10 °C/min to 300 °C for 10 min
Ionization mode  EI

Detection SIM

Ionization voltage 35 eV

>10,000 (10% valley)

Column
Injection volume
Carrier gas

Oven temp.

Resolution

Sample No. Sampling period Sample amounts(g) Comments
Sample-1 January~March 8.952 Spring season
House Sample-2 April~July 8.834 Summer season
Sample-3 July~October 12.917 Fall season
Sample-4 November~December 9.427 Winter season
Laboratory Sample-5 December 6.285 Winter season
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AAA o] Ht 3T 50~-80% W E POPs 3%
A RA71EANA AAZE 25~150%F f&—és}a‘;v}. A=
A SNH] 3o]1Fe = &tglon, 77t FZAER
mono-, di-, tri-BDE+= 1 pg/g, tetra-, penta-BDE+ 10
pg/g, hexa-, hepta-BDEs= 20 pg/g, octa-, nona-BDEs
20 pg/g 223 deca-BDEsE 30 pg/g ©13Th.

3. &dn ¢ nE

3.1. Al HX| = PBDEs 2AZ1}

olFFE A AFH S 4719 A5} APANA AFH
3k 171¢] A WA = PBDEs A4 E 189
Table 391 A3t #AY 52 Tetra-BDESY A
Deca-BDE7}A] & 22% 2] PBDEs (IUPAC (International
Union of Pure and Applied Chemistry) No. 47, 49, 66,
71, 77, 85, 99, 100, 119, 126, 138, 153, 154, 156, 183,
184, 191, 196, 197, 206, 207, 209)= ¥4 3lo] A &}

Table 39 UERG 819} 7ro] AW o}zl E 2] W x|
| 7% % PBDEs &%& 3522~575.88 ng/go & 1}
Epgtom, o] dA| 9] miEsie S vlawatr] sl AEA
oA ALl ANFE WA FollA= PBDEs7} 524.44
ng/g A& PBDEs7F 7MY & FEE HAEE
AlEE 1939714 A E BHAIER 575.88 ng/g
o7 yehgton thEoz 11944 129 AHA=A
A4 212.15 ng/ge] AAEUL, 8€oA 108 F
o AFY AE 86.46 ng/gS Z LUEMT E3 A F

WA F PBDEs7t 7Hg A HAEE AEE 49004
790 AMHAR NEE 3522 ng/go]l AEH ], 717}
Hlw7 ZEE Al-e 74%¥ PBDEsY] L7t W
A & S ATk

o

B Ao AZ" AW WX = PBDEs A%

2 wgy A7Ae) v ws] B Table 49} ZELE}.
Table 49 VR ule} 7o) =t 927~54,628 nglg
W E AZEYor TS o F v 425-33270 ng/

At g 1= Yebsth 3 559 Hg-oll= 79~19,159
Table 3. Concentrations of PBDEs in dust (unit : ng/g)
House dust
Congener Spring Summer Fall Winter ab. dust
sample-5
sample-1 sample-2 sample-3 sample-4

49-Tetra-BDE 0.69 0.04 0.26 0.50
71-Tetra-BDE 0.71 0.04 0.27 0.52
47-Tetra-BDE 6.98 0.45 1.40 2.72
66-Tetra-BDE N.D. 0.02 0.04 0.11
77-Tetra-BDE N.D. 0.00 0.01 N.D.
100-Penta-BDE 9.08 1.46 11.87 17.17
119-Penta-BDE N.D. N.D. 0.03 0.08 0.27
99-Penta-BDE 3.97 0.85 4.14 3.66
85-Penta-BDE N.D. N.D. N.D. N.D.
126-Penta-BDE N.D. N.D. 0.02 N.D.
154-Hexa-BDE 0.43 0.11 0.48 0.44
153-Hexa-BDE 1.03 0.21 0.85 1.20
138-Hexa-BDE 0.04 N.D. N.D. 0.00
156-Hexa-BDE N.D. N.D. 0.01 N.D.
184-Hepta-BDE 0.21 0.02 0.20 0.53
183-Hepta-BDE 2.60 0.71 3.11 4.28
191-Hepta-BDE 0.50 0.02 0.10 0.28
196-Octa-BDE 3.46 0.22 0.43 0.71
197-Octa-BDE 4.32 0.47 1.67 2.79
206-Nona-BDE 67.72 6.10 13.99 30.00
207-Nona-BDE 76.32 5.76 13.38 32.56
209-Deca-BDE 397.81 30.23 69.93 159.82 426.68

Total 575.88 35.22 86.46 212.15 524.44
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Table 4. Comparison the PBDEs concentration in house dust®'’
Congeners Concentration

Country sample TUPAC No. (ng/g)
Canada House dust PBDEs 17, 28, 47, 66, 100, 99, 85, 154, 153, 138, 183, 190, 209  123~182
China House dust PBDEs 28, 47, 66, 100, 99, 85, 154, 153, 183, 290 181~10,543
China Office dust PBDE:s 28, 47, 66, 100, 99, 85, 154, 153, 183, 290 1,724~4,422
China Outdoor dust PBDEs 28, 47, 66, 100, 99, 85, 154, 153, 183, 290 95~3,332
Germany  House dust PBDE:s 47, 100, 99, 154, 153, 183, 290 N.D~339
Australia House dust PBDE:s 47, 100, 99, 154, 153, 183, 290 79~19,159
Britain House dust PBDESs 47, 100, 99, 154, 153, 183, 290 927~54,628
USA House dust PBDEs 47, 100, 99, 154, 153, 183, 290 425~33,270

PBDEs 47, 49, 66, 71, 77, 85,99, 100, 119, 126, 138, 153, 154, 156,

This study House & Laboratory dust 183, 184, 191, 196, 197, 206, 207, 209

35.22~575.88

ng/gl 2 HIEOH, T2 181~10,543 ng/g W< S HAESL, BAA RN F2 HEHE 859 oA
2 RIFEY v Y2 339 ng/g AEE B 2 Aoz 9o AZAFY o)A REEAS
HAoH I B ATAGNN M & FER AE v - AESIGTE AW WA F 22%F 9] PBDEs £4
¥ PBDEs £32 575.88 ng/g QL B4 U= A T A3, A8 F 1 ng/g oI’ HEE o] = BDE4T,
ol Hla] W2 FEOR YEh, WAA 7 ALt 153, 183, 196, 197, 206, 207, 209 5 8F O 2 ZAlY
A ZE Z7)olE vE 5 ARTE FA0F ALRE Aom, RE BA] A]Zo|4 BDE-206, 207, 2092 7
o] @A) ml=ro] 7P WAl Bol =EF ] ke ZHon, dF AN EL EAE U= Ak

A4 ket R8Tt Fig. 20 JElt vle} o] A|g¥ R 9 3F9] o]y
Al (BDE-206, 207, 209)°] #2578 2, BDE-209

32 O|MH 2=ZSY 7} 69.1~86%% W& 2™, BDE-207°] 6~13%, L
 AreMs AU 22F9] o] 8Ae] w254 2|3l BDE206°] 4~12% WSIE WiEE AT 9

4

R

Sample-1

86%

75% 81%

Sample-4 Sample-5

Fig. 2. Main congeners of collected samples.
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Sample-1°] 73 -¢-oll = F8 3F <] o] A ]9 ¢ BDE-
470) T 22 12% AE A e Aoz Jel
t}h ol 7|20 48 =] 7PAAIE F - PBDEs
o] gj¥-e] BDE-20931 A3} UX|3h= Aol
=] A WA F FQ o)A BRIEAS A
BA oS Fig 33 2tk 2ol vebhd blel ho)
2 AT Azt 7129 A3Aztel] vis] @A vel:
t}. 53] u=e] Ay WA= BDE-209 TS0 2

100% -

90% -|
209-DeBDE
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Fig. 3. Comparison the congener pattern of PBDEs technical
products.

BDE-47°] Z}A| 8l H] &0 2 Z 0 & ZALE o] =
el AEddage o 302 ZAEHY oY, T2
A Wz wjEoEe 79 Y)FE BDE-209°] Hj
E5= 0= ZALE Y Fue] AEHEF A=
ZOR ZAMEJT 2B R F=dlA] AF st 4
gt A7 AAAFA E= T2 Deca-BDEZ} AHE-E A
0l Zlo7 FoEc

e, Fig 39 UERd vk} o] AFESE AREH
£ Penta-BDE (DE 71, 70-5DE)Y] £ ©]4 4= BDE-
47, 99, 100°]™, Octa-BDE A &2 FQ o]AA=
BDE-183°]|t}, 71 o] A% 1+ Deca-BDEE
95%0°]4ko] 102EU} 82-OEDE 74l & o]t} <] €]
EA%E WA Al59] o]/dA] siel-> BDE-2099] H]&°]
57 N B Ha 784%S A BT o] tHE-E Deca-
BDEZ 4% 102E (96% 1’} 82-0OED (91% ©17d)
o] TS W Ao Z FHAF oM, ujte] HA| A
¥ IUPAC No. 99, 1009] #X H]&o] Fo} F&
AHE-EE WA A F Penta-BDE (DE 71, 70-5DE)<]
FES AHAor e o7 Holy 2

33. ALl ™MX| & PBDEs gfSM D

AU Wz F PBDEsE £43 A3} F= BDE-
206, 207, 209 3Fo] AEHALH, o]FoA 53
BDE-209°] 72| tJH-ES A3 e A=
el asje g, WX FoA &% BDE-209 ©]9)
o] oA tsiAE T FEe] ARgol oAk
t= BDE-2099] 37 5 E3 A= A=, A
F2 AM-E I 9JE Deca-BDEE AMETAR Zo T-S
9| Fig. 49} 7Fo] A|7ko] Al met §HE3)E o
ksl o] e PBDEs7} WAl oM A2 4 Q)
T} Hua 58 A 81938 7R3 A7HE = &3
AHES Bele Ayt HFH O HFHESE T A
BESHE7A EsEtta Rag v o o] & B
2 2 o), ¥4 FolM HAE¥ BDE-209 2] o] A

Fig. 4. Debromination of Deca-BDE."

Analytical Science & Technology



Contents characteristics of polybrominated diphenyl ethers (PBDEs) in indoor household dust 119

= L HEo] EA] obx AFAR] AFPenta BB
Octa).J FPRT= B F 2o AR A
4.4 =

®oq

= AT e FAH R d e Bl Ha 3l
© BEshdaAe] &2 #EE Slste] 7Pl
ARSI Sl 7R Fel S BEshd A
7b -2le] AgolM @A mjE s A detetaat
oM B = fA AEE AF - BHs] MiEs

& ZARBHAT

olFFE A AF S 471 Almeol APANA ANH
31749 AW WA F F 22% 9] PBDEs (BDE-47,
49, 66, 71, 77, 85, 99, 100, 119, 126, 138, 153, 154,
156, 183, 184, 191, 196, 197, 206, 207, 209)S 24
sto] e A, olgE AU AR A FEE
PBDEs F%& 35.22~575.88 ng/gl 2 UEptow, 4
Aol AL AHE WA Fo|A= PBDEs7}
524.44 ng/g AE= At AW WA F 22F°] PBDEs
AT, ANE F 1 ngg ©1F AEE ol 3A=
BDE-47, 153, 183, 196, 197, 206, 207, 209 & 8& <
2 ZAEQ o, RE B A FoA HAEH F9 3
Z2o| o] A A(BDE-206, 207, 209)2] X EX S BH,
BDE-2097} 69.1~86%% #]Z %21, BDE-207°]
6~13% 18] 31 BDE-206°] 4~12% WS Z w5
ot 53] m=9 A WX 4= BDE-47°] A3}
< H&o] Fo} FU 9 AEHdd= tEA vE
O}, F5& BDE-2097F & wjE = o] o]
Zield dx|ate Aow ZAHYTE S 24
sk Wz AlF 9] o] Al Bl BDE-2099] H]&o]
570 AN E B 78.4%XFA 8L 9lo] tIE-E Deca-
BDEE FAE 102E(96% ©]*)1} 82-OED(91% ©]
el dEge we Aoz FAuEAY, arE B
A4 WA FollA HEF BDE-209 92| oA
= 2 Hlge] A ZolA HFH AR A F(Penta T
= Octa)?d] YIHU+= 34 T E&9 23z A
Hoh
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