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We investigated the concentrations, congener distributions, and characteristics of polybrominated diphenyl
ethers (PBDEs) in house dust samples collected from general houses of an industrial area in Korea. The mean
concentration of ZPBDESs in indoor dust samples from 20 houses was 1900 ng/g, while deca-BDE (BDE-#209)
was the predominant congener accounting for 85% of EPBDEs. The concentration of PBDEs increased with
the presence of electrical/electronic products in the indoor environment, except for the dust samples collected
from the inside of TV. The congener distribution patterns were similar in nearly all samples. However, BDE-
#99, BDE-#100 and BDE-#47, which belonged to Zlower-BDEs (38%), were dominant in the samples from
the inside of TV, displaying a slightly different distribution from the other indoor environment conditions.
Meanwhile, there was no relationship between the particle size of house dust and the PBDE concentration. The
distribution patterns of congeners were also similar to those prior to re-classification (>150 pum). In this study,
we concluded that the electrical/electronic products were an important factor for the concentration of PBDEs
in the indoor environment, and deca-BDE was a major contaminant. Therefore, analytical methods for deca-
BDE should be established for further regulatory monitoring of PBDEs from electrical/electronic products.
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vlgHz] 3 PBDEs®| #42 POPs ¥ E7]E
2 US EPA method 1614 &3lo] A2 £
AP ol &A= POPs 384187 15732] 178 (tetra-
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Table 1. Instrumental conditions of HRGC-HRMS for
PBDEs analysis

Agilent Technologies

HRGC 6890N GC
Canill column DB-5HT (15 m x 0.25 mm
priary id. x 0.1 pum)

130°C (3 min) —
10°C/min to 210°C —
5°C/min to 280°C (10 min)
— 20°C/min to 325°C

Oven temperature

(3.75 min)
Carrier gas Helium, 1§ kPa
(1.2 mL/min)
Inlet temperature 260°C
Injection mode Splitless
JEOL 800D
HRMS Mass Spectrometer
Ionization EI mode ..
(electron ionization)
. SIM mode
Measuring

(selected ion monitoring)
Ion source temperature 280°C

Ionization voltage 38 eV
Ionizing current 500 pA
Accel. voltage 10 kV

Resolution >10,000 (at 10% valley)

o Aol HA=A FHavg=el vl sigsle #E
245 ARl Ede Ao 73] o whE
At Ao S BEAAl 3145 w3 s
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& WiREEZ 1159 358 Uee 56~140%9<
W, POPs 3% A% 7] (tetra- ~ hepta-BDE: 25~
150%) 2 US EPA method 16149014 AASIL U=
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Table 2. Concentration of PBDEs in house dust samples collected from an industrial area in Korea

LOD LOQ Detection .
Congeners (ng/g) (ng/g) ratio (%) Mean SD Min. ~ Max.
BDE-#3 0.36 1.20 NDZ
BDE-#7 0.05 0.16 N.D.
BDE-#15 0.03 0.11 80 0.07 0.05 <LODP~ 0.21
BDE-#17 0.05 0.16 90 0.15 0.09 <LOD ~ 0.38
BDE-#28 0.04 0.13 100 0.34 0.21 0.08 ~ 0.84
BDE-#49 0.10 0.345 90 0.42 0.33 <LOD ~ 143
BDE-#71 0.10 0.32 N.D.
BDE-#47 0.07 0.23 100 9.47 8.87 1.95 ~ 37.6
BDE-#66 0.08 0.26 100 0.39 0.32 0.08 ~ 1.28
BDE-#77 0.06 0.18 N.D.
Lower-  BDE-#100 0.05 0.18 100 2.18 238 0.45 ~ 9.90
BDEs  BDE-#119 0.04 0.13 N.D.
BDE-#99 0.06 0.22 100 16.7 27.4 2.30 ~ 120
BDE-#85 0.08 0.27 90 0.45 0.51 <LOD ~ 207
BDE-#126 0.04 0.13 N.D.
BDE-#154 0.07 0.25 100 1.03 1.07 024 ~ 435
BDE-#153 0.06 0.20 100 1.83 1.61 050 ~ 7.16
BDE-#138 0.16 0.52 55 0.21 0.26 <LOD ~ 094
BDE-#156 0.10 0.34 N.D.
BDE-#184 0.12 0.41 40 0.16 0.17 <LOD ~ 059
BDE-#183 0.06 0.19 100 4.89 5.71 170 ~ 27.6
BDE-#191 0.05 0.18 100 0.35 0.39 0.12 ~ 1.83
BDE-#197 0.18 0.59 100 466 142 160 ~ 19.8
Hich BDE-#196 0.24 0.79 100 8.59 14.3 2.88 ~ 682
];%];’Sr' BDE-#207 0.50 1.65 100 93.8 89.4 25.8 ~ 342
BDE-#206 0.25 0.82 100 97.2 107 23.4 ~ 447
deca-BDE 0.98 3.25 100 1650 1990 381 ~ 9150
Slower-BDEs® 386 a5 8.48 ~ 150
Shigher-BDEs? 1860 2160 436 ~ 9830
SPBDEs® 1900 2170 473 ~ 9860

aN.D.: Not detected.

P<LOD: Below the limit of detection (calculated as 0).

“lower-BDEs: Sum of BDE-#3, #7, #15, #17, #28, #49, #71, #47, #66, #77, #100, #119, #99, #85, #126, #154,
#153, #138, #156, #184, #183, and #191.

4 higher-BDEs: Sum of BDE-#197, #196, #207, #206, and deca-BDE.

¢~PBDEs: Sum of Xlower-BDEs and Xhigher-BDEs.

SPA A L] dngolA] AFH S vi=wA] 5 PBDEs
ZA3E Table 201 YERNSILE 2752 PBDEs & 22%
o] AHHEA o] ZAA (Zlower-BDEs; BDE-#3, #7,
#15, #17, #28, #49, #71, #47, #66, #77, #100,
#119, #99, #85, #126, #154, #153, #138, #156,
#184, #183, #1919} 5% IEHEFA o] AA
(Chigher-BDEs; BDE-#197, #196, #207, #206,
deca-BDE)Z #-73f] A1, Thigher-BDEs?]
F45(1860 ng/g)°] Zlower-BDEs(36 ng/g)X.tl 50|
ol E& Aoz yehdt) oA X deca-

BDE7} 85%% 2™, BDE-#207 2 #2067} z+z}
5.6%, 55%2] Hl&-S B S| vlgR]= A EEA
o] AAl 28l 2HH Aoz I rH(Fig. 1).

2 A7) AaE WA RS AH A= F HFH B
W, AMH A, 222 B 58 k] 2=
AP Aof v Wt th(Table 3). = A3} 5w F7H"
= 380~9340 ng/g (2009); 466~46883 ng/g (2009),
Fhel: 10~61000 ng/g)BTth TA3] Lrx| k202620 o
=(360~520000 ng/g)s Ae|g o F1 =7HEY:
36~1580 ng/g, EEF7: 34~1928 ng/g, HW71l: 4
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Fig. 1. Distribution pattern of PBDE congeners in house dust samples collected from general houses of an industrial

area in Korea.

Table 3. Concentration of ZPBDEs and deca-BDE in house dust samples of this study and other countries

Country Sampling year ~PBDEs deca-BDE (%) Reference

North America

USA 2007~2008 3190 2810 (88%) Johnson-Restrepo & Kannan, 2009%°
USA 2008 3385 1398 (36%) Imm et al., 2009%
Canada 2007~2008 5000 3000 (47%) Shoeib et al., 201227
Europe

UK 2006 45160 45000 (99%) Harrad et al., 2008°
Germany 2008 438 354 (80%) Fromme et al., 2009%8
Portugal 2008 839 751 (90%) Cunha et al., 2010%°
Belgium 2008 694 590 (85%) D’Hollander et al., 2010
Asia

China 2008 2662 2598 (96%) Huang et al., 2010%
Japan 2005 1000 820 (82%) Suzuki et al., 2009%!
Singapore - 2900 2200 (88%) Tan et al., 2007%
Taiwan 2007~2010 2630 1080 (41%) Chao et al., 2013%
New Zealand - 2756 2505 (91%) Coakley et al., 2013%
Korea 2007 2550 2100 (80%) Lee et al., 20133
Korea 2010~2011 4643 4354 (94%) Lim et al., 2013%
Korea 2011 287 217 (78%) Kim, 201338
Korea 2011~2012 1900 1650 (85%) This study
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o] ol AHEA o|dAA|] 7]o]go] H& Hr)
=7}e] 79 A PBDEs AAE AF&#9] 50%=
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kD sk, o] MATE deca-BDES vietA
2] FQ o|JFAR AL .o 3639 PBDEsd
oJgt eAHSS Tt Qsixe thde N E
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o] MR FF B A Sl wE PBDEs®| 1+
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=~
T 2 ol dEA EXE Vsl flste] FAA, A
]

£ AFsl) Bt o 29 AFEAL) R4
o] 8960 ng/gZ 7F¥ =3, 1 o= TV Ul¥-(4230
ng/g), 7171 ¥2341(2460 ng/g), A2 (1170 ng/g), L
2122 FAA (354 ng/g) °It). o)A EEE deca-

ZLower-

ZLower-
BDEs
(14%)

LHigher-BDEs
(96%)

ZHigher-BDEs
(86%)

BDEE X3sl= AHEEA o]AddA|] 7]odgo] 62~
96%2] ML= AEE T8 o dFA o] A=At
(Fig. 2). 13{u} TV UiFe] HAAFM = ABEA
oA ] 7]11&(38%)°0] ThE AUl nlste] A&
Aoz =g},

ool Aol A HFEA 2 7|7|EAA ] WA
8 T o] FAAe vkl dAsHA Egkom,
PBDEs®] 74 di1o g FAE= 7] - AAAE
o] BIX|fol| we F31E s Aol Btk 1
2 gl FR70] e o A@Ae] ¥ ol B
ZE|A) ket ol9h e A 77 - A} AF2] A
2t o)A H71e PBDEs A#1E, £3] c-Deca-
BDEs¢] ARgol] w& Aoz AyzteEc$ s TV
U] dxAE F o|AdA Exe AEEA o4
Aol 71edgo] v Aol nisle] vwd = 7
&S W=, o] PBDEse] sk A7} o] Foix]
7] o]z91 199010l Ak AEFo 2 AFAHANA c-
Deca-BDEstRF ofe} 2| B8] o] & 7F 3921
c-Penta-BDEs 5°] AREHAS 7FsAl0] o, 1=
7] 2B Eslol o3t AEEA o] dAA ] A =
3 FeFe v Aoz e

ZLower-
BDEs
%) °

LHigher-BDEs
(96%)

Lounge area Office Analytical Lab.
(354 ng/g) (1170 ng/g) (2460 ng/g)
ZLower- ZLower-
BDEs BDEs

(8%)
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(92%)

Computer Room
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(38%)
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Fig. 2. Comparison of Zlower- and Zhigher-BDEs in house dust samples collected from different indoor environment

conditions.p
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3.3. BX|o| AHBE PBDEs ZHrTE E O[MEN  d4E gi= Zo= Addn.

[ = Rewrd
(L

upHA| o] 9174 PBDEs 45 @ o2 & 4. 4 =
X A= Fg. 3o JepSlth. 947 7% ZPBDEs
o] ZFE(9860 ng/g)el 7 E=kd Anbrbgel np B A AU F 9AXNEES e
oA AlE A A9 150~75 pumelAl 7230 ng/g, PBDEse] Z54E 9 olgZAA EXEA, g8y A
75~32 um 7920 ng/g, 283 <32 pm 7030 ng/g® 7] - WA} AE] NN HE 2 AU EF w2 7
T vwste] e SO deca- FEAES olugon, ojske] A8S AU
BDFA 71od&0] 88~91%% U7 - (93%)% A€ Ank7ge] nlebdx] 3 27% IPBDEsY] Hdt b

Al UElT) olget A= vigwx] 5 i 5 1900 ng/g ©11e ™, TPBDEse] tigh o147
£9] IPBDEs FL& Yehd dubrge] uigbdx] Al A9] 719982 deca-BDE(85%) > BDE-#207(5.6%)
2 B(50~75 pm: 2690 nglg, 71%; 75~32 um: > BDE-#206(55%) <02 HEA o|4EA <&t 9
2670 nglg, T7%; <32 um: 2750 nglg, 76%)% o3 o] FL3 Ao yepgrh, 2h)g7 £57 PBDEs
okl o] AR vlebiz] Alg CA50~75 um: RS AFEIA (8960 ng/g) > 7171 141412460
1440 ng/g, 80%; 75~32 pm: 1350 ng/g, 73%; <32  ng/g) > AF-AE(1170 ng/g) > FAX(354 nglg) =&
um: 1350 nglg, 7A%PINE U8 AnE B 2 A7) - AAAEe) vjA el met e Aol
Aol ofshd FokRel PAHsS] Avole 974 NS, deca-BDE 59 AEEA o[dAAE F8
o] ZoHFE I Fo] FUIehe AFE Hole v o dEAR she AR £EE Btk Zev TV U
o] 904D PBDEs®] ZHRe2 WA 947 kol Ho| mAAE T oldEA B e Auisge) v
e Ao UrE}k}E}.g“"‘z’ o= thE POPsET} w2} 3] AEEA o[ ddA9] 7]9&38%)°] Hld =&
o] & PBDEs®] =& - 318H B4 o3 Zlem  AFS Bk 3, WA 947l e PBDEs®] 7t
Azttt = PBDEs®] %7t (vapor pressure)zt & Tt o|AFA B Alolo] A#AlL gt
7]-H2] Eu)A| S (air-dust partition coefficient, Kad)7} B o] Azs goksle] ) AE = uiokd
7] wlel 3 E ol Aol ¥ X3k HEY X9 2H9e FHEA o|JAA(ES], deca-BDE) <]
Aol 571 ZVRGE olejdt Aol AN wah @ Zow Uepir). wep Suje] PBDEs HARE
WA A s HeAT ol540] B decaBDEY olal  W718}7] YSIME tetra- ~ hepta-BDEs 9Joll
= oduo] 97] MR §AT ARSE Allel A B oAAE Edeks B AR A&
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