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FEE . TIRIREE(BDE-209) 515 50k ( DP) & PApa UL A7 In 28 o A BEIAR) )32 B ARl 7= S, ol 3 3k A7
TETZMIAEN T BE B —M ) ARG Y TTRES X AR BAE S R G R E. A Eile T 587
TSV S R VAN RIRELE | &AM ZE RS BDE-209 5 DP /K. 455K HlANTHE . KAMELRST
BDE-209 [ F-H17K 43514 370 pgem > | 470 pg-m ~* , RIZEH 220 pg-m >, 390 pg-m 5 H AL Fid XA H )8 F 7k
BRI, TP TR DP R KEh 0. 85 pgem ™ 0.25 pgem T, RIREL R 0.24 pgem ™| 0. 16 pgem ™, PHTHIK
FETRIRE  EEKFETAZE, SHAM XA, 554 DP BAKERAL. WTT S5 KIRE DP Ay [E 4 S | ani-DP
ST 4 E A 4300052 0. 66 £0. 04 5 0. 68 +0. 06, ERT [E] 525 _E AR LA R, 4 BDE-209 5 DP 223155 /Y fAH G M, Ut
WP A5 L W) AE 5 144 FT R T A [R] A A b TR

SRR . I ACBEAR ;. TIRIOREE ; A5 T0RE; iR, RAUKT

FESES. X51 XEERIRG: A XEHS: 0250-3301(2013)03-1129-07

Levels and Sources of Decabromodiphenyl Ether and Dechlorane Plus in Xining
and Tianjun, Qinghai Province, China

HE Chang, JIN Jun, MA Zhao-hui, WANG Ying, ZHAXI Zhuo-ma, MA Li-hua

(College of Life and Environmental Sciences,Minzu University of China,Beijing 100081, China)

Abstract: Decabromodiphenyl ether (BDE-209) and dechlorane plus (DP), two common additive flame retardants, are widely used
in electronic products. Since they are widely spread in both abiotic and biotic environmental samples, they have attracted worldwide
attention. This study reported the measurement of the levels of BDE-209 and DP in the atmosphere of Xining City and Tianjun County
in Qinghai Province. Compared with other areas, the average levels of BDE-209 in Xining City were higher, 370 pg-m ~ in summer
and 470 pg+m~* in winter, and that in Tianjun County were 220 pg+m > and 390 pg-m >, respectively. Meanwhile, the average level

3

of DP was at a low level both in Xining (0. 85 pg-m ~ and 0. 25 pg-m > in summer and winter) and Tianjun (0. 24 pg-m ~* and 0. 16
pg-m~’ in summer and winter) , which showed that the level of DP in Xining was higher than that in Tianjun and the level of DP in
summer was higher than that in winter. The anii-DP fractional abundances (f,,;) in Xining City and Tianjun County were 0. 66 +0. 04
and 0. 68 +0. 06, respectively. Neither seasonal variation nor spatial variation of f, ; was found at the sampling sites. A weak inverse
correlation was found between the level of BDE-209 and DP in Qinghai, suggesting that the local sources of the two pollutants may be
different.

Key words: halogenated flame retardant; decabromodiphenyl ether ( BDE-209 ); dechlorane plus ( DP); Qinghai Province;

atmospheric level
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Pt D AR SRS R . B E
204 BDE-209 31 M &8 1F A 7= B 7= k7L 459 SR ()L
(FNFEINK ) ¥ FE, dechlorane plus, DP) &3
[ OxyChem fb24 78 FIFE 20 422 60 A8 T 84X
R R & B IR 7 DP A FE I (syn-DP) 5
3 (anti-DP) BIFP R 23 S 44. T DP H AT BHA
Rtk HATe 2 HER L, mds, B le, mFIT
. AL Bt LA A T AR . BT
BDE-209 C#IIA (T POPs 13 5 8] IR FEE LN 4)
HIH 4% B0 S4% BDE-209 AR o — A4
BRI RIS A HGEFR DP 7] E/Z BDE-209 [)%F
fRART. FEIT 50 4EH, OxyChem fL22 /0 & DP fy 7=
AR AR 450 R YT IR B RN T
M 2003 AFEALH 7 DP, REAR B 5 7E 300 ~3 000 . H
TR A= 5, DP C 38 [ IR B A 4 8 51 ok e =
HYIR. SR, B #2006 4F Hoh 2™ A f JefE S5
FRMIHLX )RR Y & DP. s, R
E%[M,ISJ N 7J(,ﬁ:[13,16] . 7J(€Eélz%[l7~l9] . WEZ[ZO,ZIJ .
NP2 G BB A i ¥ &2 BLT DP, B8 DP
EA A —Fh R TT YY),

. EAG KK BDE-209 1 DP 35457 3 B4k

ae

=

e B! A
- i Y R L
S A
N G AT 4
. ] # “—
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PRV A2k ML X 2 TAT T 98 55 J5 i X BDE-209
1 DP IWFREAE S A BR. R, iZ X DP Bk
5 BDE-209 AHRL, W ASAR I AT, 5 50 o B
Bt bR R VR v R, LA TR
Tl AT, AR T B IR0 A e . IR A K
P T R T R IX 45 P B R M AL e
B EZORIR. ABFIE B FE AT T 75 98 e SR AR L

VEIBETE TS RIREE  £WERSH DP 5
BDE-209 AY7KF, 78 L3Rl EorHr P i 235 22 5%
T PR ST 0 AT BE S IR, X T — 28 TR e AT
KREIHEATH A —E L.

1 #B5FEE

1.1 FRALRE

ARG R FE M R EF A T
(36.599 8°N, 101.794 5°F ) Fl 75 i 44 ¥ V4 52 1
MG [ 94 N KR . (37,466 7°N, 99.052 4°E) , fif
BEWE 1R, TG S R AR N R IR
BRI TR, E R0l 22 B S, 4
HEGRIFR 2,57 77 km®,2003 4E R B AT 1.8 JT A,
S E T .

E1 KRSRERHNMESHRE

Fig. 1 Distribution of sampling sites

1.2 SRAEMTE

F2011 £EZE(8 A5~7 H,9~13 H) A
2012 4EAZE(1 A 12 ~19 H) 20 BIETE T 1 ALK IR
B KB-6E TR RFERS (5 B A FRH A
RS ] ) SRR RS R ORI R 8 A, ISR

FE24 b SREEG I 100 Lemin~', RFEE RS 51
m#E 1 fR.
1.3 SCERAR

FEALE AL FE Agilent 6890N-5975 LTI FHAX
(Agilent, USA) 5 Jight 75 KA ( L 52 AL ER

F1 KERHFER

Table 1  Information of air sample collection

P %73 AR/ C 155 /hPa SR GE/m s ! AR/ % KR T SRR
/m s ES s HE s LES s S /m’

M 2298 -9 20 766 769 0.8 1.4 72 85 144

KigE 3420 -15 13 663 675 2.1 1.6 60 80 144
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J7) 5 BF2000 AR A (bt A\ 5 th 22 B A R
ANFED s KT R ( HARSHEAF) . HE(EHE
MREDA /A7) . & H ke ( 36[E MREDA A7) | 1E
CBE(J. T. Baker 2 &) ¥ AR, FrifEd) .
"“C-BDE-209 , °C,,- BDE- 209 | "C,,-syn-DP, ¥ 1 [
Cambridge Isotope Laboratories; "C-syn-DP | "C- anti-
DP Il H Wellington Laboratories.
1.4 FESA AR

TERE Sh fP A 25 ng “C,,-BDE- 209 Fil 4 ng
Co-syn-DP WHRH 5 , 76 R R HE BCES ] 200 mL
IECRE- AR REIR A (1 1 R i ali 24
h. FHERBORE 78 £ W46 2 4 mL. W46 5 MR 5
SEXIA R WAy, — 1 RS RE IS 52 A 4 B 4tk H
F5E BDE-209 , 55— AL AL R A 4 B alifh
ME DP. RIS IEE 25 & 2 1 ~2 mL, ¥ 7% 2 ik
FEI , 4L AU E 100 L, GC-MS I 5E.
L5 A&

BDE-209 ; (&l H:2K F DB-5MS #: (15 m x 0. 25
mm i. d. JEJEO0. 1 wm; J&W Scientific). #JUHEE
4 100°C 445 3 min, SR )5 LA 4°C - min ' YR T2
300°C , f4F 22 min. HERECT BFUR | DU Y RE
A3 91 A 290°C, 150°C, 150°C. #H S W E N 1.0
mLemin "' RSB 1L, H Ak
BIUR(NCI) |, e 1A (SIM) #4738 & 20 . M
BT m/z 9 407 . 486, NFRPIAEIN S T m/z
Jj 486 . 494.

DP. 43 4E % ] DB-5MS £ (30 m x 0. 25 mm i.
d. ,JEJE 0.1 wm; J&W Scientific). #) 4 JE N
100°C , 4% 5 min, 10°C - min "' F} & 300°C , f4F 5
min. PERECTEEE A 250°C , HiAtb 2445 BDE-209 #H
[Fl. FH m/z 2k 652,654 Wil syn-DP 5 anti-DP,m/z
4 666,668 Wiilll"“C,,-syn-DP.
1.6

syn-DP | BDE-209 ¥ [ R Bk E S 5
SRS IE 2R | anti-DP FH N AR 52 & AT 5 05 88 1E |l
LR 3 Tl R A R I LR M OE R B - KT
0.999 5. syn-DP 5 anti-DP F{LERKEHIFR A 0. 1 pg,
FFEER L BR 4 0.05 pgem ™, BDE-209 A4 X #8546 i1
B 5 07 A6 H BR300 8 2. 00 pg AT 1..00 pg-m .

ST, DA BT (A S B ) bR, 9k 7 i [l i
. Chy-syn-DP WY R Ky 94% +5% (n =3),
C,,-BDE-209 [ [RIR A 95% +3% (n =3) , Bt
FEAS—A~ 23 FORE IR 28 FRE i 25 36 2 o DR E
ER .

1.7 JRS G

S AN SRAE 5 43 3 HYSPLIT #5581 F 58 KSR
TR, 2 R R B A T 4 1 5 1
B By 1, AT LS I R X IE 2K BF 5T
W, BEAJE B s AT A 72 h, R4 %R
S NOAA 1) GDAS %k FFaREf )i 5K 08 .00
14:00, 20:00 S5 —K¥j= 02:00, H R RAE S E
W28 d BT I Bl AT R 2 40 H, A5 B M T
25500 m Kb 5 [ L.

2 HFREIHE

2.1 HEFAETHMRIREKSH BDE-209 f7K-F

HHWH TS RRERIFES TR T
BDE-209. PiTTiE | & MK H BDE-209 /K-
(¥ + bR W 22, T I8 433 R (370 = 220)
pgem > (470 £110) pg-m 7, KRIREH K (220 +95)
pgem . (390 £120) pg-m . FHIFH T H K
IR B H BDE-209 97K F-HLE 2. Hoh %245
T2 Chicago M X K PBDEs HY ¥ &, BDE-
209 M 1.5 ~878 pgom , HIME K 60. 1 pgem >,
5 > PBDEs MM 60% LA I-. HZ Kyoto Hb X
BDE-209 A& & An. d. ~48 pg-m ' I X
BDE-209 & N 99.9 ~443.7 pg-m ™, ¥J{H N
263.8 pg-m . FHEE KA T BDE-209 ) =
5 RO | &0 Rk kT KE A Y,
SN B FERAIG | ST sl i A B IR 1 R L
KA H BDE-209 7K AT Ak 485 i 7K -

1 000

800

600

400

eI /pg-m™

200

—

i i

B2 BBEAAETHESRIEE XSS BDE-209 iKE
Fig. 2 Level of BDE-209 in the atmosphere of Xining and Tianjun

2.2 HIFEHTG TR B ISP DP K-
P RANE | ZMZE DP K532 (0. 85

+0.45) pg-m >, (0.25+0.17) pg-m i KIRE

2y (0.24 £0.11) pgem ™, (0.16 = 0.05)
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pgem . anti-DP FEFTA FKAHE S T B K syn-
DP B9KE Rk 69% . P8 T KA DP vk B v il
$70.05 ~1.47 pgem ", FIECH 0. 41 pgem . K
IR EL W K 0.10 ~ 0.46 pgem ™, A% K 0.15
pg-m . FIGEEVE T AR IR B KA DP KA
UL 3.

12 [ sys-DP
[ anti-DP
1.0 -
w08
&
= I
=
#® 0.4 ]
02 e I | ] ) :
Bl o | R v [ — -
0+ == ==
1 1
WHTHF WT4F K5 % K45

3 EBEAETHEREEXASH DP WiRE
Fig. 3 Level of DP in the atmosphere of Xining and Tianjun
mT DP HARER K (g K, =14), K1t
KAHH DP 46 KA i 2 ok &S 7. Hoh'™
I Chen™) %543 510 £5- WURLAS 0 9 DP 3 8015 KR
o DP LA B AY99 % F198 % |, K L AT L) A 25 rh

DP (17 5 R KA DP K. & 2 i)
T AR T A DR S DP R OKF
Fenl DB, 5 e KA DP 536 2 thir s [ N
AN HABIR T KA E AL F 3K N DP Rk
FERFE VTR FI B S T RIRE X5
Ren 2577 A5 A 25382500, 30T B Tl Ak 7K SF- i 9
X KA DP i B s TR S D/,
WA KR A HL X, F T g SRS e H Y
) Tk T sl I AR ZL, S 3T 3 RS0 DP K
AR TR 43 i 3

Ffui [EFIR anti-DP &5 5 8 DP SR LU, 5
PEHIRFR DP Hp AR AL K. X F AN DP 1
B = & £ TE I HRIE A BT 22 5. R 22 35 X
OxyChem k27228 WY 77 b 1 £, (B2 BT 45 2R 530 Ry
0.75 ~0.80"%"  0.65'")  0.64" ; xfrpEZFH AL
NP ST EE R 0. 60 £0.017° . PFETTHE
ZPHZE £ EYIME 50 0.66 +0.06, 0.66 +
0. 01, 1 KIREA4354 0. 64 £0.05 ., 0. 69 +0. 04,1
P i E Rl DP Y £ M8, T H TG R 2 R
WA [ 22 S ENI . X A 7R T B DP A e
T8 LA Ko - a7 3 180 b 1 b IX, KRR DP Y ST AR
VEREME AN S BR [E] | 2 () AR IR ) AR R i A8 Ak

£2 ATREMRKXSH DP KFE

Table 2 Concentration of DP in the atmosphere in different areas

TR R P R ik
Sturgeon point, NY, USA (477X 34 +24

Cleveland, OH, USA (A4 7=J{X) 23+9.8

Chicago, 1L, USA 2004 3.19 0. 88 L UP TR [8]
Point Petre, ON, USA 3.40 +0.07

Sleeping Bear Dunes, MI, USA 0.30 0. 07

Eagle Harbor, MI, USA 0.15 +£0.05

Sturgeon point, NY, USA (4= X)) 20 6

Cleveland, OH, USA 7.2+1.2

Chicago, IL, USA 2005 ~2006 2.4+0.3 B + PR [29]
Sleeping Bear Dunes, MI, USA 0.8+0.3

Eagle Harbor, MI, USA 0.8+0.6

Urban areas, China 2005 15.6 £15. 1 B - TR (117
rural areas, China 3.5£5.6

Urban area of China 2008 ~2009 0.47 ~35.7(5.65) A 1 R 1307
Qingyuan China( HiF 3% R EIHh ) 13.1 ~1794(363)

Harbin, China 2008 0.35+0.21 TR AT [16]
East Greenland Sea and Atlantic Ocean 2009 0.05~4.2 S + PR s [31]
rural areas Spain 2009 0.81 £0.72 A ORI 132]
urban areas, Spain 11.3+£10.2

Anpon, Huai’an, China( 2E=JEIX ) 2009 7737 ~26 734 &+ RS [33]
i 2011 0.3520.46 Wik AH
EEN 0.19 +0.10

1) 55 WA HE
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2.3 FHiFRS T BDE-209 . DP 5 TSP A K1
P &AW E RS TSP K405
(0.260 + 0.065) mg-m~™>, (0.262 = 0.143)
mg-m ", KIRE KN (0.121 = 0.044) mg-m ",
(0.107 £0.027) mg-m . HM[FRFE S ZAT 25
AW ECRAE S Z M 22 K. T sys-DP 1Y
K R ALH 69% , JIF XA 58 T anti-DP 5 BDE-
209 5 TSP ¥ B Z (8] B9 AH G, 58 & 3R, anti-DP
5 TSP ¥ & 2 [ fE7E 500 AOAE M |, Pearson A5G &
$r=0.549 (P=0.01). 1fii BDE-209 5 TSP 2 |f]
WA WEEE (P>0.05).
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