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1A Z AN . FEALRUIEARRBIX R AR 1425 PMps M, X H YIS EA POPs 14 5T i < A RURHAA ] (HFRs ) ——
ANIRF+ "t (HBCDs) IR (ASFE-FR ) ke (DPs) #7704, B7EIAI HBCDs Fl DPs 1EA [R5 4L KRG
TR YREIE . AR A X IR S A . S5 RFRW], JERRRIX4-ZE PM,s 1 HBCDs 1 DPs 73 BT v 5 43510
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I ARBEAAT (HFRs ) B KA In T4 Fh i+l
. FEARAE M, IE 20 24Pk, HFRs CL4k
WERL R th 2 e — 205 4y, TEZ s
. BEAY) . AMERHLI R ARH (Livetal.,
2016; Vetteretal., 2017; Wang etal., 2017; Wu et
al., 2017 ), 7% HFRs HA IR AME | s %
PRI B B iR RE ) SR A A LG Y4 (POPs )
(IAEAE (Yuanetal., 2014 ) o ¥R ZIRBREERIN
TRATJt (HBCDs ) CLBiE= B A (Hflay /R e
POPs A%y ), FEVFZ B K Fl M X w25 1k A
( Dingemans et al., 2011 ),

BRI JLAR [ BUR AE K A0S G2 361 07 T A
TVWFZ TAE, BRI Y 30 B SR 2 b [ 1
FEZEPRER . JCHSEIU I, 5 KAk, 5l
TSz e . RAEFR ) TR RS
hEh i EAR/NT 2.5 pm YRR (B PM,s ),

ELWE: ERARBEIEWE (41771530; 41573088 )

PMys FEAE B 25 5 1Y B 2275 L), X RS RE WL J2
NRAR AR 23 ™ E A (BEReRSE, 2014;
Wk SE, 2012), HAT, X EICT CREalE e
HEMIX ) s RMFRCETITE TIRZ, WA
R &, 18555 1E AL FIATR PM,s
FIRUR o AF5T 3% B X 1) 25 sk 2 kL ) i — Uk HE
B FEERGRAE T IR BT LA K & 6
X RS LR ZEAERZE R (Fuetal., 2017; Maet
al., 2017) . JE7&ZIEHISs 56 10 & A F 2SR
THEREE (Sunetal., 2013), XiF T —2Lda i 1 X ML
A W HE R 2 55 55 UK 4 ) B EOR IR (Wang et
al., 2015), —KHERCHY ORI E AR, fEHE
T8 o | A B W i EL A AR v I g 7 i IR
R, TR T RAE XS PMys (19 DTk AT ik 2
30%~77% ( Huang et al., 2014 ),

HFRs fEAEHA A, KRBT
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2 HFRs fA7E ML I BB, BN IFE S -hi A
Z (B ) 43 T 2 48 ) AR PRI AT S A 7 i L
HZ, AR B 546G R BRA 2= T . otk
YR DA S R B AR TR RIE R (Tianetal.,
2011; 47445, 2009 ). X% ZIRIOREE (PBDES )
HIMFFE R IR, 20%0) BDE-47 . 60%~90%1) F-H iR
-BDEs F13ir 100%f#) BDE-209 /31 T2 o 5 1F T 25
S HREURAE R (Shoeib et al., 2004 ), Yang et al.
(2012 )7EXF k3% RS H PBDES < -ki /3 BC O 5%E b
WdE R, FEARRIEEE 504 T iR AR R 5 2w
BrEmRi g L, IR, XFR—Fheaik, ok L
(14 o S YA R AT IR B AR X A 1

s F R R AETTRE S KA — RGP
HEma G 56, Wl REA — OB FIOTE A 56, X
BEHR AT RE A IS A B M R R A B AR, KRR
T NOL Fll SO, AT Ak — IR e T Hadak
KAFEAT I L R A P (Quan et al.,
2015; Wangetal., 2017 ). AEXSHH SR AR K
SAF IR G 2, DTSSR R A A A
k7% (Zhuang et al., 2014), BRIz, —2eFHL
15 YL nT AR SR RS I R TR T e AR R
# (Elser et al., 2016), i, ARG HRARM
TRENE UL F R — L R Y B FE
AL BB X R 245 & A WLTS AT S
A7E = AR R B AR . SR, H R T A
KAraEHIAE R D

AW FEAE I A RS KRB T AR R AE LT
425 PMys FEA, XTEESH2E HFRs ( HBCDs
M DPs) #4770, BHAEEEAIL T HIX & ZX
WiZE HFRs 7£ PMys H VR A FIALERIE, 43
Mr HFRs TEARRIRAIEN T A5 581k, IFATRH:
FEAL R X R P A& S . A X IATRAN ]
TGP KA T POPs BTG YR AE AT A HAa
1 #REH*®
1.1 HRERE

KA A F AT 2 X R A B K —
Ab AR TR, BRI 2 12 m 2R R
R EEX AR . PMys AR
K2 S R FEgs (TE-6001, Tisch Environment
Inc., US) FlA e 4EuER% ( Whatman, QFF, 20.3
cmx25.4 cm) R4, T 2014 4F 10 A 28 H—2015
1 H 14 HERRE (L 24 h) LAFES (BR
2014 4 11 A 6—9 H. 11 A 11—13 H LK 2015
1 H 1—4 HlFREER R RES ) , R
Wil 1.03 mmin™, HOREERES, 65 4. KRBT,
JEME AR A AR, BHEAER OIEELAST, RiF

fitifF T-20 CrkAE T,
1.2 XF 5

SRAERT, AYCIEEAARTECE, ETSIkh
ZTiR (450 °C) ke 4 h, TSR,
ZIGFRE& . BB ISV e, BT 5
iR (450 C) Kok 4 h, fFHRETFHAE ., —
AHBE . IECBErhYE. SO0 FH A LA (R
THERPRAIEC ) ¥IRA @IS, W i
SR R A

HBCDs (a-HBCD. g-HBCD. y-HBCD) Ii§F
%[ Accustdandards 2y w), DPs (f3ff syn-DP .,
anti-DP )l HBCDs P #i( dig-a-HBCD .dig-f-HBCD .
d1g-y-HBCD W4 FJi5= K Wellington 5256% ; HBCDs
[l W 45 % 4 ( °C-a-HBCD . *C-5-HBCD .
3C-y-HBCD ) T Cambridge Isotpoe Laboratories
NI
1.3 HmABES5EEST

e IECBERITNER (V:V=1:1) K KA
B 48 h, fhEZAr, A FRCREERY) ( BDE205
1 °C-HBCDs ). filifie 2 S5 MR e 25 k 2 1 mL,
FHIE QR M, 2 )5 (0 1A 25 B/ A
( Supelclean ENVI-Florisil, 3 mL, 500 mg) #4746
b, /IMEL 5SmL IEC kS, 5 mL —EHBEFIEC ki
1:1 JRA RIS 355 —2H4) ( DPs #1 HBCDs ),
2t 8 mL R LBRIRIEAF21%E — 414 (HBCDs ). 5
— I GRS 5 S oE b 28 2 300 L, ERE
B A NAR$E <Y ( BDE128 ), ill5¢ DPs 2 544 M
NHEIE, B G FF BEE 25 2 300 pL, sEFEHT
IIANARERY) (dig-HBCDs ) , suEfE ( BN
13mm, fLIEH 0.45 um) JE#EA AR HT o

DPs 1) 37 A4 S AB A 53 B 05 FH A0 03 - o 15 K
FHAY ( Shimadzu GCMS-QP 2010), Pififkerres
(NCI) fENE TR, HaEEX (SIM) #1757,
4 B 1 T i 653.8711655.8, SR ] DB-5HT (15
mx0.25 mmi.d., 0.10 um, Varian) #7505, @ik
FERRIERIRE 110 °C ({455 min ), LI20 C-min™
IR TFZE200 °C (fF454.5 min), FELAI10 C-min™
1T 2310 C (fRFFL0 min), #EFER AL L,
RHWPREE & .

HBCDs 11437 {4 S R4 1A 7 Bl FHBORH €20 335- XUt
WAL (LC-MS/IMS ) |, —H DU AT HR I i 3R
%A TSQ Vantage ( TQU 03682, ThermoFisher, 3%
), Bt Accela 1250 PUICZE A Accela H sttt
WA IS RS . TS TR H 08 T B sE
(ESI) YERE T8, R Moz, sl 5
UL, K XDB-Cyg AH {61544 ( 4.6 mmx50 mmi.d.,
1.8 um, Agilent) #F475385, WA A 7K FITH P
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(V:V=9:1), 5k B NI, i A 0.25 mL-min™,
WILETR AR 90% A F110% B, JEii#h 60% A
11 40% B( {445 1 min ), F3JH4% 4 30% A £1 70% B,
6 min J5 %[0 90% A F1 10% B ({43 21 min ), 41t
TR e PR B WA =49 4 , HBCDs 4341 85 1
i bk 640.7. 79 i 81, *C-HBCDs 3k 652.7.
79 #1181, dig-HBCDs N 657.7. JHi%icd %5 K ak
FRAK 4R Xcalibur ( Thermo Fisher ), SR NAREEE
it TEANAIAE S AL B L SRS 4347 4544 7T 2% Qiao
etal. (2018). Zengetal. (2016) AYHFSE.
1.4 RERIESKREES (QA/QC)

SR AR AR 1 HERESY (n=11) FERE 1 4ad
25— R TR AL AN 34, BRSO A IRl
I NYIRAE R AT B B E B  . 2S
FEA P A K E] DPs () Fp 4914 F1 HBCDs
(1) 3 FhSEFIIA . BDE205 4 [FIISCR Ky 94.7%+11.9%:;
3 il °C-HBCDs W[t Ky 79.1%~103%, FERL
W FCREIE ., TS AR AR B S
Y, SO RYE O 10 f5EMEE, DERS
AR 1422.5 m® 3144, DPs Fil HBCDs 45 46 B
LR 0.01~0.04 pgm’®,
1.5 [SEEITEER

Je T BB BRI Tz T AB R AR AR 6 T
ml, LIS M G R IR RS2 . AR SR 96 [ [
FIFFE RS5O AR E % (NOAA/ARL )
WE & 1 kLT hA% B H IR & RA P 5O A
HYSPLIT-4 ( Hybrid Single-Particle Lagrangian
Integrated Trajectory ), BRI NCEP 423k
PRHRIE RS (GDAS ) $24E1 10x1° 43 Hri7ekt,
FERPIK H HLRRAESS AT E] 10:00 (2:00 UTC) Ky
FA, AW 24 h, EIEEEE K 100 m,
1.6 BEERXZ=E#EE ( PSCF)

TEAE R X TR EE( PSCF )& —Fh S - ARE AR

300
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55 -0y
I Rain/Snow
200
e
20
Z 150
(=]
o
=
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0
G NP P gD Sy P P
N e ~ nLANG LI A L P, A
Kl S~ L L Sl S
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Sampling date

255 S A B AT G Py B R Ak > U5 DX 35k ) A
X oimk. PSCF i e X I &) 43— 2 73 R 11
WA (i, §), 245 2 iz X 3 3R 6 o L s it
LI S5 04545 Y44 ( HBCDs i1 DPs ) ¥ B 8 i e
VOEMIRME, BTG ELE . MRS Y60 S
TR HCAE, IS Y5 A AT BE T o

PSCF n[ ik A (Maetal., 2017 ):

m.
PSCF. = (1)

A, my Sl AR TS L nyg R Zead
WA B4 B
2 Z#R51e
21 TRKEEThERE

PM,s ' 3 Fl HBCDs ¥4 # i, HBCDs
( a-HBCD+S-HBCD+y-HBCD ) A4 Jifi 5 ik &5
50.3 pg'm™ ( 1.51~280 pg-m™), H{iEk 28.1 pgm>,
RS T 2= /0 1 % DPs, DPs (anti-DP+syn-DP )
(R B R 0.07~22.1 pgm®, HifE R 0.77
pgm?®, I Jy 2.45 pgrm>, Kl 1 Fis S RAE ]
HBCDs F1 DPs i i B 1 H AR fb a3 AT LIE
PP HFRs A8 {b% sh K, %4k I HBCDs Hil DPs
7E 12 AW Z Aip IR R R, 2 ek,
HJ& HBCDs J& AW i SR TEIEZ T . KR
H RS HFRs 220k B F—URHEBOR( BI4ERS
R W ) (Li et al., 2017), B, HEsoER
SEWE (R, Kuml . BENESE ) e
RSP FEER R, [5RYN 1Ak
Wi B 11 A T4, 11 A Bfjdbsth APEC £5i5E
Jitn T (At BT RAREE 5 ), XA A Tk
BT TR A . X, APEC 2R 1Y
Tolb A =3 s Al e B T I Y HFRs (L2
HBCDs ) 154K F-rfaFt .

24

20 4

)
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bW b P A S N Ay Rt L P N .
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E1 JERASHHBCDsFIDPsRERER HEE (2014.10.28—2015.1.14)
Fig. 1 Daily variations of concentration of HBCDs and DPs in Beijing atmosphere (from 2014.10.28 to 2015.1.14)
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1YY R R ARt SR A . R
AT RS AEALXT HBCDs Hl DPs 5 YL AY520 , 1418
HES SR (2010) kI orbriE, HEBRIES K,
AEULEE/NT 10 km BRI R 2555 K (55 & AR
XTHEEE AT 90% ), REULEE R T 10 km B RS ITH
ER . % 1R NS K S5 KREMH T HBCDs Fi
DPs i iR B i b 7ER AR T, Pifd
HFRs 75 Qe /K F K| B b, W& FIiEX
( P<0.050 ), PM,5 " HBCDs 7F 2% 5% K fi%) Ji o vk Jir
HifE (53.6 pgrm™®) A FRIER (11.7 pgm™) K

®1 EEXREBRILRASHDPsTIHBCDsHIFER &
Table1 Summary of DPs and HBCDs concentration in haze-fog
and clear days in Beijing atmosphere pg-m*

Haze-fog Clear Median

Compounds -
Range Mean Median

Range Mean Median ratio
0.68~52.6 11.7 6.58 4.4
0.58~16.7 3.81 2.46 29
0.25~68.3 5.97 2.18 5.5
197~98.2 21.7 117 4.6
0.05~1.39 0.38 0.28 3.7
nd’~0.39 011 007 53

0.07~1.55 0.49 0.36 3.9

a-HBCD 3.24~189 44.7 29.2
p-HBCD 1.46~33.1 9.50 7.05
y-HBCD 0.59~137 21.8 12.0
HBCDs 5.29~280 76.0 53.6
anti-DP  0.18~16.3 3.14 1.04
syn-DP  0.03~5.83 1.07 0.39

DPs 0.23~22.1 421 1.39

LKAt not detectable. n=65

517 ; DPs 752 §5 KAk EE A (1.39 pgm™®)
ISR (0.36 pgm?) M 41%, BH5 KSR
IR 3 F2 R AR TS5 e iy
B2t o 28R, Z5 50 KA A AERE RS 5 e U HE
JERYIE AR, KR PR £ 25 e HE A S R
KATG Gk BERLRE 2 390 o eAMA & B, PMys
H B 275 YL W A T 5 R G O R T I R
%, BEAS EHE TS REHA R, X 5K
BUNGI, WSS RAMIHRE R (IEL 100% ),
K /N (<5.0 kmht) o (KB ET
www.wunderground.com ), i 55 K% PMys
HBCDs Fil DPs [R5 32 k& A FE K FH 2 Jq
ME 1A, WEXRZEILE AKX, HBCDs Fl
DPs 1) i e v 35 538 A i BE RAATG , 002 R TRk okt
AR B8 B AR RS 4, 15 YA
NS B —EFEEE AR (Lietal, 2016), ZHi
WA TG AR KM T MG it T
5%, Hu et al. (2015) E¥AEZE S KT, L
X 2 A e E Y 4 B RS s Tan et al.
(2011) RIA-ZEIT PMys 2355 (PAHS)
4 o R e A Sk s TR SR, RO R AR
T Ak

ST PMys o HBCDs #i1 DPs Ay i i i 55
HAE PMys FFR 5 L BOARSENE , s R B R 23

4 0.49 F10.71( P=0.000 ), iX15i#H , PM, s H* HBCDs
(AR B KA 50% e T HAE ok 4 v 1Y) o
b, HAxFEER ARG AR R ; 11 DPs
KRR 2 BRIR I RE T, (HAR P2, 55
[B] ) — BB G 45 (AN i BV e RS Y
TR AHI] ) 2B X BETE Y e PMys HP A B
(RIS s

it —2 T RS G SR TG Y D R
X} HBCDs Fl DPs 534 45 Z [ ARG AT T
SN, RBRMIEREILEE | AR . KUE R
JE. ZICEEN], 5 YY) B S e LR R R =
A (P<0.005), HBCDs #il DPs 5 (A
PRI, Spearman %443 %/24 0.240 (P>0.050 ) #1
0.392 (P<0.050 ), i35 4L4)-5 AH R B 5t B4R v 1)
EARSEYE (r>0.650, P<0.005 ), AHXT IR E AR A
DT, ok s 2 & A — R AR . AN
ATIFGY e IRASE e BN A I F SO, Al NO [i] IR TG
MU ISR %E75 (Quan et al., 2015) LA K@< -
b BCVE FIE B IR A WL (Wang et al.,
2017 ). A5 0 B A R A 1 200 UKL 40 1) WV 3 K
( XUEGEESE, 2014 ), S2ma KA 75 Y B i sm ik i
AR R, HXREZZ N PMys 11 DPs Fil
HBCDs Jii s i Y EEE R &R, HAE A ALEE il g 2
R N FE A ) X e Y5 G o - 3 B T
WOk R TP REMIPLIL RS 3 KA T
T TR R AR 3 22, I B Y5 Yy oA i W T
ik I (Okonskietal., 2014 ).

HAT, %1% PMys i HBCDs #il DPs HYHF5T
A H b, KRS HBCDs Ay & ik B
(50.3 pg'm™) ZEALTFIRYI (1001 pgm™, Nietal.,
2013 ). K#E Luo et al. (2014 ) #F5%, PMys i
HFRs K295 KA BB R (TSPs) 1) 50%.
Aff5EH, HBCDs A5 sk B B AT Hu et al.
(2011) HBERAL T X TSPs 1Bk BE (¥9{H R
390 pgm™®), WIETFWA/R%E TSPs /1 (150 pg-m™,
Qi et al., 2014), & T4 T L (30.2~71.9
pg-m?, Lietal., 2012; BfiF%:, 2017 )., #il (33.3
pg-m™ ) I M IX ( 3.09 pg'm™, Hong et al., 2013;
Yu et al., 2008 ) TSPs H [ EY ik, B
HhE KA HBCDs HA BB (k22 5. 5 Li et
al.( 2017 )7E 2014 44 R E 9 ANk RS PMo
1 DPs W& AL, ARWF5E PMys i DPs BYF4MH
(2.45 pgm™) M TFAbat, M, KX DPs Y5
HVREEME (/351K 6.88, 9.62 A1 50 pg'm™), X
BT AOEEMXE T ZE5A DPs 17
(demt, T IX ) UK JE BT S22 0 Talk kIR (K
B S HERTEE. Ei. HSMmEH%
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WX, MM 2.01, 1.68, 1.63 il 0.69 pg:m?,
X5 2 1 D R HEROR A
22 RBMIEARK

PM,s H 3 Fi5#H#){& «-HBCD. B-HBCD i
y-HBCD 4345 HBCDs & & &) 58.5%. 19.1%#ll
22.8% ZZERE M | IR X RS AR AL
¥ILL o-HBCD A9k E, ¥ 53.2%~65.0%
(Hongetal., 2013; Lietal., 2012; Yuetal., 2008 ),
AR, ZEJCRUR R BIRRR e KA, Ak
i HBCDs M4 F 2 y-HBCD (43514 61.0%71
47.8% )(Huetal., 2011; BRfiES, 2017 ), 5 HBCDs
Tk b A g 4 s 2R (p-HBCD — i
75%~89% ). A5 Tl S 4L AL 24 S 5 JE IR AT g
BRR Tolk i Tl B R R T sk, & HBCDs (1T
b S 7E R R (140~160 °C ) R4 ffi p-HBCD [i]
a-HBCD % E:#4k( Morris et al., 2004 ), 7 # HBCDs
TERSA e T, JEIR A »-HBCD #44Lh
a-HBCD ( Harrad etal., 2009 ), A [Alf#% HBCD S:44
AL B8 AN ] (R A R A 1o

fani {64 anti-DP (1) & &5 DPs 5 2 (14 HL(E ( B
anti-DP {4 5 1t ), ISk R DPs Hr AP A 1A i 41
AE . AWFFEH fana (EM 0.77£0.07, A TFHRIA K
OxyChem fb*#24 m]Fnrh E 23/  F] DPs Tll ity
) fan {E9 1 ( 0.60~0.80 ) Z 4 ( Wang et al., 2010 ).,
S HAHL X AL FAH L, Z fan (HE T Ren et al.
(2008 ) MIFFA) 4R 97 A 5 foni P1H (0.67), LA
K Lietal.( 2017 A A H E 9 AIRTT RS fane
i (0.51), H5/W (0.75). &k (0.72) UK
HE R (0.71) MBI R 1Y) fan (E AT
( Salamova et al., 2014; Xiao et al., 2012; Yang et al.,
2012 ). AL syn-DP, anti-DP HAG# s 1 1F - -
BRI RE (Koa, HANBILEWHEZS AL
b 2 ()43 EEAT R ), X — BRI G 25 S A R
KAKME B AL f o R ) AR IR AL A, {1145 anti-DP
F) 7 BT 28 8 5 e A R A DX SRR G #5641 (Fang et
al., 2014 ), A WFFEHE T anti-DP 7ECHE S
AFasE, 41 syn-DP #%4k (Wang et al., 2016 ),
IXLEHR AT e A [F] I L 25 Sy SR A, AT
FEHBIXSRAEANE] fang BIABAEAE R /1N, UEEH A Y
DPs F 2k [ Aol # T iF 254, X5 DPs Bk
JE 5 HAE PMys B FL A A SCPESS R —3K.

55 3 KNG R fan THE S5 0.75 F1 0.77,
JPFRA G F E R R 225 (P=0.050 ), BLHIA
ZEMFTFITHLIX. PMys 1 DPs ([R5 SE F AR L A
AR/ N e AR 1 Fl anti-DP (14 55
Ff# =4 (anti-Cly-DP ), B4k anti-Cly;-DP/ anti-DP
F Al 7RSS 58 R (CEX{E 0.039 ) 4 & T K (0.026 ),

EFIF LR EEZES (P=0.060 ), X522 Ai4*t
DPs 5 ARL A4S R —8 (555, 2013 ).
HBCDs 1F 55 3 K Fl g K 09 2 il 25 5 A B i
(P=0.280 ), {H&, FA11H &2 HBCDs B4l ilifr 11
HIEHTE AR SR (& 2), Rl -HBCD
1 7 He( P =12.3% ) g T 5 ARG 5 He( 21.8%;
P=0.002 ), T1fii y-HBCD IEW#5, Hia 5 b5k
24.7%H1 17.1% ( P= 0.007 ), {H a-HBCD 7E Wi}
W SRRAESE 24 L g 2R (P=0.609 ),
3R 57.4%F1 59.3%. X PR AR L AT RS T
KIREEAT AR, S RERTIIMETRAET y-
B- SRR R AR . SRt &l p-HBCD F 1kl
B-HBCD, JS4 HALfLFEE — AT »-HBCD [n]
a-HBCD 194475 ( Harrad etal., 2009 ).

100

® Oct.28—Nov.30
O Dec.1—lJan.14

0 10 20 30 40 50 60 70 80 90 100
a{a-HBCD)/ %

B2 dJtRERKSAHHBCDsHIE M E
Fig. 2 Composition of HBCDs in Beijing atmosphere

2.3 X

FADHIE RN, JERHbIX A RS T5 Y B A Hy
VEHERCR B X IR AU 2R B (FEAAE,
2016 ), Guo etal. (2014 ) &ML 5T Hb X (945 K A
M (VOCs)., EEMY (NOy) EZRH T4t
T, AR (SOp ) FEZNUE T &B Toll ) X 5k
&4, fRZ HFRs #HA 5 POPs A{LI KA KHE
AL A REYE , PRI 7 i A e DX RS H ( Moller et
al., 2010 ), PRIHIFSE X 3L i i) 52 i X K<
HBCDs F1 DPs R 1434 7 o

iz H HY SPLIT-4 ARG RAE S AT 24 h J51n)
Bk, JRAREIT BT T2, 153
5 EE GRS (K 3), Hr, HEmEni
W 1K A TR SRR T M AR Ty, A dEE AR
WX ARk, R 1%, X
H 2 Rl i g A6k, SIAREshicle , AR NZE K,
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Pollution Characteristics of Hexabromocyclododecanes (HBCDs) and
Dechlorane Plus (DPs) in Fine Particulate Matter (PM,5) in Beijing Suburb
in Winter

WANG Ting" %, DING Nan™?, WANG Tao"?, ZENG Yuan"?, CHEN Shejun*", MAI Bixian®

1. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China
2. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Haze-fog pollution is a prominent environmental problem in China. However, few efforts have been made to elucidate the
influence of weather conditions (haze-fog and clear day) on the behavior and fate of persistent organic pollutants (POPs). Here daily
fine particulate matters (PM,s) samples, which were collected in a suburban region in northern Beijing in winter, were analyzed for
two halogenated flame retardants (HFRs), hexabromocyclododecanes (HBCDs) and dechlorane plus (DPs). We aimed to understand
the pollution characteristics, isomer compositions and regional atmospheric transport. The average concentrations of HBCDs and
DPs were 50.3 pg-m2and 2.45 pg-m?, respectively, which were amongst the median concentrations reported in the atmosphere in
other regions in the world. The concentrations of HBCD and DP during haze-fog days were significantly higher (3-6 times) than
those during clear days. This could be due to increased emissions and/or reduced wind speed and stable boundary layer that didn’t
favor the spread of pollutants. The HFR concentrations were significantly related to relative humidity. The likely explanation is that
humidity promoted the adsorption of pollutants to particles through gas-particle partitioning. The fractions of anti-DP isomer (fag) in
PM,s was 0.77+0.07 on average, which was similar to that of technical DP products. The variation of f,; was small during the
sampling period, indicating that DPs were mainly from local emissions or short-range transport. The compositions of HBCDs,
dominated by a-HBCD in the air, were different from those in commercial technical products (dominated by y-HBCD). Our results
showed that weather conditions had a little influence on the compositions of the two HFRs. The potential source contribution
function (PSCF) model indicated that southern and eastern Beijing downtown areas with high population density and industrial cities
in Hebei Province were the major source regions of the HFRs. The change in the compositions of HBCDs was related to the regional
transport as well.

Key words: halogenated flame retardants (HFRs); PM,s; haze-fog; regional transport; potential source contribution function (PSCF)



