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B B TR R AN (PM, 5 ) FF ZWESE (PCDD/Fs) Y75 YRR, ) AR 3 ek K A ok 4 2R A
e eI 3 AN THRER S ASREE S (BT X A A Tk K A — N 505 | RS R B TR AN ik:
) PM, i Z I US EPA 1613B ARiEJr ik W T 43 B SAH 35/ 4 BF 3 B3 (HRGC/HRMS) |, 43 Hr T
PM, ' 17 ' PCDD/Fs A3 B 7K F1 X 38 AR FEAE , 51X PCDD/Fs V5 Y IEAM T 125 ). 45 R R0, 5 4~
TRE S PM, 19 H YR P VG R 102—146 pg-m ™, SE45 HI(E 119 pwgem™ 8 H %K = GhRME(75 pg-m™)
59% , 15 YL B TR AR S () A0 Ai 1 PM, 5 19 H B30 B R B R Tl IX R F 35 55 s R 3 T XA RPAE. I A3 SRAF A5, 17 Fof
PCDD/Fs K54 L X PCDD/Fs & 1.60—4.09 pg-m™, FH4{H 3.23 pg- m~yPCGDD/Fs HEEIE 24 3 TEQ
R 140.54—275.69 fg I-TEQ-m ™, F-HI{E 233.18 fg [-TEQ-m™. 5 [ P #F Hifb 3 i 40 HE , I 501 KRS PM,
i PCDD/Fs 75 Yehb THH 24 1 &5 7K F-.0CDD ,OCDF #11,2,3,4,7,8-HpCDE & PCDD/Fs [ F B 40 M4y, 43
i VR E X PCDD/Fs (19 10% \19% F1 24% X T 2 8 PE 2 ik X TEQ DBk KW A2 2,3,4,7,8-PeCDF, (5 &3
248 1Y 48.3% , 3 PCDDs/ 3, PCDFs H{ATL A 0.19—0.23 3 4{H 0.22, & T ML 8 1« P57 HBRAE . AE e B AR
1k L, PCDDs Bt Fifi S B AS B A HE fn T 54 i, Bk OCDF 4k, PCDFs 645 B i JF o i 25 U SR N5
1G4 R AE X351 |, PCDD/Fs ¥ BE IR Tall: X i3 Tl X, 17 X RT3 55 5, Fe A PR BE T ) b il 1)
R e SRAE S ) Tl G 7 (A A RRHEAGE Rl PSS ANE 155 ) WL Bl 2= HR TR [ A by 3 B e R Al s & 2
K PM, 1 PCDD/Fs F1 PM,, 575 e /K - . R B 5 i R 2%

KR PM,, ZFES(PCDD/Fs) , midd HESSOM G/ 540 BEE BTl (HRGC/HRMS) |, JERTRA.

Profiles of polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/Fs) in atmospheric fine particulate matter of Beijing in winter
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Abstract: Atmospheric PM, s samples were collected concurrently with middle-volume active sampler
at five contrasting sites (two urban sites, two industrial sites, and a background site) to investigate
the level and distribution of PCDD/Fs in air of Beijing. The concentrations and spatial distributions
of 17 PCDD/F congeners were analyzed with isotope dilution high resolution gas chromatography/
high resolution mass spectrometry ( HRGS/HRMS) based on US EPA 1613B method. The results
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showed that PM, 5 concentrations for different districts were in the range of 102—146 wg-m™ with
mean value of 119 pg-m™, which was 59% higher than the second class daily average standards
(75 pg+m™>). The X ,PCDD/Fs concentrations ranged 1.60—4.09 pg-m™ with an average
concentration of 3.23 pg-m~. The TEQs varied from 140.54 to 275.69 fg I-TEQ-m > with an average
value of 233.18 fg I-TEQ -m™. For individual PCDD/Fs,1,2,3,4,6,7,8-HpCDF showed higher
concentrations than other congeners and accounted for 24% of Y. ,,PCDD/Fs, followed by OCDF
(19%) and OCDD(10%). The 2,3,4,7,8-PeCDF was the largest contributor to X, TEQ, which
accounted for 48.3% of Y, TEQ, the ratio of X, PCDDs/ Y, PCDFs varied from 0.19—0.23 with an
average value of 0.22, which was classified as thermal source pollution profiles. Both the PCDDs and
the PCDFs (except OCDF) concentrations increased with the increasing levels of chlorination. For
spatial distribution, the highest PCDD/Fs concentration in PM,. was observed in industrial sites
followed by urban sites and background site. The major factors affecting PM, ; and PCDD/Fs levels
were industrial thermal process, vehicle emissions and solid waste incinerators during sampling.

Keywords:PM, ., PCDD/Fs, HRGC/HRMS, Beijing air.

TREYE(PCDD/Fs) 2 BB R EE A2 ) B ™ A8 F i 19 12 Fhe AMEA DS 39 (POPs) 2 —, H
AR R R FEA R T REOE R AEAE R B D7 h SRR, R ELRBAE PR5% h i R B8 A8 5 A
. PCDD/Fs MY BEPE 5 @B B B % V1A C 17 F2,3,7,8-PCDD/Fs X A S AIAE S R
SifeE N NE S T AR ARz ", PCDD/Fs A S BOL S UL I B 1T RS, PM, AE
R KRB E LA, Xt AR X 5l 5l 4Bk o A e % F AR, B g KW, PCDD/Fs B AETE
D, <2.1 pm BRI |, SCHR[ 5 1438 K< PCDD/Fs 80% (R RiA2 /N T 1.35 wm RS BUR ) I,
FRURSABE ISR PM, o PCDD/Fs X ARG F 8K, 7 — @ 12 B L A8 I it — i IX K<
PCDD/Fs {975 YR T AR R BHIF A 51 B2 KE ARG PCDD/Fs 5 Yeilf 47 T —26pF5Y, (HJ& X Sefff
5% FEAETPAEXT TSP FIS A PCDD/Fs W75 ARG 1 TR AR, X T PM, st PCDD/Fs 584/t
TR TR E S, Tl FHLEh 4 & JRAE % He PCDD/ Fs HERCHME L 3RE S, PRI, 76 A6 50 b X TF 8 RS B
B U H RS ANIURL) h RS 5 el o7 B K.

A 1 3 A TR AUk PV, 17 B 2,3,7,8-PCDD/Fs ¥R B2 /K P 3 Ai AT, 9125
FAR T iZHIX K PCDD/Fs (TS5 YRR | AR RAER )48 5 H Ardb st b X Tl Z5# & 2k T % k2
6 8 TR P g W SR A M LTS 4 (POPs ) & e AIK AT U R RS B R 25 K A
SEAERI R AU aT X RS TR KA h RS (A S BRI D i RS A5 A T LR AR 1A
F B B ARG (G SRR, 5 ANBURFHS ]t mT AR 4 JH il W 00 50 5 A A ) 4% O 22 ) ) 2 Ak fa ok
TEH AR R BT ) 7 5 vy B It 1) JC8 , I LA A R A e e S e 80 1 e 0 S i A Ml 254 ol
HE NG AR

1 M5 7 ( Materials and methods)

1.1 FRALCREE

FRAE 3R T D RE X K45 44,2008 4F 1 H, EJCRT T BEE 5 A RER S IGTEX (A MU R4 .B MR
KA TR ) | AL F U 52 B i a2 LRGN 34 Al 20, At X (C sl D g
J7) MBS X, B U R B BBE R RS Tl Ak, B I (E =B ) 15 5o, ig
BITIX, 2R AN 3 B AR /0N, M S RO AT E T BB AR G i A 36 X 3k 15 55t 0 BT YR, R
FES A UL 1.

P it SR O FH e i AR, ) R 25, 25 SR AE 5043 S [R5 SR 4E 8 d (249900 m*) , RAE[IFE 24 h,
HRAE 40 4> PM, JFE 5 SREEDEE N B S LT 4E R ( GFF,) , HA2 9 em, REEZS W :77.59 Lomin™' AL
FKAEES IR US EPA bR )52 TO-9A BEAT , i HIRT GFFE T34 450 C K588 12 h, FH L T RS- ERf AR i
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Fig.1 Location of sampling sites in Beijing

1.2 FESLALER

FEAS IR US EPA 1613B [URTALER 525 $EHCHT GFF, EER NS 15 ' C,, brig iy PCDD/Fs ik N
Fr("”C,-2,3,7,8-TCDD.”C,,-1,2,3,7,8,9-HxCDF . * C,,-1,2,3,6,7,8-HxCDD " C,,-2,3,4,6,7, 8-
HxCDF ."”C,,-0CDD ."”C,,-1,2,3,7,8-PeCDF ."C ,-1,2,3,4,7,8-HxCDD ,**€;,-2,3,7,8-TCDF . *C,,-2,3,
4,7,8-PeCDF " C,-1,2,3,4,7,8-HxCDF " C,,-1,2,3,7, 8-PeCDD [®C,,-1,2,3,4,6,7,8-HpCDF,
“C,,-1,2,3,6,7,8-HxCDF . *C,-1,2,3,4,6,7,8-HpCDD " C}5-1,2,3,4,7,8,9-HpCDF ) , FH Jin 14 7% 7] $1&
H( Dionex, ASE300) Xf 8Y#E (1) GFFFSh#EA TR , 750 IE S %0 — @ B Lu g2 101, 4 9 3 5 A
JE 14351 100 °C 1 1500 PSL, fliR IR & fight 728 ke i 2 2 mb, 45 4 o SRRk A |8 g PRTEREICAEFI
1 g 3% BT, RE R RIS, B FSIMA 20 WL T-he (MBS E ) i eIV, ZE4E
SR IR C L hRIEAY PCDD/Fs HERE AR (B C,-1,2,3,4-TCDD f1"C ,-1,2,3,7,8,9-HxCDD) , iR
1RSI HRGC/HRMS HEATINE  BARF AR IR AR T UL 22 SOk [ 8].

AT 17 Fh2,3,7,8-PCDD/Fs (2,3,7,8-TCDF . 1,2,3,7,8-PeCDF .2,3,4,7,8-PeCDF 1,2,
3,6,7,8-HxCDD . 1,2,3,4,7,8-HxCDF . 1,2,3,6,7,8-HxCDF . 1,2,3,7,8,9-HxCDD . 2,3,4,6,7, 8-
HxCDF.1,2,3,4,7,8-HxCDD .1,2,3,7,8,9-HxCDF .1,2,3,7,8-PeCDD .1,2,3,4,6,7,8-HpCDF .1,2,3,
4,7,8,9-HpCDF ,OCDE .2,3,7,8-TCDD \1,2,3,4,6,7,8-HpCDD .,0CDD) , {5 ¥ 7 A 4 5% % .

1.3 BRI

PCDD/Fs (141l & & H] HRGS/HRMS 4 AR, 8,35 F1 5T 1% 43 %1l /& Agilent 6890 F1 AutoSpec Ultima,
Waters. i HLES SR L3507 (ED) R A kB s TRl A= (SIR) 5 40 FE% R=10000, Vi
270 °C , L FHEHRE 35 eV, 485 (He) Vi 1.2 mL-min' . fA3%4: & DB-5MS(0.25 mm IDx0.25 wm film,
FEK 60 m). Joorimattt, #EREiE R 1wl SAH AR T FHR . 150 °C (3 min) —230 °C (18 min,
20 C-min""),230—235 °C (10 min, 5 ®C-min""), 235—320 °C (3 min, 4 C-min"").

1.4 o il Fn o e R e

S Ay M At R [F 2P AT TORFE SIS A M S = S FAE T, S5 AR R, S AR
PCDD/Fs JL-F- 1A 6 . KR AL S BR E CL,-0CDD 3 I3l 43% (26%—58% ) 4, At C
FRiciE b AR N 60%—90% , S PR AE i Fh PCDD/Fs B A R >4 0.0034—0.0307 pg-m™, 74 US EPA
1613B fHZEK.

2 5 5178 (Results and discussion)
2.1 PM, 1 PCDD/Fs i B /K

TG T RS PM, ' PCDD/Fs MR BE RN EEPE 5 (TEQ) LA K& PM, s Y BT s Wk i, 45 2R 3%
HH,5 ANEE S 17 FhER A SR Y PCDD/Fs JE & 1.60—4.09 pg-m™  SFH4{H 3.23 pg-m™, BiEdEY
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Y TEQ v [Fh 140.54—275.69 fg I-TEQ-m ™, "F-3J{H 233.18 fg I-TEQ-m™. Xu 5"/ Al Qin 551" A5
1 ,90% L) % PCDD/Fs T2 5@ £k b | i H BB 270, i T4 Pk be (CInBUR 45 ) 1 5i
TSR S AN T B RS 4 5N, 4 2% PCDD/Fs 512550 W BHAE SURAR 11101 | BRI RS AN R] B F
G222 (B BRI FE A AR MR (HJE A KA B A9 PCDD/Fs W58 45 5 2 [l 75 4R v] LAE AT L 55 45
PR AN HoAts SCHRARGE A LG, AL 5T RS PM, s 1 X PCDD/Fs fIU K AR T i (497.1 fg I-TEQ-m ™) 1|
T (S TEQ 81—1220 fg I-TEQ-m™>, SF-¥9(E 320 fg I-TEQ-m™>) 1) | HKi% (P34 235 fg I-TEQ-m ™) 1" LA K
JEH RS PCDD/Fs (CF-34{H 268 fg I-TEQ-m ™) ' WX 45 540 Y, W = T2 (16 fg-TEQ-m ™)™ 7§
PEF (SFHIME 140 fg I-TEQ-m ™) 1) sifi[E (FH4(H 28 fg I-TEQ-m ™) ') Al (42-73 fg I-TEQ-m ™) "*) |
AT (145 fg 1-TEQ - m ) AL#HB (66.5 fg-TEQ - m™ ) [H A IRAR T H A KA A4 12 61 A 1
(0.6 pg TEQ-m™) ™,

B PM,REE((ugem) PM,,h BB TEQ(fe LTEQ-m™) HIVEHE (peem)
Table 1 The levels and TEQ of PCDD/Fs for sites in PM, 5 in Beijing ( pg-m™>)

A C B E D Average
PM, 102 146 102 122 123 119
> PCDFs 2.72 3.01 2.82 1.34 3.38 2.66
i1 3. PCDDs 0.58 0.70 0.62 0.25 0.71 0.57
Concentration 3 PCDD/Fs 3.30 372 3.44 1.60 4.09 3.23
3. PCDDs/ 3 PCDFs 0.21 0.23 022 0.19 0.21 0.22
I-TEQ pcpp 214.19 232.23 219.25 131.44 251.68 209.78
TEQ 1-TEQ pepp 30.56 22.14 31.31 9.11 24.01 23.42
> I-TEQ 24475 254,37 250.56 140.54 275.69 233.18

H A [ E 2828 Ak A Tl Ak v 5 10, 0 ATIGEE 7™ 5 1 BRBE ()8, i F- PCDD/Fs 58 8 1
SR BUEN: A LEAGE— BT, 5 A T SR 54 Biidh TAE.

2.2 PM, " PCDD/Fs [A] &Y% #ii

1B, LR KA PM, 5 H PEDF HEEE I B¢ M 24 & X 5L PCDD/Fs BT Bk %8 73 5l 24 82.4% Al
89.96% , AN [F] R B 45 X PCDDs/ X, PCDFs HAf 35 [l J2& 0.19—0.23, ¥ {H 0.22, 5 Qin % Ay 738
( X PCDDs/ ¥ PCDFs {iL [l 0.2—0.6) i 8L Je i (72 > 268, K< H PCDDs 5 PCDFs A9 FAE A5
0.58 KT 2, I 4 K- PCDD/Fs 43 A7 AU P2, 24 PCDF ¥ & KT PCDD B Y57, 24 PCDF
e /N PCDD sl “ L7 JB B KK PM, 1 PCDFs, B & i T PCDDs i35, J& T i 150 fity « 50 4%
AE ) HAn Tl A P= MW 8l 5 45 Ak et A2

SN K AR YT PCDD/ Fs SLRZE R A5 1 R R AL 2 | A48 M A5 14 5 Y BE TR 55 A [R] SR A
HKA PM, 1 PCDD/Fs &AMk B2 (&1 2) 20 lidsi X A A [R], OCDD , OCDF #11,2,3,4,6,7,8-
HpCDF X 5 ¥ PCDD/Fs #¢ B (9 5T #k R e Ak, 43 02 10% 19% Fil 24% | [RRER K PCDD/Fs B AT
R R HA SRR A AT FRAE , R Cleverly 452 X SE [ £ A Al 32 3 X K AR WF 55 25 28 ( PCDD/Fs
HEE ORI 1,2,3,4,6,7,8-HpCDD A1 OCDD, ifif OCDF 1 1,2,3,4,6,7,8-HpCDF 43 54 i 29%—
6% M1 1.9%—2.7%) , Lohmann 25" X 9% E A1 /R >2 KA FE 455 (PCDD/Fs H11Lk OCDD k) 54k
K PM, s PCDD/Fs BRI S AFZEZE 57, B DR Al BB 205 Yo RO AN ol P 28 A5 R R 580 5 TR R P ke
JE A A AT, LR PM, ot 17 il PCDD/Fs 3 TS ik Stk K02 2,3 ,4,7,8-PeCDF , STk %W
48.3% (1Kl 3) , 5 HAMBFFE 45 5L 102 5 Hof 3 ik i2 2.3,4,6,7,8-HxCDF . 1,2,3,4,7,8-HxCDF |
1,2,3,6,7,8-HxCDF, 43315 9.8% 9.1% 7.5% ,'5 Li & 3 ALt KA AIRFFE .

363 PM, s PCDD/Fs BURLL N S HLah A HER Y | 4@ Ba s ™ BEbaddf ™ L R BBk e HE i >
PCDD/Fs 4 BARML 5T L, 1,2,3,4,6,7,8-HpCDF & JCH 5/ Sl 3 45 HE LA B A 3 1A % B
RSB T AR B, OCDF ,0CDD J& JG AT I AL 3l 25 HE ORI T [ 7R 15 4 5 be Wb i 4
2,3,4,7,8-PeCDF FZEAY BEHIR A 48  UA M AN 5 B0k A 7= ad A P s gy % (23,46, 7, 8-
HxCDF #11,2,3,4,7,8-HxCDF E%0 [ Tk BB (i 3 be g ffitng45) 7 [1,2,3,6,7,8-
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ANFLERAE SRS PM, s PCDD/Fs 2% ARV BE o5 LEASTR] o S AR R 3= BE K, Il e Ak 43 A
P 4) SRR N 5 OCDF 4, PCDDs Fil PCDF's 13 B B 25 BUC &R AN B 34 hnimi B4 K, 5 Qin
SO RGE AR ZE AR L S I RIS 45 R AR — BRI, Lee 2607 AOBF T HIE PCDFs 1)
e B SR B B Ik A, BT RS T RKSE | H AR R S 2 3 T A X KA P PCDD/Fs
FIBIF 5T SCHR , & BB T K<, PCDD/Fs 20 A RRAEt 330 R | Bifi 25 BRGS0 35, PCDDs [A] &
Yy BEREAIN 1 PCDFs [7) 24 E FEFRAL Y+ =B oh 75 5t X8, 0CDD B STk FAR FHE X, 5
OCDD T RRERAAT T3 T Al W 5 SR 00 ST, ¥ YL PR A4 4 1 K< PCDD/Fs 14 3 B2 45 7l
R N RER RIS ) 1S Y IR AR SN, S BUT KR PCDD/Fs VR —RE, [R5 AR 1 43 A 7716
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2.3 PM, "h PCDD/Fs (%5 ] 534

KA H PCDD/Fs AU EE A3 A3 38 H Fe BN Toll X > T IX > 15 3 524026 i Tk P A2 s i
PN B B g1 DL R BR B FA 4 R 2 PCDD/Fs (9 32 85 YUk I 547 Jb 50 K< PM,
PCDD/ Fsife B 125 18] 73 A 55 b 3A SCRRH 0 26 B0 D AR [R5 B Tl XM 71X, Tl DRI T X 3 K
T 55, PCDD/Fs (W75 24 42 0] 23 A ¢ 90 HH A [0 8 320 50R sy b HE O U AR AE | ol T2 (R 25 R 2R
FERIE] , 25 SRR ARG AL, PCDD/ Fs FHR B 25 1) 7 A 55 G L U5 25 U0 06 R ke Tl X R
PRIV A 7= R L, T IXORAE A A T 2838 T ASH ek, i — A B Tolb A p2 AR R B AR SR b
MRS PM, 51 PCDD/Fs MY EEZERIE. PM, ISR E (3R 1) 5 PCDD/Fs Wk B (1925 (B 73 A A3 B AN ]
TN TV XK F A5 SR T X, 65 2 80 A 0 A G T 48 A5 Y JE XA ] 64 o kR B AR
[7] , 2005 4F 4% 75 W 2% 5. [6) R B 7R 12005 B 019 P, VR B T IX 1) Ak A ORI R 78 40 R B 12 PM,
A LB UR T ELRRE 5 A MR A Y5 e L VR R AT 5 DR A Y5 e B o P2 B R FR IR 1Y, o s Y
b FE F2 B AR SRR IR | 5 R X B B (1TE X S BUR A T840, AT R 30 PM,, VR TH 5. 53 4, b o
M X A Z b W 2 PEAA RN 8 S AR, JE 0% 0, T 2820 6 200 11 b X386 k4 i ok
25 5 1 WD R KA AR G L XA T 55 s KU B I 22 A ol e R 1A XU 1 BE T 9 R iR i
TINT AR L, 5 NSRRI R R R A F S50l i T 2 A B, XUV A 1 4 2 %) S R4
F S BUBURL R TR B XY R R SRR PCDD/Fs B EAERMNE, b KR
PM, 5 H ik BRI Rl 102—146 pg-m™ ,F HBME 119 pg-m™, B HE ZHARME (TS pg-m™)
59% V5 Y30 H , BT PM, SRR H0 N, T AR 32 B 4 0E A, o R 2 HE SRR, Xob A A i
& T, T BERFEE S T L AR ML I I ] o X 45 e

3 28 ( Conclusion)

(1) REEIAIE R T RS PM, T X PCDD/Fs yu ] 1.60—4.09 pg-m~ , FHI{H 3.23 pg-m ™, Mtk
M8 Y TEQ i [N 140.54—275.69 fg I-TEQ-m ™, SF-H{H 233.18 fg I-TEQ - m ™ AT H A KA A4 il b ofie
(0.6 pg TEQ-m™). &S]/ A #a 4RI Tolk X BT 17 X, Tl IXRTT X 35K T35 50l 9120 5%
N, RAEW R JE 5T RS PM, s PCDD/Fs 83 [ 46 Tolk kb 3k FE AT 50,

(2) OCDD OCDF #11,2,3,4,6,7,8-HpCDF /& PCDD/Fs ) B4 Moy, XF #2451 5Tk i K
M4 2,3,4,7,8-PeCDF, HAMK I 2,3,4,6,7,8-HxCDF . 1,2,3,4,7,8-HxCDF .1,2,3,6,7,8-HxCDF.
Kk OCDF 41, PCDDs Fl1 PCDFs f% ¥ F Fifi 5 A S0 B0 15 i i 14 K.
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