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Abstract: Fine particles in three size ranges (0.2 ~0.5 pm, 0.5 ~1.0 um and 1.0 ~2.5 pum) were sampled at a typical roadside site in Beijing.
There were 198 samples collected during five sampling periods in 2008—2009. The mass concentrations of Al, Na, Mg, K, Ca, Si, S, Cl, Fe, Mn,
Cu, Zn, As, Br and Pb in these samples were measured using XRF method. Elements with the highest concentrations are S, K, Fe, Cl, Si, Ca and Zn,
accounting for more than 90% of the total mass concentrations. Using enrichment factor analysis, we found that these elements can be classified into three
clusters: crustal elements, mixed elements, and pollution elements. Two main factors were identified using factor analysis. One factor was mainly
associated with crustal elements and mixed elements. We atiributed this factor to dust sources. The other factor was mainly correlated with pollution
elements and was due to anthropogenic activities including motor vehicles, coal combustion, biomass burning and industries. Anthropogenic sources
contributed most to the particles in the size range of 0.2 ~0.5 pum, whereas the crustal sources contributed most to those in the size range of 1.0 ~2.5
pm. Most crustal elements and mixed elements showed similar distribution patterns in both summer and winter, with higher enrichment in larger particle
sizes. Higher concentrations were found in winter. However, the distributions of most pollution elements showed seasonal differences. Br, As and Pb
peaked at 0.5 ~1.0 pm and 0.2 ~0.5 pm in summer and winter, respectively. The concentration increases of some elements in 0.2 ~0.5 pum particles
in winter were most likely due to the increased coal combustion and biomass burning for heating. The peak of S at 0.2 ~0.5 pum in summer was possibly
related to the in-cloud formation of sulfate. The effects of the temporary traffic control measures were evaluated by comparing the data before, during, and

after the Olympics. The reduction rate of 53% was found for the elements originated from the vehicle emission. Moreover, the reduction rate became larger
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with increasing particle sizes.
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1 5|5 (Introduction)

AT 2 FRE B 25 1 F5E © 4 3R W1 40 BURL )
(PM, o) ) JC 28 41 o0 0F N M fd e A7 7E I8 35 1) fE 5
(Chen et al. ,2009). 55K, 8 J1 2% H A2 K/ANJeE T
L/ R NN G SRRV AR R B L BTl PO
PRI 5 £ B XU %% U0 AH 5C (Ham e al. ,2010) . Ri 4%
AR U A7/ I N W (i SN S N - A ]
(Hussein et al. ,2004 ) . FIRABLIS U P AT LLFE K
14 25 ) RURE DN R AT A% a7 A% B 25 R 2 AR AL B A
WURLIAE KA 1 A7 B8 B () B 06, A% i BB g /s

PR SR PR — S BT O & T R T X UKL
Vb ot R 09 Ak 2 21 o3 A T 28 ok 5 4y B 1 iF
8. B UL A (1999 ) X 8 B (i 22 JH A 4 A
BT PM, G FE S AT RIS 0T B OC R 4 S e T
RGP IT R PR MR 45 (2009) 75 | i RB IX R
LRI RE S, AT 25 SR R Ca I T R BLAE
HFE >2 um WFEE N, I Mn Zn Cu Pb C1 F1 S %
JCR FEMAEO0. 1 ~1.0 pm 4. 2009 4F &b 5 i
HLah % A & 48 5 400 757 8 (db 50 G R,
2010) , 3230 5 © B b 5t i BURL ) 1Y F 2R IR Z
— (Hao et al. ,2005) . 52 i ¥ 35 & 52 £ ML 3h 4= HE il
B 8% 4 2 (5% ) B o B2 1 DX, T H R R A
IRBE v UKL ) 0T R RRAE 19 BF SR A AR B (AT
££,2010) . 78 2008 4 iz 2 ), Jb 5 R LT —
F A 1 2 308 Y5 P A o 4 i, R HCHE T 0 9 G
A= TR I8 AE HT. Zhou &5 (2010) (95T R B,
Jb 5 W X AL 3 4= HE ) VOC . CO (NO, il PM,, 7
BE A 4 B R BE T 55. 5% .56. 8% (45. 7% F
S1. 6% . AW o 75 AL 5t 7 i RY 8 B 1 o kAR
R (0.2 ~0.5 um 0.5 ~1.0 wm A1 1.0 ~2.5
pm) SRAEFIL I, 3RS T TR B BE 40 A AR
R BB RRAE , o3 A 7 OT R W EOR IR, IR AL
T BRI i A A A 1 OR

2 R4 H(Sampling and analysis)

2.1 #HYFBRERHE

A5 26 4 AL 50T AL DY B A B O AR S BF A
Bedfs Z A A RARBE B AL TR R R T S (2 8) 7Y
24 4 ke 38 g% 10 SR A ATAR A1 DXL i A0 30k i 4 B 5K
BEE T 0% R s v R A5 I B A 2 2

5 m, F R R AT R E B AP 2 2 me R IXOR R A
JL T K R I, B R b DU BR T8 0 SR A 2
80 km, A 1 ~2 km PyICH] R A HERCIR. RAFE K
P T A e A 24 2.5 m.

R A i S 22 Al 4 X WORL ) SR A 4% DGI( Y
1570, 25 2% Dekati 25 d]). ZEF &~ 70 L« min '
I, DG ] AR 4 UL ) 1) 25 K8 ) 2 HAR AT 40 9,
MR BT R4E 0.2 ~0.5um (58 T %) 0.5 ~1.0 um
(BHNZ)F 1.0 ~2.5 pm (55 W) =R B
BURLY) . AL E] Sy 12 b, Horp (R AE AL 7 1 ~ 19
I, B RIRE 5 A 19 B ~ R H 7 I, H A B 58 %8 A1 45
F 1 R IR T8 R i 0T 3R 0 A 45 % A 5 A B R
H Y. ] Teflon i ( B2 47 mm, L4125 pm, £
Millipore 2 #] ) #4776 & 43 #r. 7E 2008—2009 ]
[ EEFE S AP B b 47 R AR, 2L S 198 A~ Teflon £
A, & BT BORFEGETE UL AR 1. TR ORI M R A 0T 1), G
i F 58 485 =R A 0l (15 Vantage Pro2, 3% [E Davis
A M T RS QR EE R B XA X
] ) . WP &R AR B Be iy LR T AR H 42 i g3t
7, A B2 0 ) SR R R BRI B R B T Y R 27 T
55, 0 AR Pz 0 R] ek 2D B 2 B K185 T3, HI R
H31.5%.

x1 ERBRRESKIT

Table 1 ~ Summary of sampling periods

R B B P i) KbEm FEREUA
B H 2008. 6.24—2008. 6. 30 I8 B 36
B 2008.7.29—2008. 8. 19 iy S 72
g 2008.9.7—2008.9. 14 A IX 24
&2 2008.12.5—2008. 12. 14 bicY S0 30
Big G 2009.8.4—2009.8. 15 T8 P& 34 36

2.2 TEAM

K ARBYRE B AL B R AR O B
3 M A Hh e B8 R B X 5O 15 A (WD-
XRF, 145 RIX3000, H A< # 4% L bk X 2 4k ) BT
JCETHT, 8 T Al Na Mg . K, Ca Si,S Cl Fe,
Mn . Ti,Cu.Zn,As Br #1 Pb 3£ 16 Fp 50 & 0% i 1
JE. LI A5 F A RhHE X G204, B S0 KV,
HIV o 50 mA AL B 4% , HL8F O ) B 424 30 mm, K
23Xk 3.7 ~6.7 Pa. % 3£ [E MicroMatter A &) 1Y
TEHLIC 2 AR I P A 5 B0 A, A v A iy 4ok



68 ® B R

EE

32 %

FHEA RO . 4 BR 25 11 08 R 1) o0 R A IR 43 BT
HIUEMEAE <4 COd N ORAF, T A3 B #8845 20 3R 2 3k
A3 M B Jo i 4 1l DA By LA i Bl
2.3 REAA

TEARBEFE & AR 7 ik AR 20 ik i
FIESMICR M F R, HEN FEZILE AR
RN Sy 50T 0ORE 9 v T 2R BT R K P 1 T O
(Yang et al. , 2010). & % B T EF ( Enrichment
factor) WA AL N .

EF, = (C./Cy) 5/ (C/Cy) i (1)

Kb, CORHPFRME i DICERMIRIE ; Co NS TR
I E 5 (C./Cr ) s 248 RAUBRLY P i SR MR
MBHITTRKER AE; (C/Cy) o T8 LI
TLRERGSHITR S RN E. AU -
Brh R R NI R m/NG AL JTRERN S
LR, LHEGTR T RERIE TR TR FYHE
(PRI e 23, 1990)

W7otk —mZ oot s, AT ot £
AN ] AR DG &R, AR AR SCHE LB T 4 T
AR RIS, U Y B 1 05 e S A EE TR Ry R
I E B (B4 ,2003) . AR BF 57 {8 | PASW  Statistics
18 GEitHf 47 BB 523 M, 42 05 125y F2 00, L
F Kaiser 5 1k 14 15 52 i€ e 125, 45 HH OC J B e A (B
KT VIHA T8 HEZP BN S BORY h oo R

VR BEAEAE Dy A8 BEAUA DR - B8 D 0 5080 A v AL
ST A AR G AR IOREL I, T8 S SR AR AR O A 1Y
U 77 i LA 7 R AE F0 A0 8 RO A R A 1) B O T A
AT ROF AR I IR 15 6 R 28 B 2R AT T 22
WK TR , AR AT 1E 2 e % 6 B, #1155 4k o R
A f {45 H I 28 IR (AR A 2R 45,2007 )

3 #Z R (Results)

3.1 TEY4K

B RAEBBE P, , , sFPIOCER A BT RVE EE 3 4
KiAZ BOARINAS 29690 T3 2. JH % PM,, , Y
JEEWE EE LM S.K Fe.Cl.Si Ca fll Zn % 7 Fif
JCE TR, K 16 FhoT 2 80k B 90% L 1
(WE ). Hr S SURWE i ABFFE R W], XRF
W S JCR MRS 5 BT g KA SOL T Wk A
BRI 1) — M (He et al. ,2001). 5 2001—2002
AEAEAL 5O X ) B 58 4 LG ( Duan et al. ,2006) , Na,
Mg .Si Ca FI Ti %5 0 % Wk B G 25 B AIK, (R B i 3
ARV A5 Y AR B A st B SR I T
AR ) A3 R A, 08 g o0 R B
(3910 ng-m ") B F Ik F B 12 {ij (8624 ng-m ) Al
BLIZ J5 (8164 ng-m ™) k) e BE . 2 3 VE IR B 42 ] 1
Jit X FURE 49 0 3R MR B R 3 A RS R TE 3. 4 T iR
it ie.

R2 PM, s TEFHRERE

Table 2 Mass concentrations (mean = standard deviations) of elements in PM; , _, 5

PM0.2~2A5/(ng'm73)

. BUZ BLE B (R ) = BUE
e (2008 46 H) (2008 48 H) (2008 49 H) (2008 412 H) (2009 48 H)
THE g THE g THE g ol g o Iy %
Al 171 72 73 33 53 18 382 185 222 90
Na 73 14 49 11 36 7.8 225 44 95 21
Cl 745 172 223 84 72 22 1877 515 449 101
Mg 37 15 17 6.7 18 7.1 125 55 62 28
Si 467 172 192 65 164 38 1056 477 571 206
S 3748 590 2131 566 1408 319 2339 862 3514 741
K 1387 302 402 87 431 111 1435 277 864 164
Ca 395 171 107 44 48 16 1123 475 554 212
Ti 47 15 22 5.6 11 2.8 77 33 45 15
Mn 46 8.7 23 4.8 12 4.1 76 15 52 8.6
Fe 866 217 402 100 213 44 1442 525 1047 260
Cu 33 6.2 21 5.6 14 3.5 44 9.2 52 12
Zn 399 122 151 46 86 20 541 120 441 118
As 14 1.8 7.2 2.5 1.6 1.1 19 3.9 17 6.1
Br 34 5.4 17 5.0 5.8 2.1 36 8.2 27 3.4
Pb 163 39 72 22 62 11 179 46 153 43
Js¥ill 8624 3910 2634 10975 8164
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®3 ERTENREAVMHYUTEESEET

Fe 11% :§§§§§§§:§’«- Si 7% Table 3 Enrichment factors of elements in PM at roadside
0K TTHE 1% 5510 % o5 M %% PMy, 55
=N 0
K 13% 355 ..2;:. —— o > L 09 07 07
— Mg 2.1 1.6 1.5 1.5
— Na 20.5 5.4 1.7 2.8
|Hl|||||||||||||||“|“ ”' Ti 9.8 6.0 3.2 3.8
HAth 9% Fe 36. 1 20.8 8.0 10.8
\\ Ca 14.7 12.8 10.9 1.3
\ K 118 49.5 8.6 18.0
30% Mn 140 65.3 12.3 24.0
Cu 4648 1459 251 569
1 ERZEWREPM,, , s TRUFAK S 7879 3777 570 1264
Fig. 1 Chemical composition of elements in PM, , _, s at roadside Zn 7307 3211 691 1266
Pb 18892 5972 579 1951
3.2 TEKRR cl 18676 5107 804 2010
& B b R 7 o Al 5 SR a3 B 5 T35 3 R As 19903 6097 765 2158
FK4.EF>10 ~R1ENTETEEEZ LB LA AN Br 33045 9918 1037 3361
T AR UE ( Voutsaet al. ,2002) . ¥ BB E £ W T1H
T4 BEETEBNEAFTHNYTZEERFHHLER >0.5 E{E)
Table 4 Factor analysis results of elements in PM at roadside(loading > 0.5 are only shown)
A 51 4% 5 1 4% 1 %
R 1 A+ 2 K1 [HF 2 1 [HF 2 A3
Al 0.974 0.972 0.962
Mg 0.960 0.951 0.983
Si 0.923 0.976 0.972
Ti 0.578 0.889 0.918
Ca 0.957 0.971 0.946
Na 0.608 0.701 0.825 0.885
Fe 0.612 0.709 0.761 0.521 0.903
Mn 0.801 0.564 0.703 0.771
K 0.579 0.752 0.747 0. 604
cl 0.516 0.752 0.590 0.751
s 0.737 0.777 0.847
Br 0.911 0.783 0.874
As 0.812 0.778 0.894
Cu 0.534 0.731 0.741
Zn 0.886 0.912 0.766 0.510
Pb 0.863 0.899 0.851
Ji 36.60% 42.80% 41.90% 36.60% 47.20% 21.70% 20.50%

AT RN 3 25 h5E e K (ALLSi Mg Na I Ti) |
MHEICHR (Fe Ca K Al Mn) A5 Q50K (Cu S Zn,
Pb (Cl.As Fl Br) . 3X 5 At 7 Jb 50 1 3k X 14 A 55 45
SRARAL (E 22 45,2002 ) . &R0 By B B TN A2
R RS T 9 > 58 1T 90 > 55 W9, U6 WA 5 T
RLAS BN BORLY) (0.2 ~ 0.5 pum) BT R &K, T 3

FERM TTERE P T RARAZB (1.0 ~2.5 pm). 2
WIS CR AR R B R s T, B AL B
e HETCR UKL P LA K 38 4% 28 1) 2 2 52 Wi ( Duan
et al. ,2006) . JLH T 18 R Ca.S.Zn Cu £1 Pb
IR MW BT & T R R A F i (Han
et al. ,2007).
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W3t e h i A FZ R 7, b S5 2
M 78.5% ~88.4% . KT 145 Al Mg .Si Ti.Ca,Na,
Fe 1 Mn 55 #,5¢ 70 3R AU JC K AH G, H g H 2 %
= D 7R i AN BT 2 A R D E 77 ¥ o X
TR B4 A Aok RS T 2 FE S5
JCRAMK, 5 Pb.Zn Cu As Br. S Cl #l K 57T
2. CLUAN As B0 Ry R BEHE R AR T R (IR A
55,2000 ) , 1 K J& A= ¥y B AR b 9 4 AE O R (L
et al. ,2007). Pb Al Br A 4R K 4% B AL 3 4 1 4E
J# ( Manalis et al. ,2005 ; Huang et al. ,1994). Zn 0
Cu FRR R F S 2%, T RESK A BL 3 4 /Y 56 i AR 4
2R A5 . T HE A R BE TR ( Sternbeck et al.
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ARES L3l A R A W SO R R M HE T A
LB
3.3 JuE 4 ARAE

ABEFELL 2008 4F 12 H F1 2009 47 8 H 45 1
REELFEMAZF S FraFs b e R e S (W
Pl 2) . OB RLAR 0 Al AN A 52 20975 G I8 HE ORI
M, 65 TR TURE , o~k #3052 AR 2 1
KA AL e A 55 A % D) KBk (Allen et al.
2001 ) . B AR Bl 4= HE Y UKL P ot B I 7 29 0.2
pm LR H G 8 0 A0 TR 2 i B B b ORL )
A3 A5 1 B T 7% (Kleeman et al. , 1998;2000).
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Fig. 2

Distribution patterns of elements in PM at roadside for summer and winter
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ZHh e e E AU E T E (B Na il K 40 fEE
TR AT R I A [ 0 0 A T8 2, 289 BEORL A 1 1 K
T8 A58 (1.0 ~2.5 wm) ] Jy 55T 6 R 3 119
45% ~80% . LML R B H F 2 30% ~
100% , 3 7] fE & B 75 4 ZR 45 e 14 XU AN A1 1) A
Xof W 3 B ) A St 242 0T B s HE 0 B 18
ZHIGPRITCREM MR ENETESF. BriAs
M Ph SEICRE LS (0.5 ~1.0 pm) P
B, M& S 140(0.2~0.5 um) H I, Na,
K.Cl.Br.As . Pb fl Zn ZZ L E L ZEWE 1 %
(0.2 ~0.5 pm) ¥ BEX A7 B 3, H 5 2 R R ]
RE R TE AR 1 TR W8 i 2 105 0 1% K 2t 1 498 O A
YT RR be. BF TR R BT, R W IT 1R 5 Zn (P Ti K|
Se As Fll Cu %5 70 &K 76 4 R0 42 Bt 19 0 At B K i B
MG (1 55 8 55,2008 ). HZ= S ILRAES 1T 4
(0.5 ~1.0 pm) HBUEAE, 1 7E 4 220K K UV 32 0.
X ] RE P O B s SRR R L 7 s 2 R
A BENRREEE RS RE. EENRRLE/ A
fEBi 1 0T o e Ak R BT R R A& ) 21 £% ((Yao
et al. ,2002) . AS[F] kL A% 43 A W 5% 22 [8) 1) 245 S AT fig
e LAAE B ER R Al R 0 BORE 4 SR A 2 1 43 DR
TR 53 B T R AN [, SR B A B4 RE L L AR T A7
AR AT BE AT B o A B S R A2 A (H SRR
Uk, A 5T 19 0 K 23 A 25 5 R b 5t T At B 5 AH

(Winchester et al. ,1984 ;Ning et al. ,1996).
3.4l m 4R O RR

Xof A2 30 YA A ) 2 B o 2t I 4 ] A
BT AL G BRRCS BRAT | A BB A 4 4 A A
PR 41 A X AR TR i AN EL D TPl A
HEBC, WK 7 LB 45 E M E B A E. |
R TTE RN 43 A FRAE (9 43 BT RN AE KRR
P Fe ot R M E T RAER KL Fok A THa
U3, Ph #l Br A]BA R LS IR BT R . A
I, A TR B AT a3 AR S 4 22 IR AN HL 3 4 I A AR
Wb o3 A 52 G0 1 IR A A A A RCR . 3 R
SRSy (I ING N EPS S SR Bl LR TR A7/ DI 3
O3 AR T A T 2 URL P Uk BE 2 O S DR IR Y
1.3 %, SR WAL 3l 4= HF 550 F0 I8 % 47 28 X A2 38 2 55 1Y
HHESE . BAE TS P A B B oo R BRI E K&
Oy AR A JC R 2 S, U WA A A2 TE A5 A R R A AR AL
R AR ) 9 HE A X AR 5 . WAz AR X TS R L),
PR IEoC R MLl 4 U5 50 3 IR 2390 63% Al
53% . 7e55 1 1AV 2, 4% 28 5 o0 3 /Y H 8RR
45% 59% 1 68% , i ML 3 % I o6 & B Hl IR
48% \52% H1 59% . w1 ML AT WL, 52t Y e i A o
Jiti X5 AL E]) 2 1 T HE TR T8 4 2R E A Y
PR T B3 R A R 3, X E 8% 4 4
EEY Ve ISR

—A— BB | gt - WiEJE -0 %X
2500 — 100 —
a b
2000 | 80
= 1500 | = 60
& &
£ i ) L
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¥ 1000 |~ ¥ 40
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Fig. 3 Distribution patterns of elements in PM before, during and after the Olympics at roadside and during the Olympics in suburb (a.

elements from dust sources; b. elements from vehicle emissions)

4 %52 (Conclusions)

1)2008—2009 4 1 [a] It 5t Ti7 18 % 5 i 2 38 i

Ry & B R R LR A S (K Fe C1.Si Ca Hil Zn,
i 16 il o0 R SR LY 90% L |
DEFEEN TR ICR > N =K e IL R
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(Al,Si Mg .Na il Ti) , W & JC % (Fe ,Ca K 1 Mn)
AVEYICE (Cu S Zn Pb Cl As F1 Br). AN X}
ANVRLAR ORI (0.2 ~0.5 pum ) 18 5T R K, 1T 3 58
PRI STk A TR B (1.0 ~2. 5pm) . A F
MBI EER T F 1 FEE5HAE TR
AL EITTEA S, W IH FH LB stk B 72 2%
55 YU E M, TRk B HLh A R AR R
e A Tl S5 HE OIS

3 ZHM AT RAMMNEICKEL ML EY
BERL AR 1 T B 4 A R E R R R 2 30% ~
100% , 1 24075 L LR W 43 i L S E 1 2 57
Br As #l Pb EZEFE 0.5 ~1.0 wm H PG, L
FE0.2~0.5 wm H A . A 7% PR R 2 386 0 17 B
A= 5 )k be 7 B Na K C1,Br As Pb fl Zn % ¢
RIWETE 0.2 ~0.5 pm A B F M. =2 N H
B R AR L FE T B B S #E 0.5 ~1.0 pm
H B0 A ) D A

4) VL2 B 52 3 VR 1 I B s 1 55 it X L 3 7R
F18 42 HE ORI SE (8 4 242 B A S 3 1 ¥ 08 VR T D
R 53% FI 63% , H.IERLAR 34 T 34 .

REEEEN M EA(1946—), 5, HE  EEZHETAH
WA E KA AR ARG REH.
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