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FEE 2011 45 8 H—2012 47 A Wi, FIH Hh i i (100 Lemin =) KACREEAXIARTEN A R B B (A A& X, B Tl IX) #47 PM, PM, _, 5.
PM, 5 o R FF, I BT IR [ F - .C1- \NO; .S03~ NH; Na* K* Ca®* Mg** %9 Rk ILHLE F. A4 R 8oR, Tk X B AL
QRETV5 PR IR XA SO B A PM, R AE S0 48 pgem = OV A SURY 1.2 05, A B P PM, XF PM, s il P, B9 5t SRR
T BT TR IR 1K 69% F145% . K E T S03~ \NO; NH; L S#AB T A KA K* (CL- 455 Fhes TE40R T PM, R4, X
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Abstract: PM, \PM, _, 5 .PM, 5 _,, samples were collected simultaneously using medium-volume samplers at commercial / residential area (A site) and
industrial area (B site) in Dongguan city from August 2011 to July 2012. With respect to the analysis of nine kinds of water-soluble inorganic ions (i. e.
F~, Cl=, NOy, SO}, NH;, Na*, K*, Mg®* and Ca?* ), it was concluded that the pollution of fine particle at B site was more serious than that
at A site. An annual average mass concentration of PM, at B site was 48 wg-m ™, which was 1.2 times the value of A. The difference in mass
contributions of PM, to PM, 5 and PM,, at A and B site was not obvious, with values of 69% and 45% , respectively. Secondary ions of NO; , SO3~ and
NH; , and K* and Cl ™, indicators of combustion, were all concentrated in submicron particle PM, , with contribution ratios to PM; mass of 18.82% ~
19.76% , 4.98% ~5.47% .3.98% ~4.12% , 2.03% ~2.27% and 3.39% ~3.78% , respectively. Moreover, the other four ions, i.e. Ca’*,
Mg?*, F~ and Na* , were concentrated in coarse particle PM, 5 _,,. With respect to the three particles PM,,, PM, s and PM,, the values of AE/CE
ratios, SOR and NOR of PM, were the highest.
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1 3|5 (Introduction)

AR, B & IR W AR B 45, P RARA
VoS FEC RSO AT 9 B A M RT I A HESSORE S P,
GRS B ARL T PM, , Fl PM, . WF5E & 80, 4
F(IRHRERAE <1 pm) BB B H A K%
JE RS e R 5 R KRB DL B IR ) R R
PR X KA G R B TR R S IR 24 53% i
BB LR 1) TTHR R AL IA F 2 21% ( Chan et al. , 1999;
Sloane, 1986). [A]HF, Burnett %5 (2002) 7EXf 43 < i
AU AR A AR SRR e AT h R B, s Kb
PM, HRIEARHER 10 pg-m ™ RWPREEAI A0
I | I8 o 1940 252 93 38 4 Sl 23 B4 T 6% 1T 8%
Kok 55 (2006) i & B BERLAR B /1N %k A A4 fgE B
£ R FE TN A e 1) BIF 58 0 SR 2151 1) T B /N
(YN Tl

PRYT = U 1 DXAE Ry v [ 28 5 % i e R 1
X Z—, HIFUR 475 Ye [n) U5 | 1R 2224 3 10 6 3
IR THZH K P, PM, B AL R 7 1 1Y
5T, Hu 55 (2008 ) 76 N3 B Hb X 0F 92 & 30,
PM, 5 NH, 5 CI~ 1 NO; & T IWIE LA 7F 2=
5. Wang %5 (2008 ) 762k = #f H X F F KHL g 28 %
R, WF5E T PM, 5 . PM,, SO, .0, 1 NO, 2575 YLy ()
NI N g 151 v B 11 s S 70 o T T Y& 7/ B
8 Fh/KIETER T-(Cl- \NO; .SO?” \NH, Na® .Ca’" .
Mg®* Fl K™ ). Tao % (2009) #5277~ M #H 2= PM, 4
HER R L AERER A LRI G R RS 4 R xR
VIS OE R BB SR . Tan %5 (2009 ) 78 1F 5 KA
JRFE RSN R T PM,, K 4L )
X HL A58 & B, K3 KT B9 SO, NO, FlI
NH," WRBE /B e KRR 1Y 6.5.3.9 5.3 4.
XUEHF TN /R Bk = A ML X PM,  FPOK IR TR Y
R FNTG Yokt B 2R L SR AE T PM, 5,
PM RAR TN | LR TR K, 76 P45 25 S 45 B
B TR A DG o8 JA LA B Bk A, PV b 4
(SRR ETCHLES F SO~ \NO; (NH, WK 4 J 34
KT OB KA ULEE B2, B0 X PM,
HOK B ETCHLES 1 B SRR AE AF 52 6 DA 35 3017 K 5
15 YL RRIE A L L

BEFR A R T MR SET, SR 2k — A b XK
St L X 22— 7F 1957—1989 4E /Y 33 4EHL,
REEF LT 12 d BKEE R A 2000 5, AR

SETH K3 KA ZR 38,2003 4 1 JK 55 KR 121
d,2006 4FikF] 192 d,2007 4FEfmoh 213 d; 0 A
— R, 2008 4EH 146 d,2009 4FE2H 85 d,
2010 4E 71 d,2011 4EK 55 d, Hrp | 2 4FE ™ 8 K
FERSHIHBAE 2 AR10 H. N TR RS2
ZORPLAY S R SIMG , ASCT 2011 4F 8 H—2012
4E7 AWM, XFARZETT A AL B B (A BTG X, B
Tk X)) 345 PM,, . PM, Al PM, B 5 AR SE | 8 5
ST S AR PM, TRk 1 B8 1 75 YL REAIE.

2 RIEFEFMSH (Sample and analysis)

2.1 HEX&E

2.1.1 RFEENE  EIHKCRFES A(23°01'N,
113°44'E W3 15 m) {7 T AR E AR 56T /X 4
BHERET, B 2 18 m, J8 BN JE R IX AR AL X
TAEIX B A (23°05'N . 113°40'E, 4K 2 m) i T
AR IRSET AR P B KR 150 m b — I A5 RE
T, E b 1T 29 18 m, A KA A bR FE i &
2448 ~3528 ffi-h =" InAREE P Tl IX.

2.1.2 KHFHE RIS TH-150C B i &
PM,, . PM, , PM, = ¢ KSR M &%, Ui # 2 100
Lemin"'.

SR U AL 55 9 o 2 R 14 0 368 2T 24 D S 33
FEAE 90 mm Y [ JE 3 B AN AR 42 60 mm | AR 15
mm I B SRAEHT, BEAR S 28 I 450 C A%
P4 h, HFAEEIR((20 £5) C)TEIE(50% +5% )4
VA 24 h DL ST 2 — T R ORI
0.00001g) FREE. RAE S5 7E RIFE S5 T -4 24 h A
e PR 2 (A e ORL Y T . B S TR R
2.1.3  RAHEE CRFEEME N 2011 458 H—
20127 AL BAZDA AN S d RFE (3%
GB3095—1996 FR5Ezs [ BT ifE P 2K ) , Bk
FEA B SRR EAT , AR — KR 77 9.00 2R H
177 9.00,3 24 h I ERAE, ST 60 AR, A
FEMDE T 2 A AL 3 FloRiAR ORI, 36 6 SR
2.2 KBEEENEFHRERREG N

BRUCRAE AL i i A7 T A . HLAR Ty 02
FAEBE /K (BHLRE > 18 MQ-em ™) 242 1/2 3§
JEE, 28 3 YOl 4R 501, FH 0. 45 pum GLAL OB B ik
UERERY , BB IR ZE AT

TR 5 B 7K 1 B T 46 4 RHBHES 7 (S0; .
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NO, \Cl”~ \F7)#I5 FPHE F(K* Ca®" \Na* Mg’"
FINH, ). 1 1CS-90 #I & F (o 3% (43 254 . AS14) U]
A SO NO; (Cl™ F~ X 4 P+, i
AA240FS AU 5 W WS 43 0 6 AN (I ) T E
K* . Ca’* Na® Mg™* %5 4 FPBHE F a0k B, H
CARY AUEEANCEETHINE NH, WREE.

BACHE 5T e A8 1 R FH 9 [V ( DRI ) Y o 45
HARAE , BRI 10 SRR S A 1 A4S B T ik B
#£0.030 ~0.100 g- L™y BB, FiF A Am i d 25 1
+30% ; JREWELE 0. 100 ~0. 150 g- L~ Z [, 72
VFBIBR HE D 22 0 < 20% ; FF & B W E > 0. 150

g LB, SRV bR R ZE R 10% .

TE [RDJCRAGIN FN 2 (6, AR 7 [lfioR
T 91.2% ~110.3% 2 [8), 75 F 5 HA I H A%
WRBE R CL™ N Na ™ (389/0NF X 7 25 vk B AR 1Y
5% ) i K.
2.3 ARFEHRALHEE

P SARTS 4 SO, NO, M08, nii i |
AFDRT B2 1 R 25 1810k B 2R 58 T B 58 1000 oo s
PIPREE 2 A A B IS R SE, o A B A
QSR RN 1 fik 2 Pos.

F1 REHPERRROESKSH

Table 1 ~ Meteorological parameters in the four seasons during the sampling period

1y IR T/°C KJH WS/ (mes~') AR E RH AEULIE Vis/km IKFEREL/d
EEG3—5H) 22.2+4.5 1.420.3 68.6% +15.2% 25.9+14.1 9
2% (6—8 H) 30.2£1.1 1.7 0.7 62.6% +5.8% 39.2£11.2 1
®ZE(9—11 H) 25.2+3.2 1.6 0.3 60.3% +9.6% 19.9+8.8 13
KZFE(12—2 ) 15.2 £4.1 1.6 0.6 60.2% +13.9% 13.4+7.2 32
AR 22.9%6.5 1.6 0.5 62.4% £11.7% 24.6 +14.1 55

®2  REHESESEY SO, NO,KE
Table 2 Concentrations of SO, and NO, during the sampling period
S0,/ (pgem ™) NO,/(pg'm™?)

G AU B s A B A

FE 22.1+8.5 19.1+9.5 44.7+1.4 43.9£13.9
HZ  22.4+10.7 34.0+21.7 34.2+16.6 43.7+18.2
®ZE 25.3+7.6  41.1+15.0 43.1224.5 48.8=%15.7
K7 31.9+13.4 55.7+25.6 62.6+28.5 61.6+26.0
AR 25.2£10.8 37.5£22.8 45.3+24.6 49.6+19.9

AREET IS T WA S, o TIRE R 7. W 1
LA SRAE ] 44 - Y SR R 22,9 C, H R
1 (30.2 C) fem , AR mAM(15.2 C) HHET
15 C. RGN AP 25 S8 B AR, - 40 X W B oy
62.4% ,Hih | F MR (68. 6% ) B Wi T H:
=2 \FE 2 n[FH], TALIX B f SO, 1 NO, V5 4
BUETGIX A S HE JUHGE S0, 456 3KR 1 ik 2 i
IS, 4G Y e T AL A B RS
Je) SO, Al NO, T35 YL Bl &b = F Al = 2 i HL 4 2
FA) K 58 R A e v T HAth = Z.

3 2R 5138 (Results and discussion)

3.1 PM, &K EAKF
1 FrRh 2011 458 A %2012 47 A RAEEW
[B] A F1 B A5 PM, H Y& B2 FE H a9 H 2k i AR

ARl AT a5, Tl IX B S 4l ki (PM, ) 15 5%
BATRIX A ™ E. A 5 PM, R R EAE Y E N
(40 £21) pg-m = P EEEH 10 ~ 105 pg-m 7, i
B A ((48 £24) pg-m ) K A Y 1.2 £, %
FIFEEN 12 ~113 ug-m . A B Wi PM, A4 0T ik
JEZ A REE A, O A > KR > B E >

2%

150 - a PMi(A ) o PM|Bx)
— H¥ME A ) — AHEBR)
(:\ 1 g 1 E 1 *j( 1 A 1
! | | | | ol
%IOO - ! ! ! a2
= | | |
= [ | |
% ¥ | |
< S0 : A |
[~}
o
|
0 ¢
3

E1 PM,RERELENT

Fig. 1 Annual mass concentrations of PM; in Dongguan City

HABE R HBIX () PM, 75 9L K- An3% 3 s, i
FATH RSEHLIX A (B PR AR S B TS L XY PV,
e R K B 785 E Melpitz, K E H B &L & NG
Lykovrissi 4 />0 X HREE 5, [ A 75 X A S8 PM,
VRBE (40 wg-m ) AR TR (35 wgem ™) LMK
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X B 5 PM, I (48 wg-m )M THEBETIL A
IR R ERBIX (52 pgem ™).

* 3[R H T PISRAE B PM,/PM,, F1 PM,/
PM, s LAY DU ZEBE /3 A 5 L. R AT A, A B

S L T e 22 5, Horp A B PM,/PM, il
PM,/PM, ; LB RAE (B 53 51 R 0. 446 0. 688, 1M B
SN 0. 442 0. 682. ] UL 40k T PM, 76 kL
Py 5 BOR i

*3 tHEEZ PM,iRE . PM,/PM,, 71 PM,/PM, , tLfE
Table 3  Concentrations of PM, , ratios of PM; to PM,, and PM, to PM, 5 in other cities around the world

WX s} [ PM, PM,/PM,, PM, /PM, 5 S5 Sk
P Melpitz 2004 13 0.65 0.87 Spindler et al. ,2010
2005 13 0.59 0.72
2006 12 0.50 0.63
2007 12 0.55 0.71
1999—2002 , 5 Z& 10 0.42 0.76 Spindler et al. ,2004
1999—2002 , 4 % 14 0.61 0.75
[ Birmingham 2004—2005 12 0.75 0.45 Yin et al. ,2008
Fi B Lykovrissi 2004—2005 19 0.36 0.78 Koulouri et al. ,2008
& T 2000—2001 52 0.52 - Lin et al. ,2004
o A 2005.5—2005.9 35 0.69 0.92 Cheng et al. ,2006
2004.8—2005. 11 44 - - Cheng et al. ,2011
#% A 20112012 40 0.446 0.688 .
R5E B 48 0.442 0.682

3.2 PM, ¥ KEMEEF

3.2.1 KEMBEFEREAT BN, AK5EN
AEPUZE A FIl B PIAUCREER PM, AR 9 Rk
MBS FH AN 2 BR3Pl Yy
EC AR 5. AR AT %0, S0~ \NH,' \NO,; A1 Cl-
HFER 4 PR, Hop S0 W R, A LB PN
SO~ Wk BEAE (B 4300 R 7. 53 pg - m Al 9.49
pg-m " sNH K Z, A B P RUAE S (E 43 0] 1.99
pgem 2,58 pgem 7 ARJE SR NOS L, A LB AR
YHESY M 1.59 pg-m > F1.98 pg-m ;w52
Cl™,A B Wi EFEYES 0 1.36 pg-m > F1 1. 81
pgem . [AIF, A B Wi PM, H SO; - NH,” \NO,; FlI

Cl™ X 4 FEf 5 9 Fied - Bt S A1 B 43 B 3ol
=ik 85.8% #185.0% ,A B Wi S CHH W25, AB
P NO, MR EEAR 22/, 1 SO~ M NH," ¥k B 25 {H
XK X5 B A A SEN T £ KEZH
SEBRIEOUARSE. KER T B PR BRI 4 2= >/
%> FkZE > B R ZEN oA R AiE, T SO~ Al NH,/
HEHFWE m, MAKEATERZ. R 4 H—4FN
1 SO;™ (NH, 55 BE FH X BE 9 AH OGP 43 BT 45
SRR, B FEEWBE N SO; A NH, 5/ %
% e ) R X O B A O T B A% 2 i Wk BE 1Y) SO~ N
NH," B 32 Rk A R AR AL ), SOHE W AR 58 T 4 2=
FEKAZ: PM, SO~ A1 NH, B9FE AL HIASTR].

mmAEF == ET =T em4T =228

—_ —_ ) [
o W = [
T T T ]

>

IR TEALES T4 /(ngrm™)

w
T

F . NO; SO} NHj *
KB TALES T

ket s musfn
K* Mg?* Ca?* Total

B

E Mt Deeprs Do
F~  CI” NO; SO} NH; Na® K' Mg?" Ca?* Total
KB HETALEF

2 KBAUENBEFRENNESH

Fig.2  Seasonal concentration distribution of water-soluble inorganic ions
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F4 MEH SO} NH) RESEE MAEENHEXRY
Table 4 Seasonal correlation coefficients (r) between SO3~, T and RH, and NH, , T and RH, respectively

Ty RH, Ty RH Ty RH Ty RH
S0%- 0.45 0.82 0.48 -0.21 0.61 0.52 0.76 0.24
NH, 0.51 0.81 0.33 -0.11 0.59 0.44 0.73 0.13
I EHRITE 0. 05 ZKSFF (AU ) 8 35 40 5C.

5 R E P A ML X SIE AR T PM, UK 20015 Lelieveld et al. , 2001 ) i & W 2 & T 2k = £

PETCHLES F I B K-, R M IX 32 280 S A6 J5
DXCOPYZE AL HT) MIBR =AM ()M s R 5E)
Pide. 2k 5 Al dEat )TN SR Y SO iE
YW B ARS8 R 7 3 A& FR 0808 Kt

D, Hor R ZETT A\B PR PM, P CL™ K
JEE KRR T N | A s e DX vy A, AR R
1987 S =< B ) s | 5 A e W v i 0 < QTR D =4
WAFEEG RIS 7T E Na* J8R

HHFF PM, th NH, NO, i Fa e , ek = M HiIX NO;
FNH," VR BE/KF- W1 AR T 74 2 Ande e b, deor
PR AT R TP R BEAT R, SR T RAT N
A KW Cl™ (Shen et al. , 2009; Yamasoe et al.
2000) 148 78 R 4T R EI’J K* ( Guazzotti et al

AR Ca® " AR B 2 i TR )M AR 5E
SFER =AML, Ho N B Ca® MR OB L T
ARZEMLIX, U W] M T AR SR 47 A B O L B RO
P RSET PM, H K8 P T AL B 9k B 7K P AR X
AR

F5 ERNSHXRETHY PM, FKRELTIE FHIREXT

-3

Table 5 Concentration levels of water-soluble inorganic ions in PM, at Dongguan City and other cities in China pgem
W S0%- NO; cl- Na* NH,f K* Ca®* Mg?* EZ DU
Fis 2004—2005 4E 10.70 1.90 0.30 1.30 2.50 0.47 — — Cheng et al. ,2006
P4 2006 4,4 9.00 12.70 7.00 6.00 6.80 1.80 5.20 — TPRD45,2008
Jbs 2006 4E7 A 20.30 17.30 1.10 — 13.10 — — — Sun et al. ,2010
2008 4£7—9 H  16.80 10.0 0.55 — 10.00 — — — Huang et al. 2010
2011 4 6—8 A 9.00 12.40 0.50 — 8.00 — — — Sun et al. ,2012
U 2008 4E,EH 13.10 1.80 0.70 2.40 2.90 0.60 1.30 — W 25,2010
KRrEA K 11.24 1.14 1.13 0.31 3.41 0.84 0.51 0.38
= 4.96 0.79 0.83 0.16 1.17 0.36 0.14 0.17
% 6.49 1.73 1.67 0.61 1.47 0.51 0.42 0.27
% 7.43 2.70 1.79 0.94 1.92 1.54 0.67 0.40
LA 7.53 1.59 1.36 0.51 1.99 0.81 0.43 0.31 5
KEEB 12.71 1.55 1.65 0.43 3.17 0.93 0.74 0.61 A
= 5.83 1.00 1.28 0.22 1.90 0.57 0.28 0.26
#* 8.71 1.96 1.89 0.46 2.48 0.59 0.54 0.32
% 10.01 3.30 2.33 1.19 2.59 2.23 0.93 0.54
LAF 9.49 1.98 1.81 0.58 2.58 1.09 0.64 0.45
3.2.2 KEMWETFAEPM, PM,_, FPM,,_ 8  ROMHFMES Spindler % (2010 2004 ) i (145

I GRS R T VD = A 2 95 A )
TIRTEHLE F SO, NO, NH, FIEZR A Y
BREEH) K™ B SR AE A0 73 40 IE—H& H A )
Ca® " FIEZR HIFEEIEAY Na® Mg™* & ETERLR T
4y, 1 Cl NRTU%/@M?%G & AR T
#B4%, W Wang %5 (2006 ) F1 Spindler % (2010;
2004 ) A HGE RIS S, R 6 A RS2 0 A=)
J A YRR IGEA T Ay 5 Wi 17T % B AE IR T3 43, bl 45

aATERAE B3 R 9 RPOK PR T4 BIFE PM, |
PM, _, ,FIl PM, o 3 FlokRife Ok b A9 2 A B AiF, 1
o BB R T BRI IR T R Y
HAT I B NEE 6 fras. f & 3 Al NO; (SO% |
NH, K*Fl C1~ FZ & EFEg b1 PM, I, 1 Na* |
Ca’* F~Fl Mg** FE & EEMBLT PM, 5, I BR
Cl™RiAR A A F A, Foflh 8 Rk ¥t TEHLES F A Hr
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LR BRI (Shen et al. | 2009) . HULE FREZEVE R
— AN R B A A R R RS e, CLo
FEEEELNRT PM, P MR T CL v REAZ
SAAFEHLHI A SE M T 53 228 (Wu et al. , 2006) .
K3 4549 6 TIAL A B WIS 100 A bk
SR AT, 9 Bl R NH Mg Ca®" |
Cl™ ,SO;~ 1 NO; 45 6 s+ (ki 42 43 L FR A 52

“V'HELRIYE PM, _, s oy e i B 5 Ak 3 e
F(Na*  F~  K*) L EEEF o HE PM, ol &
S P O i N - S 0 P =L L 8 R 2% 7
T B A5 SR B E A LN R 42.5%
Wk 73.1%.

LY TeF - A 10 _— A
010 18 _
o0 g L6 B T8 3
£ 008 g 141 g
% &2 o o6f M
= 0.06 2 10F 2
o 0.041 o 0tL o) 4r
L 04 2
0.02 X I 05k
0 0 0 1
< 1025 2.5-10 <1025 2.5-10 <1025 25-10
25— - A 30— _— A M oAy
- ~ 5L ~ 12k M
< 20k - [COBx 25 R i I
= g 50k £ 10F
@ 15F B 2 08|
=~ = 15 & = 06
- 10 e < U
o 1.0 Z 04
Z L
0.5 I H 05k 02}
0 | 0 0 |
<1025 2.5-10 <1 1.0-25 2.5-10 <1 1025 2.5-10
12— 12— 12
2 _ _— A 0 - A y ~ 1o - A M
o — = U B = T ==
5 08k E o8- % 08| B &
o0 = =
2 o6 NS = 06|
Loo4 IH E 04 I 2 04r
02k D 02} I H 02} I |:|
; i . . . i |
<1025 2.5-10 < 1025 2.5-10 <1 1.0-25 2.5-10
BRIk /um BRI KA /um BRI kAR /um

B3 KBMENEFEPM, PM, _, T PM, 5, EHIHIZ ST

Fig.3  Size distribution of water — soluble inorganic ions in PM, , PM, _, 5, PM, 5_,,

R6 BRETEIENTLINRESRELRENESLL

Table 6  Percentage distributions of ions in its dominating particle

. AR AL
B BT N B
PM, 5 10 F- 67.3% 42.5%
Na* 45.5% 55.0%
Ca®* 59.6% 56.9%
Mg** 73.1% 67.9%
PM, S0%- 49.9% 46.5%
NH; 42.5% 52.1%
NO; 54.2% 49.3%
cl- 49.8% 50.3%
K* 60.9% 62.8%
3.2.3 PM, ey E M WFFEE,F ClT  NO; |

SO; ™ 25 BF B ] 58 i moe 4 04 e M, A0 5, NH
Na® K" Mg*"  Ca’" %5 FHES -l 384 Jin ok: 4 i) wief
(Xu et al. , 2012) , HCA] 38 o A 57 ORI B L BHES

RSP R S P E R AR T OB ) 14 R P R . -
AR

_[80:7] [NOJT [al] [F ]
AE=""8 62 355 7 19 (1
_INHS] K* [Na'] [Ca®"]  [Mg"]

CE="18 *39* 3 * 20 * 1
(2)

AP AE CE 700l Rm B BHES 1Y vk i [ X 3%
TRICE MBI (pgem ).

JH AE/CE (1) FUAE 27 JUR P i IR B | AR
T 1, FR R s #5/NT 1, TR RE (Xu et al. |
2012). 2 7 TR0, 0K 0 A2 )N, LR P R
JX*%%EX@QE{Z‘?&@E@%%*Q{LJ(Wang, et al. ,
2006). A B P PM, (¥ AE/CE H AR AFE M8 43 51
1.193 F11.196.

FH R 7 38 AT AN ) A A5 AN TR A% 0K ) 1Y)
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AE/CE HAH 22757 50 A R AR WS A AN TR o) A AR
PM, ) AE/CE AR =T 73 M FEE R . B 2 > Bk
>SHEESZFEMBENKES>HES>HFRE>X
% (HWIHHFEA T AE/CE FU AR, Hoh &

T2 LR NH, T RIS 0 T 2 25 0] RE A2 A
TG R A 47 22 R 8 s O M 14 1Y
B P 22 55 4 R RIS

®7 FTEHKFH AE/CE LE
Table 7 Ratios of AE to CE in particles of different sizes

. AE/CE(PM, 5 _4) AE/CE(PM, _, 5) AE/CE(PM,)

= AR B & AR B AR B &

# 0.697 0.704 0.730 0.918 1.036 1.155

=} 0.717 0.659 0.733 0.820 1.413 1.210

778 0.528 0.489 1.207 0.997 1.334 1.291

ES 0.549 0. 609 0.935 0.880 0.986 0.991

GAR 0.623 0.604 0.901 0.913 1.193 1.196
3.2.4 SOR #n NOR 5% % Bl (Jeong et al. , (1990 ) W5 45 i, SOR > 0. 1 I BIA e fbF i 72
2008 ; Seinfeld et al. , 2012) UKL - ABREYI BTA  # SO, AL USRI SOT . fi3R 8 AT, BFSE I X
FTF SO, FISZE HNO, 7EURL R T8 W B 5 A TP mi it N, AR FEHLIX 241 SOR ¥R F 0. 1, FRBHiZHLIX —

KRR g SOZ- A NO, . W T 3E i BF 73 6 i 1k R
SOR AL LA NOR K P € 1 B 58 A AR A2 5
R AL (Ohta er al. , 1990).

% 8 4 A B Wi SO, il NO,7E PM, .PM, , ..
PM, ,_,, 3 Fhi%i %) NOR I SOR. Ohta £ Okita

AEPUZE A b 2 A A O & AL PM 1R SOR Fil
NOR {H#c K, A B 5 SOR [IAEHIE 2510 0. 172
F10.202,NOR 4FH{E 435 24 0. 023 1 0. 030 ; Hik
EHKLF PM, BG4 PM, , ..

&8 AREHFH SOR 7 NOR
Table 8 The values of NOR and SOR in particles of different sizes

- SOR(PM, 5 _0) SOR(PM, _, 5) SOR(PM,) NOR(PM, 5 _0) NOR(PM, _, 5) NOR(PM, )

v AB BA AM BM AM AB BA AM BH AN BA
* 0. 166 0.228 0.073 0.098 0.251 0.313 0.017 0.023 0.010 0.013 0.019 0.020
H 0.090 0.105 0.047 0.063 0.132 0.139 0.017 0.014 0.007 0.009 0.018 0.019
# 0.082 0.076 0.084 0.079 0. 164 0.186 0.014 0.017 0. 008 0.014 0.032 0.032
% 0.097 0.096 0.118 0.097 0. 141 0.137 0.017 0.022 0.012 0.012 0.025 0.032

LA 0.109 0.125 0. 081 0.086 0.172 0.202 0.016 0.019 0. 009 0.013 0.023 0.030

1 :SOR = [ nss-S03~ ]/ ([ S0, ] + [nss-SO3~ ]) (Kaneyasu et al. , 1995) , 1 [ nss-S03~ ] AR sPARMEE: SO~ REWEE, [n-S03~ ]

BRI R SO B E | [ nss-S0,2 ] -
L NO, AR

=[50}~ ]

Ub4h, F 2 PM, 1Y SOR H A i = T Hifth =2,
[ )5 X T AT d AR DG (r = 0. 68 ~0.71,p <

-0.2517[Na* ];NOR

=[n-NO; J/([NO,] + [n-NOy ]), 1, [ n-NO; ] R BUKL4

) e VR 5 1 T B | R 1 A2 2% S I i AR AR R G
Z ,McMurry Fil Wilson (1983 ) ¥ 218 5o S {b) 45

0.01,%9). XTE—EREE L RIEFS PM, H SO;~ FIAh =25 SOR (HTL K K2R, H, 52510447
&9 SOR 5FSKET.STRUWETEKEXRY
Table 9 Correlation coefficients among SOR, meteorological factors and pollution factors

T SOR (%) SOR( ) SOR (%K) SOR (%)
AR B i AR B A AL B i AR B i
T 0.21 0.25 0.66 0.72 0.33 0.34 0.44 0.34
RH 0.68 0.71 0.22 0.13 0.21 0.22 0.29 0.30
WS -0.23 -0.29 -0.32 -0.22 -0.41 -0.39 -0.43 -0.42
S0, -0.44 -0.42 -0.43 -0.47 -0.79 -0.80 -0.66 -0.69
PM, 0.21 0.33 0.31 0.33 0.55 0.66 0.71 0.76

T A BRI AE 0..05 KT OB ) 2540 .
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F 80, 11 SO, %4k (Quan et al. , 2008 ) , Fk & %
SOR 5 SO, 1 PM, ¥/ 45 i APk (£ 9) , Ui —
URHE BRI 0 8 B R b SO; - kiR, —
ERE FAIET 3.2, 1 5 R PM, SO &
BT WAL ] AT RK 4 ZE AN TR, NOR A 4 &K B B 5
SOR ik, H &=l A& =R E AL T NOR 2474
T Ik, A 2.

4 2512 ( Conclusions)

1) T 2011 4F 8 H—2012 4 7 H M4 K3 ¢
PRIX A S5 (ARG ) A B S (Tl X)) #4757
PM,, .PM, ; \PM, R AFE JFE 04T T PM, e rh
TREPETCHLES F 75 Qe R k. 25 R R 8L, Tk IX B
SO GO PM, 15 QB R 88 A g™ 8 H A A
PM, AEF- 4 B i O (40 £21) pg-m ™, B K2 A
MUY T2 A5 A B PM, 5T R BE Y 2 0 A R
(5] pgem ) >EKFE(42 pgem ) > FZF(39
pgem ) > HZE(27 pgem ). PM X} PM, Hl PM,,
1) 5 A AR e B BT, S X BTER 2 4 J0l 1R A 69% AN
47% ,A B T m AR X AR 5 S 114 BT R 3 TC
2R

2) KPR AR S AT R s AR SEH X A |
B PR B IR B S0 \NO; I NH,
KSR BEAT A LR K CL™ FE4IRL T PM, &
£ MHEAD 4 e+ Ca®* Mg®* F~ Fl Na* FUIRAE
HLRLF PM, 5, b Horp L 2 R 4I0RF
SRR AW AR R A B HE TG .

VR FIRYE AT EE R R, PM, 5 . PM, _, 5.
PM, 3 FlURL Y, AE/CE (B Bl A A28 /0N 17 386
PM,H AC/CE HAE &K, A B W5 PM, ) AE/CE
FEAE 350k 1. 193 F1 1. 196.

4)3 MUk PM, B9 SOR F1 NOR {i K, 12
HLBL T PM, ., SOR F1 NOR fE X Z. SOR 545
ST 59 YR B AR DM S A SR I, AR SE L IX
HZE PM, PR SOT S5 EiR s R M A
N AR KOCR | MFKAZE PM, H SO; - R F 2
R —UCHEOR — R

Bt ( Acknowledge ) : M HIZL AT LR B L TR, 5
WA S S B ARy A B R AT 4 S i AT R, R
ERHRAET XK AL MNALE | — I R T M.

BEEEB M HE(1963—), 7, FF R UK FHHAF
5IRFRHK, MEEFF. HET 0. AT RBE

S W TR ARSI b 8 %,
2 3 3k ( References) :

Chan Y, Simpson R, Mctainsh G H, et al. 1999. Source apportionment
of visibility degradation problems in Brisbane ( Australia) using the
multiple linear techniques [ J ].

Environment,33(19) :3237-3250
Cheng Y, Ho K, Lee S, et al. 2006. Seasonal and diurnal variations of

regression Atmospheric

PM, ,, PM, 5 and PM, in the roadside environment of Hong Kong
[J]. China Particuology,4(6) :312-315

Cheng Y, Zou S, Lee S, et al. 2011. Characteristics and source
apportionment of PM; emissions at a roadside station[ J]. Journal of
Hazardous Materials,195; 82-91

de Kok T M, Driece H A, Hogervorst J G, et al. 2006. Toxicological
assessment of ambient and traffic-related particulate matter; a
review of recent studies. Mutation research [ J ]. Reviews in
Mutation Research,613(2/3) :103-122

Guazzotti S A, Whiteaker ] R, Suess D, et al. 2001. Real-time
measurements of the chemical composition of size-resolved particles
during a Santa Ana wind episode, California USA[J]. Atmospheric
Environment,35(19) :3229-3240

Hu M, Wu Z, Slanina J, et al. 2008. Acidic gases, ammonia and water-
soluble ions in PM, 5 at a coastal site in the Pearl River Delta,
China[ J]. Atmospheric Environment, 42(25) : 6310-6320

Huang X, He L, Hu M, et al. 2010. Highly time-resolved chemical
characterization of atmospheric submicron particles during 2008
Beijing Olympic Games using an Aerodyne High-Resolution Aerosol
Mass Spectrometer [ J ]. Atmospheric Chemistry and Physics, 10
8933-8945

Jeong J 1, Park S U.2008. Interaction of gaseous pollutants with aerosols
in Asia during March 2002[ J]. Science of the Total Environment,
392(2/3) : 262-276

Kaneyasu N, Ohta S, Murao N. 1995. Seasonal variation in the chemical
composition of atmospheric aerosols and gaseous species in Sapporo,
Japan[ J]. Atmospheric Environment, 29(13) :1559-1568

Koulouri G, Grivas E, Gerasopoulos A, et al. 2008. Study of segerated
particle ( PM,,, PM, 5, PM, ;) over Greece [ J]. Global NEST
Journal, 10:132-139

Lelieveld J O, Crutzen P, Ramanathan Vet al. 2001. The Indian Ocean
Experiment: Widespread air pollution from south and southeast Asia
[J]. Science, 291:1031-1036

Lin J J, Lee L C. 2004. Characterization of the concentration and
distribution of urban submicron ( PM; ) aerosol particles [ J].
Atmospheric Environment,38: 469-475

McMurry P, Wilson J. 1983. Droplet phase ( heterogeneous) and gas
phase ( homogeneous) contributions to secondary ambient aerosol
formation as functions of relative humidity [ J ]. Journal of
Geophysical Research: Oceans ( 1978—2012 ), 88 ( C9 ):
5101-5108

Ohta S, Okita T. 1990. A chemical characterization of atmospheric

aerosol in Sapporo[ J ]. Atmospheric Environment ( Part A. General



134 RUSEA  IRFE T R AWHOKR KL T PM, S b K P T AL 175 Y ReAiE 35

Topics) ,24(4) :815-822

Pope III C A, Burnett R T, Thun M J, et al. 2002. Lung cancer,
cardiopulmonary mortality, and long-term exposure to fine
particulate air pollution[ J]. JAMA: the Journal of the American
Medical Association, 287(9) :1132-1141

Quan J, Zhang X, Zhang Q,et al. 2008. Importance of sulfate emission
to sulfur deposition at urban and rural sites in China [ J ].
Atmospheric Research, 89(3) ; 283-288

Seinfeld J H, Pandis S N. 2012. Atmospheric Chemistry and Physics:
From Air Pollution to Climate Change[ M ]. Michigan University of
Michigan ; Wiley-Interscience

Shen Z,Cao J, Arimoto R, et al. 2009. Tonic composition of TSP and
PM, 5 during dust storms and air pollution episodes at Xi’an, China
[J]. Atmospheric Environment,43(18) ; 2911-2918

ARG, WM, AR, 4. 2008, 74224 ZE KR HOK UKL 19 L
SERFEBORIEARAT [ T]. PULSSE R ,42(11) 11418

Sloane C S. 1986. Effect of composition on aerosol light scattering
efficiencies[ J]. Atmospheric Environment, 20(5) :1025-1037

Spindler G, Briiggemann E, Gnauk T, et al. 2010. A four-year size-
segregated characterization study of particles PM,,, PM, 5 and PM,
depending on air mass origin at Melpitz [ J ]. Atmospheric
Environment, 44(2) :164-173

Spindler G, Miiller K, Briiggemann E, et al. 2004. Long-term size-
segregated characterization of PM;,, PM, 5, and PM, at the UT
research station Melpitz downwind of Leipzig ( Germany) using high
and low-volume filter samplers[ J]. Atmospheric Environment, 38
(31) :5333-5347

Sun J, Zhang Q, Canagaratna M R, et al. 2010. Highly time-and size-
resolved characterization of submicron aerosol particles in Beijing
using an Aerodyne Aerosol Mass Spectrometer [ J ]. Atmospheric

Environment, 44 (1) :131-140

Sun Y, Wang Z, Dong H, et al. 2012. Characterization of summer
organic and inorganic aerosols in Beijing, China with an Aerosol
Chemical Speciation Monitor[ J]. Atmos Environ,51; 250-259

Tan J, Duan J, He K, et al. 2009. Chemical characteristics of PM, 5
during a typical haze episode in Guangzhou [ J ]. Journal of
Environmental Sciences, 21:774-781

WM, sRAAE, AR, 45 2010, B ) MNIRIX A BURLY) PM, 5 Fl
PM, otk ¥ T BL B F AR GE (1], SRHE R, 31 (7).
1417-1424

Tao J, Ho K F, Chen L, et al. 2009. Effect of chemical composition of
PM, 5 on visibility in Guangzhou, China, 2007 spring [ J].
Particuology,7(6) : 68-75

Wang W, Ren L, Zhang Y, et al. 2008. Aircraft measurements of
gaseous pollutants and particulate matter over Pearl River Delta in
China[ J]. Atmospheric Environment,42(25) :6187-6202

Wang Y, Zhuang G, Zhang X, et al. 2006. The ion chemistry, seasonal
cycle, and sources of PM, 5 and TSP aerosol in Shanghai [ J].
Atmospheric Environment, 40(16) :2935-2952

Wu D, Tie X, Deng X. 2006. Chemical characterizations of soluble
aerosols in southern China[ J]. Chemosphere, 64(5) ;749-757

Xu L, Chen X, Chen J, et al. 2012. Seasonal variations and chemical
compositions of PM, 5 aerosol in the urban area of Fuzhou, China
[J]. Atmospheric Research, 104-105,;264-272

Yamasoe M A, Artaxo P, Miguel A H, et al. 2000. Chemical
composition of aerosol particles from direct emissions of vegetation
fires in the Amazon Basin; water-soluble species and trace elements
[J]. Atmospheric Environment, 34 (10) ;1641-1653

Yin J, Harrison R M. 2008. Pragmatic mass closure study for PM, ,,
PM, 5 and PM,, at roadside, urban background and rural sites[ J].

Atmospheric Environment, 42(5) :980-988



