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A yearlong field observation of water-soluble ionic composition in TSP and PM.; was car-
ried out in Xi’an and Beijing, China from September 2005 to August 2006 with the aim of char-
acterizing the atmosphere in Xi’an. Concentrations of water-soluble ions (Na*, NH,", K", Mg*",
Ca*',F, Cl,NO;, and SO.") were determined by ion chromatography for approximately 250
samples. The concentrations of the sum of 9 ions were TSP: 81.8 £64.8 ug/m® (n =80), PM.: 46.0
+31.7 ug/m® (n=68) in Xi’an, and TSP: 60.8 +27.2 ug/m® (n=44), PM.;: 33.6+20.1 ug/m® (n=
45) in Beijing. The concentration of each ion in Xi’an was 1-3 times higher than that in Beijing.
SO.” was the dominant ionic component of the aerosols in both cities. SO’ concentrations in
PM:; in both cities in summer was 1.3-1.9 times higher than those in winter while SO. concen-

trations in both cities in winter were 4-8 times higher than those in summer. These facts sug-
gest that sulfate concentrations in both cities were not mainly controlled by SO. concentration
but the intensity of gas- or liquid-phase reaction in the atmosphere.
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Table 1 SO., NO., and PM,, concentrations [ #g/m’] in Xi’an® and Beijing®

The entire period Autumn Winter Spring Summer

2005/9 - 2006/8 2005/9 - 11 2005/12 - 2006/2 2006/3 -5 2006/6 - 8
Xi'an® Ave. £ S.D. n Ave. £ SD. n Ave. £+ SD. n Ave. £+ SD. n Ave. £ SD. n
SO, 53 + 45 342 35 +9 68 106 + 56 90 40 + 25 92 27 +3 92
NO, 44 + 16 342 28 +7 68 53 + 18 90 48 + 15 92 41 = 10 92
PMyq 126 + 52 223 145 + 66 54 147 + 50 21 121 + 54 74 110 + 27 74
Beijingb Ave. £ S.D. n Ave. £ SD. n Ave. £+ SD. n Ave. £+ SD. n Ave. £ SD. n
SO, 53 + 53 333 45 + 37 67 107 + 63 90 42 + 28 91 14 +7 85
NO, 66 + 27 333 85 + 33 67 68 + 29 90 63 + 22 91 53 + 15 85
PMyq 162 + 108 341 187 + 108 68 150 + 93 90 210 + 134 92 106 + 47 91

a Xi'an Environmental Monitoring Center (2006) http://www.xianemc.gov.cn/
b Beijing Environmental Protection Bureau (2006) http://www.bjepb.gov.cn/
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Table 2 Ion concentrations [ #g/m’] in TSP and PM.; in Xi’an and Beijing
<Xi'an>
The entire period Autumn Winter Spring Summer
2005/9 - 2006/8 2005/9 - 11 2005/12 - 2006/2 2006/3 - 5 2006/6 - 8
TSP Ave. + SD. n Ave. + S.D. n Ave. + SD. n Ave. £+ SD. n Ave. + SD. n
F 1.20 + 0.83 27 0.85 + 0.70 9 1.36 + 0.93 15 0 144 + 0.03 3
cr 6.07 + 466 62 546 + 457 10 8.13 + 6.85 18 6.19 + 3.16 16 426 + 1.68 18
NO5 18.6 + 16.2 79 255 + 186 10 248 + 23.3 20 125 + 10.8 24 16.8 £ 949 25
S0,.% 36.1 + 29.1 80 39.2 + 268 10 43.6 + 453 20 26.3 + 17.8 24 38.1 + 20.3 26
Na* 1.06 + 0.74 25 0.97 + 0.69 8 1.13 + 0.84 11 1.20 + 0.69 5 0.36 1
NH," 12.6 + 10.3 51 969 + 6.02 9 199 £ 149 14 547 + 649 8 115 £+ 571 20
K 286 + 2.08 78 276 + 219 10 4.06 + 3.24 20 271 £+ 115 23 2.09 + 0.82 25
Mg** 0.86 + 0.46 71 0.87 + 0.53 10 0.86 + 0.50 20 0.96 + 0.51 23 0.73 + 0.29 18
ca®* 10.3 + 5.92 80 11.5 + 7.32 10 9.10 + 7.36 20 116 + 597 24 9.65 + 3.73 26
Total 81.8 + 64.8 80 95.6 + 66.4 10 105.3 + 100.8 20 60.0 + 39.0 24 78.4 + 39.7 26
PM,s Ave. £ SD. n Ave. £+ SD. n Ave. £ SD. n Ave. £+ SD. n Ave. + SD. n
F 0.56 + 0.26 8 0.27 + 0.06 2 065 + 022 6 0 0
cr 4.07 + 3.73 35 299 + 244 8 465 + 518 15 478 + 198 8 265 + 046 4
NOs 10.1 £ 7.94 66 12.0 + 9.35 10 122 + 849 19 6.60 + 7.45 17 10.2 + 6.50 20
SO42' 224 + 158 68 18.2 + 131 10 18.7 £+ 10.8 19 154 + 114 19 349 + 182 20
Na* 0.70 + 0.57 9 0.58 + 0.52 5 0.85 + 0.67 4 0 0
NH," 9.01 + 6.62 57 860 + 542 9 9.84 + 764 17 568 £ 459 11 10.3 + 6.91 20
K* 2.05 + 1.30 62 225 +1.78 9 2.08 + 1.75 18 217 + 0.83 17 1.81 + 0.85 18
Mg2+ 0.35 + 0.23 38 0.20 £+ 012 9 0.26 + 0.12 16 0.59 + 0.26 11 041 + 001 2
Ca®* 193 + 1.35 64 1.11 + 0.80 9 1.21 + 0.88 16 2.77 + 1.69 19 2.07 + 0.98 20
Total 46.0 + 31.7 68 43.9 + 33.1 10 46.9 + 33.5 19 31.6 + 25.0 19 59.7 + 31.0 20
< Beijing>
The entire period Autumn Winter Spring Summer
2005/9 - 2006/8 2005/9 - 11 2005/12 - 2006/2 2006/3 - 5 2006/6 - 8
TSP Ave. + SD. n Ave. + SD. n Ave. + SD. n Ave. + SD. n Ave. + SD. n
F 0.48 + 0.21 35 053 + 014 9 0.55 + 0.31 12 041 + 0.10 11 0.28 + 0.03 3
cr 3.40 + 249 39 291 £+ 150 9 5.00 + 3.53 12 3.07 £ 1.35 13 128 + 064 5
NOs 15.7 + 9.81 44 21.8 + 13.7 10 14.0 £ 10.6 12 15.3 + 6.35 13 115 £ 435 9
SO42' 241 + 125 44 220 + 125 10 231 + 148 12 20.5 + 6.94 13 33.1 132 9
Na* 0.79 + 0.57 36 059 + 032 9 1.04 £ 0.79 11 0.87 + 0.41 13 0.19 + 0.20 3
NH," 465 + 3.64 41 459 £ 289 9 723 +520 11 3.12 £+ 1.82 13 364 + 241 8
K* 2.70 + 1.20 44 2.60 + 1.16 10 295 + 1.68 12 258 + 0.75 13 265 +1.18 9
Mg?* 0.86 + 0.27 44 0.93 + 0.38 10 0.68 + 0.20 12 0.96 + 0.20 13 087 +0.18 9
Ca®* 911 +331 44 108 +474 10 598 +1.71 12 105 + 199 13 930 + 1.36 9
Total 60.8 + 27.2 44 65.9 + 34.0 10 59.9 + 38.1 12 572 + 17.0 13 61.6 + 140 9
PMs,s Ave. + SD. n Ave. £+ SD. n Ave. + SD. n Ave. £ SD. n Ave. £ SD. n
F 0.33 + 0.09 0.28 + 0.04 4 0.37 £+ 0.10 5 0 0
cr 213 £ 222 26 054 + 028 4 423 + 220 10 111 £ 099 7 061 + 030 5
NO; 6.30 + 6.33 45 460 + 295 10 11.0 + 842 12 528 + 593 13 3.64 + 335 10
8042' 17.2 £+ 9.58 45 19.5 + 10.1 10 169 + 11.8 12 125 + 6.10 13 21.3 + 847 10
Na* 0.32 + 0.31 14 0.19 + 0.09 4 0.69 + 040 4 0 0.17 + 0.06 6
NH," 533 + 4.05 43 507 +323 9 8.04 + 518 11 3.01 £ 290 13 5,59 + 3.05 10
K* 214 + 113 45 251 £ 0.76 10 250 + 1.53 12 1.56 + 0.66 13 208 + 1.19 10
M92+ 0.21 + 0.07 45 0.23 + 0.06 10 0.21 + 0.10 12 0.19 + 0.06 13 0.22 + 0.04 10
ca** 1.31 + 0.58 44 1.21 + 0.41 10 0.70 £ 0.22 11 1.64 + 0.57 13 1.63 + 049 10
Total 33.6 + 20.1 45 33.0 £+ 158 10 425 + 30.0 12 248 + 14.7 13 349 + 10.6 10
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Table 3 Relative ratio of ion concentrations in TSP
and PM,; in Xi’an to those in Beijing

[Xi‘an] / [Beijing]

TSP
F 2.5
cr 1.8
NO; 1.2
so” 1.5
Na* 1.3
NH,* 2.7
K* 1.1
Mg* 1.0
ca® 1.1
Total 1.3

PM 5
F 1.7
cr 1.9
NO; 1.6
so,” 1.3
Na* 2.2
NH,* 1.7
K* 1.0
Mg* 1.6
ca® 1.5
Total 1.4

DT LiE, B SO T C27 +3 ug/m®, it
i T14+7 ug/m*TdH Y (Table 1), EHIZHB T
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(Kadowaki, 1986), EMZI1F 2 WiTh OHIXHEE %
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(LA FRRE DS RS D H 275, BlfEO L Z
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7§ %71 T106 56 ug/m®, JtI T T107 £ 63 ug/m’T
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WCH4~8E L EH VDI hb o, WETTH O
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Fig. 4 Monthly mean concentrations of sulfate in
TSP and PM.s in Xi’an and Beijing and
their ratio (PM.+/TSP, by weight)

(X’an: 2005.9.24-2006.8.23, TSP; n=80,
PM.;; n=68, Beijing: 2005.9.23-2006.8.11,
TSP; n=44, PM.;; n =45)
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5EEZH5NTWAS (Yeatman et al., 2001) o
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H.SO.+ 2NH; (NH.,) S0 (1)

—7J7, HLKRT-H SO2 DA BED—2121F, 3\
(2){1:7_:\‘3_ J: >) tl? HzSO4& ijﬁ*i%l:}j@ 03003& () ':P
MR DZF 5N Tw5b (Zhuanget al., 1999)

H.SO,+CaCO; — CaS0,+CO.+H.0 (2)

K1), @25 brs L), EREREDE WD
SO DAT VT —A4F VDEWIIEMENE, €2
T, WRMIZB W TRE2.5 um Ll EOM KR 7125
i LTz SO OAEBBRIZOWTHE 2179 720
2, SOFDAT ¥ —AF v OMEREIT-72. B 5D
AF RGO T VT —A4F VBT HICITERER
TR YREBRESEETHLOT, LT TIHELK
BUA T VS OLEREL D L ITRE 1T 72,

Fig. 512 TSP, PMusHKEM: A 4 ViU migE %
RT e F7z, TSP KB A & VKO HRED S, PM.s
HRBMEA & VR BREEZT IVl %, RE2.5 um
VL EOMKKL T oRBEEA + v RSREE LT, W

Beijing, TSP
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Fig. 5 Seasonal variation of ion concentrations [ueq/m’] in TSP, PM.s, and
coarse-mode (>2.5 ym) aerosol in Xi’an and Beijing
([Ton in coarse mode aerosol] = [Ion in TSP] — [Ion in PM,;])
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W EALRTIC B MKk T (coarse-mode  aero-
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Fig. 512" 9. MARTHICB T 2 EELET =4 Vi

SO & NOs, £¥AhFF i Ca® & NH,/ THo

7o REMER Ca* O FsAW E LT, Tk 7%

I B 2 EMB TR EVEZ HNS (Wang et
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3Tl NH D AN B IFEAEPD 5 BRT~95 LB &
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(b8 ) (Zhuang et al., 1999; Yeatman et

al., 2001; Parmar et al., 2001)

(2) AKHRLF 2T~ D 8/ 7 NHHSO,, (NH,) 2SO,
M O&E (WIR#EFE) (Yeatman et al., 2001;
Lun et al., 2003)
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EVEWV) 2R, BUNLTORAMRR T IZHART
—IRICBEESEVE W) T EREITFS5N S (Zhu-
ang et al., 1999), €0 X ) HRKPWT T, NHaAHLK
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(Zhuang et al., 1999; Yeatman et al., 2001; Parmar
et al., 2001) o
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612"

[ )E] (Basicity) = [Cation] — [Anion] (3)
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Fig. 6 Relation between the basicity of PM.s and
coarse-mode (>2.5um) aerosol NH, in
Xi’an (2005.9.24-2006.8.23, n =29)
([Coarse-mode aerosol NH,”] = [NH, in
TSP] — [NH," in PM.;])
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