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Chemical composition of wet deposition and dry deposition at Osaka during FY 2000 — 20070

Yoshinori NisHikawall

Summary

00 Acid deposition (wet and dry deposition) was monitored at Osaka during FY 2000—2007. Precipitation samples were
continuoudly collected with an automatic wet-only sampler for every 24 hours. lonic components of the collected samples
were determined by ion chromatography. The annual rainfall volume weighted mean concentrations of SO:° , NOs , Cl -,
NH.”, Na’, K", C&" and Mg” were11.3—21.3, 12.9—24.3, 11.7—14.8, 16.0—27.8, 8.5—18.4, 0.1—0.6, 4.0—6.8 and
1.4—2.3p mol/L, respectively. The mean pH, pAi as potential acidity and pHe as effective acidity were 4.55—4.82, 4.19—
4.46 and 4.11 —4.32, respectively.

O Particulate and gaseous samples were continuously collected by a four-stage filter pack in a weekly basis. The annual
average concentrations of SO, NOs , Cl, NH.", Na', K*, C&" and Mg™ were 48.7—62.8, 51.7—60.8, 22.6—40.4,
107.3—137.4, 32.2—45.5, 2.2—5.8, 10.9—18.5 and 4.2—6.1 nmol/m?, respectively. On the other hand, those of SO:,
HNO:, HCl and NH: were 71.7—118.6, 29.7—42.4, 31.6—43.6 and 179—267 nmol/m’, respectively. Concentration ratios
of (gas) / (gas + particulate) for nitrate, chloride and ammonium showed apparent seasonal trends. Namely the ratio for
HNO: and HCI showed ca. 10—20% in winter and ca. 70—90% in summer. Similarly, the ratio for NHs showed ca. 50% in
winter and ca. 80% in summer. For theratio for SO, a clear seasonal trend was not observed, although it was somewhat high
in winter.

O The Kosa event, that is, dust and sandstorms from the Asian continent to Japan, was observed for 78 days in Osaka during
FY 2000—2007, while precipitation was sampled 19 days. In the precipitations, the Kosa events brought about an increase
of Ca”, K", Mg, SO/ and NO: ", while decreasing sea salt components such asNa’ and Cl, and NH.".  Three day back-
ward trajectories were performed at Kosa with precipitation and without precipitation days. Both trgjectories came mostly
from the Asian continent and changed widely from less than 6000m above the ground.

0 The maximum wet deposition for non-sea salt (nss)-SO:°", NOs , NH.” and nss-Ca” were 1.83, 1.63, 2.39 and 0.97
mmol/m?/day, respectively. Concentration of air pollutants such as NO:, Ox, SPM and SO: were shown specific time varia-
tion near the Kosa event days.
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R1=(C-A)/(C+A)x 100 (%) [ R2 (Ac—Am)/(AcOAm)x 100(%)

CrA(egl)| DOTJAVE: SD| N | CrAQegl)| OO AVE+ SD| N

<50 |30 157+ 7.1 |111| <05 |+ 20 |—10.5¢ 5.7| 74
50—1000% 15 | 7.7# 5.2 167 | 0.5—3 |+ 13 | —4.8+ 3.4 |525

>100 |+8 | 2.8+ 5.1 |511 >3 |9 |—1.9£ 34190
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NOs, Cl', NH.", Na', K”, c&” 000 Mg’O000
VWMOOOu mol/LO0DODOOO000 11.3021.3, 12.90
24.3, 11.70 14.8, 16.00 27.8, 8.5018.4, 0.100.6, 4.00
680001402300 000000000000000
00000000 00000000000000004
00000000000SO, NOs Cl, HY, NH.", Na’
K',c&'ODOOMg" 00000000000 00mmol/ny
00000000 13.8018.8, 14.7021.5, 10.70 20.6,

14.60 22.9, 19.20 27.0, 6.60 20.8, 0.20 0.6, 4.60 6.50 O
0160210000080 000Cca’00000000
000000000nss0Onss-SO 00 Onss-Ca” 00
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2000 O 3.77 0 6.70 4.73 81 O 022 O 116 1.61 81
2001 O 3.67 0 6.28 4.55 70 O 0.34 O 12.5 1.94 70
2002 O 3.85 0 7.10 4.76 96 O 0.23 O 13.3 1.47 96
2003 ooo 3.74 0 6.37 4.82 105 ooo 031 0 12.2 1.26 105
2004 O 3.71 0 5.85 4.81 113 (ms/m)0 021 O 145 1.24 113
2005 O 3.79 0 6.96 4.64 97 O 0.34 O 14.1 1.92 97
2006 O 3.94 0 5.77 4.81 98 O 0.20 O 12.0 1.38 98
2007 O 3.65 0 5.95 4.73 87 O 0.29 O 15.0 1.64 87
2000 O 16 O 168 17.8 91 O 0.7 0 370 18.3 91
2001 O 2.7 0 378 20.1 83 O 1.8 0 618 18.3 83
2002 O 1.1 0 169 14.6 101 O 14 0 345 17.0 101
2003 S04 0 12 0 197 12.4 121 NO: O 14 0 191 12.9 121
2004 (p mol/HO 09 0 177 11.3 122 (p mol/NO 09 O 213 13.5 122
2005 O 23 0 356 21.3 114 O 14 0 243 24.3 114
2006 O 09 0O 141 14.4 109 O 1.3 0 191 17.9 109
2007 O 1.7 0 186 19.2 100 O 21 0 288 22.2 100
2000 O 14 0O 245 14.0 91 O 4.8 0 29 27.8 91
2001 O 1.5 0 885 14.8 83 O 6.5 0 499 239 83
2002 O 23 0 203 12.8 101 O 43 0 291 24.5 101
2003 cro 0.9 0O 205 11.7 121 NH."O 1.8 0 250 18.5 121
2004 (p mol/HO 1.1 O 439 14.3 122 (p mol/NO 1.0 O 253 16.0 122
2005 O 1.5 0 366 144 114 O 0.1 O 198 27.6 114
2006 O 14 01147 12.6 109 O 0.0 O 220 19.5 109
2007 O 0.7 0 344 13.7 100 O 3.2 0 232 27.8 100
2000 O 0.6 O 201 9.9 91 O 000 14 0.6 91
2001 O 0.8 O 683 10.8 83 O 0.0 O 57 0.4 83
2002 O 0.9 O 145 11.1 101 O 000 12 0.2 101
2003 Na“O 1.1 0 163 8.9 121 K°O 0.0 0 12 0.3 121
2004 (p mol/HO 12 0 330 13.5 122 (p mol/NDO 000 9 0.1 122
2005 O 2.8 0 290 15.2 114 O 000 11 0.2 114
2006 O 22 0 813 18.4 109 O 0.0 O 13 0.4 109
2007 O 04 0O 200 8.5 100 O 0.0 0 13 0.6 100
2000 O 0.5 0 156 6.6 91 O 0.0 0 35 2.1 91
2001 O 0.3 0 173 5.7 83 O 020 99 2.0 83
2002 O 0.1 O 120 6.2 101 O 010 23 1.9 101
2003 ca’D 0.2 0 148 44 121 Mg* O 0.0 0 32 1.4 121
2004 (p mol/HO 030 93 4.0 122 (p mol/NO 000 42 1.4 122
2005 O 0.3 0 322 6.8 114 O 010 35 2.1 114
2006 0.0 0 75 4.5 109 000 &4 1.8 109
2007 0.3 O 100 6.1 100 010 49 2.3 100
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e (p mol/mz/day) |(mmol/m?) HoHh (u mol/mz/day) |(mmol/m?) HoHH (u mol/mz/day) |(mmol/m?)
2000 - 55 0 684 17.3 . 7.2 01109 17.8 . 6.3 01857 13.6
2001 - 3.1 01839 16.2 - 3.4 01381 14.7 - 2.1 01238 11.9
2002 - 6.2 O 577 13.8 - 29 0 815 16.0 - 4.1 01138 12.1
2003 | (oo | 310 925 15.6 NOs 41 0 789 16.2 o 3.0 O 817 14.6
2004 - 230 772 16.3 . 1.8 O 887 194 . 1.2 02856 20.6
2005 - 7.2 01042 18.8 - 34 01283 21,5 - 7.1 01293 12.7
2006 - 2.0 O 960 16.2 - 4.1 01634 20.2 - 49 0O 817 14.2
2007 - 2.1 01080 15.0 - 6.3 01127 17.4 - 3.9 01040 10.7
2000 E 0.2 01154 17.9 E 26.3 01372 27.0 E 14 01626 9.6
2001 - 1.0 03791 22.9 - 9.4 01309 19.2 - 1.2 01018 8.7
2002 - 0.1 01047 16.5 - 10.9 0 2390 23.0 - 26 0 913 104
2003 Ho 0.9 O 885 18.9 NHE D 2.5 01745 23.3 Ne' L 230 711 11.1
2004 - 7.7 01076 22.2 . 59 0 974 23.0 - 1.6 02330 19.5
2005 - 0.2 01414 20.4 - 1.2 01515 24.4 - 4.8 01015 134
2006 - 2.2 02101 17.3 - 0.0 02110 21.9 - 52 0 79 20.8
2007 - 710 892 14.6 - 8.8 01096 21.9 - 14 O 815 6.6
2000 E 000 66 0.60 E 0.9 O 611 6.46 E 0.0 O 136 1.99
2001 - 0.0 O 118 0.33 - 1.3 0 282 4.61 - 04 O 146 1.62
2002 - 000 19 0.18 - 1.8 0 285 5.85 - 0.7 0 115 1.78
2003 K0 000 42 0.37 a0 14 O 344 548 M0 000 74 1.70
2004 - 000 29 0.19 . 0.9 O 606 5.77 a 00 O 245 2.04
2005 - 000 31 0.20 - 0.6 O 806 6.03 - 03 0 142 1.83
2006 - 00 0 31 0.40 - 0.0 O 479 5.11 - 000 9 2.05
2007 - 0.0 0 69 0.46 - 1.6 O 767 4.76 - 0.3 0 200 1.76
2000 E 54 0 670 16.7 ; 0.9 O 606 6.3 E 61 08617 112
2001 - 3.0 01827 15.7 - 1.3 0 279 4.4 - 23 07780 100
2002 - 56 O 553 13.1 - 1.0 O 274 5.6 - 51 04509 100
2003 | oo 250 914 149 | 0| 140 335 52 | Tomlionn| 24 04961 107
2004 - 2.0 0O 753 15.1 . 0.8 O 599 5.3 . 18 06424 129
2005 - 6.9 01034 18.0 - 04 O 966 5.7 54 05816 119
2006 - 14 0 951 14.9 - 0.0 O 476 4.7 41 08483 118
2007 - 2.0 01031 14.7 - 1.5 0 749 46 35 06171 93

20070 0 02007040 020080 10000000 0 Tokdl lon=SO¢ +NOs +Cl +H” +NH." +Na’ +K” +Ca” +Mg"
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0 0 = ([H:S0{ + [HNOs]) — ([NHs] + [CaCO3])
00= ([nss-SO ] + [NOs 1) — ([NH"] + [nss-C&'])
oo (1)
O0000000D0nss-SOS ONOs 00000000
OOODDONH OnssC&'000000000000
O00OO0ONH O0000000000000000
000(2)000000000000NG: 000000
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NH." +20. 0~ 2H" + NOs~ + H:0
O00D0pHOOODOODODODOODOOODOOpPH=—
loglH 10O D DOO0O00pHDO (DD O000D0DOONHS
Onss-Ca'0000000000000O0O0OODOO0O

000000000000 0000000000000
0 (2[nss-SO° ] + [NOs )OO DODODOOOAOOODOD
NH OnssCa"0000000O0O00O0OINtialddpHO
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pAi=-log (2[nss-SO/ 1+ [NO: ) 00000000000
OOO[NHS]O (2)0002H00000000000
00000000 effectived O pHO pHe=—log ([H”] O
2INHS])0000000Y0000pHOOOOOOOO
PAID 00 0pHeD D00 pHO OO ODODOOOODDOO
00000000000 pHOpPAIDOOpHeD OO OO
00000000pHO4.5504.820 000000000
pAild 4.190 4.460 pHeD 4.1104.320 0000000 O
O000pAiOpHO 0400 0000000000000
0000000000000000000000NH OO
00O0O0pHOOO05000000000000

oooogo
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000000000000 0000000000000
0000000000000000SO, NOs, Cl,
NH.”, Na’, K", c&"000Mg’00000o0oooog
NH." >NO: , SO >Na' >Cl >Ca” >Mg"” >K"'000
0 O 048.70 62.80 51.70 60.80 22.60 40.40 107.30 137.40
32.2045.50 2.20 5.80 10.90 18.50 0 0 4.20 6.1 nmol/my¢
0000000000000000S00HNOOHCIO
OONHOOO0O0OODDDDDONHs > SO: > HCl, HNOs
00000071.70118.60 29.70 42.40 31.60 43.60 O O
1790 267 nmol/mPO0 O O O O
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2000 31.1 0 147 | 624 | 51 ad 23.2 0 141 | 59.8 | 51 2000 46.4 0 39 | 114.6 | 51
2001 135 0 130 | 584 | 51 ad 19.6 O 155 | 60.8 | 51 2001 354 0O 278 | 118.6 | 51
2002 2150 134 | 498 | b1 ad 173 0 132 | 56.7 | 51 2002 279 0 195 | 794 | 51
2003 | SO 20.3 0 108 | 48.7 |46 | NOs O| 13.2 0 116 | 51.8 | 46 2003 SO: 260 O 152 | 71.7 | 46
2004 |(nmol/m?)| 20.7 O 112 | 53.9 | 46 |(nmol/m*)[016.0 O 112 | 55.4 | 46 2004 |(nmol/m¥)| 34.8 O 157 | 79.2 | 46
2005 194 0O 155 | 61.7 | 51 ad 16.3 O 148 | 58.8 | 51 2005 269 0 231 | 81.6 | 51
2006 30.7 0 141 | 62.8 | 49 ad 20.7 O 159 | 584 |49 2006 280 0 188 | 76.2 | 49
2007 19.0 O 181 | 56.7 | 49 B 12.6 O 139 | 51.7 | 49 2007 272 0 148 | 74.3 | 49
2000 b4 O 130 | 404 |51 O 447 0 212 | 131.1 | 51 2000 44 0O 165 | 424 | 51
2001 390 115 | 374 | 51 ad 19.0 O 257 | 132.1 | 51 2001 6.3 O 119 | 33.0 | 51
2002 3.00 97| 349 |51 ad 23.0 0 262 | 1164 | 51 2002 59 0 113 | 30.6 | 51
2003 Cl- 24 0 74| 289 |46 | NH,~O| 31.3 O 196 | 107.3 | 46 2003 | HNOGs 4.6 O 118 | 29.7 | 46
2004 |(nmol/m?)| 2.6 O 84 | 285 | 46 |(nmol/m*)[129.8 O 204 | 113.1 | 46 2004 |(nmol/m?)| 4.7 O 103 | 32.2 | 46
2005 200 63| 252 |51 ad 334 0 283 | 1374 | 51 2005 3.8 0 127 | 34.3 | 51
2006 14 0 81| 26.1 |49 ad 270 0 362 | 131.9 | 49 2006 6.7 O 139 | 35.1 | 49
2007 1.0 0 80| 22.6 | 49 B 275 0 342 | 121.5 | 49 2007 6.6 O 131 | 31.3 | 49
2000 174 O 75| 453 | 51 ad 220 15 5.8 | b1 2000 6.1 0 82| 436 |51
2001 155 0 96| 455 | 51 ad 1.2 0 13 3.9 51 2001 126 O 67 | 38.7 | 51
2002 158 O 89| 434 |51 ad 1.3 0 15 4.1 |51 2002 11.1. 0 59| 316 | 51
2003 | Na&’ 168 O 73| 37.0 | 46 K"O 0.5 O 5 24 | 46 2003 HCI 120 O 66 | 31.6 | 46
2004 |(nmol/m¥)| 20.0 O 71 | 40.7 | 46 [(nmol/m¥)0 03 O 5 22|46 | 12004 |(nmol/m?)| 11.1 O 80 | 36.9 | 46
2005 175 0 77| 38.5 |51 ad 050 10 2.7 51 2005 800 61| 33.7 |51
2006 158 O 68 | 35.9 |49 ad 150 12 4.6 | 49 2006 123 0 59| 34.1 | 49
2007 132 0 60| 32.2 |49 ad 1.8 0 10 4.3 | 49 2007 770 68| 32.8 | 49
2000 74 0 68| 185 |51 ad 310 16 5.9 | b1 2000 135.9 O 368 | 267 | 51
2001 43 0 73| 176 | 51 ad 220 18 6.1 | 51 2001 70.6 O 355 | 240 | 51
2002 44 0 67| 182 |51 ad 1.3 0 13 5.6 | b1 2002 1172 O 345 | 236 | 51
2003 | ca” 450 38| 131 |46 | Mg~ O 14 0 11 5.1 | 46 2003 NH; 772 0 324 | 200 | 46
2004 |(nmol/m?)| 3.1 0 27| 11.8 | 46 |[(nmol/m®)| 1.6 O 12 5.1 46 2004 |(nmol/m?)[109.7 O 308 | 215 | 46
2005 55 0 30| 13.9 | 51 210 10 5.2 |51 2005 976 0 320 | 216 | 51
2006 470 33| 122 |49 1.8 0 13 5.3 | 49 2006 84.9 O 359 | 195 | 49
2007 44 0 43| 109 | 49 1.3 0 11 4.2 | 49 2007 1064 O 278 | 179 | 49
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