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Abstract

This study used long-term air and weather data from 2000 to 2009 as raw data sets to develop regression models
in order to estimate precipitation scavenging contributions of ambient PM,, and NO, in Korea. The data were
initially analyzed to calculate scavenging ratio (SR), defined as the removal efficiency for PM,, and NO, by actual
precipitation. Next, the effective scavenging contributions (ESC) with considering precipitation probability density
were calculated for each sector of precipitation range. Finaly, the empirical regression equations for the two air
pollutants were separately developed, and then the equations were applied to test the model validity with the raw
data sets of 2010 and 2011, which were not involved in the modeling process. The results showed that the predicted
PM 5 ESC by the model was 23.8% and the observed PM ,, ESCs were 23.6% in 2010 and 24.0% in 2011, respec-
tively. As for NO,, the predicted ESC by the model was 16.3% and the observed ESCs were 16.4% in 2010 and
16.6% in 2011, respectively. Thus the developed regression models fitted quite well the actual scavenging contri-
bution for both ambient PM ;5 and NO,. The models can then be used as a good tool to quantitatively apportion the
natural and anthropogenic sink contribution in Korea. However, to apply the models for far future, the precipitation
probability density function (PPDF) as a weather variable in the model equations must be renewed periodically to
increase prediction accuracy and reliability. Further, in order to apply the modelsin a specific local ares, it is recom-
mended that the long-term oriented local PPDF should be inserted in the models.
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Table 1. The statistical summaries obtained from a preliminary study using PM,, and NO, data collected at 120 moni-
toring stations in Korea. The data observed during Asian dust events were included in the whole analyzed data

set.
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total
N 499,160 633336 684,982 786240 855755 877,581 939,736 970,463 994,432 997,563 8,239,248
(%)  (47.4) (60.1)  (65.0) (74.6)  (812)  (833)  (89.2)  (921)  (943)  (94.6) (78.3)
PMy,  Max. 1,047 1,388 2,946 656 838 883 2513 2,718 1,758 1,468 2,946
(ng/m®  Min. 1 1 1 1 1 1 1 1 1 1 1
Mean 591 60.5 65.0 57.1 58.4 56.4 58.0 57.3 54.2 524 57.4
Std. 462 52.7 80.9 411 3838 384 56.8 54.4 408 39.1 497
N 694590 657,760 721,766 810464 878460 896998 948,255 981,374 1,003,034 1,006,508 8,599,209
(%)  (65.9) (624)  (685) (76.9)  (833)  (851)  (90.0)  (931) (9520 (9.5 (81.7)
NO, Max. 234 228 232 204 193 196 345 206 172 386 386
(ppb)  Min. 1 1 1 1 1 1 1 1 1 1 1
Mean 271 29.3 27.4 27.3 274 25.2 26.0 26.3 265 259 26.7
Std. 177 18.2 17.6 182 17.3 16.3 16.8 17.7 17.6 17.2 175

(%): percent of significant data
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Table 2. Summaries of annual precipitation, numbers of

rainy days, and annual PM,, and NO, concentra-
tions during 2000~ 2009, where Asian dust events
were included.

Ve TeCpition(mmye) - No.of  PMy  NO,

Mean Max. SD  days  (ugm’)  (ppb)
2000 1,294 1,757 236 111 59.1 27.1
2001 1062 1782 232 103 605 293
2002 1435 2085 275 114 650 274
2003 1866 2328 230 129 571 273
2004 1453 2,018 156 111 58.4 274
2005 1285 1656 215 114 564 252
2006 1400 1772 198 115 580 260
2007 1432 2167 310 125 573 263
2008 1092 1661 213 107 542 265
2009 1,295 2007 307 111 524 259
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Fig. 1. Monthly variation of average rainfalls and pollutants’ concentrations in Korea, 2000~ 2009.
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Fig. 3. Effective scavenging contributions for PM,, and NO, in Korea (A dot line represents the best fit for each pollutant).
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Fig. 5. The effective scavenging contribution (ESC, %) of PM,, and NO, for each sector of precipitation amount (mm)
during 2000~ 2009 in 20 local cities of Korea. Each ESC was separately calculated using local average (black bars)
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