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Abstract

Nation-wide systematic and comprehensive measurements of air quality criteria species have been made over
340 sites currently in Korea since 1990. Using these data, temporal and spatial trends of SO,, PM,,, NO,, O;, CO
and O, (NO,+O;) were analyzed to characterize and evaluate implementing efficiency of air quality policy and
regulations. Due to strict and effective policy to use cleaner fuels in late 1980s and 1990s, the primary pollutants,
such as SO,, CO, and PM,, decreased sharply by early 2000s in all parts of Korea. After this period, their
concentrations declined with much lower rates in most parts of Korea. In addition, isolated but noticeable numbers
of places, especially in major ports, newly developing towns and industrial parks, sustained high levels or even
showed further degradation. Despite series of emission control strategies were enforced since early 1990s, NO,
concentrations haven’t changed much till 2005, due to significant increase in number of automobiles. Nevertheless,
we confirmed that the staggering levels of NO, and PM,, improved evidently after 2005, especially in Seoul
Metropolitan Area (SMA), where enhanced regulations for NO, and PM,, emissions was imposed to automobiles
and large emission sources. However, their decreasing trends were much lessened in recent years again as current
air quality improvement strategies has been challenged to revise further. In contrast to these primary species,
annual O,, which is secondary product from NO, and volatile organic compounds (VOCs), has increased
consistently with about 0.6 ppbv per year in every urban part of Korea, while yearly average of daily maximum
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8-hour O, in summer season had a much higher rate of 1.2 ppbv per year. Increase of O, can be explained mainly

by reductions of NO emission. Rising background O, in the Northeast Asia and increasing oxidizing capacity by

changing photochemistry were likely causes of observed O; increase. The future air quality policy should consider

more effective ways to lower alarming level of O; and PM,,.
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Table 1. Number of air quality monitoring stations located in each sector from 1998 to 2016.

Sector City/Province 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Seoul 34 34 34 34 34 34 34 34 34 34 36 39 37 37 40 40 40 40 40

SMA Incheon 9 11 12 12 12 14 14 15 16 17 20 20 20 21 21 21 21 21 21
Gyeonggi 23 31 37 37 45 49 61 63 66 68 70 73 74 76 79 80 80 81 82

Daejon 4 4 4 4 4 6 7 7 8 9 9 9 9 10 10 10 10 10 10

Central Chungcheong-buk 2 4 4 5 5 6 7 7 8 9 9 9 10 11 11 11 11 11 13
Chungcheong-nam 3 3 4 4 4 5 7 7 7 9 10 10 10 10 10 10 10 10 12

Gwangju 5 6 6 6 6 6 7 7 8 9 9 9 9 9 9 9 9 9 9

Honam Jeolla-buk 6 6 7 7 7 9 10 12 12 12 12 12 13 14 14 14 14 16 16
Jeolla-nam 8 8 8 8 8 9 10 10 11 12 13 15 15 16 17 17 17 17 17

Daegu 8 8 8 8 9 13 13 13 13 13 13 13 13 13 13 13 13 13 14

Busan 11 11 13 13 15 17 18 19 19 19 19 19 19 20 21 21 21 21 21

Yeongnam Ulsan 10 12 13 13 13 14 14 14 14 14 14 14 14 14 14 15 15 15 15
Gyeongsang-buk 9 9 11 11 12 12 13 14 15 15 15 15 16 17 18 18 18 18 18
Gyeongsan-nam 10 8 10 10 10 11 11 13 15 17 19 20 20 21 21 23 23 23 23

Gangwon Gangwon 3 4 6 6 8 8 9 9 10 11 11 11 11 11 11 11 11 11 11
Jeiu Jeju City 1 1 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3
] Seogwipo 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Baengyoung Baengyoung 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
Total 146 160 179 180 195 216 238 247 260 272 283 292 294 304 314 318 318 321 327
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Fig. 1. Distribution of annual 99th percentile of 1-hour PM,, (a), O, (b), NO, (c) and SO, (d) in 2016.
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Table 2. Yearly trends (slope and correlation coefficients) of key air quality species from 2000 to 2016. (unit: ppbv/year for gas species and ug/m®/year for PM,,).

0, NO, PM,,
Sector Type

Slope R? Slope R? Slope R’ Slope R? Slope R? Slope R?

Urban 0646 0905 -0265 0534 0315 0839  -0873 0729 -0055 0333 -0016  0.700

SMA Road side 0379 088  -0353 0412 0282 0634  —-1044 0824  -0080 0311 -0028 0603

Rural 0152 0040 0070 0227 0092 0149  -0528 0615 -0.137 0453 -0008 0428

Background 0703 0554  -0067  0.155 0.741 0758 0958 0431 0.198 0610 0.001 0.003

Urban 0505 0818 -0089 0268 0235 0275 0207 0221 -0.132 0687 0024 0797

Contral Road side 0645 0459 -0330  0.108 0265 0077 -1966 0493 -0.163 0562 -0.051 0.738

entra Rural 0600 0330 0056 0263 0633 0405 ~0.666 0432 0.021 0.020 0022 0619

Background 0054 0010 0018 0012 0055 0010  -039  0.191 0030 0077 -0.001 0.001

Urban 0619 0882 -0.161 0273 0359 0410  -0459 0612  -0022  0.107 0010 0724

Honam Road side 0612 0665 0.291 0.129 1074 0574  -0776 0127 -0.198 0232 0029 0515

Rural 0667 0575 0034 0033 0692 0570  -0719 0312 0024 0030 -0.021 0.797

Urban 0587 0947 0310 0784 0175 0424  -0654 0761 -0.128 0646 -0018 0757

v Road side 0452 0441 -0.131 0.033 0252 0.147 1014 0370  -0315  0.720 -0038 0778

congnam Rural 0148 0030 0114 0299 0279  0.115 0624 0434  -0017 0058 0004 0068

Background 0402 0220 -0.051 0.063 0352 0.165 0087 0017 0014 0030 -0017 0851

Ganewon Urban 0.591 0928 0050 0037 0469 0774  -0497 0340  -0.178  0.627 0024 0605

gwo Rural 0059 0012 0070  0.183 0172 0.100 0471 0199  —0.191 0.588 -0.021 0.444

. Urban 0448 0507 ~0480 0419 -0038 0004 0369 0246  —0037 0209 -0005 0082

) Background 0088 0010 0015 0024 0012 0.000 0431 0276  -0030 0052 -0009 0081

Baengyoung Background 4.800 0.598 0.580 0.569 5.750 0.683 1.600 0.674 -0420 0.393 0.010 0.125

SMA:Seoul Metropolitan Area compasses Seoul, Incheon, and Gyunggi province
Central: Daejeon, Chungcheong province

Honam: Gwangju and Jeolla province

Yeongnam: Daegu, Busan and Gyeongsang province
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