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Abstract Many large-scale air pollution sources such as a steel mill, coal-fired power stations, and petrochemical plant are
located in ChungNam (CN) area. In this study, spatial and temporal distributions of PM,, and PM, 5 concentrations were
analyzed using 1-h average data obtained from 29 air quality monitoring stations (AQMS) located in CN area, where is divided
by three regions such as northern, southern, and southeastern regions. Among them, the highest PM,;; and PM;5
concentrations were observed in northern region where is influenced by motor vehicles in highly populated Cheonan and
Asan, and large emission sources in Dangjin. Recently, annual average PM;, concentrations of CN are lower than national
standard, but they still do not meet local standard. And, annual average PM, 5 concentrations of CN are over both national
and local standards. A significant difference was found among AQMSs in the same province because each AQMS might be
heavily influenced by local emission sources. So, data from AQMSs located near the high emission source should be carefully
interpreted. Considering distribution of various emission sources, a large number of AQMS data can be useful in analyzing
local air pollution in detail.
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Fig. 1. Locations of 31 AQMSs installed in Chungcheongnam-do.
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Table 1. Summary of 31 AQMSs installed in Chungcheongnam-do.

Built year Station code Province Site Purpose Note
1 1993 534111 Cheonan-si Seonghwang-dong Residential Trend station
2 1994 534421 Seosan-si Dokgot-ri Manufacturing
3 1996 534422 Seosan-si Dongmun-dong Residential Trend station
4 2001 534112 Cheonan-si Baekseok-dong Manufacturing
5 2006 534441 Asan-si Mojong-dong Commercial
6 2017 534342 Gongju-si Bonghwang-ro Residential
7 2017 534481 Boryeong-si Daecheon2-dong Residential
8 2017 534442 Asan-si Baebang-eup Residential
9 2017 534451 Nonsan-si Simin-ro Residential
10 2017 534433 Dangjin-si Songsan-myeon Manufacturing
1 2017 534501 Geumsan-gun Geumsan-eup Residential
12 2017 534411 Buyeo-gun Buyeo-eup Residential
13 2017 534502 Cheongyang-gun Cheongyang-eup Residential
14 2017 534491 Hongseong-gun Hongseong-eup Residential
15 2017 534471 Yesan-gun Yesan-eup Residential
16 2017 534468 Taean-gun lwon-myeon Management
17 2017 534463 Taean-gun Taean-eup Residential
18 2018 534115 Cheonan-si Seonggeo-eup Manufacturing
19 2018 534482 Boryeong-si Jugyo-myeon Management
20 2018 534443 Asan-si Dogo-myeon Commercial
21 2018 534444 Asan-si Dunpo-myeon Management
22 2018 534445 Asan-si Inju-myeon Manufacturing
23 2018 534423 Seosan-si Daesan-ri Commercial
24 2018 534510 Gyeryong-si Eomsa-myeon Residential
25 2018 534434 Dangjin-si Dangjin city hall Residential
26 2018 735520 Seocheon-gun Seocheon-eup Management
27 2018 735521 Seocheon-gun Seo-myeon Management
28 2019 735522 Seocheon-gun Janghang-eup Residential
29 2019 534492 Hongseong-gun Naepo Green
30 2019 - Cheonan-si Sinbang-dong Green Not available
31 2019 - Seosan-si Seongyeon-myeon Management Not available
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Fig. 7. Seasonal PM;, and PM, 5 concentrations at AQMSs of ChungNam in 2019.
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Table 2. Summary of seasonal PM,, and PM, 5 concentrations measured at 29 AQMSs in 2019.

PMsq (Hg/m?) PMy5 (pg/m?)
AQMS

Spring Summer Fall Winter Spring Summer Fall Winter
Songsan-myeon 82+39 41120 48+22 74130 43+29 24+14 24+13 43+21
Dangjin city hall 61135 29113 41+£19 57126 3629 21+11 24+12 37+21
Mojong-dong 63136 3016 43+21 64+28 34128 21+12 22+13 43+22
Baebang-eup 64+32 40+13 43+16 59+25 32127 22412 20+12 38121
Dogo-myeon 62+34 3016 41122 58+23 41128 22+13 24114 40122
Dunpo-myeon 67135 3717 48123 67129 42+26 26+15 28+15 43122
Inju-myeon 72+40 41116 49122 63+29 41131 23+14 26+15 40+23
Seonghwang-dong 60+35 33+10 40+18 62127 38+26 24+8 2010 38121
Baekseok-dong 59+38 31+ 11 31£14 59+31 31+£23 178 1517 36122
Seonggeo-eup 59+37 28+10 38+21 67 +28 36130 18+8 21+£12 45124
Iwon-myeon 47+30 26+10 32+17 45125 23118 178 157 24+17
Taean-eup 54+37 3011 3917 53+28 22+16 18+8 1617 25+18
Dokgot-ri 51+£25 27+9 3418 43124 26+20 1718 1818 24+18
Dongmun-dong 51127 28+8 36+16 4721 22+20 17+8 18+£10 25+17
Daesan-ri 42124 28+8 35+14 43+21 24+19 188 18+8 26+ 16
Yesan-eup 55+30 29113 3517 55+24 35+27 2011 211 39+22
Hongseong-eup 51+29 2610 3617 50+22 35+27 18+10 23+13 38+20
Naepo 46+ 31 29+ 11 35+17 44+21 27123 2119 20+9 3016
Daecheon2-dong 52+32 23+12 3016 48+25 32+27 15+10 16+10 32+20
Jugyo-myeon 41122 26+9 38+19 48+24 22+16 18+8 22+13 31+18
Seocheon-eup 53+33 28+10 39+17 50+24 30+23 17+8 18+9 32+18
Seo-myeon 50+32 27+8 31+£13 45+23 29+23 16+7 16+7 28+17
Janghang-eup 45+27 28+10 31+14 39+19 25+19 19+8 1718 26+14
Bonghwang-ro 52+29 29+12 31£14 52+23 30+24 1611 18110 35+19
Cheongyang-eup 49+26 26+10 3013 49+23 34124 18+10 1819 38+20
Simin-ro 45+25 23+12 37t16 51+£18 27+15 16+9 2249 3013
Geumsan-eup 46+27 28+10 33+£13 49+21 29+19 21+9 1718 30£15
Eomsa-myeon 47 £29 25+9 29+15 49+21 26+18 16+7 157 28+15
Buyeo-eup 53+35 3011 36+16 58+30 26+19 17+7 157 29+21
e w0 P W2 A5 s= Aol PM 9] 3.4 PMjolt PM,s S0 HHE EX
7% 14~41 pg/m®, PM, 52| 3¢ 4~19 ug/m’>| %} 33 117 8220199 FHEE 297 S A0 4
ok PM,, 715 B3} o BEo] Aol 30pgm® 0] 197 SR HE2 Aeldt Holtk FYY An
ARl B AE S, GRAA (o1 FR), BFE5, PM T PM, s 55 22t 43 ug/m*T} 26 pg/m’ 2 1t
=W, EEE, A (O obth, A7 (A7t BT A9 EE PMy, 71E 578 (49 pg/m’) >
A 7R F2 BEA YAk e SHAEY EE T (40 pg/m®) > AHA (39 pg/m?) 0 2 LERRL
H27F 27 YERTE PM, 5 715 15 ug/m’ o1 2F 1, PM, 5 GA] 55 (28 pg/m’) > 55 (24 pg/
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Table 3. Summary of annual PM,y and PM, 5 concentrations measured at 29 AQMSs in 2019.

PMy (ng/m?) PM, 5 (Hg/m?)
Region Location AQMS
Mean £5S.D. Max Min Mean £5S.D. Max Min
Dandiin Songsan-myeon N1 61+34 215 9 33+22 143 2
i
9 Dangjin city hall N2 47428 192 6 29421 146 1
Mojong-dong N3 50+30 190 2 30+22 143 1
Baebang-eup N4 51+25 177 13 28+21 137 1
Northen Asan Dogo-myeon N5 48 +28 158 1 31+£22 142 1
Dunpo-myeon N6 54+30 211 6 34+22 152 1
Inju-myeon N7 56+31 213 7 32+23 154 1
Seonghwang-dong N8 49+27 197 9 30+19 138 5
Cheonan Baekseok-dong N9 45+30 202 6 24+18 125
Seonggeo-eup N10 48130 202 8 30+23 153 3
Tacan Iwon-myeon W1 37+24 189 6 20+14 106
Taean-eup W2 44127 213 6 2014 110 3
Dokgot-ri W3 39422 145 10 21+15 109 4
Seosan Dongmun-dong w4 40+ 21 158 8 20+15 110 2
Daesan-ri W5 37119 151 7 21114 115 4
Yeosan Yesan-eup We 43125 165 5 28121 132 2
Western Hongseong-eup w7 41423 159 5 28420 135 1
Hongseong
Naepo w8 38+22 166 5 24+16 116 3
Daecheon2-dong \El 38+26 180 1 24+20 144 1
Boryeong
Jugyo-myeon W10 38+21 149 6 24+15 108 1
Seocheon-eup W11 43+25 200 5 24+17 121 1
Seocheon Seo-myeon W12 38+23 194 22+16 126 1
Janghang-eup W13 36+20 147 2 22+14 107 2
Gongju Bonghwang-ro S1 41123 189 5 25+19 142 1
Cheongyang Cheongyang-eup S2 38122 148 4 27+£19 126 1
Southeastern Nonsan Simin-ro S3 44127 207 4 22+16 132 1
Guesan Geumsan-eup S4 39+21 141 2 24+13 87 1
Gyeryong Eomsa-myeon S5 38+22 172 3 21+14 101 1
Buyeo Buyeo-eup S6 39121 168 2 24+15 108 1
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Table 4. Pearson correlation coefficient between PM,, concentrations at AQMSs of ChungNam area in 2019 (p <0.01).

N1 N2 N3 N4 N5 N6 N7 N8 N9 NIO Wi w2 W3 W4 W5 We W7 W9 W10 W11 Wi12 S1 S2 S3 S4 S5 S6
N1 1
N2 927 1
N3 916 .960 1
N4 922 951 .972 1
N5 911 953 974 955 1
N6 904 956 .969 .954 .947 1
N7 918 953 .950 .957 .950 .950 1
N8 899 946 971 963 .947 956 .934 1
N9 894 925 938 951 .910 .930 .918 .951 1
N10 875 929 .953 921 .931 .937 905 .972 .932 1
W1 865 931 .869 .882 .868 .857 .878 .877 .874 .857 1
W2 859 .947 890 .897 .884 .883 .892 .895 .888 .867 .973 1
W3 846 .906 .837 .846 .837 .870 .849 .837 .819 .824 927 .898 1
W4 865 .934 895 .899 .891 .884 .893 .882 .879 .852 .942 963 .876 1
W5 846 .934 875 .877 .870 .874 876 .880 .847 .865 .958 .949 .935 .905 1
W6 922 965 975 .967 .970 951 948 956 .938 .936 .891 .906 .849 .899 .887 1
W7 89 972 958 946 956 .949 .948 939 910 .920 .907 .932 .875 .923 0909 .74 1
W9 897 943 926 .931 914 906 913 .924 904 900 .923 935 .874 .928 904 945 .955 1
W10 .796 .888 .876 .837 .857 .852 .831 .864 .788 .857 .846 .872 .840 .844 904 .878 .905 .882 1
W11 814 891 .881 .873 .874 .847 874 .886 .837 .865 .890 910 .826 .892 .870 .879 909 .921 .865 1
W12 860 914 .888 .907 .880 .870 .887 905 .887 .870 926 .939 .856 .923 .898 909 926 .968 .858 .948 1
S1 883 916 941 945 918 911 .899 945 0917 921 864 .878 .827 .866 .858 944 928 938 .844 .890 .923 1
S2 898 943 955 951 939 923 916 951 .934 930 901 917 .845 905 .887 969 954 959 .878 908 .933 .961 1
S3 856 921 927 917 905 905 .882 929 .896 906 .894 920 .837 907 .895 931 935 938 .900 .921 .931 949 951 1
54 843 901 917 916 .893 907 .886 .925 902 .906 .883 .908 .808 .890 .870 .925 924 936 .860 .915 .931 .943 949 .963 1
S5 845 885 910 908 .886 .892 .860 934 .895 920 .851 .865 .820 .850 .851 913 .894 .920 .848 .889 .910 959 .936 .951 .948 1
S6 788 834 869 .826 .856 .832 .791 .868 .796 .881 .777 799 .758 .808 .803 .851 .844 .848 .829 .828 .812 .880 .878 .894 874 917 1

8Ly
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Table 5. Pearson correlation coefficient between PM, s concentrations at AQMSs of ChungNam area in 2019 (p <0.01).

N1 N2 N3 N4 N5 N6 N7 N8 N9 NIO WI W2 W3 W4 W5 We W7 W9 WI0 W11 W12 S1 S2 S3 S4 S5 S6
N1 1
N2 964 1
N3 933 .938 1
N4 940 .945 .980 1
N5 947 939 .949 .959 1
N6 963 952 946 952 .951 1
N7 963 956 .945 .950 .961 .972 1
N8 922 927 948 962 .928 .934 .928 1
N9 902 .899 .930 .935 909 .895 .909 .935 1
N10 918 923 .960 .952 .924 929 922 963 .932 1
W1 884 916 .855 .871 .849 .848 .881 .872 .864 .851 1
w2 871 905 870 .875 .851 .839 .876 .858 .863 .853 .950 1
W3 889 916 .838 .848 .840 .873 .866 .854 .792 .837 914 .891 1
W4 885 919 .868 .880 .865 .867 .889 .860 .827 .844 924 .943 .903 1
W5 907 .940 .884 .899 .879 .884 .897 .888 .858 .876 .959 .948 .947 .949 1
W6 943 959 967 967 966 .946 956 .948 938 950 .890 .886 .860 .881 .903 1
W7 946 965 .953 .951 .957 949 962 .929 906 .936 .890 .894 .879 906 .913 .969 1
W9 914 928 919 .929 .922 901 .927 .922 900 .911 .898 .883 .861 .887 .903 .939 .958 1
W10 .833 .863 .871 .856 .835 .823 .835 .821 .792 .849 836 .893 .852 907 .887 .861 .885 .848 1
W11 887 .898 .890 .901 .879 .878 .890 .909 .847 .900 .870 .865 .866 .880 .899 .894 .926 .943 .865 1
W12 .891 909 .883 .901 .891 .875 900 918 .861 .895 900 .880 .874 .881 .907 .909 .927 .962 .838 .967 1
S1 906 .897 946 951 .933 917 910 .928 .887 .925 .820 .826 .825 .841 .859 .932 .934 .928 .843 915 .895 1
S2 912 917 954 955 940 911 .924 939 .926 .946 .875 .873 .829 .857 .882 .960 .954 .961 .848 .925 .927 .954 1
S3 .893 900 906 .927 .896 .896 905 .925 .885 .898 .881 .872 .842 .884 .885 .906 .917 .923 837 .940 .926 .922 934 1
54 .831 .839 .882 .888 .852 .833 .859 .877 .883 .887 .843 .884 .810 .835 .848 .882 .858 .857 .825 .845 .843 .868 .900 .888 1
S5 869 .862 906 .921 .888 .879 .874 .932 .883 917 .827 .827 .814 .833 .848 903 .889 .06 .824 915 .899 .947 934 941 .895 1
S6 768 .765 .835 .821 .802 .803 .783 .817 .747 .836 .81 .708 .721 .730 .735 811 .811 .801 .772 814 .779 .878 .845 .828 .807 .901 1
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