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Abstract Recently, the public's interest in the air environment has increased, and public health is
threatened by fine particulate matter. Furthermore, the government continues efforts to improve air
quality by expanding the monitoring of air pollutants and reinforcing environmental standards. Since air
quality differs depending on the region in the Korean Peninsula, it is currently necessary to identify the
cause and search for influencing factors. In this study, the atmospheric environment and regional
differences in cities located in the Chungnam Province were observed. As a research method, regression
analysis was performed for weather conditions, such as temperature, wind speed, precipitation, and
season and targeted at air pollutants, such as SO, NO2, CO, O3, PMjo, and PM;s, as well as heavy metals
contained in particulate matter, such as Pb, Cd, Cr, Cu, Ni, As, Mn, Fe, Al, Ca, and Mg. In the case of
PMio, the concentrations of Mn(0.4884) in Cheonan, CO(0.3329) in Dangjin, and Mg(0.5691) in Seosan
were highest. In the case of PMzs, Cheonan NO2(0.4759), Dangjin CO(0.4128), and Seosan NO2(0.3715)
were significantly affected. In summary, the influencing factors vary according to the region in Chungnam
province in terms of air quality, and there is a difference in the degree of contribution. Therefore, it is
considered that the Korean government's management of air quality is required for each region.
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Table 1. Measurement target area locations and
surrounding environment

Area Land Use Distance to Coast  Environment
Cheonan Residential 26 kn Apartment
Dangjin Industrial 5 km 0O Steel
Seosan Industrial 2 kn OO Chem Ltd
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Fig. 1. Air pollutants measurement and
meteorological observation locations
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Table 2. Result of descriptive statistics in region

Factor Cheonan Dangjin Seosan
Mean Std. Dev. C.V. Mean Std. Dev. C.V. Mean Std. Dev. C.V.

SOz 0.0037 0.0015 39.9% 0.0087 0.0040 46.6% 0.0055 0.0025 46.4%

NO; 0.0232 0.0109 46.8% 0.0160 0.0071 44.5% 0.0178 0.0099 55.8%

CcO 0.5188 0.2272 43.8% 0.6867 0.2462 35.9% 0.4896 0.1927 39.4%

PMio 44.52 20.71 46.5% 55.96 25.86 46.2% 40.45 20.74 51.3%

PMys 25.41 12.84 50.5% 29.08 17.73 61.0% 18.87 12.82 67.9%

O3 0.0243 0.0134 55.2% 0.0322 0.0124 38.6% 0.0331 0.0118 35.5%
PM2.s/PMio 0.5677 0.1282 22.6% 0.4960 0.1413 28.5% 0.4963 0.1419 28.6%
PMio-PMzs 19.40 11.27 58.1% 26.88 12.71 47.3% 19.05 12.25 64.3%

Pb 0.0231 0.0187 81.3% 0.0466 0.0431 92.4% 0.0203 0.0157 77.4%

Cd 0.0009 0.0019 204.4% 0.0007 0.0010 140.2% 0.0005 0.0010 192.0%

Cr 0.0025 0.0031 124.5% 0.0043 0.0035 82.2% 0.0018 0.0022 120.4%

Cu 0.0158 0.0097 61.1% 0.0188 0.0157 83.5% 0.0100 0.0126 126.5%

Ni 0.0029 0.0023 79.2% 0.0029 0.0028 94.8% 0.0043 0.0034 78.1%

As 0.0027 0.0032 116.6% 0.0044 0.0075 169.8% 0.0033 0.0067 199.7%

Mn 0.0248 0.0138 55.7% 0.0921 0.0568 61.7% 0.0220 0.0155 70.8%

Fe 0.6428 0.4502 70.0% 3.4507 3.1789 92.1% 0.4586 0.3368 73.4%

Al 0.3167 0.4823 152.3% 0.8020 0.5926 73.9% 0.2619 0.3564 136.1%

Ca 0.4852 0.5456 112.5% 2.1195 1.6221 76.5% 0.3310 0.4182 126.3%

Mg 0.1438 0.1695 117.8% 0.3487 0.2358 67.6% 0.1382 0.1678 121.4%

7ol %ol TAE Bk A4 A PMpY] A% 8 PMiodt PMas9 A9 RE AGolA  0.5168004
% Q1713 o] ARATA9] FFOZ PMys, NO;,  0.8387=2 w2 AWES Z3Mch ot A4ke] O 42
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AR FHEAR S4 dolE ] AL EARI
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34 J= Table 4.9F Zow, X9E PMj,,
PMzs, O3 59 SHEY Z3} F-valuex= 8.44904
24.61 <=0, 10 thgt p-valuet 0.0000|22 &
O 5%0IA FAXNCE FOgt AoE YEgTh w
A FEHe SHATE BAFCE FYsithe A
< Quigitt. ot 73R 22 AZEE fQvgt
AREAZFS HolA LAt

o

_E_kl

A Zat

B A

=2

Gladtke 9J[29], Wei Dong 9][30]%} Zo] A
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122

T
L9} PMzs sk AFE2QI SOz, NO; &2t Cd,
Ni, As 59 94 edYo FFZ A =%
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ARG oA WY AAUE EEIFFORH A
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PMio9] 7%, A4 dHY Mn 5% NO,, SO: 5

of JFL WYk PM2s9] B-F, NO2(8=0.4759), CO
(8=0.3240), Mn(8=0.2130) 59 3|AHAL7} Adizo
2 =9rt

PM,

10 Cheonan

= 14.342403.0(80,) +507.7(NO,) + 7.7(CO) 3)
+924.9(Cd) +731.8(Mn ) +704.9(As) + ..
—4.6(D,)—3.4(D,)—45.0(D,) +19.7(D,)

PM,, =1.5+1085.4(50,) +560.7(NO,) +18.0(CO) (4)

+669.3(Cd) +361.1 (Vi) +212.1 (M) + ..

—1.6(D,)—0.6(D,)+10.3(D,) +12.1(D,)

5 Cheonan

©)

O,

3 Cheonan

=0.0373+0.5930(50,) —0.5575 (NO,) — 0.0087 (CO)
+1.6810(Vi ) +0.2404(Cd) 4+0.0127 (F2 )] + ..
—0.0026(D;) —0.0012(D,) —0.0105(D,) +0.0302(D,)
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Table 3. Result of each regional correlation coefficient
Factor PCC o P O
Cheonan  Dangjin Seosan Cheonan  Dangjin Seosan Cheonan  Dangjin Seosan
50, r 0.4795* 0.2832* 0.3211* 0.4417* 0.0909 0.1339 -0.0728 0.0419 -0.1017
p-value 0.0000 0.0138 0.0000 0.0000 0.4381 0.0846 0.2135 0.7209 0.0630
NO» T 0.4650* 0.4429* 0.4040* 0.6019* 0.4314* 0.4974*  -0.5079* -0.5109* -0.3942*
p-value 0.0000 0.0001 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000
o T 0.4184* 0.6064* 0.2271* 0.5984* 0.4712* 0.3754*  -0.3604* -0.007 -0.1606*
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9524 0.0032
PMio r 0.8474* 0.8960* 0.8123" 0.0533 0.122 0.0729
p-value 0.0000 0.0000 0.0000 0.3622 0.2973 0.1781
PMas r 0.8474* 0.8960* 0.8123* -0.1404* 0.0767 0.0675
) p-value 0.0000 0.0000 0.0000 0.0345 0.5133 0.3857
0s T 0.0533 0.122 0.0729 -0.1404* 0.0767 0.0675
p-value 0.3622 0.2973 0.1781 0.0345 0.5133 0.3857
Ph T 0.3979* 0.1892 0.3489* 0.4299* 0.3176* 0.5715*  -0.1172* -0.2912*  -0.0923
p-value 0.0000 0.1040 0.0000 0.0000 0.0055 0.0000 0.0447 0.0113 0.0879
cd r 0.0792 -0.011 0.1908* 0.0632 -0.044 0.5182" 0.0592 -0.1866 -0.0712
p-value 0.1754 0.9255 0.0004 0.3431 0.7075 0.0000 0.3117 0.1089 0.1884
o r 0.2108* -0.0289 0.1276* 0.1849* -0.0334 0.3053* -0.0368  -0.2528* -0.1278*
p-value 0.0003 0.8057 0.0180 0.0052 0.7759 0.0001 0.5294 0.0287 0.0179
Cu T 0.2709* 0.1028 0.1500* 0.2387* 0.0703 0.2559*  -0.3031* -0.2275* -0.1199*
p-value 0.0000 0.3800 0.0054 0.0003 0.5491 0.0008 0.0000 0.0497 0.0264
Ni T 0.2619* -0.2186 0.2370* 0.1192 -0.1637 0.1989* 0.2645* 0.1706 0.1240*
p-value 0.0000 0.0595 0.0000 0.0732 0.1604 0.0100 0.0000 0.1434 0.0216
As r 0.2544* -0.1711 0.0396 0.1635* -0.1644 0.0531 -0.0861 -0.1867 -0.0526
p-value 0.0000 0.1421 0.4651 0.0136 0.1588 0.4957 0.1407 0.1088 0.3312
i r 0.6387* 0.4921* 0.3818* 0.4291* 0.2735* 0.3836* -0.0186 -0.0278 0.0138
p-value 0.0000 0.0000 0.0000 0.0000 0.0176 0.0000 0.7508 0.8127 0.7989
I T 0.5347* 0.5973* 0.3439* 0.3347* 0.3704* 0.2957* 0.0736 0.3011* 0.0494
p-value 0.0000 0.0000 0.0000 0.0000 0.0011 0.0001 0.2081 0.0087 0.3619
, T 0.2356* 0.5634* 0.1158* 0.2045* 0.2836* 0.0447 -0.0171 0.2435* 0.1233*
p-value 0.0000 0.0000 0.0321 0.0020 0.0137 0.5664 0.7699 0.0352 0.0224
cu r 0.2016* 0.4893* 0.2181* 0.1513* 0.2375* 0.1825*  -0.1162* 0.1569 0.0659
p-value 0.0005 0.0000 0.0000 0.0226 0.0402 0.0183 0.0466 0.1790 0.2237
Ve r 0.2132* 0.5175* 0.2045* 0.1295 0.2565* 0.1065 -0.0702 0.1182 0.1275*
p-value 0.0002 0.0000 0.0001 0.0514 0.0263 0.1708 0.2300 0.3125 0.0181

% *IAlE p-valueZt 0.05 ost oA FoJ3he S5

o

719 HL, PMio =} PMys 5= NO2 =9
Cd, Cr, Mn 59 2ol ¥ A LUt 059
7%, SOz, NOz, Ni, Cd 5ol 23t FaFol &3kout, 7t
o] o5t Jgfo] 2 Ao=Z UrtHth, BESHA S
£ vwsHH PMioY A% A4 EA84 CO, Al NOy,
Fe 50 9 A9toH, E3] Gladtke £][29]9} Zo]
Fe %ol 93t 719=7} =Sttt

PMig pon i = 1694 154.0(50,) +1019.0(NO,) +36.1(CO) 6)
+2168.3(Cd) +803.6(Cr) +72.4(Mn) + ...
—9.5(D,)—9.3(D,) —29.2(D,) +9.4(D,)

PMy 5 o =0-T—247.5(50,) +721.3(NO,) +30.7(CO) @
+906.7(Cd) +576.6(Or) +22.5(Mn ) + ...
+0.6(D,)+0.4(D,) +18.2(D;) —1.5(D,)

Oy pungin = 00390 +0.3612(50,) — 0.7253(NO,) —0.0006(CO)  (8)

+1.2272(NVi) +0.0251 (Myg) +0.0009 (A1) + ...
—0.0013(D, ) —0.0002(D,) +0.0054 (D, ) +0.0314(D,)

A4l S ARFAE oFliet 22, PMio®t PMzs
£ A7E4 NO2H Ni, Cd, Pb 59 1914 o
of JFE A Wkt ®EI JAASE BlALSHE,
PM;o9] 7%, A2 A Mget NO; 5ol Az 2

2 =2 9¥L: 5tk PMys9 39, NO,, Fe, Mg,
Pb 59 EZo] Ado=Z IAASTE =3tk

Py g0 =8:4+942.7(80,) +517.9(NO,) +13.9(CO) )
+522.5(Vi ) +295.0(Cd) +152.5 (Fh) + ..
—4.5(D,) +1.8(D,) +69.8(D;) +19.0(D,)

Pl g =—0.2—932.3(S0,) +648.9(NO,) +14.1(CO) (10)
+390.4(Ni ) +164.7(F) +51.4(Mn ) + ...
—0.8(D,)+3.5(D,) +42.5(D;) +10.2(D,)

Oy g0un = 0.0373—0.1334(50,) — 04064 (NO,) —0.0016(c0)  (11)

+0.8497 (Vi ) +0.0769 (As ) +0.0745 (M) + ...
—0.0008(D, ) +0.0012(D,) +0.0010(D; ) +0.0288 (D, )
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FoolH HREA PMgell Wil Mn ) SOz ) NO»,
PMz5° sl NO, » CO ) Mn, Os°l 43l Fe ) Ni &
9 £o 7 7o g Btk F AF HE, PMyel
s CO > Al ) NO,, PMzsoll s CO » NO; » Fe,
Os0ll tiall Mg » Ni ) SO2 59 €0 & 7|k g Hof
FE-5 9[20], Pires 9[25]9}F Zo] NO7t 384 Lo&
PAHY &40l 71ofsta Qltt. A4t 2|99 -, PMio
of o3 Mg > NO; » CO, PM,s°l Hall NO; ) Fe )
Mg, Os°l B3l Ni ) Mn » Al 59 <02 7|o=E &

At whebA] 7ol Ao|akA|R dukFog ¢i4o
9J5f) ¥ == SO,, NO,, CO 50 PMio E PMzs A4
ATEAR st Qioka F7EcH10,20]. E3F
Gladtke 9][2919} Zo] 1 A Hoj| A B ALY A
7] 0|5 R {YUH I duol A 7t Zpol9| IF
Q9lo 7 weter

B4 A0 54 A9 fr1o Qs JrhH o 9

Table 4. Regression of regional secondary air pollutants by region

Area Variable PMio PMzs 0
Coef. Std.Err. P>t B Coef. Std.Err. Pt B Coef. Std.Err. P>t B
S0, 2403.0 7182  0.001 0.1715 10854 6322  0.087 0.1040 05930 04938 0.231  0.0655
NO; 507.7 1023 0.000  0.2661  560.7 83.7 0.000 04759 -0.5575 0.0703 0.000 -0.4526
co 7.7 4.7 0.101  0.0841 18.0 3.5 0.000 03240 -0.0087 0.0032  0.007 -0.1473
Pb -122.2 718 0.090 -0.1108  40.7 73.4 0.580  0.0391 -0.0896 0.0493  0.071  -0.1258
cd 9249 4359  0.035 0.0861 669.3 3085 0031 0.1114 02404 02997 0423  0.0347
Cr -133.8 3062  0.663  -0.0202 -239.7 4735  0.613 -0.0303 -0.7825 0.2106  0.000  -0.1831
Cu -397.6 1141  0.001 -0.1857 -259.2  86.2 0.003 -0.2034 -0.1987 0.0784  0.012  -0.1437
Cheonan Ni -3253 4641 0484 -0.0362 361.1 3859 0351  0.0536  1.6810 0.3191  0.000  0.2897
As 7049 3024  0.020 01082 -2563 2563 0318 -0.0564 0.0117 02079 0.955  0.0028
Mn 731.8 1583  0.000 0.4884  212.1 1204  0.080  0.2130 -0.0370 0.1089  0.734  -0.0382
Fe -3.9 5.4 0.468  -0.0853  -4.0 4.6 0387 -0.1382 0.0127 0.0037  0.001  0.4276
Al -2.1 4.4 0.628 -0.0498  -0.7 3.4 0.845 -0.0269 0.0022  0.0030  0.462  0.0805
Ca 0.2 4.8 0971 0.0046  -15 3.4 0.664  -0.0623 -0.0030 0.0033  0.365 -0.1214
Mg 6.8 17.2 0.695  0.0554 1.1 11.9 0.926  0.0148 -0.0056 0.0118 0.639 -0.0707
cons 143 5.6 0.012 15 4.9 0.761 0.0373  0.0039  0.000
Adj R? 0.5826 0.5168 0.5268
e 1540 5117 0765 0.0229 -247.5 450.1 0585 -0.0536 03612 03409 0294  0.1149
NO; 1019.0 2597  0.000 02722 7213 2284  0.003 02807 -0.7253 0.1730 0.000 -0.4147
co 36.1 9.0 0.000 03329 307 7.9 0.000 04128 0.0006 0.0060 0919  0.0122
Pb -63.5 45.1 0.166  -0.1063  -2.7 39.7 0.945  -0.0067 -0.0504 0.0301  0.100  -0.1806
cd 21683 2693.0 0425 0.0773 9067 23689 0704  0.0471 -3.6546 1.7942  0.047  -0.2789
Cr 803.6 7681 0300 0.1050 5766  675.6 0397 0.1097 -0.6767 05117 0.192 -0.1892
Cu -80.4 1148 0487 -0.0450 -109.1 101.0  0.285 -0.0890 -0.0508 0.0765  0.510  -0.0609
Dangiin Ni -753.7 8642 0387 -0.0734 -868.6 7602 0259 -0.1232 1.2272 05758  0.038  0.2557
As -154.9 2320 0507 -0.0450 -130.1 2041 0527 -0.0550 -0.0285 0.1546 0.855 -0.0177
Mn 72.4 78.1 0358 0.1580 225 68.7 0.745  0.0715 -0.0518 0.0520 0.324  -0.2419
Fe 23 15 0.134  0.2701 1.4 13 0.271  0.2527 -0.0010 0.0010  0.335 -0.2462
Al 14.4 6.8 0.040 03316 -2.0 6.0 0736 -0.0682 0.0009 0.0046  0.837  0.0464
Ca -10.0 3.5 0.007 -0.6095 -8.0 3.1 0.014  -0.7090 0.0006  0.0024  0.791  0.0822
Mg -10.2 31.3 0.747 -0.0930  14.6 27.5 0598 0.1951 0.0251 0.0209 0.234  0.4922
cons 16.9 6.8 0.016 0.7 6.0 0.902 0.0390  0.0045  0.000
Adj R? 0.8387 0.735 0.6962
e 9427 3792 0013 0.1175 -932.3 3104  0.003 -0.1956 -0.1334 0.2656  0.616  -0.0296
NO; 517.9 96.0 0.000 02473 6489 1208  0.000 03715 -0.4064 0.0672 0.000  -0.3450
co 13.9 4.6 0.003 01306  14.1 4.1 0.001  0.1816 -0.0016 0.0032  0.613  -0.0273
Pb 152.5 79.1 0.055 0.1136  164.7 68.4 0.017  0.2035 -0.0278 0.0554  0.616  -0.0369
cd 295.0 9119 0747  0.0149  -457 17004 0979 -0.0019 -0.4131 0.6386  0.518  -0.0370
Cr -426.0 388.8  0.274 -0.0461 -534.2 4862  0.274 -0.0641 -0.7581 0.2723  0.006  -0.1458
Cu -138.7 701 0.049 -0.0844 -67.4 46.8 0.153 -0.0794 -0.0171 0.0491  0.727  -0.0185
Seosan Ni 5225 2803 0.063  0.0865 390.4 2177  0.075 0.0963 0.8497 0.1963  0.000  0.2502
As -226.5 153.1  0.140 -0.0609 -72.6 9.8 0.454  -0.0401 0.0769 0.1072  0.474  0.0368
Mn 95.5 72.5 0.189 0.0723 514 43.3 0.237  0.0695 0.0745 0.0508  0.143  0.1003
Fe 6.8 3.7 0.065 01122 108 4.4 0.015 0.2699 0.0008 0.0026  0.765  0.0226
Al -20.0 4.6 0.000 -0.3486  -11.2 3.2 0.001  -0.3197 0.0028 0.0032  0.387  0.0863
Ca -9.2 5.6 0.100 -0.1818 -55 3.6 0.130  -0.1619 -0.0034 0.0039  0.379  -0.1209
Mg 71.7 15.7 0.000 05691  23.0 105 0.030 0.2627 0.0055 0.0110 0.618  0.0776
cons 8.4 2.9 0.004 -0.2 24182 0.938 0.0373  0.0020  0.000
Adj R? 0.5268 0.672 0.3261
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