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Air pollutants in the Cheongju Industrial Complex were analyzed from January 2018 to December 2023. The

analyzed pollutants include PM;,, PM, s, Pb, Cd, Cr, Cu, Mn, Fe, Ni, As, SO,, NO,, CO, benzene, toluene, ethylbenzene, and
xylene. The main wind directions in Cheongju were south-southeast in July and August, northeast in September, and westerly

in other months. The lowest pollutant concentrations were mostly observed in July, August, and September. This is likely
related to the fact that wind directions other than from the west affect Cheongju more during these months. This also
suggests that the region is significantly affected by air pollutants coming from the west. On the other hand, Ni showed higher
concentrations during September, October, and November. Correlation analysis results showed that PM,, had the highest
correlation coefficient with Fe, whereas PM, 5 had the highest correlation with Pb. Considering that Fe mainly originates from
natural sources and Pb from anthropogenic sources, the results suggest that PM, 5 is more influenced by human activities.

Multiple linear regression analysis confirmed these findings. Consequently, a regression model for PM,, was derived using Fe,

Cr, and temperature as independent variables, while a regression model for PM, s was derived using Pb, Fe, Cr, temperature,

and toluene as independent variables. All regression models were statistically significant and effectively predicted PM;, and

PM, 5 concentrations.
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Google Earth

Fig. 1. Air quality monitoring sites in Cheongju (satellite images provided by Google Earth Pro).

Table 1. Classification of air pollutants and variables

Variable Air pollutant Item
Dependent variable Particulate Matter PM;o PM, 5 - -
Heavy metal Pb cd cr cu
y Mn Fe Ni As
Independent variable Gaseous pollutant SO, NO, co -
Volatile organic compound Benzene Toluene Ethylbenzene Xylene
Meteorological factor WS TEMP RH -
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SST: sum of square total

SSR: sum of square regression
SSE: sum of square error

n: degree of freedom

p: No. of independent variables in regression model
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Table 2. Monthly mean concentrations of air pollutants.
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Item Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
PM;o 55 54 57 45 36 25 25 28 42 53 47
33 23 20 21 16 14 14 23 30 29
0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
NO, 0.027 0.025 0.02 0.016 0.015 0.014 0.016 0.015 0.021 0.025 0.027
co 0.603 0.515 0.462 0372 0.375 0.379 0.355 0.368 0.353 0.445 0.598 -
B - 0.29 0.2 0.13 0.1 0.11 0.11 0.08 0.12 0.22 0.27 03
T 1.7 1.65 1 0.67 0.68 0.7 0.7 0.69 1.09 1.8 1.84
E 0.16 0.15 0.14 0.14 0.13 0.14 0.12 0.12 0.21 0.36 0.28
X 0.21 0.2 0.16 0.18 0.19 0.18 0.14 0.14 0.27 0.44 043
Pb 0.0151 0.0161 0.0077 0.0061 0.0063 0.0026 0.0038 0.0062 0.0108 0.0156 0.0128
Cd 0.0006 0.0005 0.0003 0.0003 0.0003 0.0001 0.0002 0.0004 0.0004 0.0006 0.0003
Cr 0.0021 0.0026 0.0025 0.002 0.0009 0.0012 0.0013 0.0021 0.0023 0.0028 0.0027
Cu 0.0178 0.0183 0.0173 0.0123 0.0118 0.014 0.0075 0.0091 0.01 0.0196 0.0196
Mn 0.0207 0.0231 0.0256 0.0207 0.0164 0.0188 0.0089 0.0101 0.0165 0.0229 0.0206
Fe 0.5501 0.6886 - 0.6079 0.4732 0.4482 0.1678 0.1934 0.2324 0.3571 0.6294 0.5135
Ni 0.0101 0.016 0.01 0.0103 0.0063 0.016 0.0136 0.0175 0.0264 0.0273 0.0167
As 0.0035 0.0029 0.0036 0.0019 0.0014 0.0011 0.0006 0.0009 0.0013  0.0035 0.0023
B:Benzene
T:Toluene
E: Ethylbenzene
X:Xylene

[ : the highest mean concentration of each air pollutant
: the lowest mean concentration of each air pollutant
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Table 3. Pearson correlation coefficient among PM;,, PM, 5 and heavy metals.

PMio PM, 5 Pb cd Cr Cu Mn Fe Ni As
PMso 1

PM, 5 T76% 1

Pb 587% 828 1

Cd .354** 564** .738%* 1

Cr 116 234 A24** .348** 1

Cu 394% 569 T2 531 A81%% 1

Mn 595 570 702% 473 A430% 631 1

Fe 7565 672 718 453 354% 590 814 1

Ni -.105 -.091 013 071 305* 022 465 -031 1

As 495 660 843+ 610% 315% 521%% 605 580%* 109 1

*: Correlation is significant at the 0.05 level (2-tailed)
**: Correlation is significant at the 0.01 level (2-tailed)
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Table 4. Results of correlation analysis for PM;, and PM, 5.

Class Compound PM;q PM; s
G SO, .264* .566%*
aseous NO, 480% 5971%
pollutant
co 428** 501%*
X WS -.253* —.347%*
Meteorological TEMP T 757
factor
RH 644 -.448%%
Benzene A57** J21%*
Volatile organic Toluene .292* 498%*
compound Ethylbenzene 132 .240*
Xylene .096 146

*: Correlation is significant at the 0.05 level (2-tailed)
**: Correlation is significant at the 0.01 level (2-tailed)
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Table 5. Results of correlation analysis for PM;, and PM, 5 at each term.

July~August September October~June
Compound
PMyq PM, 5 PMo PM, 5 PMo PM, 5

Pb 119 -.093 255 -.554 413%* .815%*
d 541 -.089 -.335 -.189 228 .589%*
Cr 221 170 .169 .639 .041 212
Cu 152 .002 -.210 -.464 234 .524%*
Mn 332 -.107 438 122 A466** A74%*
Fe .266 .052 .024 -.530 626** 518**
Ni .345 -.077 612 456 -.149 -.095
As -.448 -.349 .798 -.289 .290* S571%*
SO, 435 -.064 487 667 237 724%*
NO, 311 .078 379 .700 244 A436**
co .260 233 .007 -.170 177 315%
WS -.012 -.028 .070 -.836* -.145 -.262
TEMP 136 .026 -.523 349 -.330* —-.597**
RH .050 -.242 214 628 —.352%* -.024
Benzene 335 326 .788 202 243 .663%*
Toluene 209 312 392 .805 21 423%*
Ethylbenzene 307 .200 673 748 -.021 151
Xylene 322 .386 541 .688 -.030 .049
*: Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)
Table 6. Coefficients of independent variables in the regression model for PM,, and PM, 5.
Regression Constant Pb Fe Cr TEMP Toluene

model (ug/m?) (ug/m?) (ug/m?) Q) (ppb)

PM;o 40.692 - 35.370 -2218.446 -0.597 -

PM, 5 19.271 612.291 6.170 -1115.673 -0.278 1.689

J. Korean Soc. Atmos. Environ., Vol. 40, No. 5, October 2024, pp. 528-540



536 S|, ol

50— y=-0.19+1"x]
P "Gc
407 -
e o 2
k- ““5 0% S <
£ 30 s g
2 P s %9
n e 0% [ Raead
g 20 L <
o o
.
10 08”7
0 e
T T T T \ T
0 10 20 30 40 50

Unstandardized Predicted Value

Fig. 3. Graphs of the regression models for PM,, and PM, 5.
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Table 7. Standardized coefficients (8) for PM,o and PM,s.

B Pb Fe Cr TEMP Toluene
PM;o - 0.639 -0.199 -0.380 -
PM,s 0498  0.193  -0.173 -0.307 0.189
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Table 8. Assessment results for the regression model of PM;, and PM, 5.

Regression F-test o Collinearity Statistics
b adj. R D-W
F-value P-value Compound TOL VIF

Fe 0.697 1.434

PMyq 52.213 0.000 0.693 1.571 TEMP 0.753 1.328
Cr 0.870 1.149
Pb 0.346 2.889
TEMP 0.542 1.846

PM, 5 60.579 0.000 0.814 1.729 Cr 0.780 1.282
Toluene 0.719 1.390
Fe 0.453 2.206
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