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Abstract

This study was conducted to evaluate the distribution characteristics of PM;, and heavy metals concentrations in
the ambient air of Gyeonggi-do area by region and season from February, 2013 to March, 2014. The regression model
for the prediction of formation characteristics and contamination degree of PM,, and heavy metals by correlation
analysis and regression analysis for using the multivariate statistical analysis was also established. The main wind
direction during the investigation period was South East (SE) and West South West (WSW) winds, and the concen-
tration of SO, at Ansan with industrial region showed 1.6 times higher than Suwon, Euiwang with residential region.
The concentrations (median) of Pb, Cu and Ni at Ansan showed 3.2~4.5, 1.9~2.2 and 1.7~ 2.6 times respectively
higher than those at Suwon. By the seasonal concentration variation, the concentrations of PM,,, Pb, Fe and As in
winter and spring (December to May) showed 1.7, 1.9, 1.9 and 2.7 times respectively higher than those in summer
and fall (June to November). As, Fe and PM,, had a big difference by the seasonal factors, and Cu and Ni were eval-
uated to be influenced by the regional factors. From the results of correlation analysis among the target items, the
correlation coefficient of PM and Mn had 0.82 (p<<0.01) and that of Fe and Mn had 0.82 (p<0.01), which showed
high correlation. And the correlation coefficients for SO, and Pb, CO and PM,, were 0.66 (p<0.01) and 0.62 (p<
0.01) respectively. The multiple linear regression models for PM,,, Pb, Cu, Cr, As, Ni, Fe and Mn were established
by independent variables of CO, SO, and meteorological factors (wind speed, relative humidity). In the regression
models, independent variable SO, was in cause-and-effect relationship with all dependent variables, and PM,,, Fe
and Mn were influenced by CO and wind speed, and Pb, Cu, Ni and As had a main factor of SO,.
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Table 1. Use district and TM coordinate of the sampling

sites.
. ™
Site Use
district TMX T™Y
Ansan Indurstrial 179954 423220
Suwon Residential 200824 420257
Euiwang Residential 197620 426612
Sungnam Indurstrial 215143 438062
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Statistical Package for the Social Science (SPSS) Ver

Table 2. Unit, measure interval and abbreviation of the
target items.

Item Unit Measure . Measure Abbreviation
interval  instrument
Air quality
Wind speed m/s 1hr monitoring WS
system
Wind diretion - 1hr " WD
Air temperature ~ °C 1hr " Temp
Relative
humidity % Lhr RH
SO, PPM Lhr " -
NO, PPM 1hr " -
CcO PPM 1hr " -
3 High volume _
PMyp wg/m® - 24hr sampler
Heavy metal ug/m*  24hr High volume -

air sampler+ICP

S 4% 8% 12% 16%

=

3.0

—
0.5~2.0 2,0~3.0

~606.0~7.0 7.0~(m/s)

Fig. 1. The wind roses of wind direction frequency and
wind speed.
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Fig. 2. Concentration distribution of gaseous pollutants by site.
Table 3. Weather condition and mean concentrations of air pollutants (2013. 2~ 2014. 3).
Site SO, NO, CO WIND TEMP RH
(ppm) (ppm) (ppm) (m/sec) O (%)
Ansan Mean 0.008 0.029 0.549 1.6 13.2 50.7
SD 0.004 0.013 0.191 0.5 114 16.2
Mean 0.006 0.033 0.660 1.9 11.6 54.4
Suwon
SD 0.002 0.014 0.213 0.7 10.8 17.0
Uiwan Mean 0.005 0.033 0.722 1.6 11.8 56.3
J SD 0.002 0.012 0.208 0.5 10.9 15.5
Seonenam Mean 0.005 0.036 0.636 1.3 12.4 56.0
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Fig. 3. Concentration distribution of PM,, and heavy metals by site.
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Fig. 4. Concentration distribution of PM,, and heavy metals by month.
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Table 4. Pearson correlation coefficient among PM,, and heavy metals.

PM,, Pb cd Cr Cu Mn Fe Ni As

PM,, 1

Pb 0.60%* 1

cd 0.41%% 0.49% 1

Cr 0.28:% 0.227% 0.29% 1

Cu 0.33%* 0.65%* 0.43%* 0.16%* 1

Mn 082+ 0.60%* 0.49%+ 0.30%* 0.45% 1

Fe 0.77%+ 0.547% 0447 0.38%* 0.287%* 0.82%* 1

Ni 0.61%+ 0.57%* 0.53%* 034 0.53% 0.70%* 0.5 1

As 0.78%* 0.60%* 0.42%% 0.18%* 0.2 0.71%+ 0.75%* 0.51%* 1

*% : Correlation is significant at the 0.01 level (2-tailed)

Table 5. Results of correlation analysis for meteorological factors, gaseous pollutants, PM,, and heavy metals.

PM,, Pb cd Cr Cu Mn Fe Ni As
S0, 0.45%% 0.66%* 0.20%* 0.08 0.59%* 0.50% 0.39%* 0.4 0.38%*
NO 0.45% 0.30%*  —0.00 -0.06 0.06 0.23% 0.37%% 0.07 0.2
co 0.62%* 0.35%* 0.04 ~0.05 0.01 0.36% 0.39%* 0.22%% 0.54%%
WS —005 -0.01 0.09 0.04 -0.03 0.08 0.11 0.07 0.18%*

TEMP  —0.13* —0.14% -0.07 0.25%* 0.06 -0.10 —0.29% 0.06 —0.36%*
RH 0.11 0.16 0.32 0.05 0.28 0.10 0.32 0.06 0.07

*: 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 6. Coefficients of independent variables in regression model for PM,, and heavy metals (No. 270).

Regression model Constant SO, (ppm) CO (ppm) Temp (°C) RH (%) WS (m/s)
PM,, (ug/m®) —33.935 3549.313 92.190 - —0.463 4.996
Pb (ug/m®) —0.046 10.658 0.051 - - -

Cu (ug/m?) —-0.12 10.419 - - - -
Mn (pug/m*) —0.016 3.302 0.034 - - 0.005
Fe (ug/m?) 0.527 37.474 0.822 - —0.010 0.207
Ni (ug/m®) —0.002 0.616 0.003 - - -
As (ug/m®) —0.006 0.234 0.009 - - -
Table 7. Assessment results of regression model for PM,, A A G B Aol o3t Aoz epd=d AAd &
andheayy metals A& B AT 1A 24 AR du

Regression F-test R2 D-W VIF
model F-value p-value
PM,, 83.336 0.000 0.487 0.779 1.181
Pb 120.020 0.000 0.476 1.208 1.058
Cu 55.389  0.000 0.387 1.303 1.093
Mn 43.869 0.000 0.334 0.978 1.181
Fe 56.044 0.000 0.390 0.996 1.092
Ni 28.399  0.000 0.245 1.456 1.093
As 75.146 0.000 0.462 1.319 1.101
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