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Abstract

This study compared the concentrations of heavy metals in PM,s and evaluated the
behavior and effects of heavy metals. In 2018 ~2019, the concentration of heavy metals
was shown to be in the order Zn>Pb>Cu> Mn > Ba; this order excluded elements
originating in the soil, such as, Al, Ca, Mg, and Fe. The seasonal PM,s concentrations
order was winter > spring > autumn > summer. The Pb, Cd, Ba, Mn concentrations order
was winter > autumn > spring = summer. Ni and V behave differently than other heavy
metals because they do not show the lowest concentration in summer.

The mass concentration of PM,s showed a high correlation with Fe, Pb, Zn, Mn,
and Cd. Regarding the correlation coefficient between different metals, Fe was highly
correlated with Mn(r=0.888). Fe - Zn, Fe - Ba, Zn - Cd, Pb - Cd, Pb - As, and As - Cd
also showed a high correlation coefficient(r =0.600~0.748). The correlation coefficient
between Ni and V was high(r=0.641), but the correlation coefficient with Ni and V
and other elements was low. Heavy metals can be a useful tool for evaluating the
source of PM,s through long-term data.

Key words : PM;s, heavy metal distribution, correlation analysis
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Table 1. Annual mean concentration of PM2.5 and heavy metal at Gwangjin

[unit : ,ug/m3(PM2,5), ng/mS(metal)]

2018(n=179) 2019(n=148) Total(n=227)
Mean Min Max Mean Min Max Mean
Pb 13.54 1.70 41.38 17.88 2.06 66.31 16.37
Cd 0.57 0.11 1.48 0.62 0.10 1.70 0.60
As 2.75 0.33 16.67 3.71 0.40 16.96 3.38
Zn 48.33 6.77 119.07 48.49 6.18 165.87 48.43
Cu 10.76 2.23 26.08 8.45 0.45 37.98 9.25
Mn 8.83 1.64 24.01 8.51 1.52 28.80 8.62
Ba 8.59 2.25 22.22 8.39 1.71 42.04 8.46
Ni 1.87 0.25 8.11 .77 0.15 12.86 1.80
Vv 1.99 0.10 7.68 1.89 0.10 9.50 1.93
Sr 0.66 0.16 2.20 0.79 0.12 7.55 0.75
Al 106.74 17.41 295.96 68.97 10.26 398.47 82.12
Ca 95.31 17.61 207.73 88.82 22.62 271.56 91.08
Fe 179.17 38.76 392.29 158.32 37.14 437.61 165.58
S 1443.09 330.99 6871.14 1456.76 203.70 6394.217 1452.00
PMz s 23.44 7.76 74.71 28.35 6.12 107.68 26.64
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Fig. 3. Box plot of seasonal and annual heavy metal concentration.
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Table 2. Pearson correlation coefficients between the concentrations of PM,s and heavy metals
and between the concentrations of heavy metals(2018 ~2019, n=227)

PMos Mg Al \Y% Mn Fe Ni Cu 7Zn As Cd Ba Pb Ca S Sr

PM: s 1

Mg 0.262" 1

Al 0.251% 0.475" 1

V0305 0.179™ 0.104 1

Mn  0.725™ 0.433"0.345™ 0.306" 1

Fe  0.602"* 0.531"*0.450"" 0.161" 0.888"* 1

Ni  0.426™ 0.204™0.178" 0.641** 0.445*0.376™ 1

Cu  0.508™ 0.278™0.376™ 0.338™ 0.571"0.588™0.367* 1

Zn  0.709** 0.336™0.307"* 0.268™ 0.817**0.748*0.472** 0.568"* 1

As 0451 0.200™ 0.144" -0.104 0.423"0.403"* 0.112 0.165* 0.439™ 1

Cd  0.732" 0.260**0.275" -0.004 0.709**0.651**0.173**0.433**0.723"*0.600** 1

Ba  0.548™ 0.350™0.396™ -0.031 0.626™0.707"*0.174™*0.544"*0.595** 0.364** 0.611** 1

Pb  0.626" 0.201" 0.150" -0.104 0.573"*0.543** 0.158" 0.313"*0.664**0.703**0.773"* 0.484** 1

Ca  0.175" 0.655"*0.426™ 0.088 0.405"*0.554™ 0.115 0.342"*0.320** 0.115 0.249"*0.300""0.181™ 1
S 0.669™ 0.148™ 0.142" 0.531"* 0.420™*0.294™*0.385""0.327"*0.379™* 0.168" 0.309"*0.221**0.234"* 0.021 1

St 0.485™ 0.551™0.472" 0.093 0.398"0.451**0.227**0.368"*0.428" 0.245™* 0.408"*0.723"* 0.398"* 0.355"* 0.26 7" 1

B3

correlation is significant at the 0.01 level(2-tailed).
* correlation is significant at the 0.05 level(2-tailed).
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Table 3. PM,s and heavy metal concentration during haze episode

[unit: ,ug/m3(PM2,5), ng/mS(metal)]

Cu 7Zn As Cd Ba Pb

PMs5 \ Mn Fe
19.01.07~09  25.22  0.39 8.96 168.22
19.01.10 42.74 527 21.24  250.86
19.01.11~13  68.72 0.81  13.87  237.68

7.40 53.70 3.50 083 805 21.31
20.90 129.34 453 1.15  10.22 31.51

12.58  80.63 6.94 148 13.12 46.80
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