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Abstract

BACKGROUND: This experiment was conducted to
investigate the distribution and burden characteristics of
heavy metal in the rainwater sampled at Taean area, in the
middle part of Korea, from April 2002 to October 2003.
METHODS AND RESULTS: The relationship between
concentration of heavy metal and other chemical properties
in the rainwaters was also evaluated. Chemical properties in
the rainwater were various differences with raining periods
and years. It appeared that a weighted average pH values of
rainwater was ranged from 5.0 to 5.1. Heavy metal con-
centrations in the rainwater were ranked as Pb > Zn > Cu >
Ni > As>Cr> Cd. As compared with heavy metal con-
centrations of rainwater in 2002, Cu, Pb, and Zn were higher
than other elements in 2003. There were positive corre-
lation between major ionic components, such as NH,', Ca2+,
Mg2+, K',Na’, SO,” and NOj', and As, Cd, Zn, Cr, and Ni
concentrations in rainwater. For heavy metal distribution of
rainwater, the order of average enrichment factor was Cd >
Pb> As>Cu>Zn>Ni>Cr, and these were relatively
higher than the natural components such as Fe, Mg and Ca.
The monthly enrichment factor were relatively high, from
August to October at Tacan. The monthly amount of heavy
metal precipitation was high in the rainy season from July to
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August because of great influence of rainfall.
CONCLUSION(s): The results of this study suggest that the
heavy metals(Cd, Pb, As, Cu, and Zn) of rainwater is
strongly influenced by anthropogenic sources rather than
natural sources.

Key Words: Enrichment factor, Flux, Heavy metal, Rain-
water
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Fig. 1. Monthly integrated precipitation at Taean area
during 2002-2003.
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Table 1. Volumn-weighted mean of ion concentration in rainwater samples from Taean areas

Sampling pH EC NH, Ca Mg K Na SO, NOs; Cl  Rainfall
period (uS/cm) (ueq/L) (mm)
so00  VWMY 50 12 289 105 57 79 620 1118 389 672 5725
Apr~Oct. Max. 61 377 3878 3152 2078 726 2739 15364 6885 5668 1830
0=25" Mmoo 39 2 54 21 0.8 35 212 491 81 2.8 15
o003 VWM 51 24 498 96 51 47 445 840 584 270 6845
Apr~Oct.  Max. 73 95 1899 783 562 309 1070 3334 3250 1632 1650
(0=26)  \pn, 40 4 18 13 08 05 14 16 21 14 15

DVWM : Volumn-weighted mean, 3 Sample number
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Table 2. Comparison of heavy metal concentration in rainwater samples from Taean areas

Mean S.D. Median Min Max VWM
Year metals
(ug/L)
Cd 0.26 0.31 0.07 0.03 091 0.10
Cu 5.94 5.73 4.05 1.43 26.41 3.54
Pb 9.42 1.78 8.87 7.19 16.32 8.83
(11220352)1) Zn 19.87 23.73 7.19 3.18 104.92 8.03
Ni 3.85 6.69 1.58 0.43 32.82 1.53
Cr 0.96 0.91 0.78 0.15 441 0.50
As 1.22 1.39 0.79 0.14 6.10 0.57
Cd 0.08 0.06 0.06 0.03 0.23 0.07
Cu 6.84 10.06 422 1.23 52.40 4.73
Pb 10.09 2.72 9.31 8.83 2291 9.59
(rzlg(Z)?g)) Zn 11.49 12.44 8.05 1.30 51.88 8.17
Ni 2.64 6.77 0.73 0.23 35.03 1.03
Cr 0.65 0.67 043 0.02 3.00 0.45
As 0.53 0.50 0.28 0.15 1.86 0.58

D Sample number
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Table 3. Monthly variation of heavy metal concentration in rainwater samples from Taean areas
Cd Cu Pb Zn Ni Cr
Year Months
(ug/L)
Apr. 0.33 11.02 9.26 23.09 12.07 1.01
May 0.28 5.28 9.04 38.43 5.12 1.92
Jun 0.13 3.74 8.98 5.90 1.35 0.61
(112:0352)1) July 0.10 451 10.54 14.38 3.07 0.97
Aug. 0.04 6.04 8.64 9.20 1.16 0.77
Sep. 0.35 6.68 8.86 9.05 2.25 0.93
Oct. 0.71 5.20 10.52 40.94 422 0.72
Apr. 0.09 9.82 9.72 13.50 1.63 0.58
May 0.13 425 9.77 17.78 2.10 1.12
Jun 0.05 8.81 9.19 6.39 0.62 0.57
(rzlgg?;) July 0.07 10.44 11.26 8.51 0.78 043
Aug. 0.12 2.96 9.69 10.95 1.58 0.51
Sep. 0.06 2.15 9.12 6.29 0.68 0.35
Oct. 0.07 8.64 10.48 23.44 14.05 1.59

D Sample number
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Table 4. Correlation coefficients between chemical composition and heavy metals concentration in rainwater samples

from Taean areas(n=51)

Metals EC NH, Ca Mg K Na Cations SOy NOs cl Anions
cd 0498™ 05247 06707 06417 0805 07577 0776 0657 06217 NS 0.660
Cu 0424~ 0317 NS 0279 0.323 NS 0294 04127 0486 NS 0.416
Pb NS NS NS NS NS NS NS NS NS NS NS
Zn 0598™ 07987 08497 07477 07317 0583 0855 07017 07000 NS 0.708"
Ni 07827 05197 0398 0584 0569 0448 0560 0764  0724" NS 0.777"
Cr 0596 0847 0686 0627 0558 0399* 0724" 0607 06517 NS 0.609"
As 07497 0565 0662 07297 0876 07817 0815 0837 0807 NS 0.844"

"™ Significant at P = 0.05, 0.01, 0.001 respectively, NS : Not significant.
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Fig. 2. Average enrichment factor of heavy metals in rain-
water at Taean area during 2002-2003.
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Fig. 3. Seasonal variation of enrichment factor of heavy
metals in rainwater at Taean area during 2002-2003.
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Fig. 4. The EFc-Al diagrams for heavy metals in rainwater at Taean area during 2002-2003.
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