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Wet Deposition of Heavy metals in Suwon Area

Goo-Bok ]ung*, Jong-Sik Lee, Won-II Kim, Jin-Ho Kim, and Sun-Gang Yun” (Environmental and Ecology
Division, National Institute of Agricultural Science and Technology, RDA, Suwon 441-707, Korea, DResearch
Management Division, Research Development Bureau, RDA, Suwon 441-707, Korea)

ABSTRACT: This experiment was conducted to investigate the distribution and burden characteristics of
heavy metals in the rainwater sampled at Suwon area, in the middle part of Korea, from April 2002 to
October 2003. The relationship between concentration of heavy metal and other chemical properties in the
rainwater was also evaluated. Chemical properties in the rainwater were various differences with raining
periods and years. It appeared that a weighted average pH of rainwater was ranged from 4.7 to 5.5. Heavy
metal concentrations in the rainwater were ranked as Zn>Pb>Cu>Ni>Cr>As>Cd. As compared with heavy
metal concentrations of rainwater in 2002, Cd, Cu and As were higher than other elements in 2003. There
were positive correlation between major ionic components, such as Ca, Mg, and K, and heavy metal
concentrations of rainwater, and As, Cd, Cu, Zn and Ni were relatively higher relationship than Pb and Cr
in respective to correlation coefficient. For heavy metal distribution of rainwater, the order of average
enrichment factors was Cd>Pb>AS>Cu>Zn>Ni>Cr, and these were relatively higher than the natural compo-
nents such as Fe, Mg and Ca. The monthly enrichment factors were relatively high in the spring (from
April to May) at Suwon. The monthly amount of heavy metal precipitation was high in the miny season
from June to August because of great influence of rainfall.

Key Words: rainwater, heavy metal, enrichment factor, flux
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Fig. 1. Monthly integrated precipitation at Suwon area.
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Table 1. Volume-weighted mean of ion concentration in rainwater samples from Suwon area

S‘I‘;‘rﬁ’i‘gg pH EC NHS GCa* Mg* K  Na* SO4 NOs CI Rainfall
uS/cm weq/L mm
o002 VWMY 55 11 27 175 37 113 502 825 366 542 6397
Apr~Oct Max. 64 164 3620 2052 429 1019 2794 8763 4626 1928  203.0
n=25"  Npn o 43 3 36 22 08 26 20 21 34 75 22
o003 VWM 47 17 438 146 36 78 379 730 530 316 6286
May~Oct Max. 60 168 4361 2267 833 884 977 6733 3946 1180 1215
©=29)  Min. 33 4 47 15 04 10 21 188 99 28 2.0

DywM: Volume-weighted mean, 2)Sample number

Table 2. Comparison of heavy metal concentration in rainwater samples from Suwon areas

Year Metals Mean S.D. Median Min Max VWM
ug/L

cd 0.11 0.15 0.05 0.02 0.75 0.06

Cu 822 1090 436 1.93 4897 5.03

2002 Pb 10.62 2.96 9.71 8.17 21.07 9.88
(n=25)" Zn 2624 40.17 14.43 401 196.14 12.04
Ni 1.70 1.73 1.36 0.39 8.99 1.09

Cr 0.86 0.97 0.58 0.13 497 0.68

As 0.84 1.07 0.56 0.12 443 0.39

cd 027 0.27 0.21 0.04 122 0.20

Cu 6.11 5.54 4.09 1.28 19.81 6.08

Pb 1145 6.90 11.29 047 36.82 9.98

(ﬁggg) Zn 19.70 27.82 341 0.03 95.38 13.06
Ni 118 127 0.59 0.02 4.44 0.66

Cr 0.65 0.44 0.42 024 2.04 043

As 0.81 0.63 0.58 0.08 2.06 0.63

YSample number
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Table 3. Monthly variation of heavy metal concentration in rainwater samples from Suwon area

Year Months Cd Cu Pb Zn Ni Cr As
ug/L

Apr 0.08 5.32 10.94 15.67 191 244 1.66

May 0.12 11.60 9.59 31.30 2.35 1.20 173

Jun 0.04 3.99 11.14 10.52 1.38 047 0.71

(Ifgg;)n Jul 021 20.24 13.84 55.72 2.88 0.90 047
Aug 0.07 5.96 10.14 20.70 091 041 0.30

Sep 0.06 459 8.82 20.81 1.77 0.63 0.65

Oct 0.13 4.20 9.17 23.69 1.29 0.49 091

May 021 3.58 14.02 1.94 0.52 0.51 0.54

Jun 0.64 13.74 17.62 52.06 2.24 0.81 1.26

2003 Jul 0.17 541 11.27 3.54 0.66 048 0.73
(n=29) Aug 0.14 3.32 8.66 7.88 0.95 0.64 0.53
Sep 0.13 1.28 416 2.14 0.20 0.33 0.39

Oct 031 6.42 12.53 38.96 2.34 116 145

YSample number

Table 4. Correlation coefficients between chemical composition and heavy metals concentration

from Suwon area (n=54)

in rainwater samples

Metal EC NH,” G Mg” K Na"  Cations SO/  NOs CI'  Anions
Cd 0675 0785 05607 0676 NS NS 0656 05187 05597 NS 0568
Cu 04827 05257 05777 05217 0383 05127 06117 0545 04200 03677 0548
Pb 0498~ 0564~ 0476 0616 NS NS 05017 0.400° 0.3917 NS 0417"
Zn 0555~ 07007 0576 06187 03300 0355  0.667 06507 0.634 05117 0709
Ni 06077 06687 06197 05397 0462 0416" 0682 0586 0664  059%  0.688
Cr 0311 0356 0.300 NS NS NS 0348" 0303 03397 04417 0370°
As 0.645° 07297 0698 05457 0520 05797 0777 0638 0661 0509 0710
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Table 5. Correlation coefficients between heavy metal concentration in rainwater samples from Suwon area

Year Metals Cd Cu b n Ni Cr
Cu 0.399"
Pb 0.605" 0.525"
2002 Zn 0935 0.479" 0.594"
(n=25)" Ni 0.923™ 0.448 0.591" 0.902™
Cr NS NS NS NS 0475
As 0418 0.390" NS 0.425 NS NS
Cu 0.827"
Pb 0.712" 0685
2003 Zn 0.897" 0.855" 0.703"
(n=29) Ni 0.757" 0720 0.643" 0.847"
Cr 0.530" 0.490" 0.466 0.625" 0.784"
As 0.718" 0.618" 0.603" 0.690" 0.631" 0581

*
I

1)Sample number,

, "'Significant at P = 5%, 1%, 0.1% respectively,

™. Not significant.
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Fig. 4. The EFc-Al diagrams for heavy metals in rainwater at Suwon area during 2002-2003.
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