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The Sr and Pb Isotopic and Geochemical Properties of the Atmospheric Bulk
Deposition of Jeonju, Gunsan, and Namweon Areas

Jeon Seo-Ryeong and Chung Jae-il
Department of Earth and Environmental Sciences, Chonbuk National University, Jeonju 561-781, Korea

The Sr and Pb isotopic ratios and chemical composition were measured for atmospheric bulk deposition samples
collected in the Jeonju, Gunsan and Namweon areas over a period of one year. Acidity of deposition ranged pH
4~7 with little higher in dry season, and around pH 5.0 in rainy season. The EC and TDS of rainy season was low
showing dilution effect, and increased during dry season. Sulfate (SO4) and NOs are atmospheric aerosols largely of
anthropogenic origin in winter. Sodium was concentrated in winter deposition, Ca was concentrated in spring to
summer deposition. Namweon has lower EC and TDS than those of other, and Jeonju has higher. Namweon was
concentrated in HCO; and Gunsan was concentrated in Cl. Aluminium, Cu, and Zn show good correlation index
with TDS, indicating of their origin atmospheric. 8’St/*6St ratios of bulk deposition ranged from 0.7109 to 0.7128.
The isotopic variations are correlated with mixing of isotopic compositions of local soils, road deposit and bio-
genic aerosol. In order to constrain further the origin of aerosols in rainwater, it will be necessary to collect addi-
tional Sr isotopic data for aerosols. Lead isotope ratios for all areas were similar and belonged to Pb isotope ratios
of Seoul's aerosols, but little different with Beijing's aerosols. It showing that Pb in the Korea mainly derived from
the gasoline combustion, not exclusively from the Beijing.

Key words : bulk deposition, aerosols, anthropogenic, Sr isotope, Pb isotope
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Fig. 1. Location map of sampling sites on the Jeonbuk area.
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Fig. 2. The record of precipitation from Korea Meteorological Administration (in 2003).
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3. odygn ¢ E9| 7+ oA Agd e B ZAE Table
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3.1. 29 S8, §EY §Y , PAAne AeARe] AR sl A Al 2
Table 1. Physical and chemical properties of bulk deposition samples from Jeonju.
EC TDS  HCO;, SO, Cl NO; Ca Mg Na K
Date pH (uS/em) el

15 Jan.  4.06 134.0 54.6 N.D. 5.64 12.20 4.75 1.19 0.86 5.55 0.73
15 Feb. 572 37.0 133 2.78 5.02 2.31 2.99 0.94 0.15 1.46 0.18
28 Feb. 4.86 34.0 15.1 2.78 5.23 1.14 3.88 0.78 0.11 0.75 0.16
15 Mar. 633 29.1 12.9 2.78 336 0.89 3.94 1.04 0.11 0.86 0.15
30 Mar. 546 574 29.0 1.85 10.46 1.65 812 1.53 0.18 1.08 0.45

15 Apr. 647 16.7 8.5 278 1.84 0.66 2.16 0.49 0.08 0.45 0.15
30 Apr.  5.61 10.3 5.5 0.93 1.35 0.22 1.10 N.D. 0.04 0.31 0.06
15 May 5.13 16.2 8.1 0.93 1.66 0.31 1.41 N.D. 0.04 0.24 0.20
30 May 5.44 9.0 48 278 0.89 0.38 1.01 N.D. 0.05 0.31 0.10
15 Jun.  6.07 10.7 5.8 1.85 1.35 0.34 1.58 N.D. 0.04 0.27 0.05
30 Jun. 547 10.3 5.6 1.85 1.30 0.33 1.13 N.D. 0.04 0.32 0.11
15 Jul. 5.28 6.8 3.8 1.85 0.69 0.08 0.49 N.D. 0.02 0.18 N.D.
30 Jul. 5.55 6.4 39 1.85 0.87 0.20 0.55 N.D. 0.03 0.27 0.03
15 Aug.  5.12 132 6.9 1.85 2.66 0.83 1.57 0.31 0.07 0.40 0.34
30 Aug. 5.09 10.6 54 1.85 1.97 0.84 1.37 0.26 0.07 0.46 0.32
15 Sep. 492 13.1 6.5 0.93 2.22 0.83 1.29 0.20 0.07 0.42 0.30
30 Sep. 537 4.6 23 1.85 1.28 0.84 0.58 0.26 0.08 0.44 0.39
15 Oct.  5.04 20.8 9.3 1.85 3.49 1.31 234 0.84 0.12 0.74 0.38

30 Oct. 501 49.4 23.0 0.93 8.43 3.17 5.44 1.57 0.25 1.55 0.74
15 Nov. 5.17 493 15.5 0.44 5.41 3.02 4.39 0.76 0.20 2.00 0.63
30 Nov.  5.04 70.1 20.8 0.44 8.45 5.96 443 1.77 033 3.24 0.73
15 Dec. 4.34 83.0 279 0.44 10.69 4.10 724 1.50 0.30 2.57 1.01

Date Rb Sr Ba Al Fe Mn Cu Zn Pb Co
el
15 Jan. 1.1 1.7 2.4 321 269 25 43 163 6.6 1.1
15 Feb. 1.5 1.9 2.0 126 N.D. 23 2.1 535 22 1.5
28 Feb. 1.5 1.8 2.1 72 N.D. 25 2.1 495 25 1.5
15 Mar. 1.5 2.0 1.8 26 N.D. 25 2.0 169 2.0 1.5
30 Mar. 1.6 2.2 2.5 69 N.D. 32 23 779 2.5 1.5
15 Apr. 1.5 1.8 1.8 20 N.D. 22 2.0 277 2.0 1.5
30 Apr. 1.5 1.6 1.6 27 N.D. 18 2.0 196 2.1 1.5
15 May 1.5 1.6 1.7 34 N.D. 20 2.0 256 2.1 1.5
30 May 1.5 1.7 1.9 96 N.D. 20 2.0 332 2.1 1.5
15 Jun. 1.5 1.7 1.7 21 N.D. 20 1.9 296 2.0 1.5
30 Jun. 1.5 1.6 1.7 24 N.D. 17 2.1 216 2.1 1.5
[5 Jul. I.5 1.6 1.5 19 N.D. 16 1.9 96 2.0 1.5
30 Jul. 1.5 1.6 1.5 23 N.D. 17 2.0 115 2.1 1.5
15 Aug. 1.7 2.0 2.0 16 63 3 1.3 207 48 1.6
30 Aug. 1.7 1.9 23 14 84 2 0.9 142 4.1 1.5
15 Sep. 1.6 1.8 1.3 16 60 2 1.1 197 34 1.6
30 Sep. 1.6 1.8 0.9 5 85 3 0.9 202 0.6 1.6
15 Oct. 1.9 3.6 7.9 22 53 9 25 613 33 1.6
30 Oct. 2.6 6.5 18.1 132 98 52 6.3 1813 13.1 1.8
15 Now. 1.8 4.0 11.8 95 71 10 5.2 883 12.3 1.7
30 Now. 2.0 7.1 15.7 91 66 41 4.7 633 8.8 1.8
15 Dec. 2.6 8.0 16.3 191 120 40 10.1 1484 79.8 1.8

#¥N.D.; not detected
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Table 2. Physical and chemical properties of bulk deposition samples from Gunsan.
EC TDS  HCO, SO, Cl NO; Ca Mg Na K
Date pH o
(uS/om) (mg/])
15 Jan. 4.77 109.0 46.7 N.D. 8.94 19.47 5.55 1.24 1.49 1.12 0.90
15 Feb. 5.33 47.6 222 N.D. 5.05 5.99 3.00 1.10 0.69 4.52 0.52
28 Feb. 443 55.0 237 093 5.77 248 5.92 1.01 0.21 2.05 0.20
15 Mar. 536 23.9 10.7 0.93 2.80 2.16 2.17 1.01 0.18 2.02 0.15
30 Mar. 448 56.0 272 0.93 7.20 1.53 7.46 1.57 0.29 1.50 0.22
15 Apr. 5.21 19.8 10.6 0.93 2.50 0.80 1.76 0.89 0.12 0.93 0.11
30 Apr. 532 9.6 5.0 093 1.44 0.31 0.36 0.39 0.06 0.50 0.07
15 May 542 14.2 7.2 0.93 2.89 0.32 0.51 0.81 0.07 0.51 0.28
30 May 5.08 16.7 7.8 2.78 1.79 0.37 0.50 0.49 0.06 0.53 0.22
15 Jun. 5.85 17.8 9.9 1.85 336 0.52 1.37 1.13 0.07 0.56 0.25
30 Jun. 592 24.6 12.8 2.78 1.52 3.28 0.99 0.55 0.04 0.56 0.46
15 Jul. 529 74 39 1.85 0.99 0.09 0.53 0.32 0.03 0.46 0.17
30 Jul. 533 9.9 52 1.85 1.41 0.28 047 041 0.04 0.55 0.12
15 Aug. 521 12.9 6.6 1.85 2.81 0.87 1.48 0.58 0.05 0.44 0.25
30 Aug. 521 13.0 6.6 1.85 2.79 0.86 1.36 0.52 0.05 0.42 0.10
15 Sep. 4.79 16.4 8.6 0.05 2.67 0.88 1.58 0.30 0.04 0.4] 0.03
30 Sep. 459 19.3 93 0.93 2.82 1.08 1.68 0.35 0.07 0.58 0.06
15 Oct. 4.84 18.6 8.6 0.93 2.57 1.56 1.79 0.45 0.09 0.89 0.12
30 Oct. 5.94 44.5 13.2 1.85 6.15 3.96 3.79 1.10 0.17 1.76 0.34
15 Nov. 5.08 34.4 10.4 0.93 3.99 3.05 2.80 0.59 0.24 0.16 0.08
30 Nov. 5.62 64.8 20.4 0.93 6.51 9.88 443 1.01 0.68 441 0.78
15 Dec.  4.65 119.7 45.2 0.93 14.06 12.07 9.98 1.27 0.84 5.10 0.95
Date Rb Sr Ba Al Fe Mn Cu Zn Pb Co
{mg/D
15 Jan. 1.1 2.0 23 134 192 27 4.2 1121 4.6 1.1
15 Feb. 1.8 2.1 2.1 8 39 28 42 621 43 1.5
28 Feb. 1.7 2.0 2.1 9 69 26 4.2 773 4.6 1.5
15 Mar. 1.7 20 19 4 21 25 40 364 4.1 1.6
30 Mar. 1.7 2.1 2.6 117 100 37 43 579 4.8 1.6
15 Apr. 1.7 19 1.7 50 8 26 4.1 417 42 1.5
30 Apr. 1.7 1.8 1.5 29 13 18 4.0 107 42 1.5
15 May 1.7 1.8 1.6 33 15 23 4.0 246 4.2 1.5
30 May 1.7 1.7 1.5 37 7 22 4.0 127 4.2 1.5
15 Jun. 1.7 1.8 1.4 72 9 24 4.0 88 4.1 1.5
30 Jun. 1.7 1.7 1.5 22 4 17 39 45 4.1 1.5
15 Jul. 1.7 1.7 1.6 22 4 18 4.0 41 4.1 1.5
30 Jul 1.7 1.7 1.6 26 30 17 4.0 53 4.4 1.5
15 Aug. 1.7 2.6 5.4 84 47 6 0.4 69 43 1.9
30 Aug. 1.7 2.5 4.7 59 31 0.5 70 4.6 1.9
15 Sep. 1.6 2.3 54 38 18 7 1.0 61 43 1.9
30 Sep. 1.6 2.6 6.5 6 N.D. 8 1.3 92 34 1.9
1S Oct. 19 3.1 49 6 2 46 20 100 22 2.0
30 Oct. 2.6 6.3 5.8 21 N.D. 65 2.3 189 3.8 2.1
15 Nov. 1.8 5.4 59 59 58 104 4.5 209 5.8 2.1
30 Nov. 2.0 7.5 10.0 107 110 76 3.0 901 7.0 2.1
15 Dec. 2.6 8.9 14.8 287 188 82 8.3 950 86.0 2.2

#N.D.; not detected
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Table 3. Physical and chemical properties of bulk deposition samples from Namweon.

BC DS HCO, SO, Ci NO, Ca Mg Na K
(uS/cm) (mg/l)
15 Jan. 4.65 453 14.7 N.D. 2.70 543 5.64 0.74 0.52 3.35 0.83
15 Feb. 5.03 33.8 15.7 1.85 1.63 0.84 1.45 1.11 0.18 1.69 - 031
28 Feb. 5.08 28.5 12.4 0.93 3.65 1.85 3.29 1.03 0.15 1.36 0.22

Date pH

15 Mar. 5.73 19.1 8.6 0.93 2.54 0.87 3.10 0.93 0.10 1.0] 0.26
30 Mar.  4.89 35.9 13.0 0.93 6.26 0.79 3.92 1.36 0.14 0.95 0.38
15 Apr. 546 9.54 4.8 N.D. 1.42 0.42 0.97 0.73 0.07 0.43 0.11
30 Apr. 495 10.30 52 0.93 1.14 0.20 1.02 0.38 0.04 0.42 0.11
15 May 5.63 8.82 4.6 278 1.58 0.19 0.48 0.5 0.06 0.43 0.30
30 May 599 2.50 1.3 2.78 0.23 0.11 0.12 0.25 0.04 0.45 0.10
15 Jun.  6.21 9.00 4.8 3.71 1.10 3.20 0.96 0.87 0.06 0.56 0.18
30 Jun.  5.96 8.82 4.6 2.78 1.55 0.13 0.94 0.64 0.04 0.34 0.15
15 Jul. 4.96 10.47 5.7 0.93 1.37 0.08 0.85 031 0.02 0.26 0.08
30 Jul. 5.17 8.72 4.9 1.85 1.19 0.13 0.60 0.31 0.03 0.41 0:12
15 Aug. 5.46 8.19 43 1.85 1.99 0.74 1.28 0.34 0.06 0.42 1.10
30 Aug. 552 8.14 4.0 2.78 1.96 0.76 1.28 0.31 0.03 0.40 0.23
I5 Sep. 557 4.86 24 2.78 1.51 0.72 0.62 0.24 0.04 0.41 0.24
30 Sep. 598 3.23 1.4 2.78 1.16 0.70 0.56 0.22 0.04 0.41 0.44
15 Oct. 592 7.46 35 1.85 1.95 0.89 0.58 0.49 0.08 0.52 0.43
15 Nov. 546 30.70 8.5 0.93 4.71 2.03 1.55 0.73 0.13 1.25 0.50

30 Nov. 531 34.80 11.5 0.93 8.32 2.67 233 0.59 0.14 1.41 043
15 Dec. 523 38.90 139 093 5.46 3.17 297 0.59 Q.17 1.75 061 .

Rb Sr Ba Al Fe Mn Cu Zn Pb Co

Date
(ng/h)

15 Jan. 1.0 1.4 1.7 71 77 17 3.9 42 4.2 1.1
15 Feb. 1.5 1.8 2.4 65 38 23 4.1 258 4.6 1.4
28 Feb. 14 1.7 22 54 41 2 4.0 218 45 1.4
1S Mar. 1.4 1.8 22 37 36 22 4.0 173 43 1.4
30 Mar. 1.5 2.0 2.6 62 71 27 4.2 193 49 1.4
15 Apr. 1.4 1.6 2.2 28 21 18 4.1 52 4.5 14
30 Apr. 14 1.5 1.8 31 15 16 4.0 31 4.3 14
15 May 1.4 1.6 1.8 25 14 20 4.1 26 43 1.4
30 May 1.4 1.5 1.5 21 19 15 39 19 4.2 1.4
1S Jun. 1.4 1.6 2.0 23 15 18 4.0 32 42 1.4
30 Jun. 1.4 1.5 2.1 21 5 15 3.9 59 42 1.3
15 Jul 1.4 1.5 1.8 23 14 14 39 67 4.5 1.3
30 Jul. 1.4 1.5 1.7 25 20 15 3.9 49 4.4 14
15 Aug. 1.8 22 6.7 N.D. 270 8 02 74 1.5 1.9
30 Aug. 1.9 22 6.4 N.D. 34 8 0.3 73 1.5 19
15 Sep. 1.8 2.0 9.1 N.D. 46 7 0.2 33 1.5 19
30 Sep. 1.8 2.3 23 N.D. 93 7 0.4 37 1.5 1.9
15 Oct. 1.9 3.8 5.8 N.D. 83 11 2.3 113 1.5 1.9
15 Nov. 2.3 5.9 224 89 95 39 2.3 235 1.5 2.0
30 Nov. 24 55 16.2 i 534 33 5.2 329 5.1 2.0
15 Dec. 2.5 5.4 15.6 129 460 28 5.6 830 1.6 2.4

N.D.; not detected

oEglon, A Fe) me} Aol AL A7lde F olatE EA A ko] Bt 2N, Li, Cd,
B9 Qo) AFHA Fa) BHEA B FE At Cs, Cr Ga, As, WES TsbiE s asieh
ICP BAoA] kst 942 BAsiHoy A& Table 490 2t X9 7} dlojElE o83l FAR
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Table 4. Correlation index table for bulk deposition.
pH EC TDSAIK. Cl NO; SO, Na Mg K Ca Rb Sr Ba Al Fe Mn Cu Zn Pb Co
pH 1.00
EC -0.50 1.00
TDS -0.52 0.98 1.00
AlK. 0.64 -0.50-0.47 1.00
Cl  -0.34 0.86 0.83-0.43 1.00
NO; -0.42 0.84 0.83-0.41 0.61 1.00
SO, -0.38 0.84 0.81-0.41 0.64 0.90 1.00
Na -0.37 0.84 0.83-0.49 0.96 0.60 0.62 1.00
Mg -0.40 0.85 0.85-0.49 0.97 0.63 0.63 0.98 1.00
K -0.25 0.68 0.61-0.34 0.67 0.59 0.65 0.65 0.64 1.00
Ca -0.25 0.71 0.71-0.32 0.50 0.76 0.77 0.54 0.53 0.53 1.00
Rb -0.09 0.31 0.21-0.15 0.21 0.38 0.58 0.11 0.12 0.41 0.28 1.00
Sr -0.14 0.53 0.39-0.30 0.42 0.53 0.72 0.32 0.33 0.58 0.45 0.88 1.00
Ba -0.16 0.39 0.26-0.28 0.27 0.37 0.59 0.21 0.19 0.55 0.34 0.75 0.86 1.00
Al -0.49 0.89 0.86-0.42 0.69 0.71 0.75 0.65 0.68 0.57 0.58 0.35 0.50 043 1.00
Fe -0.35 0.34 0.39-0.26 0.18 0.45 0.40 0.24 0.25 0.17 0.32 0.12 0.08 0.11 0.38 1.00
Mn -0.17 0.24 0.31-0.22 0.24 0.20 0.19 0.33 0.33 0.01 0.36 0.03-0.06-0.17 0.16 0.55 1.00
Cu -0.27 0.56 0.52-0.39 038 0.51 0.56 0.40 0.39 0.40 0.58 0.31 0.48 0.36 0.60 0.23 0.34 1.00
Zn -0.29 0.65 0.63-035 0.51 0.72 0.78 0.54 0.52 0.58 0.61 0.47 0.62 0.55 0.60 0.32 0.21 0.56 1.00
Pb -0.26 0.55 0.47-0.24 0.37 0.57 0.64 0.32 0.33 0.52 0.35 0.64 0.67 0.54 0.63 0.10 0.00 0.68 0.54 1.00
Co 0.04 0.05-0.05-0.02 0.02 0.12 0.32-0.10-0.08 0.21 0.00 0.85 0.71 0.66 0.07 0.05-0.13 -0.11 0.19 0.32 1.00
10 T T T T T 7T 10 ETTTIII T T T T TS
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= ! = E 3
¥ T E 3
g E L ]
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Major Anion (meq/l)

Total Anion (meg/)

Fig. 3. on balance between cations and anions in bulk deposition samples.
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Fig. 5. The variation of EC for bulk depositions from each area during 2003.
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Fig. 7. The variation of major cations and anions for bulk depositions from the Jeonju during 2003.
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Fig. 9. The variation of major cations and anions for bulk depositions from the Namweon during 2003.
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ol 71¢e] & (o] EAE YAl
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Fig. 10. Contribution of the major cations from rocks. Dashed line presents the seawater composition. Symbols are same as

in Fig. 3.
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Fig. 14. Comparison of Pb isotopic ratios (208Pb/206Pb and 207Pb/206Pb) of bulk depositions. Shaded area indicates data
of the Seoul and Beijing aerosols from Mukai et a/.(1993). Symbols are same as the Fig. 3.
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Table 5. Pb and Sr isotopic properties of bulk deposition samples of Jeonju, Gunsan, and Namweon areas.
Arca month §7Sr/38r 206pp04py,  207pp204pp  208pp204py,  207pp206py,  208pp,208p

Feb. ‘03 0.7111 17.859 15.557 37916 0.8711 2.1231

Mar, 0.7115 17.939 15.570 37.949 0.8680 2.1155

Apr. 0.7118 17.967 15.563 38.023 0.8662 2.1162

May 0.7114 18.082 15.620 38.216 0.8639 2.1135

Yeonju Jun. 0.7120 18.000 15.577 37.963 0.8654 2.1091
Jul. 0.7113 18.015 15.607 38.085 0.8664 2.1143

Aug. 0.7109 18.019 15.610 38.129 0.8663 2.1159

Sep. 0.7115 17.951 15.601 38.063 0.8691 2.1203

Oct. 0.7111 17.894 15.569 37.986 0.8701 2.1228

Now. 17.971 15.553 38.000 0.8655 2.1146

Feb. ‘03 0.7110 17.899 15.551 37.940 0.8688 2.1197

Mar. 0.7110 17.981 15.554 38.020 0.8650 2.1145

Apr. 0.7114 17.985 15.563 38.033 0.8653 2.1148

May 0.7113 18.183 15.628 38.322 0.8595 2.1074

Jun. 0.7118 18.178 15.630 38.280 0.8598 2.1058

Gunsan Jul. 0.7120 18.069 15.617 38.170 0.8643 2.1126
Aug. 0.7108 18.037 15.610 38.145 0.8654 2.1149

Sep. 0.7108 17.984 15.590 38.156 0.8669 2.1216

Oct. 0.7115 18.057 15.582 38.111 0.8629 2.1106

Nov. 17.951 15.556 38.017 0.8666 2.1178

Feb. <03 0.7108 17.754 15.510 37.799 0.8736 2.1290

Mar. 0.7113 18.022 15.559 38.063 0.8634 2.1120

Apr. 0.7116 18.003 15.520 37.947 0.8621 2.1078

May 0.7121 18.143 15.622 38.303 0.8610 2.1110

Namweon Jun, 0.7121 18.051 15.618 38.179 0.8652 2.1149
Jul. 0.7111 18.155 15.628 38.259 0.8608 2.1074

Aug. 0.7121 18.030 15.609 38.146 0.8657 2.1157

Sep. 0.7117 18.037 15.601 38.217 0.8649 2.1188

Oct. 0.7128 17.965 15.574 38.093 0.8669 2.1204

Now. 17.985 15.579 38.095 0.8662 2.1181
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