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Vertical Distribution of Heavy Metals in Paddy Soil Near Abandoned Metal Mines
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Abstract : To compare the relationship between the vertical distribution of heavy metals in paddy soil and soil pH near four abandoned
metal mines, 40 paddy surface soils (0~15 cm) and 12 soils with soil depths (0~20, 20~40, 40~60, 60~80, and 80~100 cm) were
collected. Both total and extractable heavy metal contents in soils were analyzed after acid digestion (HNO;:HCIO;H,S80s) and 0.1
N-HCI extraction, respectively. The 0.1 N-HCl fraction ratio over total contents of Cd, Cu, Pb, and Zn were 57, 30, 23, and 19%,
respectively. Vertical distribution of heavy metals varied considerably among the different mines. In Choil mine, there was no difference
in concentrations of all the metals with soil layers. However, Cu and Pb contents in Gahak mine were high at 0~20 cm depth, and Zn
was high at 0~40 cm depth. In Sinyemi mine, Cd and Cu contents were high at 0~40 cm depth. Cd, Cu, and Pb contents in
Okcheon mine were high through all soil profiles up to 100 cm soil depth. The 0.1 N-HCI fraction ratio over total contents of heavy
metals with soil layers were very high at 0~20 cm depth. As soil depth increased, fraction ratio of heavy metals decreased at the high
soil pH (Gahak, Sinyemi, and Choil mines). However, the ratios of Cd, Cu, and Pb in Okcheon mine, having a relatively lower soil pH
than other sites, were relatively similar through all the soil profiles up to 100 cm soil depth. Therefore, it was estimated that the

mobility and availability of heavy metals in soils were affected by soil pH.
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Table 1. Descriptions of four abandoned mines where the
paddy soils were collected

Mines  Ore type Locations Q“:?ﬁ;:ed

Gahak  Cu, Pb, Zn Kwangmyeong, Kyeonggi Cd, Cu, Pb

Sinyemi Cu, Pb, Zn Jungsun, Kangwon Cd
Choil  Pb, Zn, Ag Danyang, Chungbuk Cd, Pb
Okcheon Pb, Zn  Okcheon, Chungbuk Cd, Cu, Pb

A1 No. 582 o3t Cd, Cu, Pb R Zn §3§ 493
o EdY 234 3%%e EH9Q temary solution (HNO:
HCIO,: HiSOy = 10:4:1)& o83l dBE#3A) (Kieldatherm,
Gerhardt)e| A} %7] 141+ 250C, 1 ojFeole 3BT 2413
59 719 EAE sl 2HE NEEZ AHgSEg. & 4
2 AXYE BE %O 23E $F ol PHL fE
A% S0} WFFEA (ICP, GBC, Integra XMP)E ol 8-3H31ch
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Table 2. Chemical properties of paddy soils near four

abandoned mines

pH EC OM AvPO; Ex cation famol'/kg)
(15) (dS/m) (g/kg) (mg/kg) K  Ca Mg

Maximum 796 335 520 1461 103 319 384

Mines

Mrimum 436 017 93 28 04 17 0
Gahak 658 048 181 116 0% 73 086
Sinyemi 637 074 380 479 047 77 Q7
Chol 692 08 178 53 028 195 149
Okcheon 542 033 207 168 035 34 08
Men 632 060 24 204 034 95 09
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Table 3. Comparison of heavy metal concentration extracted by 0.1 N-HCl extractant and total content of heavy metal digested
by ternary solution in paddy soils (0~15 cm) near four abandoned mines

cd Cu Pb . Zn

Mines HCl  Total Ratic® HCl Total Rato HCQ  Total Ratio HCl  Total  Ratio
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

Gahak(10)" 477 740 064 410 1197 034 150 3528 044 1465 7545 019
Sinyemi(10) 148 292 051 127 505 025 130 1085 013 1724 6285 027
Choil(10) 084 277 030 47 270 017 99 1396 007 519 3333 016
Okcheon(10) 168 201 08 574 1297 04 289 137 028 24 2553 012
Mean 219 378 057 289 817 030 520 1824 023 1000 4929 019

? Number of sampling site.

% Ratio of 0.1 N-HCI extractability ratio against total content of heavy metals.
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Fig. 1. Vertical distributions of 0.1 N-HCl extractable heavy metal content in paddy soil near four abandoned mines.
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Table 4. Total contents of heavy metals and ratio of 0.1 N-HCl extractable content against total content through a the soil profile

in paddy soils near four abandoned mines

Soil depth pH Cd Cu Zn

Mines Total Ratio” Total Ratio Total Ratio Total Ratio
fem) a5 e/kg) (mg/kg) (mg/kg) (mg/kg)

0~20 7.08 6.60 0.66 1233 047 2708 067 733 026

20~40 7.60 7.00 0.9 1482 0.03 3545 0.05 942 o011

Gahak 40~60 7.69 6.93 0.09 1683 001 3801 0.03 1018 005

60~80 7.74 469 005 893 0.03 2363 003 609 002

80~100 732 5.05 007 1260 002 3267 002 843 0.2

0~20 671 530 040 598 023 629 02 9%  0®

20~40 691 546 037 24 020 623 019 904 030

Sinyemi 40~60 6.32 274 017 284 025 644 025 23 02

60~80 6.06 238 0.09 206 0.06 460 008 104 008

80~100 526 264 0.04 145 0.09 464 007 106 0.10

0~20 643 263 0.2 255 032 678 028 181 016

20~40 6.71 259 017 85 022 87 017 139 012

Choil 40~60 6.66 227 011 195 010 55,0 0.06 130 013

60~80 614 1.89 0.08 207 008 3.1 0.03 105 029

80~100 571 225 0.06 111 013 383 0.04 104 017

0~20 568 320 045 362 051 461 032 217 009

20~40 5.90 358 054 460 047 494 032 268 010

Okcheon  40~60 6.05 443 057 400 028 501 02 2 0

60~80 6.46 313 039 U5 024 455 019 154 0.09

80~100 653 330 050 192 029 389 018 130 04

? Ratio of heavy metal extracted by 0.1 N-HCl extraction solution to total content digested by ternary solution.
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