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Existing Forms of Heavy Metals in the Vicinity of a Smelter
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Abstract

Heavy metals in soils exist in various forms dependent upon surrounding conditions. As the Janghang smelter area is of
concern for its high elevated heavy metal concentrations, Korean government decided to remediate the area. Main
objectives of this research were; to analyze heavy metal concentrations and their existing forms in the vicinity of the
smelter; and to understand differences made by analysis techniques of heavy metals. Top soils of rice field, crop field, bare
field, and forestry in the area were sampled and analyzed for their physicochemical characteristics. Concentrations of Cu,
Cd, Pb, and As were analyzed with two pretreatment techniques adopted using 0.1 N HCI and aqua regia. To analyze
existing forms of heavy metals, Tessier’s schemes for sequential extraction technique were adopted. Exchangeable fraction
and carbonate bound fraction of heavy metals may pose potential threat to environment and were in the order of Pb > As >
Cu > Cd. If assessing mobile fraction of heavy metals by land uses, the order was forestry > bare land > crop field > rice
field. When analyzed using Tessier’s scheme, high ratio of residual fractions to total arsenic concentration should be

considered for remediation design of the area.
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Fig. 1. Schematic Representation of Soil Sampling Locations in the vicinity of Janghang smelter (S1 & S2: crop field; S3 & S4: rice field;

S5 & S6: bare field; S7 & S8: forestry).
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Table 1. Physicochemical characteristics of soil samples
code Land use oH EC™ oM™ oM™ Carbonate CEC™ Water Speci.ﬁc classification
(pm/cm) (%) (%) content (%) (mg/kg)  content gravity
S1 crop field 6.8 650 3.5 2.2 0.94 2778 22.84 2.58 Sand
S2 crop field 6.5 805 34 2.7 0.64 1765 19.02 2.61 Sand
S3 Rice field 72 568 3.6 29 0.77 728 25.40 244 Silt loam
S4 Rice field 7.1 641 33 3.2 1.31 661 25.32 2.32 Silt loam
S5 Bare land 6.9 146 3.7 22 0.31 845 14.84 2.62 Sand
S6 Bare land 7.3 1144 3.7 1.6 0.18 989 10.31 2.63 Sand
S7 Forestry 6.5 136 3.9 2.1 1.03 966 22.12 2.82 Sand
S8 Forestry 6.4 149 3.5 1.8 0.16 1027 5.97 2.65 Sand
' Electrical conductivity
*2 Organic matters(Ignition Loss)
*3 Organic matters(Walkley-Black Method)
*4 Cation exchange capacity
Table 2. Heavy metal concentrations analyzed by two extraction methods
Code Extracted using 0.1 N HCI (mg/kg) Extracted using aqua regia (mg/kg)
Cu Cd Pb As™ Cu Cd Pb As
S1 193 0.2 22.7 7.9 54.0 24 66.4 62.4
S2 21.2 0.1 32.0 8.8 594 23 102.8 64.5
S3 12.7 0.3 8.8 16.2 48.0 1.0 574 53.7
S4 12.2 0.0 14.7 14.3 23.0 0.7 38.7 445
S5 4.4 0.1 4.6 8.7 21.9 1.9 35.6 55.1
S6 1.8 nd" 1.4 23 29.6 1.8 42.6 47.1
S7 314 nd 178.6 20.3 95.9 2.1 2582 1924
S8 13.2 nd 59.2 9.7 93.3 1.1 268.3 91.4
"l extracted using 1 N HCI
*2 not detected
S Holi 9t} 2009 HHH EGREAl HAIE olth. A H 71Fo R 29EE AHUS w 55 o]
o] A& FE7IEE A, |, WA, ok FERle] §EHe g3t AAES Cu, Cd, Pb F5-2 EFE $H71E
2 A3, Cu 50mgkg, Cd 1 mgkg, Pb 100 mg/kg, S I AHL §INA, Ases BRE AHNAM 7]
As 6 mghkegolth. §EHOE AT Cu, Cd F5 24 & A8, 538 doelM el e =Tt =
e $u71%e zoehs Aol YIRT, Po ok 14 & o= vepiry
ASTPIN 1786 mgkeo 2 S27IZHTE oF 18] e ARAUL FARPIN As FF RHAE 853
e HolI 9tk As FE-L BE EX|o]goA 7] FrFEy AAYE ARSshe A AL BZE AHA
FHo Ekon 53] =(S3, S4)7 okS7, S8elM = FH71ES 2Aste] Gell Al Hla eo] Azt
& e B3tk 20089 Aw EGLAAE AR R, < 3l T & QAT As Tee §EHES AMShe A
=, WA, okl gk As T=g 0.133~ 0.317 mg/L © olof >k > = >R $AE 9U%EET} 2o Aoa
M @AY, 20090), oot wlmsle] ¥ ATl Uekedl ol A, &, tA S Do) met 9)vEs
298 BEs AP 5] 4P B G2 wol o] wesle] BE me E3E 337t Yok, okl 7
S Iek 2009 EFBERAN AYF el GRF - o50) FAuel W] dEoR ARt rrEy
EHe® wAEHNeH, A, &, v IXY9es TEEo = AMgSkeE 7 UiFE 8EHE o8 SEANY =
EYed $#71FS Cu 150mgkg, Cd 4mgkg, Pb grom, 9otz A|Q)dt = W Uiz|e] Y5FEH Twst
200 mg/kg, As 25 mg/kgolal Yok 24| 0E FHEE o] 2 S AT 1 =, gAY §EHS o]8T As
Cu 500mgkg, Cd 10mgkg, Pb 400mgkg, As 50 mg/kg FE7 AR OE AL 783 EX|o]go uet 852
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Table 3. Heavy Metal Concentrations of Each Fractions by Tessier’s Scheme (unit: mg/kg)

Exchangeable | Carbonate bound |[Fe & MnO bound| Organic bound Residuals Sum

S1 0.3 74 9.6 133 243 55.0

S2 1.6 52 12.1 9.3 14.1 422

S3 0.3 3.6 6.3 212 7.1 38.5

Cu S4 0.2 4.5 22 47 1.3 12.9
S5 0.3 1.9 2.1 84 9.4 22.1

S6 0.3 4.6 49 4.1 5.9 19.7

S7 7.4 28.0 20.3 24.5 17.8 98.0

S8 54 35.7 12.3 31.5 124 97.3

S1 0.3 0.6 0.5 0.0 3.0 44

S2 0.4 0.4 0.1 0.0 1.6 2.5

S3 0.3 04 0.3 0.1 0.8 1.9

cd S4 0.3 0.3 02 0.0 0.6 L5
S5 0.3 0.5 0.3 0.0 1.6 2.6

S6 0.3 0.4 0.2 0.0 1.2 2.1

S7 0.3 0.3 0.3 0.1 1.6 2.5

S8 0.3 04 0.1 0.0 2.3 3.1
S1 3.9 243 40.6 5.9 26.0 100.7

S2 6.5 152 40.0 45 244 90.6

S3 39 9.5 10.7 9.6 18.6 52.3

b S4 44 18.6 8.6 33 14.1 48.9
S5 4.2 11.5 12.1 2.0 13.0 42.7

S6 42 11.6 10.7 1.2 14.8 424
S7 100.2 141.5 71.1 19.6 16.4 348.7
S8 97.8 205.6 52.6 11.5 20.8 388.2

S1 2.8 6.0 3.0 1.6 169.4 182.8

S2 29 8.3 52 0.6 76.4 93.5
S3 29 3.7 5.0 39 112.1 127.7

As S4 2.8 42 42 1.7 117.9 130.8
S5 3.0 49 1.9 0.9 65.0 75.7

S6 3.1 5.6 2.1 0.1 914 102.2

S7 34 7.5 14.0 6.2 127.9 158.9

S8 7.0 8.9 13.9 33 912 124.1
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Fig. 2. Relative proportion of the existing forms of heavy metals extracted by Tessier’s scheme; (a) Copper (Cu); (b) Cadmium (Cd); (¢)

Lead (Pb); (d) Arsenic (As).
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