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Studies on Heavy Metal Contamination of Agricultural Products,
Soils and Irrigation Waters in Abandoned Mines

Meehye Kim', You Sub Sho, Eun Joung Kim, So Young Chung, and Moo Ki Hong
Dept. of Food Evaluation, Korea Food and Drug Administration

ABSTRACT - This study was conducted to estimate the status of heavy metal contamination in agricultural
products (n = 280), soils (n =280), and irrigation waters (n = 48) in abandoned mines & normal farm lands (n = 8).
The samples were digested with acids, then analyzed for the contents of lead (Pb), cadmium (Cd), copper (Cu),
mercury (Hg), arsenic (As) and chrome (Cr) by an inductively coupled plasma spectrometer (ICP) and graphite-
atomic absorption spectrophotometer (AAS). The contents of Hg were determined using a mercury analyzer.
Abandoned mines had soils with higher contents of heavy metals except Cr and irrigation waters with higher heavy
metals except Hg, compared to those of normal farmlands. The contents of heavy metals in agriculture products
varied depending types of products. Agricultural products in abandoned mines generally showed with higher contents
of heavy metals except Cu, compared to those of normal farmlands. There was no significant relationship in heavy
metal contents between agricultural products and soils (p > 0.05). It is suggested that heavy metals of agricultural
products and soils in abandoned mines should be continuously monitored.
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Table 1. Sampling sites of agricultural products, soils and
irrigation waters

Regions Provinces Numbers
Kyeonggi 4
Abandoned Kangwon 14
. Chungcheong 11
mines
Jeolla 6
Kyeongsang 13
Total 48
Regions Provinces Numbers
Kyeonggi 2
Normal Chungchy 2
farmlands geheong
Jeolla 4
Total 8

Table 2. The operating conditions of ICP and AAS

k. Pb, Cd, As, Cu, Cr =%4& Ajek2 32k Dong Woo
Fine Chem. Co. Ltd) % ZXFDong Woo Fine Chem.
Co. LtdyS AH8-3l9t). =3 BF89e 72} S350 4z}
5348 F3Y(Wako Pure Chemical Industry Ltd.y
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2 inductively coupled plasma spectrometer(ICP; Model
MX2, GBC Co., Australia)2, Pb2 graphite-atomic absorp-
tion spectrophotometer(AAS; Model 5100 ZL, Model FIAS
400, Perkin Elmer Co., USA)E. ZA33021, Ast hydride-
atomic absorption spectrophotometer(AAS)Z =833t}

ICP AAS
Classification Condition Element Classification Condition
Cd: 214.4 LVaVCll??g‘h (nm) 2237.3
Wavelength (nm) Cu: 324.8 | ow skt (nm)o )
Cr: 205.6 Pb Temperature (°C)
Pyrolysis 900
Sample gas flow(L/min) 0.5 Atomization 1600
Plasma gas flow(L/min) 11.0 Wavelength (nm) 193.7
Auxilary gas flow(L/min) 1.0 As? Cell temperature (°C) 900
Carrier gas flow (L/min) 50

'Chemical modifier : 0.05 mg NH,H,PO, + 0.003 mg Mg(NO;),
“Reductant : 0.4% NaBH, in 0.05% NaOH
Carrier solution : 10% (v/v) HCI
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Table 3. Warning and action levels of heavy metals in soils
established by the Korean Ministry of Environment
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Table. 4 Contents of heavy metals in soils and irrigation waters (Unit:mg/kg)
Samples Regions No Hg Pb Cd Cu As Cr
Abandoned 280 *0.01-16.80  0.01-158.72  0.001-3.54  0.01-114.85 0.01-336.73 0.01-1.91
Soils mines (0.63) (9.83) (0.44) (7.47) (8.28) (0.36)
Normal 25 0.01-2.05 0.01-33.61 0.01-2.28 0.01-94.95 0.01-45.63 0.02-3.82
farmlands (0.07) 3.70) (0.24) (5.00) 221 (0.46)
Abandoned 43 <0.001 <0.001-0.33  <0.001-0.22 <0.001-20.86 <0.001-0.08 <0.001-0.18
Irrigation mines ’ (0.05) (0.03) (2.44) (0.004) (0.02)
waters Normal <0.001-0.04 <0.001 0.001-0.07 <0.001 <0.001
22 <0.001
farmlands (0.01) (0.01)
*The values express min-max (mean).
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Table 5. Contents of Hg, Pb and Cd in agricultural products

Regions Agricultual products No Hg Pb Cd
ng/kg mg/kg

Cereals 39 *0.20- 2520 ( 4.19) 0.07-0.32 (0.20) 0.01 -2.45 (0.37 )
Potatoes 13 0.19- 0.62( 0.41) 0.01-0.05 (0.03) 0.06 -0.09 (0.08 )
Abandoned Spicy vegetable 32 0.10- 5.64( 0.13) 0.01-4.39 (0.33) 0.01 -0.58 (0.13)
mines Leafy vegetable 143 0.10-405.0 (12.83) 0.01-6.35 (0.41) 0.01 -1.49 (0.10 )
Root vegetable 53 0.18- 4.55( 1.08) 0.01-0.42 (0.04) 0.01 -0.53 (0.11)
Total 280 0.10-405.0 ( 7.48) 0.01-6.35 (0.28) 0.01 245 (0.14 )
Cereals 20 1.32- 6.00( 3.11) 0.04-0.29 (0.17) 0.01 -0.23 (0.10)
Potatoes 2 0.78- 0.80( 0.79) 0.03-0.07 (0.05) 0.001-0.002 (0.002)
Normal Spicy vegetable 11 0.06- 2.78 ( 0.64) 0.01-0.12 (0.05) 0.01 -0.10 (0.02)
farmlands Leafy vegetable 43 0.01- 15.60 ( 1.07) 0.01-1.24 (0.12) 0.002-0.11 (0.01 )
Root vegetable 9 0.01- 2.71( 1.46) 0.01-0.90 (0.18) 0.001-0.16 (0.03 )
— Total 85 0.01- 15.60 ( 1.53) 0.01-1.24 (0.13) 0.001-0.23 (0.03 )

*The values express min-max (mean).

Table 6. Contents of Cd, As and Cr in agricultural products

Regions Agricultual products No Cu As Cr
mg/kg

Cereals 39 *0.01- 5.50 (2.00) 0.01 -0.27 (0.03 ) 0.002-0.73 (0.07 )
Potatoes 13 0.30- 0.62 (0.46) 0.002-0.004 (0.003) 0.05 -0.09 (0.07 )
Abandoned Spicy vegetable 32 0.01- 0.91 (0.31) 0.01 -1.72 (0.23 ) 0.01 -0.81 (0.11)
mines Leafy vegetable 143 0.01- 2.90(0.37) 0.01 9.13 (036 ) 0.01 -0.85 (0.16 )
Root vegetable 53 0.01- 1.94(0.18) 0.01 -0.85 (0.05) 0.01 -8.03 (0.30 )
Total 280 0.01- 5.50(0.56) 0.002-9.13 (0.22) 0.002-8.03 (0.16 )
Cereals 20 0.73- 2.44(1.55) 0.01 -0.18 (0.05) 0.01 -0.79 (0.18 )
Potatoes 2 1.81- 2.04(1.92) 0.002-0.003 (0.002) 0.002-0.003 (0.003)
Normal Spicy vegetable 11 0.14- 0.75(0.32) 0.001-0.010 (0.003) 0.01 -0.24 (0.06 )
farmlands leafy vegetable 43 0.01- 1.20 (0.42) 0.01 030 (0.02 ) 0.01 -1.92 (0.16 )
Root vegetable 9 0.02-10.13 (1.73) 0.001-0.01 (0.005) 0.01 -0.42 (0.18 )
Total 85 0.01-10.13 (0.85) 0.001-0.30 (0.02 ) 0.002-1.92 (0.15 )

*The values express min-max (mean).
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