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Availability of Heavy Metals in Soil and Their Translocation to Water Dropwort
(Oenanthe javanica DC.) Cultivated near Industrial Complex

Goo-Bok ]ung*, Won-1l Kim, Jong-Sik Lee, Joung-Du Shin, Jin-Ho Kim, and Jeong-Taek Lee (National Institute of
Agricultural Science and Technology, Environmental and Ecology Division, RDA, Suwon 441-707, Korea)

ABSTRACT: This experiment was conducted to investigate heavy metal transition and bioavailability from
soil to the edible parts of water dropwort near industrial complex. The soils were collected from the paddies
cultivating water dropwort, stream sediments, and background soils near industrial complex. The pH values,
organic matter, Av. P,Os, Ex. Ca contents of paddy soils were higher than those measured for non-contaminated
paddy fields in 2003. The contents of Cd and Cu was higher than those of standard level for soil contami-
nation by Soil Environmental Conservation Act in Korea. The pollution index in stream sediments were
higher than those of paddies cultivating water dropwort. The geoaccumulation index of heavy metals in
paddy soils and stream sediments were in the order Cu>Cd>Ni>Zn>Pb. The rates of 0.1IN-HCI extractable
heavy metals to total contents in soils were in the order Cd>Cu>Zn>Ni>Pb. In case of Cd and Ni in paddy
soils near industrial complex, 0.IN-HCI extractable heavy metals and total content were highly correlated
with each other. Heavy metal contents in root parts were higher than those in top parts of water dropwort.
The Zn and Cu transfer factor from soil to the top parts of water dropwort were higher than those of other
heavy metals. The bioavailability of water dropwort varied considerably between the different parts and heavy
metals. Cd, Cu and Ni contents in water dropwort were correlated with each elements in paddy soils.

Key Wonds: Soil, Heavy metals, Pollution index, Dropwort, Bioavailability
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Fig. 1. Sampling location map of paddy fieids in this
study areas.
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Table 1. Class of index of geoaccumulation

Class  Igeo value
0 Class Igeo =0

Designation of soil quality
practically uncontaminated

uncontaminated to moderately
contaminated

2 Class 1<Igeo<2 moderately contaminated

3 Class 2 <Igeo<3 moderately to havily contaminated
4 Class 3<Igeo <4 heavily contaminated

5 Class 4 <Igeo <5 heavily to extremely contaminated
6 Class 5<Igeo  extremely contaminated

1 Class O<lIgeo<1
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Table 2. Yearly comparison of Chemical properties in soils at the sampling sites

pH EC oM Av.P,Os Ex. cation (cmol/kg)
Periods
(1:5) (dS/m) (g/kg) (mg/kg) K Ca Mg
2005.04 (10)" 6.8 2.02 65.3 218 0.47 11.7 247
2003.08 (10) 6.9 1.76 48.8 117 0.40 9.9 1.74
2002.06 (10) 6.8 1.93 40.2 68 0.32 74 1.01
2001.03 (10) 6.4 1.68 46.3 319 0.65 16.7 3.14
Average 6.7 1.85 50.2 180 0.46 114 2.09
(5.8~7.2) (0.9~3.5) (35~75) (19~471) 0.1~1.3) (6.0~19.9) (0.5~4.2)

Sediment (5) 6.8 4.00 554 124 0.53 9.8 1.74
Control area (3) 6.5 1.03 50.9 99 0.26 8.9 0.63

Y Sample number

Table 3. Yearly comparison of heavy metal concentration extracted by 0.IN-HCl extractant of paddy soils in the

sampling sites (Unit : mg/ kg)
Periods Cd Cu b Zn Ni
2005.04 (10)" 649 + 4.7° 67.6 + 43.3 9.7 + 4.1 51.0 + 15.8 16.2 = 109
2003.08 (10) 7.59 £ 44 859 + 42.1 106 + 34 432 + 107 153 + 12,6
2002.06 (10) 6.26 + 3.2 67.8 + 324 107 + 40 406 + 8.6 140 = 9.2
2001.03 (10) 1047 + 7.0 101.1 + B5.7 12,6 + 5.6 63.5 + 14.7 20.6 = 15.8
Average 7.70 80.6 10.9 49.6 16.5
(1.1~25.9) (25.0~215.9) (4.3~24.6) (24.8~79.4) (2.6~49.5)
Sediment (5) 20.29 + 8.1 1115 + 41.7 83 + 4.0 100.8 = 23.6 183 + 5.8
Control area (3) 0.10 = 0.06 47 £ 13 43 + 1.6 77 £ 14 06 = 0.1

" Sample number
? Average + standard deviation
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Fig. 3. Index of geoaccumulation of heavy metal in paddy soil and sediment soil at the sampling sites.
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o elue] S 9 R9E By Bl 2 5
T2 248 AL & F Atk 53], Cd, Pb € Znd £V
4, Cu 9 Pbe Yol E=A viekgt)h ujukel Ao
24 5= Schmidt™®7} Bgh ofe] 2ZEe) 34 54
38 F5(Cu 20~30, Zn 200~500, Ni 10~50 mg/kg)
g AR & o 2 E5E $ES Bt A BA4S
do & gl EHET WS & 4 USh T As)
HAFe 534 Ho d4-5%(Cd 05, Cu 20, Pb 9, Zn
100, Ni 10 mg/kg)” 9} Blialol s whe 30|},

Table 58 AR 3t vv]e] F5¢ Frolds 3o}

7] 91t} B F3% FU g 2719 Qo F4

o)ael Fa4 P& Bkete] o[AXI4K(TE, Transfer
factor = AP0 F2/ o FY * 1001S B,

3ol sk £719]
(4.0)>Cd(2.7)>Ni(2.5)

FEEH o|gPA|F+= Zn(18.1)>Cu
oI, 9] o|BAFE Zn(12.7)

2 Cu(5.6)°14 ¥ thE-22 Ni(3.9) 4°0]lth. 0|9} #
#3lo] Deng 59 HHAt QI SANEY FEHELE A

Table 4. Total concentration and ratios of heavy metal extracted by 0.IN-HCI extractant to total content of heavy metal

in soils with sampling sites

pH cd Cu Pb Zn Ni
(15)  mg/kg Ratio® mg/kg Ratio mg/kg Ratio mg/kg Ratio mg/kg Ratio
w6 Min. 64 297 039 731 020 380 010 1128 022 283 017
Paddy Max. 7.2 160 078 3724 0.60 824 026 1859 035 1373 025
ol Mean 6.8 95  0.64 1766 040 605  0.18 1537  0.26 672 020
3.8 Min 65 32 050 936 022 522 0.02 1395 026 232 015
Paddy Max. 72 20 077 3155 054 964 022 2205 037 1387 034
ol Mean 69 116 067 1983  0.39 710 015 1800 031 715 024
Min. 65 37 040 24 015 379 002 1024 028 345 019
Sefé’i‘le“t Max. 79 468 067 4986 052 1012 018 3116 048 893 030
Mean 7.0 219 060 2609 037 740 011 2317 038 578 023
Control soil Mean 6.4 1.3 0.22 55 0.71 36.1 0.26 54.5 0.12 141 0.08

Y Total concentration of heavy metals in soils

? Ratios of 0.IN-HCI extractable content to total of heavy metal in soils
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Fig. 4. Relationships between the heavy metal contents extracted by 0.IN-HCl and HNO; digestion by microwave

methods(n=10).

Microwave digestion (mg/kg)

Table 5. Heavy metal concentrations in leaves, stems and roots of Water Dropwort at the sampling sites

(Unit : mg/ kg, Dry wt.)
Water celery Cd Cu Pb n Ni
Leaves 0.11 = 0.07" 9.84 + 259 054 = 0.27 1964 = 1.73 261 + 212
Stems 026 + 0.21 711 + 1.86 070 + 0.94 27.95 + 4.60 1.69 + 0.83
Roots 641 * 6.17 3372 + 2034 1229 + 576  77.35 £ 26.96 2371 = 22.09
Soils” 9.48 176.6 60.5 154.7 67.2

Average + standard deviation
? Total concentration of heavy metals in cultivation Soils

Table 6. Bioavailability fraction and correlation coefficients between the heavy metal concentrations in leaves, stems and

roots of Water Dropwort to the total concentrations in soils(n=10)

Heavy Soil-Root Root-Stem Stem-Leaf

metals BAFY Coefficients BAF Coefficients BAF Coefficients
Cd 67.6 0.648" 4.1 0.952" 42.1 0.845"
Cu 19.1 0.705" 21.1 0.802" 138.5 0.908"™
Pb 20.3 NS 57 NS 76.4 NS
Zn 50.3 NS 36.1 NS 70.3 NS
Ni 35.3 0919 7.1 0981 154.9 0.921"

o mSlgmflcant at P = 5%, 1%, 0.1% respectively, NS : Not significant
Bloavallablhty fraction: Percentage ratio of heavy metal concentration in leaves, stems and roots to total

concentrations in soils
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