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Changes of Chemical Species in Soil Solution Induced by Heavy Metals
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Abstract

Chemical assessment of soil pollution with heavy metals was made by analyzing the changes
in pH, ionic strength, cationic concentration and chemical species in the soil solution. Saturated pastes
of the unpolluted soils were made by adding solutions containing Cu or Cd and the final Cu or
Cd concentrations were in the range of 0 to 400 mg/kg. After equilibrating for 24 hours at 25T,
the soil solution was extracted from the saturated pastes by the vacuum extraction method and analyzed
for pH, electrical conductivity, Cu, Cd, cations and inorganic ligands. Chemical species in soil solution
were calculated by the GEOCHEM-PC program employing the input variables of pH, ionic strength
(u), molar concentrations of cations and ligands. Increasing Cu or Cd additions lowered pH of the
soil solution but increased concentrations of Ca, Mg and K resulting in increases of p of the soil
solution. Effects of Cu on lowering pH and increasing u were greater than those of Cd. Concentrations
of Cu or Cd in soil solution were relatively very low as compared to those of additions, but increased
linearly with increasing additions representing that concentrations of Cu were higher than those
of Cd. At 400 mg/kg additions, concentrations of Cu were in the range of 0.51 to 11.70 mg/L but
those of Cd were 34.4 to 88.5 mg/L. Major species of Ca, Mg and K were free ions and these species
were equivalent to greater than 95 molar % of the existing respective molar concentrations. These
cationic species were not changed by Cu or Cd additions. Major species of Cu in lower pH soils
such as SiCL and SL were free Cu®** ()95 molar %), but those in LS having a higher pH were
free Cu?>" and Cu-hydroxide complex. At 100 mg Cu/kg treatment, Cu*" and Cu-hydroxide complex
were equivalent to 73 and 224 molar %, respectively. These respective percentages were decreased
and increased correspondingly with increasing Cu treatments. Major species of Cd in soil solution
were free Cd** and Cd-chloride complex, representing 79 to 85 molar % for Cd** and 13 to 20%
for Cd-chloride complex at 10 mg Cd/kg treatment. With increasing Cd additions to 400 mg/kg, Cd**

* )& #3183} (Dept. of Agric. Chem., Kangwon National Univ., Chuncheon, Korea 200-701).
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species decreased to 40~47% but Cd-chloride complexes increased to 53~60 molar %. These results

demonstrated that soil contamination with heavy metals caused an adverse effect on the plant nutritio-

nal aspects of soil solution by lowering pH, increasing cations temporarily, and increasing free metal

concentrations and species enough to be phytotoxic.
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Table 1. Chemical and physical properties of the experimental soils®

Soil Texture pH Clay oM. Exc. Ca Exc. Mg  Exc. K DTPA-Cu* DTPA-Cd*
(1:5) % % cmol(+)/kg mg/kg  mg/kg
Sity Clay Loam(SiCL) 5.3 373 55 5.05 1.74 0.74 0.157 0.038
Sandy Loam(SL) 5.8 17.5 3.7 3.74 0.90 0.58 0.368 0.038
Loamy Sand(LS) 6.9 85 2.1 2.66 0.87 0.38 0.930 0.070

@ Soils were analyzed by the standard methods®.

# Diethylene triamine pentaacetaic acid extractable Cu or
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A2 ZA3]31, sulfate, chloride, carbonate, phosphate
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Table 2. Concentrations of Cu and Cd, pH, and ionic strength(u) of soil solution as affected

by metal treatments in three soils.

SiCL SL LS

Metal Conc.  Metal pH u Metal pH N Metal pH u
mg/kg  mg/L mol/l. mg/L mol/L. mg/L mol/L
Cu 0 ND 5.25 0.040 ND 5.84 0.015 ND 6.86 0.004
10 ND 4.70 0.051 ND 5.57 0.016 ND 6.71 0.005
20 ND 475 0.036 ND 573 0.015 ND 6.59 0.006
40 0.07 473 0.036 0.06 5.61 0.018 ND 6.72 0.010
80 0.19 4,65 0.040 0.13 5.50 0.024 0.06 6.72 0.016
100 0.32 4.63 0.039 0.13 5.37 0.026 0.06 6.42 0.023
200 1.72 4.62 0.040 0.60 4.81 0.040 0.13 6.81 0.038
400 11.70 4.16 0.068 0.51 444 0.062 10.26 5.99 0.074
Cd 0 ND 5.25 0.040 ND 5.84 0.015 ND 6.86 0.004
10 0.23 5.12 0.039 1.01 5.60 0.014 0.11 6.81 0.004
20 0.79 482 0.038 0.34 5.57 0.018 0.34 6.71 0.006
40 2.02 4.89 0.043 1.46 5.96 0.018 0.23 6.68 0.009
80 9.01 4.78 0.045 1.57 6.06 0.025 146 6.59 0.014
100 13.51 461 0.050 2.02 6.01 0.022 1.46 6.71 0.018
200 34.42 447 0.053 12.85 5.85 0.035 9.01 6.48 0.030
400 88.47 4.50 0.068  68.05 5.63 0.052 3442 6.38 0.060

ND : Not Detected
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Table 3. Connentrations of cations and anions in soil solution as influenced by Cu or Cd treat-

ments in three soils

SiCL SL LS

Metal Conc, Ca Mg K SO, PO, Ca Mg K SO, PO, Ca Mg K SO, PO,
mg/kg mg/L

Cu 0 19591 6099 7442 1076 097 8158 2662 11.00 679 097 3173 10.12 1100 679 3.86

10 20515 5435 8350 1264 1.09 11262 2787 1100 679 097 3728 1060 11.00 1745 286

20 20495 5562 8350 981 097 12348 2919 11.00 679 097 4803 1304 11.00 1668 2.86

40 21461 5960 8350 9.81 097 14178 3509 11.00 679 097 7440 2265 1100 1668 194

80 22962 6241 8743 875 097 17444 4521 2580 4092 097 12930 3848 1590 1958 286

100 24082 6386 93.69 981 097 200.28 4844 2580 3819 097 16658 54.35 1590 19.58 194

200 324.85 8227 10757 981 097 31746 7002 3031 27.03 097 28952 8316 2049 1556 097

400 41851 10358 132.35 875 097 491.72 101.22 39.96 27.03 097 604.97 15321 30.31 1668 097

Cd 0 19572 6099 7442 10.76 097 8158 2662 11.00 679 097 3173 10.12 11.00 679 386

10 20028 5562 8743 981 097 8542 2724 11.00 679 097 3173 1135 11L00 679 2386

20 20972 5824 8743 981 097 12930 3429 1590 679 097 4803 1463 1100 679 4.75

40 22473 6535 9369 981 097 13540 3509 1591 679 097 5900 1884 11.00 679 286

80 24080 66.87 9369 981 097 16280 47.34 2049 6.79 097 10270 3200 11.00 679 3.86

100 28293 7678 9369 10.76 097 17444 4123 2049 679 097 11793 3937 1591 679 286

200 28952 76.78 98.10 981 097 22996 6099 2580 6.79 097 24642 8227

1591 679 286

400  340.16 7503 11795 981 097 34809 86.15 34.80 679 097 40000 124.65 2049 679 194
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PC 2@ s A3} Fol&7 Lol Al
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K¢ 37t Cust Cde) X2l 2§ H3}E molar
%2 BAE F1 3low, (F 5He 235 g9 ga
EGEd F Cust Cdo] e H3E HoFn
Aok (& 49} 559)M+= Ca, Mg, K, Cu, Cd, CI, SO,

Table 4. Molor percentages of Ca, Mg and K species in the soil solution of Loamy Sand (LS)

soil as influenced by Cu or Cd treatments.

Ca Mg K

Metal Conc. freeion  Clcomplex SO complex  free ion  Cl complexd SO, complex  free ion  Cl complex S0, complex
mgfkg Molar %

Cu 0 99.9 0.00 0.1 98.8 0.1 0.6 99.9 0.02 0.04
10 98.1 0.02 17 98.2 0.2 13 99.8 0.05 0.09
100 989 0.11 0.9 98.3 0.9 0.7 99.6 0.27 0.06
200 99.3 0.18 05 98.2 13 04 99.5 041 0.04
400 99.2 042 0.3 97.0 2.7 0.3 99.0 0.90 0.03

Cd 0 99.9 0.00 0.1 98.8 0.1 0.6 99.9 0.02 0.04
10 99.5 0.01 04 989 0.1 0.5 99.9 0.03 0.04
100 994 0.11 04 98.6 0.9 03 99.7 0.24 0.03
200 99.7 013 0.3 98.6 1.1 0.2 99.6 031 0.02
400 99.7 0.17 0.2 98.6 13 0.1 99.5 041 0.02

# Species were calculated by GEOCHEM-PC(Parker et al, 1995) based on the stability constants in the data base.

Table 5. Molrr percentages of Cu and Cd species in soil solution of three soils as affected by

metal treatments.

SiCL SL LS
complexes complexes complexes
Metal Conc. free Cl S0, OH free Cl SO, OH free (i SO, OH
mg/kg Molar %
Cu 0 NA NA NA NA NA NA NA NA NA NA NA NA
10 NA NA NA NA NA NA NA NA NA NA NA NA
100 965 13 04 00 956 17 2.0 03 728 18 08 224
200 954 25 04 00 956 27 11 03 753 28 05 205
400 951 31 0.2 00 946 43 0.8 00 909 68 04 17
Cd 0 NA NA NA NA NA NA NA NA NA NA NA NA
10 791 196 04 00 794 198 05 00 84 128 09 0.0
100 726 263 03 00 607 388 03 00 501 494 0.3 0.0
200 660 330 03 00 528 469 02 00 448 549 0.2 0.0
400 467 528 05 00 395 603 0.1 0.0 395 603 0.1 0.0

NA ! Not available for the species calculations due to the presence of the non-detectable amounts of Cu and Cd in seil solution.
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