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Leaching of heavy metals into groundwater has received increasing attention. The
environmental impact of heavy metal contaminants strongly depends on the
metals speciation, mobility, and bioavailability in soil (Morton et al. 2000). The
chemical behavior of heavy metals in soils is affected by a number of processes,
including sorption onto surface of soils (Allen et al. 1995; Zhou and Wong 2001),
complexed with inorganic and organic ligands (DiToro et al. 2000), and so on.

There are two sources for heavy metals to leach from soil to groundwater. One is
the disposal of industrial sludge or dredged sediment, which will cause the
groundwater contamination by solution elution. Many researchers have studied
the leaching behavior of heavy metals from contaminated soils, industrial sludges,
dredged sediments, and municipal solid wastes (Meima and Comans 1997;
Voegelin et al. 2003; Dijkstra et al. 2004; Dubey and Townsend 2004). The
potential risk of heavy metals in soils, with respect to their mobility and
ecotoxicological significance, is determined by their solid-solution partitioning
rather than the total heavy metal content (Dijkstra et al. 2004). The release of
heavy metal cations to the water phase depends on their affinity to bind to reactive
surfaces in the soil matrix and pore water. The other source is the process of
irrigation with wastewater which contains high concentrations of heavy metals.
Downward migration of heavy metals in wastewater is much easier because of
their being in soluble phase. But the migration process is mainly controlled by
adsorption in soil (Zhou and Wong 2001). Many factors can influence the
migration process as well, such as pH, dissolved organic matter, and soil
characteristics (Zhou and Wong 2001; Zomeren and Comans 2004). But little has
been studied on the copper migration under different leaching solvents. The
objective of this study was to evaluate the transport of copper (II) in a soil column
experiment and to investigate the influence of different leaching solvents on the
downward migration of copper.

MATERIALS AND METHODS
Soils (pH 7.11, 2.48% organic matter) used in the column experiments were taken

from the garden in Nankai University, Tianjin, China. The soils were air dried and
passed through a 60 mesh sieve. Three plexiglass columns 2.5 em in diameter by
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30 cm in length were packed identically with the soil to a bulk density of 1.38
kg/L. The soil was packed into each of the plexiglass columns while gently
tapping the sides of the column until the soil height was 25 cm. Glass wool was
placed on the base of each column, minimizing the dead end volume.

On the top of each soil column an aliquot of 10 mL of 1000 mg/L. Cu(NO3); was
added. A multichannel peristaltic pump was used to apply solutions to elute the
columns. Solutions for elution include DIW (deionized water, Millipore
Ultra-pure Water System), leaching solvents for TCLP (toxicity characteristic
leaching procedure) and SPLP (synthetic precipitation leaching procedure),
solution with DOC (disolved organic carbon, Humic acid, Fluka, Switzerland)
content of 10 mgC/L. The leaching solvent used for the pH experiment consisted
of DIW, to which 1 N nitric acid or 1 N sodium hydroxide was added to obtain the
desired pH. The leaching solvent for the SPLP (pH 4.20+0.05) (USEPA Method
1312) consisted of a mixture of DIW to which a solution of sulfuric acid/ nitric
acid (60/40 wit%) was added. For the TCLP (USEPA Method 1311), the leaching
solvent was buffered acetic acid (pH 4.93+0.05) (USEPA 1996).

Flow rate of leaching solutions was 1.0 mL/min, and leachate was collected in 50
mlL portions. After the elution experiment the columns were sectioned into 5 cm
depth layers. Each layer of soil was lyophilized with a freeze dryer (CHRIST
ALPHA 1-2 LD, Germany). In each layer exchangeable copper was determined
using the method by Tessier (1979). In brief, 1 g of soil was extracted at room
temperature for 1 h with 8 mL of magnesium chloride solution (1 M MgCl,, pH
7.0) with continuous agitation. After centrifugation, the supernatant copper
concentration was determined. All samples were passed through 0.45 um filter
membrane before analysis. Copper was analyzed using ICP-AES (IRIS Intrepid II
XSP, Thermo Electron Corporation).

RESULTS AND DISCUSSION

The leaching rate of copper was affected by eluted solutions. Figure 1 showed the
cumulative leachates concentrations of four leaching solutions, The data were the
average of three duplicates in this study. All the four solutions could leach large
amounts of copper in the first 50 mL of leaching solution. From Figure 1 we can
conclude that leaching solvent for SPLP can make copper move downward faster
than the other three solutions. In the first 50 mL of leachates, copper concentration
in SPLP leachate was about twice amount or more than in the other three leachates,
indicating its high ability to leach copper. SPLP is the standardized procedure
designed by USEPA to determine the mobility of both organic and inorganic
analytes present in liquids, soils, and wastes(USEPA 1996). The SPLP simulates
conditions where infiltrating rainfall can result in the leaching of chemicals from
recycled waste that is intended for land application and is used to assess if
leaching poses a threat to groundwater contamination. Because leaching solvent
for SPLP is prepared by sulfuric acid/nitric acid, the result also indicates acid rain
which occurs frequently in many places can enhance the copper downward
movement to groundwater. This trend also can be seen by exchangeable copper
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Figure 1. Concentration of copper in column leachates at a flow

rate of 1.0 mL/min.
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Figure 2. Vertical distribution of copper concentrations in soil columns

concentrations in different soil layers of the soil columns as shown in Figure 2.
Copper concentrations in soil layers eluted by SPLP leaching solvents were higher
in depth 10-25 cm than the other three soil columns. In column soil layers TCLP
leaching solvents has the same leaching ability as SPLP.

Dissolved organic matter (DOM) is a very important component which plays an
important role in facilitating the leaching of contaminants in soil (Haberhauer et al.
2002; Zomeren and Comans 2004). Dissolved organic matter can facilitate metal
transport in soil and groundwater by acting as a carrier through formation of
soluble metal-organic complexes (McCarthy and Zachara 1989). Zhou and Wong
(2001) found in presence of DOM, Cu sorption capacity decreased markedly for
the calcareous soil. The results in this study showed DOC increased the copper
retention in soil columns. DOC solution could take less copper from the soil
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Figure 3. Concentration of copper in column leachates at a flow rate
of 1.0 mL/min.
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Figure 4. Vertical distribution of copper concentrations in soil columns.

columns compared with DIW and SPLP leaching solutions, as shown in Figure 1.
In Figure 2 the same trend can also be seen. In the soil layers of 0-5 cm for the
four soil columns, the highest copper concentration appeared in the column eluted
by DOC solution, and in the layer of 20-25 cm, its concentration was the lowest,
indicating the increased retention of copper by DOC solution. Dissovled organic
matter may transfer into solid organic matter and therefore increase the binding
capacity of the soil. Temminghoff et al. (1997) found that when DOC was added
to the feed solution, the solid organic matter became larger in the first two
sampled layers of the columns due to coagulation. Copper may be complexed
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with DOC in the soil so that the mobility decreased.

The concentrations of copper leached from soil columns eluted by different
pH-value solutions were in Figure 3. In Figure 3, Ieachates of elution solutions at
pH 1, 3 and 11 had high copper concentrations, suggesting their high abilities to
mobilize copper in soil columns, Leaching solutions at pH 5, 7 and 9 gave
relatively poor copper concentrations in leachates.

In this study, the added stock copper solution was 10 mL of 1000 mg/L Cu®*. In
the first 50 mL of portion for pH 3 leachate, leached copper only occupied 0.04%
of the total added copper in the soil column. Even for the leaching solvents for
SPLP, the proportion was only 0.06%. Generally, heavy metals in the soil are
rapidly retained as insoluble compounds and adsorbed to soil surface (Loganathan
and Hedley 1997). Therefore, downward movement of soluble heavy metals to
groundwater has seldom occurred, even over several decades (Barbarick et al.
1998).

The vertical distributions of copper concentration in the soil columns affected by
pH were presented in Figure 4. Solutions at pH 7 and 9 leached out less copper
from the columns (Figure 3), so the copper concentrations at 0-5 ¢m layer were
higher than the other soils. At other layers, the copper concentrations had no
significantly difference. The results also showed that, most copper existed in the
top layers (0-5 cm) of the soil columns. Concentrations of exchangeable copper
decreased drastically from the top layer to the bottom layer, suggesting soluble
copper was adsorbed to soil significantly when it entered into the soil.

The study on the leaching behaviors of copper in soil columns showed that
copper leaching differed under different conditions. Leaching solvents for SPLP
and TCLP could enhance the downward movement of copper in the soil column,
while DOC solution increased the copper retention. At pH 1, 3 and 11, copper
mobility was enhance as well. However, although the concentration of copper in
some leachates was high, most of their concentrations were lower than the
limitation value of Quality Standard for Ground Water of China (1.0 mg/L for
agricultural use) (Chinese National Standard: GB/T 14848-93). Copper can be
more strongly adsorbed in soils than other heavy metals such as zinc, manganese,
and cadmium (Tam and Wong 1996). Most of added copper existed in the top
layer of the soil.

Acknowledgments. This research was funded by International Copper Association
with project number: E-AS-04-02

REFERENCES
Allen HE, Chen YT, Li YM, Huang CP (1995) Soil partition coefficients for Cd

by column desorption and comparison to batch adsorption measurement.
Environ Sci Technol 29: 1887-1891

1032



Barbarick KA, Ippolito JA, Saunders D (1998) Extractable trace elements in the
soil profile after years of biosolids application. J Environ Qual 27: 801-805

Dijkstra I, Meeussen JCL, Comans RN (2004) Leaching of heavy metals from
contaminated soils: an experimental and modeling study. Environ Sci
Technol 38: 4390-4395

DiToro DM, Allen HE, Bergman HL, Meyer JS, Santore RC (2000) The biotic
ligand model- A computational approach for assessing the ecological effects
of copper and other metals in aquatic systems. International Copper
Association, Ltd., Environmental Program, New York

Dubey B, Townsend T (2004) Arsenic and lead leaching from the waste derived
fertilizer ironite. Environ Sci Technol 38: 5400-5404

Haberhaver G, Temmel B, Gerzabek MH (2002) Influence of dissolved humic
substances on the leaching of MCPA in a soil column experiment.
Chemosphere 46: 495-499

Loganathan P, Hedley MJ (1997) Downward movement of cadmium and
phosphorus from phosphatic fertilizers in a pasture soil in New Zealand.
Environ Pollut 95: 319-324

McCarthy JF, Zachara JM (1989) Subsurface transport of contaminants. Environ
Sci Technol 23: 496-502

Meima JA, Comans RN (1997) Geochemical modeling of weathering reactions in
municipal solid waste incinerator bottom ash. Environ Sci Technol 31:
1269-1276

Morton JD, Hayes KF, Semrau JD (2000) Bioavailability of chelated and
soil-adsorbed copper to methylosinus trichosporium OB3b. Environ Sci
Technol 34: 4917-4922

Tam NFY, Wong WS (1996) Retention and distribution of heavy metals in
mangrove soils receiving wastewater. Environ Pollut 94: 283-291

Temmingheff EIJM, Van der Zee SEATM, De Haan FAM (1997) Copper mobility
in a copper-contaminated sandy soil as affected by pH and solid and
dissolved organic matter. Environ Sci Technol 31: 1109-1115

Tessier A, Campbell PGC, Bisson M (1979) Sequential extraction procedure for
the speciation of particulate trace metals. Anal Chem 51: 844-851

U.S. Environmental Protection Agency (1996) Test methods for evaluating solid
waste. SW-846, 3rd edition, Office of Solid Waste: Washington, DC

Voegelin A, Barmettler K, Kretzschmar R (2003) Heavy metal release from
contaminated soils: comparison of column leaching and batch extraction
results. J Environ Qual 32: 865-875

Zhou LX, Wong JWC (2001) Effect of dissolved organic matter from sludge and
studge compost on soil copper sorption. J Environ Qual 30: §78-883

Zomeren AV, Comans RN (2004) Contribution of natural organic matter to copper
leaching from municipal solid waste incinerator bottom ash. Environ Sci
Technol 38: 3927-3932

1033



