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(ABSTRACT)

This work involves the combination of chelation and microwave extraction as a
technique for extracting adsorbed metals in soil. It has been termed in this work, Chelate
Assisted Microwave Extraction (CAME). Unlike other extraction methods, CAME is
able to differentiate between anthropological and geological trace metals.

The method has been applied to major sample matrices included three types of
soils (Bertie Sandy Loam, Davidson Silty Clay, and Davidson Clayey Loam) as well as
sea sand, alumina, and iron oxide. In order to investigate the effects of sorptive coatings
on metal concentrations, a sample set was first treated with humic acids, which
represented organic coated materials. Afterwards, copper (II) solutions were spiked to
both untreated and treated matrices and the efficiencies of recoveries were studied. Metal
determinations were performed by Inductively Coupled Plasma-Atomic Emission
Spectrophotometry (ICP-AES).

Initial studies of control (untreated soil) and long-term Cu amended (spiked)
Bertie Sandy Loam (BSL) indicated that extraction efficiencies were method dependent.
Ethylenediaminetetraacetic acid (EDTA) was a primary chelating agent used for method
comparisons. Extracting solutions having a pH range from 7.8 to 10.1 did not affect the
EDTA-microwave method, but the increase in pH enhanced Cu removal by the EDTAshaking extraction method which was a conventional chelation using a mechanical

shaker. With the EDTA-microwave method, complete extraction was achieved in a short
period of time (20 minutes). Compared to the EDTA-shaking method using two sandy
soils, the EDTA-microwave method proved to be more efficient in extracting sorbed
metals in soils (5.9 vs. 4.6 µg/g for the control BSL and 37.5 vs. 27.8 µg/g for the
amended BSL.
FT-IR and C 13 NMR were used to characterize extracted and commercially
available humic acids. The latter was employed to prepare the humate coated materials.
Iron oxide containing materials such as Davidson Silty Clay (DSC), Davidson Clayey
Loam (DCL), and iron oxide (Fe2O3), showed extremely high adsorption capabilities for
humic acids, while sea sand, Bertie Sandy Loam, and alumina (Al2O3) provided lower
adsorption capabilities for humic acids. Two sets of uncoated and humate coated
materials were used for Cu spiking procedures using 0.001 M Cu (II) at pH 5.3 for 24
hour-equilibration. Three original soils and alumina showed high adsorption capabilities
for Cu (II). The presence of coated humate helped increase Cu adsorption capabilities of
these soils, but diminished the ability of alumina to react with Cu (II) ions. For HAuncoated matrices, iron oxide had a higher Cu adsorption capability than sea sand but less
than real soils. Humate coating improved Cu adsorption capabilities of not only real soils
but iron oxide and sea sand as well.

Lastly, the developed method named Chelate Assisted Microwave Extraction
(CAME) was further examined and optimized. Several samples were investigated for
extraction efficiencies. A two-step extraction, applying 120 W for 5 min followed by 60
W for 10 min, was efficient in removing sorbed metals from different matrices regardless
of sorptive oxide and organic components. Concentrations of chelating agents slightly
affected percent metal removal; however, there was no significant difference in results
obtained using EDTA or diethylenetriaminepentaacetic acid (DTPA). Recoveries of
spiked metals (Cu and Cd) ranged from 96 to 107%. Using the untreated (control)
Davidson Silty Clay and Bertie Sandy Loam, the comparison of other chelating solutions
were made. Clearly, CAME was promising and proved to be a good alternative to
classical shaking method for extracting adsorbed metals from soils.

