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ABSTRACT

Cadmium (Cd) is a highly toxic heavy metal that can accumulate in the
environment and transferring to the food chain, posing serious threats to human health
and ecosystems. This study aimed to investigate the potential of microwave technology
in reducing both the leachability and total concentration of Cd in the samples of
contaminated sand. Experimental treatments were conducted using microwave
irradiation at power levels of 500, 600 and 700 watts and using the different of operation
times including 3, 5, and 8 minutes. The effectiveness of the treatment condition was
evaluated through two analytical approaches such as (1) the determination of total Cd
concentration using the Hotplate Digestion method, and (2) the assessment of Cd-
leachability based on the Toxicity Characteristic Leaching Procedure (TCLP). Cd
concentrations in all samples were measured using Atomic Absorption- Spectroscopy
(AAS). The experimental results indicated that microwave treatment at 700 watts and the
operation time at a 8 minute demonstrated the highest efficiency in reducing both the
leachable and total Cd concentrations in Cd-contaminated sand. The TCLP results
showed a slightly decrease trends due to the enhancing of microwave powers. At 700
watts, it could be reduced the Cd-leachate as the reduction of Cd-transportation to the

environment and the toxicity of Cd. The mechanisms may include the reduction of Cd



leachability and Cd concentration through (1) rapid and intense heating, which alters the
physical structure of sand and influences the binding sites of Cd; (2) chemical
transformations, such as oxidation or reduction reactions that convert Cd into more
stable forms; and (3) agglomeration or entrapment of Cd within the sand matrix, leading
to decreased solubility. A comparative analysis of the TCLP and Hotplate Digestion
methods revealed consistent trends, affirming the capability of microwave treatment to
simultaneously reduce both the mobility and total content of Cd. Moreover, microwave
technology presents an environmentally friendly approach, as it eliminates the need for
hazardous chemical reagents, generates minimal waste, and consumes less energy
compared to conventional heating methods. Therefore, microwave treatment may strong
potential as a sustainable alternative for remediating Cd-contaminated sand and soil in

the future.



