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ABSTRACT 

Soil contaminated by heavy metal ions has become a global problem. Besides 

legislation to restrict the input of heavy metals, remediation of contaminated soil is 

also essential. The most common means of remediation is leaching. There have been 

many studies published in this field , some of which relate to development of 

mathematical models. Volcanic ash soil is common in New Zealand. Developing a 

model to predict the process of leaching heavy metal from volcanic ash soil is 

important for New Zealand. No model was found for predicting the process of 

leaching heavy metal from volcanic ash soil. 

Heavy metal soil contamination can not be remedied by microorganisms, so the 

heavy metals will inevitably accumulate in soils over time. Once heavy metals have 

accumulated in soil to exceed a threshold, they will be released and then be taken up 

by plants, entering the food chain or moving into the groundwater system. Therefore, 

it is necessary to leach the heavy metals from the contaminated soil. The batch stirred 

process is a fast and convenient method, and it is easily used in the field. The main 

purpose of this study is to develop a model that can predict the bulk liquid 

concentration of heavy metal in the stin-ed vessel. 

In the present study, the internal model is pore diffusion model. The explicit 

method is used to translate a partial differential equation to a finite difference 

equation. The results from thermodynamic and kinetic experiments agree with the 

model. With the exception of the equilibrium parameters for Freundlich isotherm 

derived by experiment, all other parameters were obtained from literature on volcanic 

ash soil. Therefore, the model can be used for leaching of other heavy metals from 

volcanic soil under similar conditions. 

The leaching of heavy metals from volcanic soil is shown to be an internal 

diffusion controlled process, so increasing the agitating speed in a stirred reactor is of 

no use for improving the mass transfer. Decreasing the size of volcanic soil 
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aggregates by breaking them clearly increases the rate of the leaching process. The 

equilibrium relationships of the adsorption process and the desorption process are 

different for the system, and there is a hysteresis. 
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CHAPTERl 

INTRODUCTION 

1.1 Background 

The distribution of soils derived from volcanic materials closely parallels the global 

distribution of active and recently active volcanoes. It is estimated that soils derived from 

volcanic ejecta are distributed over approximately 124 million hectares or 0.84% of the 

earth's surface (Leamy, 1984). Approximately 60% of volcanic ash soils occur in tropical 

countries. In some countries with high volcanic activity, there may be a higher 

distribution of volcanic ash soils such as Japan, Melanesia, and Philippines. 

Volcanic ash soil is also common in New Zealand. Most of the region south from 

Auckland to Wanganui on the west coast, and to Napier on the east coast, has a mantle of 

volcanic ash deposits more than 18 inches thick (Gibbs, 1968). The occurrence of 

volcanic soil is shown by the numerous particles of volcanic glass found in most soils of 

the North Island. The presence of volcanic ash soil has made New Zealand a favourable 

country for the production of food, timber, and water. 

With wide application of sewage sludge and some chemical products including 

pesticides and herbicides to agricultural land, the risk and extent of soil contamination 

has increased. The pollutants in contaminated soils can be divided into two groups, 

organic matter and heavy metals. Organic pollutants include pesticides and herbicides. 

They can be degraded or decomposed by microorganisms in soil. However, 

microorganisms can not decompose heavy metals. Therefore, heavy metals will 

inevitably accumulate in soils over time. Once heavy metals have accumulated to exceed 

a threshold, they will be released and then be taken up by plants, entering the food chain 
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or movmg into the groundwater system. Consequently, human health and the 

environment in which human lives may be seriously imperiled. It may be necessary to 

leach heavy metals from contaminated soil. 

1.2 Remediation technologies 

There are many technologies to remedy contaminated soil. Koustas and Fischer 

( 1998) indicated that the various available treatment options for remediation fali inlu 

three broad categories: containment-immobilization, separation-concentration, and 

destruction. Each category can be classified by different ways in which technique can be 

used as in situ, a prepared bed, and in tank (Boulding, 1995). 

• In situ treatment consists of treating contaminated soil in place, i.e., the 

contaminated soil is not moved from the ground. Although the treatment method 

is the best way in economic terms, there are some restricting conditions and 

potential new damage to soil for this method. 

• In a prepared bed system, the contaminated soil may be either (1) physically 

moved from its original site to a newly prepared area, which has been designed to 

enhance treatment and/or to prevent transport of contaminants from the site; or (2) 

removed from the site to a storage area while the original location is prepared for 

use, then returned to the bed, where treatment is accomplished. The advantages 

and disadvantages of the method are not conspicuous. 

• In tank treatment involves removing the contaminated soil and treating it in a 

vessel or other system designed to optimize treatment efficiency. The method 

needs more operation cost, but there is no potential of new pollution to soil and 

fewer restricting requirements. 

The heavy metals in contaminated soil cannot be destroyed by thermal treatment and 

microorganism because their ions can not be degraded. Therefore, just containment-



3 

immobilization and separation-concentration can be considered. However, soil 

immobilization may result in the significant change on physical and chemical properties 

of soil. The result is that soil loses its agricultural function. Because soil is a limited 

resources on earth, the economical factor of soil remediation may be no longer a 

restrictive aspect for mankind in the near future. Thus, the method of separation­

concentration in tank may become a principal aspect in soil remediation. 

The main principle of remedying soil contaminated by heavy metai is ieaching using 

a solvent. The solvent may be water, organic or inorganic reagent. There are many 

processes, which can be used to leach heavy metals from contaminated soil. For example, 

there are fixed bed or fluidized bed systems, continuous or batch processes. This work 

uses a batch stirred process. 

1.3 Objectives of the project 

The main purpose of this study is to develop a model that can predict the bulk liquid 

concentration of heavy metal in the stined tank reactor. During the operation of leaching 

heavy metals from contaminated soil, monitoring heavy metal concentration in the bulk 

liquid is a regular practice in order to determine whether the bulk liquid concentration of 

heavy metal has achieved the required value. However, a large amount of monitoring 

work in the field is neither economical nor convenient. On the contrary, using a model to 

predict the concentration can be very easy, and only the initial concentrations of heavy 

metal in the bulk liquid need to be determined during the experiment. 

A mathematical model has been developed. Experimental work on adsorption and 

desorption parameter determination and leaching in a stirred tank reactor is presented. 

The reliability of the models is discussed. 




