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Abstract

This study concemns the investigation of the potential use of plants to remove heavy
metals, in particular nickel, zinc and cadmium, from soils. The study 1is dii/ided into three
sections, bioavailability, phytomining, and phytoremediation.

The effect of various extractants on the solubility of heavy metals in some soils was
tested. It was found that the solubility of the metal invariably increased as the pH of the
extractant decreased, and as the concentration of the extractant increased. These relationships
could be predicted mathematically. It concluded that a more concentrated, neutral, non-
chelating extractant such as 1M ammonium acetate, is the most suitable for estimating
bioavailability.

An investigation into the addition of some compounds to soils to increase metal
solubility showed that EDTA and citric acid should maximise solubility while keeping soil
parameters (pH, osmotic potential, nutrient availability) within the growth range of the plant.
These compounds are also relatively inexpensive. The effect of bioavailable elements on a New
Zealand serpentine flora was investigated with regard to the soil’s potential for phytoextraction.
It was found that nickel was the only element that would be suitable for phytoextraction from
these soils. The relative infertility of the serpentines was attributed primarily to the toxic effects
of magnesium and/or nickel. Removing nickel from the soil by phytoextraction may enable the
soil to be used as a magnesium-rich fertiliser.

The potential of the hyperaccumulator plants Alyssum bertolonii and Berkheya coddii
for nickel phytoextraction was studied. With the addition of fertilisers, the plants could remove
respectively in excess of 72 kg and 100 kg of nickel per hectare per annum. Were the metal to
be sold, and energy from the plant’s incineration utilised, the net profit per hectare would be
greater than that of a crop of wheat. Both of these plants re-grew after harvesting without the
need to re-sow. In the case of B. coddii, the nickel concentration in the regrowth was more than
twice that of the original crop. Phytomining for nickel is a viable proposition provided the
operation is carried out over a large area. The nickel concentration in the plants was
logarithmically related to the nickel extracted by a 1M ammonium acetate extract. Theoretical
nickel yields from various soils could be predicted by performing a 1M ammonium acetate
extraction on the soils. About half of the soils tested from various locations around the world

contained enough soluble nickel to be economically phytomined. Alyssum bertolonii and B.



coddii also have the potential to remove nickel from polluted soils. The addition of EDTA and
citric acid to the soil in which the plants grew actually decreased the nickel concentration in the
plants despite increasing the nickel solubility in the soil. The economics of phytomining are
closely linked to the value of the metal. Cobalt and possibly even the noble metals could be
economically phytomined at low concentrations in plants: a fertile area for future research.

Sequential extractions were used to model the effect of successive hyperaccumulator
crops on the bioavailability of nickel in ultramafic soils from around the world. The nickel
concentration in all of the soils tested, decreased in a regular manner and could be predicted
mathematically. Assuming an initial nickel crop of 100 kg/ha, the number of nickel crops
above 70 kg/ha that could be obtained was calculated for each soil. The number of economic
nickel crops varied between 3 and 18 before the soil would have to have been modified to
increase nickel bioavailability.

The possibility of removing zinc and cadmium using Thlaspi caerulescens showed that
the plant has a potential use for removing cadmium from weakly polluted soils. The low
bioaccumulation factor for zinc accumulation means that this element will never be removed in
a reasonable time span. The concentration of both zinc and cadmium in the plant could be
predicted by the extractable fraction in the soil as estimated by using M ammonium acetate as
extractant.

It was concluded that phytomining and phytoremediation are feasible possibilities under
certain conditions. (1) Metals necessarily have to be slightly soluble in the soil before they can
be phytoextracted. Metal solubility may be improved by the addition of chemicals such as
chelating agents. (2) Due to relatively low yields, phytomining will only be viable for more
valuable elements where the concentrations in soils are too low for conventional mining. (3)
Phytoremediation will be most effective on weakly polluted soils. (4) The economics of
phytoextraction favour its use over large areas. The amount of metal able to be extracted from

an area can be predicted by performing an extraction with |M ammonium acetate.
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