Effects of Biological Systems on Metallic Gold

ITS DISSOLUTION BY ORGANIC SUBSTANCES OF NATURAL ORIGIN
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Some fifty years ago, Freise (1) reported a number of obsetva-
tions on the transport of gold by underground water charged with
organic material formed by the decomposition of vegetable mat-
ter. His interest in this had been aroused by the experience of
many persons and companies, who had worked alluvial gold
deposits in Brazil, that gold placers which had been thoroughly
processed could, after a petiod of years, be reworked to give a fur-
ther yield of newly accumulated gold. Freise had been able to con-
firm this finding from his own experience on two occasions. On
each of these, the opening up of a placer deposit, which had been
exhausted about 15 years previously, disclosed new accumulations
of gold near basc-rock level. The new gold was, however, different
from the original placer gold in colout, purity, fineness and affini-
ty for mercury.

In fact, the newly deposited gold was very similar in character to
the so-called ‘black gold’ ot oxro preto, which was encountered in
many districts in Brazil. This consisted of fine gold particles
covered with a dark brown to dull black coating 2 to 25 ym in
thickness. The coating could usually be removed by washing with
a 5 per cent solution of potassium carbonate at 35 to 45°C,
although in some cases, where it was thicker, heating to 300 to
330°C followed by washing with dilute sulphuric acid was
necessarty, because of an appreciable content of iron in the essen-
tially organic coating.

These facts suggested that ‘black gold’ deposits might be form-
ed as a result of the dissolution of gold in water at higher levels by
humic substances derived from decaying vegetable matter and its
subsequent precipitation from this water at lower levels.

Freise conducted a seties of experiments to test this hypothesis
and was able to demonstrate not only the ability of water contain-
ing humic materials to dissolve gold (and other metals such as
iron, copper and manganese) under anaerobic conditions, but
also the precipitation of the dissolved metals along with the humic
material when the solution containing them was exposed to air.
He concluded that these processes played a role in the formation
of gold deposits, especially under the conditions prevailing over
vast ateas of Brazil, where the ground water is characteristically
heavily loaded with humic substances from decaying vegetation.

These observations are inttiguing in view of the resistance of
gold to attack in so many appatently more aggressive en-
vironments, and it may be significant in view of what follows that
the ‘humic material’ used by Freise in his 7z vitro experiments
contained 1.23 per cent of nitrogen.

Intetest in the ability of plants to take up gold dates back to the
turn of the century and the subject has recently been reviewed by
Girling and Petetson (2). Investigators, both in North America
and Russia, have recorded higher than normal concentrations of
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gold in a number of species of plants when collected over areas of
gold mineralization, where the metal is present in the soil essen-
tially in elemental form and must therefore be rendered soluble
befote it can be assimilated. Evidence that such dissolution occurs,
through the agency of substances derived either from the plants
themselves or from mictoorganisms in the soil, has accumulated
in recent years.

Thus, it has been found (3) that the ability of a number of
plants to take up gold present in elemental form in the soil is
directly related to their ability to release cyanide present in their
tissue in cyanogenic glycosides. Parés and her co-workers in
Senegal, and subsequently Korobushkina and Mineev and their
collaborators in Russia have demonstrated, however, that this may
not be the only factor involved.

Parés and his co-workers, for example, found that a number of
micro-organisms isolated by them from auriferous deposits were
capable of bringing about the slow dissolution of clemental gold
both in these deposits and 7z vitro (4 to 8). They mooted and
studied the possibility that gold might be recovered from certain
otes by a bacterial leaching process.

Kotobushkina, Mineev e #. (9 to 15) were able to confirm
these observations in other contexts and have demonstrated that
the ability of the active microorganisms to dissolve gold is related
to their ability to produce extracellular amino acids. A
characteristic feature of those organisms examined was a high con-
tent of amino acids such as glycine, alanine, serine, aspartic acid
and glutamic acid in the media in which they were grown. These
authors found that the dissolution of gold by the organisms was
increased by the addition to the cultures of an oxidizing agent
such as, sodium peroxide and by the selective breeding of more
active strains. They also concluded from IR studies that the gold
was dissolved as a result of formation between it and the amino
acids of complexes which involved Au-N bonds. As an extension
of these studies Mineev ez #/. (16) investigated and reported upon
the use of protein hydrolysates, both alone and together with
cyanide, for the leaching of gold from ‘refractory’ ores.

It will be apparent from the above that matetials of biological
origin cam play significant roles in the dissolution, transport and
subsequent concentration of gold in shallow occurrences of the
metal.

It is possible also that dissolution of gold by the action of amino
acids or related substances may be one of the causes of the staining
of the skin by gold jewellery. This is an effect which is uncommon
and reportedly expetienced only by certain individuals, even
when wearting high caratage jewellery which is resistant to cottro-
sion under most conditions. The mechanism involved has not yet
been systematically studied, and staining has usually been at-
tributed to the formation of fine metallic particles by abrasion. In
the light of the above, however, it is not impossible that in cases of
individuals with whom such skin darkening apparently atises as a
physiological ‘abnormality’, the fine metallic particles result from
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the secretion in the perspiration of amino acids or related com-
pounds in concentrations sufficient to dissolve gold with the for-
mation of complexes which subsequently undergo reduction to
the metal.
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