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The literature relating to the causes of pyrite oxidation is extensive and widely dispersed,
and the conclusions drawn often appear contradictory. Different mechanisms for the
oxidation process are advocated, many of which are supported by experimental evidence
thatis difficult to evaluate. The range of literature relating to the problem of pyrite oxidation
in a museum context is more limited and has resulted in a consensus about conservation
treatments, although these have yet to be proven successful in the long term. This review
will build upon the earlier critiques published by Howie (19774, b, 1992) and Waller (1987)
and consider the most recently published work. The review is necessarily selective
concentrating on the literature which has significance to museum collections.
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Introduction

Howie (1977a,1992) stated that the oxidation of pyritic
specimens in museum collections is one of the most
potentially damaging conservation problems
encountered by curators and conservators of geological
material. However the problem is not confined to
geological specimens, vulnerable specimens may be
contained within a range of collections For example,
Oddy (1977), described problems caused by pyrite
oxidation in archaeological collections.

The oxidation process and its consequences are
recognisable by the presence of a white, yellow or
greenish efflorescence, often accompanied by deep
cracks in the specimen (see Figures 1 & 2). There is
always a sulfurous smell present. It appears as if the
specimen is being forced apart internally which results
inits fabric or form being distorted. The products of the
oxidation reaction are acidic and are capable of
damaging associated labels and storage furniture (see
Figure 2).

In order to reduce damage to specimens, to minimise
further damage to affected specimens and to determine
a conservation strategy, it is important to have a clear
understanding of the current knowledge of the
mechanisms of pyrite oxidation and the factors which
influence reactions and their rates.

Possible mechanisms for the chemical
oxidation of pyrite

A number of different mechanisms, either acting
independently or in conjunction with each other, have
been proposed for pyrite oxidation over recent years.
These are a) molecular, b) bacteriological and c)
electrochemical. Experimental work has also indicated
that a number of factors will influence the rate of the
reaction. The relationship between the reaction, its rate
and any subsequent damage to specimens in a museum
environment will be discussed later in this article.

Waller (1987), Howie (1992) and Lowson (1982)
described a broad based oxidation process which results
inavariety of ferrous-ferric-sulfate-hydroxide-hydrate
phases and sulfuric acid. Waller (1987) gave the
predominate overall reaction at high RH as:

2FeS2+702+n+m2H20- 2FeS04snH20+2H2S04+mH20

Also at low and moderate RH and 25C the following
reaction is quoted.

FeS2+H20+302-> FeSOQ4°H2+S02

Both the oxidation products are hydrated and the sulfuric
acid is in solution in water. It is important to note that
the hygroscopic nature of the oxidation products have
the potential to facilitate the reaction by the absorption
of water.
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Gyracanthus tubercalatus bonc. NEWHM:
G179.44. Before treatment.

Figure 1.

Smith and Shumate (1970) and Pugh, Hossner and
Dixon (1984) after practical studies presented a case for
two reaction pathways for oxidation, firstly, one which
involved chemical activity alone and secondly, a path
which consisted of the oxidation by ferric ions which
are formed from ferrous ions by bacteria. Nordstrom
(1982) also makes a clear distinction between organic
and inorganic mechanisms. The possiblerole of bacteria
in relation to the rate of reaction is discussed later in this
article.

Anelectrochemical mechanism was discussed by Howie
(19864, 1992), Peters (1984), Bang (1994) Luther
(1987) and Lowson (1982). Howie (1992) stated that it
might “contribute as much as 50% of the oxidation
mechanism”. This may explain the apparent
susceptibility of specimens which are associated with
carbon (Bang 1994). This vulnerability was
demonstrated by Howie (1979b6) who showed
experimentally that “the carbonaceous pyritic specimens

Figure 2. Fossil wood. NEWHM: G149.42. Before treatment.
Note damage to label.

showed a tendency for some oxidation to occur below
50% RH”. Bang (1994) stated that the reason why
framboidal pyrite (Rust 1935; Wilkin and Barnes 1997,
Schopf, Ehlers, Stiles and Birle 1965; Love 1958) when
associated with organic matrices was very susceptible
was that each framboidal spheroid reacts like a galvanic
system when moisture enters it by capillary action. It
was concluded that in this system pyrite is oxidised
anodically creating acidic conditions which lead to the
chemical and mechanical breakdown of the framboidal
pyrite spheroids. This interesting theory does not
account for the loss of specimens which are not
associated with carbon. The above work has lead to the
possibility of new treatments using plasma-ashing
methods (Hollahan and Bell 1974; Bang 1994) to
remove the carbon from specimens, so disrupting the
electrochemical process. This technique will be
discussed later in this article.

The literature does not provide a consensus view as to
which of the above mechanisms controls the oxidation
process. It is probable, however, that all of the
mechanisms discussed play a role in particular
environments. However, the fundamental driving force
of pyrite oxidation remains unclear despite many years
of study.

Factors controlling the rate of pyrite
oxidation

The reviews by Howie (1992), Waller (1987),
Nordstrom (1982) and Lowson (1982) as well as the
experimental work by Morth and Smith (1966) Smith
and Shumate (1970) and Khawaja (1975) concluded
that the oxidation reaction, its rate and subsequent
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damage to specimens was probably dependent on a
number of factors. These are the surface area,
availability of water, temperature, pH, bacteria and
oxygen concentration, in an aqueous Or gaseous state.
The role of trace element distribution was discussed by
Caruccio (1972).

Surface area

Experimental work by Howie (1979b, 1992), Pugh,
Hossner and Dixon (1982) Smith and Shumate (1970)
and Khawaja (1975) indicated that the surface area of
the pyrite influenced the rate of the oxidation reaction.
These authors stated that microcrystalline or framboidal
pyrite (Rust 1935; Schopf, Ehlers, Stiles and Birle
1965; Love 1958; Wilkin and Barnes 1997) is more
reactive than massive, due to the available surface area
upon which the reaction can occur. The study published
by Howie (1979b) showed that compact pyrite had
"little tendency to absorb moisture and oxidise even at
high RH during the test period", which was 105 days.
He stated that specimens with "microcrystalline and
framboidal pyrite showed a wide variation in their
capacity to oxidise". Pugh, Hossner and Dixon (1984)
reported that "a two fold increase in reaction rate occurs
for the frambroidal pyrite compared with the massive".
Khawaja (1975) from the basis of an extensive study
showed that it was possible to classify pyrite by its rate
of oxidation. Every sample of highly oxidisable pyrite
studied had a grain size of less than 10 microns with
associated carbon, moderately oxidisable pyrite had a
grainsize in the 15-25 micronrange, with little associated
carbon and pyrite that was weakly oxidisable, had a
grainsize of over 25 microns with noassociated carbon.
Curracio (1972) described a study carried out on the
stability of pyrite in relation to mine drainage. He stated
that "size alone is not the answer, coarse grained pyrite
was mechanically ground to 0.5 microns and after 3
weeks the ground sample was still yellow and bright
and showed no signs of decomposition”. If this work is
accurate it appears to indicate that the relationship
between surface area and reactivity may not be direct in
all cases. Lowson (1982) also stated that the published
experimental data is not really sufficient to support a
clear link. The possibility that framboidal pyrite may
play animportant role in an electrochemical mechanism
for oxidation (Bang 1994) has been mentioned earlier.

The role of water

Morth and Smith (1966) quoted a study carried out by
Kim (1964) which showed that that over a limited
temperature range the rate of the oxidation reaction
varied in a linear fashion with absolute humidity of
water in the vapour phase, suggesting that water was a
reactant. Studies by Morth and Smith (1966) and Smith
and Shumate (1970) showed that the oxidation rate
increased steadily as a function of RH. They also

suggested that the role of water may be to dissolve the
oxidation products from the pyrite surface, which would
otherwise inhibit the oxidation reaction on adry surface.
Studies carried out by Waller (1989) showed that
oxidationrates increased exponentially as RH increases
from 10% to about 60%. Water is also significant in
thatitenables ferrous sulfate, a product of the oxidation
reaction to hydrate at an RH of about 60% (Waller
1987) which results in a molar expansion. The
importance of this process to the stability of museum
collections is discussed later in this article.

Temperature

Waller (1987), Morth and Smith (1966) and Smith and
Shumate (1970) showed the relationship between
temperature and the oxidation rate. This was represented
graphically by Morth and Smith (1966) and Smith and
Shumate (1970). These results showed clearly that the
reaction proceeded more quickly with an increase in
temperature. The authors calculated that the oxidation
rate will approximately double for each 10°C rise in
temperature at a constant RH.

pH

Waller (1987), Howie (1992) and Smith and Shumate
(1970) discussed the role of pH on the rate of the
reaction. Howie (1992) stated that under alkaline
conditions oxidation products can build up on the
reactive surface of the pyrite and slow the rate of the
reaction. Waller (1987) stated that there is little or no
dependency of the oxidation rate on pH over the range
-1<pH<4 and at higher levels the oxidation rate will
increase as a function of pH. Smith and Shumate
(1970) showed experimentally that as the pH increased
the oxidation rate increased rapidly. They were not
able to explain these results as conventional wisdom
would suggest the opposite would be true (Howie
1992). Nordstrom (1982) stated that in aqueous
environments below a pH of 3 the oxidation rates are
independent of pH and above 4 rate limiting steps,
described in the paper, are pH dependant.

Oxygen concentration

Morth and Smith (1966) and Smith and Shumate (1970)
showed experimentally that if the oxygen concentration
in water surrounding the reactive site on the pyrite
increased the rate of the reaction also increased. They
also stated that the presence of nitrogen gas reduces the
rate of oxidation. Waller (1987) did not deal with this
subject in detail but mentions oxygen concentration as
a possible factor controlling oxidation rates.

Sulfur reducing bacteria

Thepossiblerole of sulfurreducing bacteria in effecting
the oxidation reaction has been considered by Pugh,
Hossner and Dixon (1984) in lignite specimens and
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Siverman (1967) in pyrite concentrates from coals.
Nordstrom (1982) and Smith and Shumate (1970) also
proposed a mechanism for oxidation involving bacteria.

Pugh, Hossner and Dixon (1984) described anumber of
studies (Temple and Koehler 1954; Lorenz and Tarpley
1963; and Wilson and Zuberer 1976) which considered
the role of bacteria such as Thiobacillus ferrooxidans
and Thiobacillus thiooxidans on the oxidation rate of
various iron sulphides as well as carrying out their own
experimental work. They noted that the results of these
studies were very variable and other factors must play
arole. However, they concluded that the presence of
Thiobacillus ferriooxidans can "significantly increase
pyrite oxidation".

Silverman (1967) described a practical study from
which he concluded that two methods of bacterial
oxidation of pyrite occur. Firstly a method which
required physical contact between bacteria and pyrite
particles for biological pyrite oxidation. The second is
an indirect method which involves "bacteria oxidising
ferrous ions to the ferric state thereby regenerating the
ferric ions required for chemical oxidation of pyrite."
Smith and Shumate (1970) also described a direct and
indirect method of biological oxidation. They also
showed that sulfur reducing bacteria require a high RH
to operate.

Trace elements

The possibility that trace element distribution may play
arole in the oxidation reaction and subsequent stability
of pyrite was discussed by Caruccio (1972). In his
study 18 samples of pyrite were analysed, these included
both reactive and inert samples. The results showed
that there was more titanium in the stable samples than
in the reactive ones and silver was present in the
reactive samples and absent from the stable ones.
Caruccio asked the question whether titanium stabilises
pyrite or silver causes pyrite oxidation, however, Smith
and Shumate (1970) stated that trace elements and
other metals were not a major factor influencing
reactivity.

Discussion of pyrite oxidation mechanisms
and factors influencing the rate of reaction in
relation to museum specimens.

As can be seen from the selective review given above,
the literature concerning pyrite oxidation and factors
controlling its rate is extensive and to some extent
contradictory. The original impetus for research on
pyrite oxidation related to its possible involvement in
explosions in coal mines and more recently in relation
to acid mine drainage water, a source of environmental
pollution. Despite the bias of the research to mining
problems it is possible to apply much of the consequent

results to the museum situation and use the data to draw
conclusions as to the safest environmental parameters
in which to store vulnerable pyritic specimens.

The different mechanisms and reaction pathways
proposed for pyrite oxidation are important because if
they are applicable to a museum environment they will
influence conservation strategies.

The fact that increased temperatures speed up the
oxidation reaction has been demonstrated by Waller
(1987), Morth and Smith (1966) and Smith and Shumate
(1970). It is therefore important to store specimens at
the lowest practical temperatures. The common use of
small scale portable dehumidifiers (either based on a
heat pump or desiccant wheel) must be a cause for
concernas both are responsible forelevated temperatures
in store rooms.

The effects of changes in pH and oxygen concentration
are difficult to determine in relation to museum
collections as the existing work (Morth and Smith
1966, Smith and Shumate 1970) relates only to aqueous
environments. However, a reduction in oxygen
concentration in a storage environment should reduce
the reaction rate. It is difficult to relate changes in pH
to museum collections, however, it is probably not a
significant factor.

There is clear evidence that bacteria can play a role in
the oxidation of pyrite (Pugh, Hossner and Dixon 1984;
Silverman 1967; Smith and Shumate 1970). However,
the possible role of bacteria in the oxidation of pyrite
associated with museum specimens has been reviewed
and considered unlikely by Howie (19795, 1992). This
view is based on the fact that bactericides do not protect
specimens and attempts to culture bacteria from
oxidising museum specimens has been unsuccessful.
Smith and Shumate (1970) stated that in a low pyrite to
water ratio system the oxidation mechanism may be
mainly bacteriological and in a high pyrite to water
system the mechanism will be mainly chemical.
Museum collections are analogous to a high pyrite to
water system.

The possibility that trace elements play a role in pyrite
oxidation (Caruccio 1972) has yet to be proved. The
study described is limited with a small sample size.
Caruccio (1972) does not prove a link between trace
elementdistribution and pyrite stability. Other workers
(Smith and Shumate 1970) dismissed the possibility.
Therefore, it is probable that trace element distribution
has no known significance for the stability of museum
collections.

The damage caused to pyritic museum specimens by
high RH has been recognised for many years. It was
considered an important factor by Radley (1929) and
Bannister (1933), although, both authors postulated
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that other factors played a role. Bannister and Sweet
(1943) concluded that "it has become only too obvious
that a damp atmosphere speeds up the decomposition of
pyrite". They recommended that specimens should
never be treated with acid or washed in water.

Morth and Smith (1966) and Smith and Shumate (1970)
showed experimentally that the rate of the oxidation
reaction increased steadily with an increase in RH.
Howie (1992) reviewed a paper by Wexler (1965)
which stated that a mono-layer of water will form
between 0% and 30%-60% RH and a multi-layer
between 30%-60% and 90% RH on the surface of
pyrite. Howie (1992) concluded that at between 30%
and 60% RH sufficient water vapour is present to allow
partially aqueous oxidation reactions to occur on the
surface of the pyritic specimens. He stated that from
this evidence the critical level of RH was possibly 30%.
Waller (1987) calculated that the oxidation rate will
double every 26% increase in RH. Experimental work
by Howie (1979h) seemed to indicate that for many
cases above a critical level of about 60% RH moisture
absorption increased markedly in museum specimens
and damage occurred. This related to work by Waller
(1987, fig. 2) who showed the effect of RH on the
hydration reactions that occur in the oxidation products.
At about 60% RH a molar volume expansion of 256%
occurs. This expansion 1s responsible for the cracking
and damage associated with pyrite oxidation in museum
specimens.

It is unclear to what extent the electrochemical
mechanismof pyrite oxidation (Bang 1994} is influenced
by RH in a museum environment. However, Howie
(1979b) showed that specimens associated with carbon
become unstable at a level of below 50% RH, about
10% lower than those without carbon. This may imply
that for such specimens the electrochemical mechanism
isplaying amore significantrole (Bang 1994). Therefore
collections with a high carbon content need to be stored
at levels of RH as low as possible, preferably less than
30%.

Work by Pugh, Hossner and Dixon (1984), Smith and
Shumate (1970), Khawaja (1975) and others stated that
the surface area of the pyrite will influence stability,
while others (Lowson 1982) disputed the available
evidence. However, this relationship is seen in museum
collections (Howie 1979b,1992). Specimens containing
fine grained pyrite are more vulnerable than those with
the massive form. The stability is again RH dependant
and so levels in store rooms again need to be as low as
possible.

Summary

From the above review it is apparent that RH is the
critical environmental factor which controls the stability

of pyritic museum specimens. A level of not more than
30% has been recommended (Howie 1992) to provide
protection. However, a practical study of the pyritic
collections of the Hancock Museum, Newcastle upon
Tyne has shown that after treatment with dry ammonia
gas and storage in an environment with a RH of about
40% the collection has remained stable since 1985. (A
more detailed account of the success of this conservation
programme will be published separately). For most
collections, without the use of micro-climates, 40% RH
is a more realistic target for easily available
dehumidification systems. Relative humidity of these
levels will also prevent the damaging hydration reactions
occurring in the oxidation products. Temperature also
speeds up the rate of the oxidation reaction and so it is
important not to allow store rooms to become too
warm. Other factors may influence the rate of the
oxidation reaction but may not have a direct effect on
specimen survival. Once the main causes of instability
of pyritic specimens in museum collections have been
identified it is possible to determine the most effective
conservation treatment.

Review of conservation treatments

Before acritique of the various conservation treatments
is given it is important to consider the reasons for
treating specimens. An effective rational for
conservation treatments is given by Waller (1987), who
refers to Radley (1929) and Gordon (1947). Both
authors stated that the oxidation products are
hygroscopic and enhance oxidation rates and Gordon
(1947) stated that the removal or neutralisation of the
acid decay products is essential to prevent the hydration
reactions occurring and causing damage to specimens.

Howie (1977a, 1992) and Waller (1987) reviewed
many of the conservation treatments which have
appeared in the literature. Papers by Cornish and Doyle
(1984), Bang (1994), and Booth and Sefton (1970)
illustrated other techniques.

The literature described a number of methods which
consist of four main approaches, firstly the neutralisation
and or removal of the of the decay products, secondly
placing a physical barrier between the specimen and
atmospheric oxygen, either through coating the
specimen or by placing it in an anoxic
microenvironment. The third method involves
disrupting the electrochemical process by reducing or
removing the carbon content of specimens or providing
some cathodic protection (Bang 1994). Treatment
processes may consist of a combination of the above.
The final method (Booth and Sefton 1970; Rixon 1976)
presupposed the complicity of bacteria and concentrated
on its inhibition.
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The neutralisation of the products of the oxidation
reaction has been an important part of the treatment
process for many years. Bannister (1933) and Bannister
and Sweet (1943) recorded that ammonia vapour was
being used in the Mineral Department of the Natural
History Museum, London. The same method was
advocated by Rixon (1976). Firstly the products of
decomposition were removed and then the specimen
was exposed to vapour from 0.880 ammonia solution
for several days. Secondly, the specimen was dried at
50°C and finally coated with Bedacryl 122X. Problems
with this approach were highlighted by Howie (1977,
1979b) who stated that for large specimens, ammonia
vapour only resulted in superficial neutralisation. He
also stated that the air above ammonia solutions can
have a RH of 70% and that even in these conditions
oxidation reactions may occur. One solution to this
problem is given by Birker and Kaylor (1986) and
Waller (1987) who advocated the use of polyethylene
glycol 400 as a humectant to reduce the RH in the
ammonia vapour to a level which no longer causes
concern. Another solution discussed by Howie (1977bh,
1979a) was the use of dry ammonia gas, which provided
effectiveresults. Waller (1987) calculated that damage
would occur, due to expansion during the reaction,
when the specimen was acclimatised to an RH of less
than 20%, which is virtually never the case. Anaccount
of the use of dry ammonia gas on pyritic material held
by the Hancock Museum, Newcastle upon Tyne, will
be published separately.

Rixon (1976) advocated the use of morpholine (1, 4,-
tetrahydro oxazine), as a 5% solution in industrial
methylated spirit to neutralise the decay products on
specimens that were too large to be placed in a gas
chamber. Howie (1977b) stated that such a process
could be effective but it was difficult to use, because of
its high toxicity (Clydesdale 1990) and its ability to
dissolve consolidants and glues.

A further method to neutralise the products of the
oxidation reaction is the use of ethanolamine
thioglycollate (Cornishand Doyle 1984). The chemical
was proposed because it will react with and remove
acidic pyritic oxidation products as well as soluble and
insoluble iron compounds. It is also soluble in ethanol
or propan-2-ol as are the products of its reactions with
pyrite oxidation products. The chemical can be an
effective treatment in particular circumstances. An
evaluation of this method will be published separately.
The application of ethanolamine thioglycollate in the
treatment of large specimens is described by Cornish,
Doyle and Swannell (1995).

A different approach to the problem of the products of
the oxidation reaction is to attempt to remove them
rather than neutralise them. Such a procedure was

proposed by Gordon (1947). He stated that some
success had been achieved using concentrated
hydrochloric acid. However, great care had to be taken
to be sure that no other minerals were present which
may be effected. The mechanical removal of the
oxidation products from a specimen might also be an
option, however this isnormally only attempted together
with neutralisation.

The coating of specimens with waxes or soluble plastics
is a traditional method of attempting to preserve
specimens and has been used by itself or as part of a
treatment process (Bather 1908; Radley 1929; Rixon
1976). Howie (1979b) experimentally tested the
effectiveness of a number of plastic films. A number of
pyritic museum specimens were coated with Butvar
B98, Bedacryl, Vinylite and compared with a control
sample. The results of this work showed that such films
were ineffective in preventing deterioration. The reason
for this was that all such films are permeable to water
vapour to a greater or lesser extent (Thompson 1978),
they are easily damaged by abrasion, and once oxidation
starts are broken down by the decay products. Radley
(1929) also expressed reservations about the
effectiveness of such films. A different form of the
barrier method is the storage of vulnerable specimens
in inert liquids such as mineral oils, liquid paraffin,
glycerol, carbon tetrachloride (Bather 1908) or silicone
fluids (Rixon 1976). Richardson (1842) and Bather
(1908) described the practice of keeping specimens
under water. However, the latter author recorded that
such a storage medium does not prevent the
disintegration of specimens. Rixon (1976) described
how, because the removal of mineral oils and liquid
paraffin from specimens was difficult, they were often
transferred to glycerol. However, this medium is
hygroscopic and difficult to maintain successfully in
the fong term. It proved a problem to remove when
specimens were transferred to silicone fluids in the
early 1960s. Such a programme was carried out in the
Natural History Museum in London and the specimens
are now mainly stable 37 years later, with very few
showing signs of problems (Tiffany Foster, pers. comm.
1997).

The use of anoxic microenvironments described by
Burke (1996) is a possible new way of preserving
specimens. He detailed the materials that are needed to
form a barrier film and commercially available oxygen
absorbers. It is clear that such an approach needs a
long-term and detailed evaluation to determine its
effectiveness. The existing literature only deals with
the effect of varying oxygen concentration on pyrite
oxidation in the aqueous phase (Morth and Smith 1966,
Smith and Shumate 1970). However, it is likely that
that a similar dependence will occur in air. Potential
problems with the suggested oxygen absorber, 'Ageless',
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produced by the Mitsubishi Gas Chemical Company,
are that its effectiveness reduces at low relative
humidities and that it generates heat when removing
oxygen from an environment. Particular types of
'Ageless’ may cause increased relative humidities, and
determining oxygen concentration in the micro-climate
over the longer term may be difficult. Also, theremoval
of oxygen from a sealed microclimate will result in a
20% volume reduction, which may cause problems.
The greatest difficulty is that which is common to all
micro-climates, in that the specimens are safe as long as
they are not being used. As soon as a specimen is
removed for research or some other purpose it will
become increasingly unstable in its new environment.
The above methodology requires therefore more
evaluation as to whether it is applicable to the storage
of pyritic specimens in museums.

Bang (1994) proposed the use of a plasma-ashing
(Hollahan and Bell, 1974) as a conservation treatment.
The rationale behind such an approach is that by the
removal of carbon, the electrochemical process
responsible for the decomposition of specimens is
disrupted. The paper described anumber of experiments
on fossil material and the apparent success that had
been achieved with part of a whale vertebral centrum,
however other specimens did not provide conclusive
results. The problem with such an approach is that it
tends to make specimens brittle and so some sort of
artificial strengthening is required. Itis also difficultto
treat large specimens. Bang (1994) also discussed the
possibility of preserving specimens by placing them in
adense mistof electrons providing cathodic protection.
The above is interesting as it may provide a new
approach to the conservation of pyritic museum
specimens. However, the method is still new and it
requires extensive evaluation.

As has been stated earlier the complicity of bacteria in
the oxidation of pyrite in dry environments, (and so
museum specimens), is considered unlikely (Howie
1979, Smith and Shumate 1970). However, as part of
this review it is worth mentioning treatments that were
used when such a view was considered correct. Booth
and Sefton (1970) described the use of 4-chloro-m-
cresol as a way of inhibiting the growth of Thiobacilli
and Ferrobacilli and so preserving pyritic museum
specimens. Rixon (1976) described the use of Cetrimede
and Savlon as anti-bacterial agents.

Conclusion

Fromthe above review itis possible to conclude that for
museum specimens oxidation has a chemical/
electrochemical pathway. The main cause of damage
to specimens are the hydration reactions that occur in
the products of the oxidation reaction. The oxidation

rate as well as the hydration reactions are directly
related to levels of RH. The electrochemical processes
are enhanced by the presence of carbon which forms a
galvanic corrosive system. Stability of specimens will
probably be achieved by storage in a RH of less than
30% although in practice levels up to 40% may also
give protection.

The treatment currently recommended is neutralisation
and removal of the products of the oxidation reaction,
using ammonia vapour, with PEG 400 as a humectant,
dry ammonia gas or ethanolomine thioglycollate.
Specimens, once treated, must be stored in a low RH
environment. The use of plasma-ashing or anoxic
environments provide an interesting line of research
but are as yet unproven.

The literature lacks any long termevaluation of treatment
methods and studies need to be carried out to determine
the effectiveness of what is currently seen as best
practice. An account of the successful conservation
programme carried out on the pyritic collections of the
Hancock Museum, Newcastle upon Tyne will be
published separately. The methods used, dry ammonia
gas and storage 1n an RH of 40-43%, has stabilised the
collection since 1984. However, whether the treatment
process, the storage conditions or a combination of
both are responsible for specimen stability is unclear.
An unpublished review of treated specimens in the
Natural History Museum, London (Adrian Doyle pers.
comm. 1997), concluded that treatment methods
(ethanolamine thioglycollate, ammonia vapour with
PEG400) were effective. However, without detailed
records of the condition of specimens before treatment
definite conclusions were difficult to achieve. Studies
are at present being carried out at the Canadian Museum
of Nature (Robert Waller pers. comm. 1996) which
consider oxidation as a function of RH and chemical
treatment. Preliminary results imply that none of the
chemical treatments reduce oxidation rates by more
than ten fold. The suspicion is that the stability of
specimens relates more to preventing the RH dependant
hydration reactions occurring in the products of the
oxidation reaction rather than the oxidation reaction
itself. The implication is that whilst treatment will help
to reduce the oxidation reaction, the main way to
stabilise specimens is to keep them in a level of RH
which will prevent the hydration reactions occurring.
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