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Technical Note:
An Unexpected Aspect of EDTA
Partial Digest Extractions

by Roger Fidler, Mark McGeough and Keith Hannan

As a result of our own difficulties with the use of
EDTA, we have no trouble sympathising with several
contributors to the discussion of the role of carbonate and
pH in partial leach extractions.  As has been regularly
shown, there are a large number of complications that may
be associated with partial leaches, but we have come
across an effect with which we were not familiar and that
may have relevance to aspects of the discussion.

Our work has been concerned with mineral
exploration using copper and zinc complexes of EDTA. It
had been our expectation that while elements may
compete more or less successfully for a given complexing
agent, the optimum conditions for the formation of a
particular complex would be relatively constant and
independent of the presence of other elements.  We now
have reason to review this assumption.

Knowing the conditions under which the various
complexes were stable has been basic to the project and.
the computer programs HYDRA and MEDUSA were
used to produce speciation models for any particular
circumstance.  For example, the estimated, relative
proportions of EDTA species occurring in the presence of
a 20% surplus of EDTA at various pHs for 10µM copper
(Figure 1) or 10µM zinc (Figure 2 - see page 2).

Figure 1.  Modelled proportions of EDTA species in the presence
of 20% excess of EDTA over that required to complex 10µM
copper

continued on page 2

Genalysis Laboratory Services.
As Australia’s largest privately owned geochemical

laboratory our focus on quality is not compromised by
excessive pressure from management and shareholders.

The last few years have been difficult for all
laboratories and hopefully the newfound optimism from
within the industry will produce benefits for all. Key areas
of development for Genalysis have been:

New Prep Facility in Johannesburg :- Being one of the
largest providers of quality PGE analysis in the southern
hemisphere it was only natural to open a sample preparation
facility to service new and existing clients in southern Africa.
Modern airfreight ensures rapid transport of pulps directly
to us in Perth so before you know it you’ll be saying “gee,
those assays look good!”

Keeping all the instruments under one roof with all the
attentive QC supervision guarantees the maintenance of
quality. It was great to see Genalysis perform extremely well
in the last PGE round robin published in Geochemistry,
Exploration, Environment, Analysis 2003 (Hall and Oates).

Robotic Sample Preparation :-  Current robotic sample
preparation systems are very efficient but prone to significant
downtime through breakdowns. A new system which is
potentially more reliable is currently being evaluated.

New Methods :-  Continuing evaluation of existing
methods leads to an improvement in technical results. The
evolution of the standard aqua regia digest into test tubes
(our BT digest) allows for greater capture of Hg. Epithermal
Au explorers should find this useful.

Our Flow Injection Analysis System (FIAS) attachment
for the ICP-MS enables us to achieve detection limits close
to 1ppb for Te. This should greatly assist those exploring for
Au in Archaean greenstone terrains.

The volume of partial digest work increases every year.
The decision to develop partial digest technology (our
Terraleach digests) with in-house chemists under the
supervision of a geologist has been beneficial given the
continuing debate about its effectiveness.  Like all methods
there are caveats, which everyone needs to be aware of. Some
digests are inappropriate for a particular terrain and can be
irrecoverably compromised by adversely reactive sample
media. In reality, this is true for all analytical geochemical
methods and the advantage in developing partial digests in-
house is that the applicability and limitations from a chemical
perspective are well understood.

New Instruments :-  A lowering of existing detection limits
will be achieved for a whole series of elements with the
commissioning of the new Perkin Elmer Dynamic Reaction
Cell ICP-MS. This will compliment existing ICP-MS, ICP-
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Essential Software for Exploration
Geosoft software solutions support exploration 
companies from initial target identification through 
to resource development.

Rapidly view and analyze all your exploration 
data in Oasis montaj, Geosoft’s powerful mapping
and processing software for large volume 
geophysical, geochemical and geological data. 

Simplify your surface and drillhole mapping with
Geosoft’s Target and Target for ArcGIS software.

Manage your data and streamline reporting with
Exploration Essentials, one affordable solution for
exploration that combines Metech’s acQuire data
management system with Geosoft’s Target mapping
and Chimera geochemical analysis software.

For more information contact Geosoft at software@geosoft.com. Visit us at www.geosoft.com.
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Geosoft releases Oasis montaj 6.0 mapping 
and processing software. Visit www.geosoft.com
for new release information.

Figure 2.  Modelled proportions of EDTA species in the presence
of 20% excess of EDTA over that required to complex 10µM
zinc.

An Unexpected Aspect of EDTA…
continued from page 1

A rather large number of species are anticipated and
even though the diagrams show a superficial similarity,
they differ in detail.  However, the important feature as
far as this discussion is concerned is that in isolation,
Cu(EDTA)2+ (red) and Zn(EDTA)2+ (blue) are predicted
to be the dominant and stable species for the respective
elements, between about pH4.5 and pH10, the range
where geochemical extraction commonly takes place.

As the copper-EDTA complex has a higher stability
constant than its zinc counterpart, in circumstances where
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both elements are present and there is insufficient EDTA
to form the complexes of both metals, it might be expected
that the copper-EDTA complex would be formed,
preferentially.  If we consider the situation where there
there is only 80% of the EDTA required to complex both
metals, the curves for Cu(EDTA)2+ and Zn(EDTA)2+

(Figure 3) show that this is exactly what happens.  The pH
range of either complex is little altered but most EDTA is
complexed by copper with zinc only able to form a
complex with that which is left over.

An Unexpected Aspect of EDTA…
continued from page 2

Figure 3.  pH stability ranges for Cu(EDTA)2+  Zn(EDTA)2+

with a deficiency of 20% EDTA

However, the nature of the model is quite different
when the amount of EDTA is much lower. For instance,
with only 5% of the EDTA necessary to complex all metal,
the proportions of the complexes are no longer constant
over the pH range and instead, the prediction is that the
copper-EDTA complex, alone, will form at low pH and at
higher pH, the EDTA will be shared more evenly, such as
shown in Figure 4.

Figure 4.   pH stability ranges for Cu(EDTA)2+  Zn(EDTA)2+

with a deficiency of 95% EDTA

This is a computer simulation of only one aspect of an
extraction and not a laboratory measurement but the
practical implication is that for an extraction dependent on
EDTA complexation, the optimum extraction pH for a
particular element is not necessarily independent of other
metals present when the ratio of EDTA to metal is low.
However, it does have some laboratory support.

One of several peculiar aspects of the survey that
triggered this investigation was that high zinc results came
from samples giving high, final pHs (>pH8) when our
expectation, based on Dronseika and Evers careful,
experimental work, was the opposite.  Conversely, the high
copper results all came from samples giving low final pHs
(<5).  As a consequence, even though copper and zinc are
thought to have a common source, no sample was
anomalous for both copper and zinc.  A number of
explanations can be devised but few have the advantage of
those involving this modelled pH effect of simultaneously
accounting for all.

Models of other element pairs suggest that this should
not be unique.  Lead should interact with the zinc-EDTA
complex in a similar fashion to copper, as would, ferric,
bismuth, some rare earth elements and many others.
Cobalt, however, should do the opposite and push the zinc
optimum to a lower pH.  The elements mentioned are also
predicted to have a geochemically-noticeable effect on the
pH range of each other.  Common metals such as
aluminium and iron III are of particular interest, not only
because they are ubiquitous and abundant, but also
because some have chemically stable EDTA complexes
(but may be limited by the solubility of the minerals in
which they occur).

The use of low-concentration EDTA extractants is
widespread but since a low EDTA to metal ratio is
necessary for this particular problem to arise, one remedy
(within limits) would seem straightforward.  The use of
buffers has been suggested as a means of limiting pH-
related extraction problems.  Although a varying pH is not
beneficial to extraction, limiting pH change would not
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seem an adequate defence from problems arising in this
fashion as the optimum pH for a specific element could
vary with the composition of the sample and in a manner
which might differ from element to element.  Forcing a
low, constant pH could conceivably even be
counterproductive in that it could result in an increase in
the level of diverse cations to battle for available ligand,
thereby worsening the EDTA to metal ratio.

Though problems of this nature can be prevented in
future, their recognition in existing data sets is both a
challenge and an opportunity.  Some of the unusual
results which led to the current hypothesis may thus be of
interest to those reviewing existing data and to that end, a

An Unexpected Aspect of EDTA…
continued from page 2

more comprehensive communication is being prepared.
rfidler@pinnacle.net.au
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David Kelley

AAG Presidential Address

  The title of David Cohen’s article in the
last issue of Explore, “Who will teach the
last classical exploration geochemistry
course,” struck a nerve in me.  Most of us
have been aware that the number of
trained applied geochemists entering
industry, government and academia has

been declining, but the realization that the academic
programs where young scientists are trained are
disappearing is alarming.  Reading further into Gerry
Govett’s article, one gains a sense for how small our
community really is.  It’s true that there are other areas of
applied geochemistry out there, and the broadened scope
of our organization will benefit from the interaction with
these disciplines.  However, I cannot escape the feeling
that we are moving down a one-way path.  Where will
trained applied geochemists come from in the future if not
from the programs that exist today?  Will we rely on
students trained in traditional earth science disciplines to
“learn on the job?”

More importantly for the AAG, we need to ask what
we can do to help this situation.  Clearly if we act now, we
can change this trend.  The unfortunate loss of two of our
members, Steve Cone and Alan Coope, has resulted in
two new scholarship funds, which enable us to support
student research in applied geochemistry.  We need to

support these scholarship funds through contributions
from you and your employers.  No contribution is too
small.  Our Student Chapters have gone inactive, in part
due to the down turn in the minerals industry, but now is
the time to encourage students and faculty to initiate new
chapters.  Obviously, if you are in a position to hire a
young geoscientist, even if only for a summer-time
position, this can be rewarding to you, your employer and
the budding applied geochemist.  These are just some of
the ways that we can help ensure that the field of applied
geochemistry stays vibrant in today’s geoscience
environment.

I’d like to welcome Brian Townley in his new role as
Regional Councilor for Chile.  Brian succeeds Alvaro Puig
who served in this position for the last several years.
Thank you Alvaro for all of your support.  Also, Rob
Bowell is taking over the Regional Councilor Coordinator
position from Philippe Freyssinet.  Philippe continues to
provide advice and support to Council and we value his
input.

Preparation for the AAG’s involvement in the SEG
2004 meeting in Perth is progressing well.  Four AAG
members, Charles Butt, Paul Agnew, Gwendy Hall and
myself will be presenting papers on geochemistry at this
meeting.  We have also secured a sponsor’s slot during the
meeting which allows us to address the delegates and show
a promotional video on our symposium the following year
in Perth.  Beth McClenaghan has volunteered to develop a
new promotional brochure for the AAG, and this will be
given to all delegates along with a brochure for GEEA.
For more information on this meeting, please go to
www.cgm.uwa.edu.au/geoconferences/seg2004.

Sincerely,

David Kelley
WMC Exploration
8008 E. Arapahoe Ct, #110
Englewood, CO
80112    USA
Tel: 720-554-8318
dave.kelley@wmc.com
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