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Discussion with Reviewers

G Legge: Could you, as a biologist and user of such
instruments, comment on the value to you or your field,
of the several microprobes now available - electron,
proton or high energy ion, sputter or low energy ion
(SIMS), X-ray, laser etc.?

Authors: Your question actually requires a comparative
review on the subject of microprobes in biology. It is

884

possible, however, to pinpoint a few generalized require-
ments on the technique of analysis from the biological
point of view. The main difficulty in the analysis of
biological specimens is the inherent variability of ele-
mental concentrations in any normal (or for that matter
pathological) tissue. More often than not, this variation
is greater than the uncertainty in the actual measuring
process. Thus, a number of samples will have to be
analyzed before conclusive data can be obtained, which
means that the time and cost factors will play important
roles.

When subcellular compartments are to be analyzed
they represent discrete and unique volumes and therefore
the method should give valuable information at the first
visit to each point (volume) analyzed. Very few tech-
niques are non-destructive in the true sense of the word,
hence this requirement.

There is no doubt that the microprobes will play an
increasingly important role in the study of physiological
and pathophysiological changes in the biological tissues.
The new techniques are presently a bit hampered by the
lack of precise, normal, quantitative elemental data from
the cellular level of many tissues. Available data are
often bulk data (c.f. 16). Particularly in tissues where
the cells are differentiated into several cellular strata,
e.g., epithelia, hair etc., present 'normal’ quantitative
data are of restricted value.

J.L. Abraham: Please present some graphs of the
spatial resolution of PIXE versus EDXA comparing with
section thickness for example. Could you comment also
on the sensitivity to elements versus atomic number for
PIXE compared to EDXA etc.

Authors: In general, the spatial resolution of the EMP
in sections is of the same order of magnitude as the sam-
ple thickness; to achieve a 100 nm resolution the sample
must be no more than 100-200 nm thick. If the thick-
ness of the sample is increased, e.g., to increase the
signal, the electron beam is spread out in a pear-shaped
manner and the high spatial resolution theoretically pos-
sible with the EMP will be lost. The PMP on the other
hand has a typical spatial resolution of a few microme-
ters when used for analytical purposes, e.g., PIXE.
This resolution is mainly dependent on the beam diame-
ter and is maintained as the beam penetrates deeper into
the sample, since protons are not scattered by the spec-
imen to the same extent as electrons. Please see ref. 23.

J.L. Abraham: Could you provide for comparison
examples with tabular presentation with SEM/EDXA of
the same type of specimens?

Authors: This is only partly within the scope of this
paper. The number of direct comparisons of the two
techniques on biological specimens is actually quite
small; we refer you to references 9 and 25 as examples.




