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Abstract: The quantitative chemical composition of a sample of erionite-Na from Rome, Oregon (USA) was retrieved by SEM-EDX
standardless analysis. The analysed fibres have a diameter commonly smaller than 3 mm, i.e. those more easily inhalable, therefore
representing a typical case encountered during environmental investigations. The claimed dependence of the toxicity and biological
activity of the fibres to their crystal chemical features renders the reliable chemical characterization of paramount importance. To
reduce the errors induced by particle size/morphology effects, an empirical procedure was adopted. In particular, correction factors
were calculated for each oxide as a function of the particle diameter using shards of zeolites and feldspathoids of known bulk
composition. Those correction factors have to be considered as sample specific. Experimental conditions were optimised in order to
minimize the effect of alkali metal migration. Results indicate that particle effects cause on the oxide concentrations a relative
underestimation of Al2O3 and K2O by up to ca. 10 %, whereas Na2O is overestimated by up to ca. 15 %. Moreover, the SiO2

concentration is independent from dimension even in the case of very small particles. Finally, comparison between electron-
microprobe and SEM-EDX bulk analyses of crystals pointed out a relative underestimation of Na, K, (of ca. 10–15 %) and Ca (of
ca. 5 %) for the SEM data, in good agreement with reference structural investigations.
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Introduction

Scanning electron microscopy coupled with energy-dis-
persive X-ray analysis (SEM-EDX) is a technique exten-
sively used to characterize both morphology and
chemical composition of mineral fibres, their size
being generally too small for electron-microprobe
(EMP) characterization (Gunter et al., 2003; Meeker
et al., 2003; Bruni et al., 2006; Gianfagna et al., 2007;
Mazziotti-Tagliani et al., 2009). Nonetheless, SEM-EDX
is commonly used to perform qualitative or semi-quan-
titative analysis of sub-micrometric particles and fibres,
as a reliable quantification is not straightforward. In fact,
the limited dimensions and irregular shape significantly
modify the intensity of the characteristic X-rays gener-
ated by the sample, resulting in analyses affected by
large errors whenever the ZAF or rjz routine correction
procedures are solely used. In particular, two problems
affect the analysis of fibrous samples and sub-micro-
metric particles: the absent mass and the reduced absorp-
tion (Armstrong & Buseck, 1975; Small, 2002). The first
effect causes a loss of X-rays intensity generated by the

sample as the particle size is smaller than the range of
the primary electron beam and a significant fraction of
the incident beam escapes from the particle before excit-
ing the emission of X-rays. Therefore, the correction of
the intensity of the characteristic X-ray lines by the Z
factor in the ZAF correction procedure is not appropriate
as in the case of a massive sample, which is assumed to
be infinitely thick with respect to the penetration of the
electron beam. The absent-mass effect is strongly influ-
enced by the average atomic number of the particle. The
second effect is due to the irregular shape and/or limited
size of the fibre/particle affecting both the length of the
X-ray absorption path within the particle and the X-ray
take-off angle. In this case the X-ray take-off angle
cannot be predicted from simple geometry, the absorp-
tion path length becoming unknown. The magnitude of
the reduced X-ray absorption effect is largest in the case
of the ‘‘soft’’ X-rays generated by light elements. Many
efforts have been devoted to develop comprehensive
correction algorithms and methods to minimize these
effects in order to obtain reliable quantitative SEM-
EDX analyses of micrometre-sized particles (Cliff &
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Lorimer, 1975; Armstrong, 1991; Laskin & Cowin,
2001; Small, 2002; Ro et al., 2003). Concerning the
analysis of fibres, Paoletti et al. (2008, 2011) developed
an empirical procedure for performing quantitative ana-
lysis by SEM-EDX of amphiboles fibres of environmen-
tal and health interest. Those authors determined the
errors on the elemental concentration due to both the
absent-mass and the reduced-absorption effects using
shards of amphibole and pyroxene crystals whose com-
position was previously determined by EMP analysis.
Correction factors as a function of fragments size were
calculated for each elemental concentration and there-
fore applied to the analysis of the amphibole fibres.
Notably, the error estimated on the element quantifica-
tion was 3 % relative for light elements and below 2 %
relative for heavy elements.

As in the case of amphibole fibres, the quantitative
chemical composition of zeolites characterised by a
fibrous morphology is of paramount relevance since their
health relevance. In fact, the exposure of humans to erio-
nite, a fibrous mineral belonging to the zeolite group (e.g.
Gottardi & Galli, 1985; Armbruster & Gunter, 2001), has
been linked to pulmonary diseases, mainly malignant
mesothelioma (Baris et al., 1978; Carbone et al., 2011;
Ryan et al., 2011). As pointed out by Ballirano & Cametti
(2015) and Ballirano et al. (2015), in spite of its environ-
mental and health relevance, the mineralogy and crystal
chemistry of erionite fibres have not been always properly
addressed due to the micro-analytical difficulties above
mentioned. In addition, most studies, focused on chemical
reactivity and cell toxicity (e.g. Eborn & Aust, 1995; Long
et al., 1997), lack the detailed crystal-chemical character-
ization of the investigated samples. It is well known that
interactions between fibrous material and biological envir-
onment are strongly dependent on both the geometry and
the crystal chemistry of mineral fibres (Fubini, 1993).
Therefore, the quantitative chemical analysis of erionite
represents a fundamental step to understand the relation-
ship among chemical features and biological activity of
this mineral.

In the present work, the dependence of the SEM-EDX
analysis on the dimension of the fragments of frame-
work silicates was evaluated and quantified adopting the
same empirical procedure reported by Paoletti et al.
(2008, 2011). For this purpose, shards of zeolites and
feldspathoids of different composition were used as a
standard. In addition, we investigated the effect of the
alkali metals migration during microanalysis of zeolite
samples in order to minimize it during data collection.
The resulting correction factors were employed to
retrieve the quantitative composition of a sample of
erionite from Rome (USA), which has been consistently
used for chemical/biological activity experiments. An
estimation of the accuracy of the chemical data from
SEM is finally deduced by comparison with both EMPA
and reference structure refinements. Analyses were car-
ried out using a conventional SEM-EDX instrument and
adopting the standard procedures commonly followed
for environmental investigations.

Materials and methods

Samples description

In this work zeolite shards of two samples of prismatic
zeolites (natrolite, ideally Na16[Al16Si24O80] � 16H2O, and
scolecite, ideally Ca4[Al8Si12O40] � 12H2O) and two sam-
ples of feldspathoids (leucite, ideally K16[Al16Si32O96],
and nepheline, ideally N6K2[Al8Si8O32]) were analysed.
The zeolite samples, natrolite MC11 and scolecite NK10,
are both from the Lessini Mountains, Veneto (Italy).
Leucite and nepheline, both picked from sample MMUR
7652/39, are from Mount Somma, Campania, (Italy) and
were kindly provided by the Museo di Mineralogia of the
University of Roma ‘‘La Sapienza’’.

Each crystal was ground in an agate mortar under acet-
one to obtain fragments. For SEM-EDX analysis, the frag-
ments were dispersed in double-distilled water and
mounted on an aluminium stub with a standard double
adhesive carbon tape (AGAR Leit), and then coated with
carbon. The particle size was evaluated by measuring the
mean diameter after SEM calibration by a standard device,
and ranged from 0.5 to 8.0 mm, with the uncertainty deter-
mined as�0.02 mm. For EMP analysis, a suitable fragment
of each sample was embedded in epoxy, polished and
carbon-coated.

The erionite-Na fibres from Rome analysed in the pre-
sent work have been recently characterised by X-ray pow-
der diffraction (XRPD) and SEM-EDX by Ballirano &
Cametti (2015). This sample is chemically different with
respect to that described by Ballirano et al. (2009). In fact,
the latter has been classified as erionite-K on the basis of
combined inductively coupled plasma-mass spectrometry
(ICP-MS), thermogravimetric analysis (TGA) and subse-
quent subtraction from the chemical analysis of the TiO2

and Fe2O3 content attributed to impurities. Structure
refinements of erionite-Na and -K indicate a different
extra-framework sites population consistent with a differ-
ent chemical composition of the two samples.

SEM-EDX and EMP analytical conditions

The chemical composition of the prismatic samples (bulk
composition) as well as of their fragments (so-called
apparent composition) was obtained by SEM-EDX using
a FEI Quanta 400 SEM equipped with EDX Genesis EDS
system. Operating conditions were: 15 kV accelerating
voltage, 11 mm working distance, 0� tilt angle, 1 mm
beam diameter. At least 30 fragments were analysed for
each sample. The analysis of fragments was carried out
only on isolated particles in order to avoid possible con-
tributions from the adjacent ones. For each oxide, the
apparent concentration was obtained from the net peak
intensity of the acquired spectra, by using the ordinary
ZAF procedure. In detail, the protocol of data reduction
was as follow: the contribution of the background
(Bremsstrahlung X-rays) was subtracted from the counts
of each characteristic peaks by the software. Therefore, the
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concentration of each element was calculated using the
following equation: wt.%elem. ¼ K*[ZAF]*100, where
K ¼ Ielem./Istd. The Istd values were calculated by the
analytical software (EDAX Genesis 3.6: EDAX, 2003),
as a standardless approach was adopted. Oxygen was cal-
culated by stoichiometry.

The possible contribution arising from the tape was
investigated and proved to mainly consist of C with traces
of O, Na, and S (Supplementary Fig. S1, freely available
online as Supplementary Material linked to this article on
the GSW website of the journal: http://eurjmin.geoscien-
ceworld.org/). In addition, no contribution from the Al stub
was detected. It is worth noting that the area of the Na and S
fluorescence lines are very similar.

In order to evaluate the quality of SEM-EDX data we
performed a comparison with EMPA, using suitable frag-
ments of the samples as a standard. The EMP chemical
composition of each sample was determined using a
Cameca SX-50 equipped with five wavelength-dispersive
spectrometers. The samples were analysed under the fol-
lowing conditions: 15 kV accelerating voltage, 15 nA
specimen current, 15 mm beam diameter (current density
ca. 0.08 nA/mm2), 20 s peak counting time, and 10 s
background counting time. The following standards were
used: wollastonite (Si Ka, Ca Ka), corundum (Al Ka),
orthoclase (K Ka), and jadeite (Na Ka). Those experimen-
tal conditions follow the suggestion of Morgan & London
(2005) for the analysis of alkali aluminosilicate glasses,
which are severely affected by Na loss. It is widely recog-
nized that in certain minerals such as zeolites and in
silicate glasses, alkali metals (particularly Na) can diffuse
out or into the analysed volume during electron microa-
nalysis (Sweatman & Long, 1969; Goldstein et al., 1992;
Reed, 1993). This effect depends on various factors,
including SiO2 and H2O content of the analysed material
and the dissipation of the beam energy around the excita-
tion volume (Spray & Rae, 1995). As a consequence,
collection of reliable analytical data for the micro-chemi-
cal characterization of zeolites is a difficult task. In order
to minimize the effect of alkali metal migration, the use of
a defocused beam or raster scan-mode and a short count-
ing time are recommended (Spray & Rae, 1995).
However, the reduced dimensions of fibres and sub-
micrometric particles render unsuitable the use of a large
beam. In contrast, a reduction of the counting-time may be
attained thanks to the efficiency of modern Si(Li) detector
in the EDX system (Spray & Rae, 1995). To define the
best compromise between reduced counting time and ade-
quate statistics of SEM-EDX data, the natrolite sample
was analysed using three different counting times (10, 30,
and 60 s).

Results

The SEM-EDX chemical analyses performed on the natro-
lite sample, using different counting times (Table 1), indi-
cate a significant and almost linear decrease of the Na2O
content (up to 25 % relative) as the counting time is

increased (Fig. 1), at least within the investigated range.
The comparison with EMPA highlighted that the reduction
of the counting time to 10 s provides the most accurate
SEM-EDX chemical characterization of the samples.
Counting times shorter than 10 s, albeit desirable, were
tested but discarded due to inadequate statistics. Therefore,
all EDX spectra were collected using 10 s of counting time.
Nevertheless, Na2O content from SEM-EDX, under the
best present experimental conditions, is underestimated
of ca. 10 % with respect to EMPA. Figure 2 shows the
apparent concentration/bulk concentration ratios for each
oxide as a function of the fragment size (mm). It must be
pointed out that, except for CaO, the investigated samples
provided highly comparable results, showing a substantial
independence of the error of the oxide concentration in the
analysis of fragments (so-called matrix effect) on their
chemical composition. Paoletti et al. (2011) ruled out the
dependence of the correction factors on matrix effect in the

Table 1. Dependence of the bulk composition and crystal-chemical
formula of natrolite on the counting time as determined by SEM-
EDX. Oxide data are normalized to 100 wt.% and compared to EMP
analysis. The ideal Na2[Al2Si3O10] composition is also reported. For
each oxide, standard deviations are shown in brackets. Crystal chemi-
cal (anhydrous) formulae were calculated on the basis of 5 (Si þ Al).

SEM-EDX

EMPA Ideal10 s 30 s 60 s

SiO2 54.9(4) 56.0(8) 57.4(6) 53.0(2) 52.37
Al2O3 29.3(4) 29.6(2) 30.3(2) 29.3(1) 29.62
Na2O 15.8(4) 14.4(8) 12.3(7) 17.7(1) 18.01
Total 100.00 100.00 100.00 100.00 100.00

Si 3.07 3.08 3.09 3.03 3.00
Al 1.93 1.92 1.91 1.97 2.00
Na 1.71 1.54 1.28 1.97 2.00
O 9.89 9.81 9.68 10.00 10.00

Fig. 1. Variation of the Na2O content (wt.%) as a function of count-
ing time (10, 30, and 60 s) in the natrolite sample. The Na2O content
determined from EMPA is also reported for reference. Red dotted
and blue dashed lines represent the 95 % confidence and 95 %
prediction bands, respectively. (online version in colour)
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analysis of amphibole and pyroxene fragments. The most
striking behaviour observed is that the ratio values of
Al2O3, Na2O and K2O show fairly marked deviations
from unity (i.e. apparent concentration corresponding to
that of the bulk) for particles with diameter smaller than
3 mm (Fig. 2).

Based on such results, general trends between apparent
oxide concentrations and particle size have been devised.

In detail, the apparent concentration of Al2O3 is under-
estimated with respect to that of bulk (ratios , 1) as the
fragments size decreases. The relative deviation with
respect to bulk compositions is of the order of 10 % for
the smallest particles (below 1 mm). Conversely, the Na2O
content has an opposite behaviour, being overestimated
(ratios . 1) by ca. 15 % with respect to the bulk in the
case of the smallest particles. Results concerning Na2O are

Fig. 2. Dependence of the apparent concentration/bulk concentration ratio on fragment size for each oxide of the investigated samples. Red
dotted and blue dashed lines represent the 95 % confidence and 95 % prediction bands, respectively. (online version in colour)
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in agreement with those previously obtained by Paoletti
et al. (2008, 2011), who showed that Na is significantly
overestimated in the analysis of particles of amphibole and
pyroxene. On this basis, those authors suggested that the
reduced-absorption effect prevails for Na. Nevertheless, in
the analysis of particles with very limited size (,,0.5 mm,
therefore not considered in the present work) and reduced
thickness, the contribution of C-tape to the apparent con-
centration of Na (and therefore Na2O) could be significant,
particularly for samples with low Na concentrations.
Because of comparable X-ray ranges for both Na and
S (ca. 2.4 mm and 2.0 mm, respectively), calculated
from the expression of Andersen & Hasler (1966)

RX ¼
0:064 E1:68

0 �E1:68
Cð Þ

r (E0 ¼ electron accelerating voltage;

Ec ¼ critical excitation voltage for the fluorescence line;
r ¼ density of the sample), it is expected that the area of
the fluorescence line of Na arising from the C-tape is
similar to that of S as in the case of the C-tape alone.
Therefore, in this particular case, the contribution of Na
arising from the C-tape may be as high as ca. 50 % of the
total (Supplementary Fig. S2).

The K2O content shows a behaviour similar to that
reported for Al2O3, partly masked by data scattering.
Results obtained for K2O using a standard sample with
lowK2O content (nepheline), although significantly spread
out, are in agreement with those of the sample with higher
K2O content (leucite). For SiO2, values are scattered
around 1 and therefore its apparent concentration is com-
parable with that of the bulk even in the case of particles of
small dimensions (Fig. 2). Results obtained on CaO
showed values of the apparent concentration overestimated
(up to ca. 25 %) with respect to that of the bulk of the
scolecite sample for fragments smaller than 2 mm.
However, no trend was highlighted using the nepheline
sample as a standard, the ratios being scattered around
the value of 1 in the whole range of the analysed particle
size. This discrepancy could be related to matrix effect,
according to the significant differences in the chemical
composition between the two samples used as a standard
(Table 2). The dependence of the CaO content on fibres
dimension has been investigated, despite the fact that erio-
nite-Na from Rome does not contain Ca (Ballirano &
Cametti, 2015). This approach is justified by the opportu-
nity to derive useful data to be possibly exploited for the
analysis of Ca-containing erionite fibres, such as those
found in the neighbouring locality of Durkee, Oregon
(Ballirano et al., 2015). To render those observations quan-
titative, data reported in the various scatter-plots were
fitted with lines (SiO2) or second-degree polynomials
(Al2O3, K2O and Na2O). The linear fitting of CaO pro-
duced unreliable results due to the significant scattering of
the data. Despite the moderate data scattering, SiO2 con-
tent is within 1s independent on fragment dimension as
indicated by the regression line: wt.% fragment/wt.% bulk
¼ 1.002(3) þ 0.0003(8) � diameter (mm). Differently,
Al2O3 and K2O were fitted with polynomials that are
described by the same coefficients at the 1s level. The
physical meaning of the various polynomial fits is virtually

impossible to unravel, due to the constraint of a 100 wt.%
sum of the oxides. Therefore, the increase of the apparent
concentration of a particular oxide has to be counterba-
lanced by a decrease of the apparent concentration of one
or more oxide. According to our data, the SiO2 apparent
concentration is substantially unaffected. The low values
of the correlation coefficient R obtained for the regression
curves of both SiO2 and K2O indicate a significant disper-
sion of data around the average trend. As reported in
Paoletti et al. (2008, 2011), this dispersion may be due
to: 1) the irregular geometry (shape and orientation) of the
crystal shards, which causes a random take-off angle of
X-rays from the particle, and therefore a random effect on
the intensity of the peaks; 2) the uncertainty related to the
measurement of the fragment size; 3) the compositional
variability of the fragments.

Discussion

The EDX spectra of the erionite fibres revealed the occur-
rence of Na, K, and Mg as extra-framework (EF) cations
(Fig. 3). In the case of small fibres (0.5 , d , 0.7 mm) the
contribution of Na from C-tape may be estimated to be of
,2 %. Fibres were analysed using the same experimental
conditions adopted for the analysis of bulk and fragmented
samples. The SEM-EDX analyses were focused on fibres
smaller than 3.0 mm, i.e. those that are more easily inhal-
able. It should be pointed out that, in spite of the relatively
short counting time used (10 s), several fibres were found
to be unstable under the electron beam and, as a rule of
thumb, it was impossible to analyse those with a diameter

Table 2. Chemical composition (wt.%) obtained by SEM-EDX of
the erionite fibres from Rome, compared to data from Ballirano &
Cametti (2015). The crystal-chemical formula was calculated fixing
the water content to 18.5 wt.%. The site scattering of the extra-
framework cations is reported as

P
cat s.s. (e

�). Standard deviations
are shown in brackets.

B&C (2015)* This work

SiO2 72.9(16) 73.7(6)
Al2O3 16.0(9) 15.7(2)
Na2O 5.7(10) 4.9(3)
K2O 4.4(5) 4.9(5)
MgO 0.9(4) 0.7(3)
Total 100.00 100.00

Si 28.60(46) 28.76(11)
Al 7.40(46) 7.24(11)
Na 4.36(80) 3.75(27)
K 2.23(21) 2.45(27)
Mg 0.53(17) 0.42(17)
O 72.11(13) 72.10(14)
H2O 29.69 29.60(17)
E% �2.8 3.1
R 0.794(15) 0.799(3)
M/(M þ D) 0.926(31) 0.936(27)P

cat s.s. (e
-) 97(19) 93(6)

Note: *Data from Ballirano & Cametti (2015).
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smaller than 0.5 mm. Besides, the increase of the counting
time to 30 s caused a reduction of the apparent concentra-
tion of Na2O and K2O by up to 10 % and 30 %, respec-
tively, confirming once more that alkali metals in zeolites
are easily mobilized during electron micro-analysis. In
order to retrieve the chemical composition of erionite
fibres, the correction factors were calculated for each
oxide as a function of the particle size using the regression
equations obtained for the crystal fragments. Those correc-
tion factors have to be considered as sample specific.

Therefore, following Paoletti et al. (2008), the composi-
tion of the fibres, corrected for size-dependent effects, was
determined by multiplying the apparent composition by
the corresponding correction factor. Due to the relatively
low content of MgO of the erionite fibres (,0.5 wt.%), no
correction was applied to this oxide. The reliability of the
chemical analyses was evaluated using both the balance
error formula E% (Passaglia, 1970) and the K-content test

(Ballirano & Cametti, 2015). The mean composition of the
fibres is reported in Table 2. According to its crystal-
chemical formula, the sample was classified as Na-
erionite. Present results are in very good agreement with
those reported by Ballirano & Cametti (2015). The bene-
ficial effect of introducing the size-dependent correction is
represented by a marked reduction of data dispersion
(Table 2). Nevertheless, the site scattering (s.s.) of the
extra-framework cations of 93(6) e- is in fairly good agree-
ment with 115(2) e- from structure analysis by the Rietveld
method, as indicated by Ballirano & Cametti (2015). Such
discrepancy is clearly due to the occurrence of alkali
metals mobilization. In a recent work, aimed at the crystal
chemical characterization of Fe-loaded erionite fibres
(Ballirano et al., 2015), a sample of the woolly variety of
erionite from Durkee (Oregon, USA) permitted to obtain,
due to its peculiar ribbon-like morphology, SEM-EDX
data in excellent agreement with the sites scattering from
the Rietveld refinement by employing a raster mode, which
is inapplicable in the present case of loose fibres.

Finally, Table 3 shows the comparison between SEM-
EDX bulk composition and EMP analyses of the investi-
gated samples. As far as the chemical analyses are con-
cerned, no significant differences were observed between
the two oxide data sets, the only exception being Na2O.
The largest difference is smaller than 7 % if Na2O is not
taken into account. Natrolite and nepheline, characterized
by similar contents, show an underestimation of Na2O of
ca. 11 %. In contrast, the small amount of Na2O quantified
for leucite is very similar using both analytical techniques.
The crystal chemical formulae calculated from SEM-EDX
data are affected by an underestimation of the content of
Na, K and Ca in decreasing order. In the case of Na and K
the underestimation is of ca. 10–15 %. It is worth noticing
that, in the case of the analysed framework silicates, there
is no marked dependence of the extent of alkali migration
on the water content as both hydrous and anhydrous sam-
ples show comparable behaviour under the electron beam.

Table 3. Comparison of the bulk compositions and crystal-chemical formulae obtained by SEM-EDX and EMP analyses. For each oxide,
standard deviations are reported in brackets. Formulae are calculated on the following bases: scolecite¼ 40 O; natrolite¼ 80 O; leucite¼ 96
O; nepheline ¼ 32 O. The relative difference between SEM-EDX and EMP data is noted D.

Scolecite Natrolite Leucite Nepheline

SEM EMPA D (%) SEM EMPA D (%) SEM EMPA D (%) SEM EMPA D (%)

SiO2 55.0(2) 53.7(2) 2.4 54.9(4) 53.0(2) 3.4 57.3(2) 55.7(1) 2.7 44.4(1) 42.7(1) 3.9
Al2O3 29.4(1) 29.6(1) �0.8 29.3(4) 29.3(1) 0.2 23.4(1) 23.1(1) 1.1 34.7(1) 34.4(2) 0.8
CaO 15.6(2) 16.7(2) �6.5 1.9(1) 2.0(1) �4.0
Na2O 15.8(4) 17.7(1) �10.9 0.39(6) 0.40(3) �2.5 13.4(1) 15.1(2) �11.3
K2O 18.9(1) 20.7(1) �8.7 5.5(1) 5.8(1) �3.8
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Si 12.32 12.09 1.9 24.81 24.24 2.3 32.67 32.24 1.3 8.42 8.19 2.7
Al 7.75 7.87 �1.5 15.63 15.77 �0.9 15.70 15.76 �0.4 7.75 7.79 �0.5
Ca 3.74 4.02 �6.9 0.39 0.41 �4.9
Na 13.85 15.73 �11.9 0.43 0.45 �4.4 4.94 5.64 �12.4
K 13.77 15.30 �10.0 1.34 1.41 �5.0
O 40.00 40.00 – 80.00 80.00 – 96.00 96.00 – 32.00 32.00 –

Fig. 3. SEM-EDX spectrum of an erionite fibre (0.6 mm) from Rome,
Oregon (USA) showing the presence of Na, K, and Mg as extra-
framework cations. Notably, the contribution to the spectrum by the
C-tape is detectable from the presence of the very weak S fluores-
cence line (circled and arrowed peak). (online version in colour)
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Conclusions

The effects of the exposure of humans to erionite fibres has
started capturing in the recent past the interest of several
researchers due to its carcinogenic potential higher than
that of amphibole asbestos. The claimed dependence of the
toxicity and biological activity of the fibres to their crystal-
chemical features renders the reliable chemical character-
ization of paramount importance. However, the micro-
chemical investigation of fibres suffers from systematic
errors occurring due to the limited size and irregular
shape (particle effects). In addition, framework-silicate
samples are affected by severe alkali metal migration.

In this work, the quantitative chemical composition of
erionite fibres from Rome, Oregon (USA) was retrieved by
SEM-EDX analysis. Those fibres have a diameter smaller
than 3 mm, i.e. those more easily inhalable, therefore
representing a typical case encountered during environ-
mental investigations. To reduce the errors induced by
particle size/morphology effects, the same empirical pro-
cedure proposed by Paoletti et al. (2008) for the character-
ization of fibrous amphiboles was adopted. In particular,
correction factors were defined for each oxide as a function
of the particle diameter using fragments of zeolites and
feldspathoids of known bulk composition. In addition, the
experimental conditions were set in order to minimize the
effect of alkali metal migration in both analyses of frag-
ments and fibres. Comparison with EMP analysis of bulk
standards, used to determine the correction factors, indi-
cates that crystal chemical formulae calculated from SEM-
EDX data are affected by a generalised underestimation of
the content of Na, K and Ca in decreasing order. In the case
of Na and K the underestimation has been estimated to be
ca. 10–15 %, in good agreement with reference structural
investigations.
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