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INTRODUCTION

Brucite is a raw material used in several applications and worldwide traded. The main
active deposits are located in North America, North Europe and China and the extracted
material is worked and delivered all over the world without any particular precaution
as it is considered a safe inert product. But is it really true? Applying a consolidated
protocol of analysis for the detection and characterization of fibers, we found asbestos in
a sample of commercial brucite. The analyzed material is primarily composed of plate-
like crystals of brucite; nevertheless, chemical and mineralogical analyses revealed the
presence of serpentine, while morphometric observation through electron microscopy
confirmed the occurrence of respirable regulated chrysotile (serpentine asbestos) fibers.
The individual fibers making up the chrysotile bundles have length >5 pm, width <3
um, length/width ratio >3, and their concentration in the investigated product is 169 mg/
kg (0.02 wt%). Although paragenesis of brucite with chrysotile has been known for a
long time, never before was documented a commercial brucite, distributed worldwide,
contaminated with asbestos. In the light of these results, we think that certification of the
absence of asbestos should be imposed to the brucite mining companies and distributors;
otherwise, users should always include a careful inspection on incoming materials, at
least by electron microscopy, to rule out the occurrence of asbestos.
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2000), Nevada (Schilling, 1968), and Texas (Newman and

Brucite [Mg(OH),] is a high market-growth potential
raw material mainly occurring in ultramafic deposits
as an alteration product (serpentinization) of dunites
and peridotites, or in Mg-rich carbonate-hosted
deposits affected by high-temperature and low-pressure
metamorphism (Simandl et al., 2007; Manuella, 2011;
Deer et al., 2013; Guan et al., 2014). Given the frequent
concomitant occurrence of fibrous minerals in the former
(Davis et al., 1985; Guthrie, 1992; Gualtieri et al., 2014;
Pollastri et al., 2016), the latter, like those in Quebec
(Keith, 1946; Simandl et al., 2007), Norway (Qvereng,

)
N4

—

Hoffman, 1996), are preferred as exploitable sources of
the mineral.

Brucite crystallizes forming massive cryptocrystalline
aggregates, pseudo-hexagonal plates and elongated fibrous
crystals; the latter variety, common in ultramafic rock, is
also known as nemalite. In the recent past, the existence
of the fibrous form of brucite had raised doubts about the
safety of this material (Pott et al., 1974; Kaw et al., 1982);
however, most of the studies that described nemalite as a
potentially hazardous material were after discredited, as
it was found that samples used in the clinic-tests came
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from ultramafic rocks and were polluted up to 10 wt% by
respirable chrysotile fibers (Davis et al., 1985; Guthrie,
1992). Nevertheless, the possible occurrence of asbestos
minerals together with brucite should arise concern. Even
if carbonate-hosted deposits of brucite are deemed safe, it
should be considered that the presence of a small amount
of silica in the protolith may result in the recrystallization
of (fibrous) silicates in paragenesis with brucite (Simandl
et al., 2007). Notwithstanding this, commercial brucite
is considered a safe material that can be handled without
any proper protective devices. It is widely used in several
applications such as flame retardant and smoke suppression
for insulating materials and coatings (Barik and Badamali
et al., 2017), as an inorganic additive in ceramic inks and
pigments (Auxilio et al., 2010; Chen et al., 2018), for CO,
sequestration (Assima et al., 2013; Harrison et al., 2013;
Lechat et al., 2016; Rausis et al., 2020), in cement-based
composites (Guan et al., 2014; Xiong et al., 2015; Sheng
et al., 2019; Yuanyi et al., 2019), and as MgO source (Liu
etal., 2018).

Although most occupational health problems arise
from processing fibrous minerals, health damages may
also occur from managing raw materials naturally
contaminated with asbestos (IARC, 2012; Gualtieri et al.,
2018; Fitzgerald et al., 2019). Noteworthy in this regard
are the health problems experienced by the employees of
the vermiculite plant in Libby, Montana, U.S.A. (Horton
et al., 2008; Larson et al., 2010) where, between 1924 and
1990, were extracted and processed about 5.8 Mt of raw
vermiculite containing amphibole fibers. A retrospective
cohort study of workers exposed to Libby’s vermiculite
found an excess of deaths from lung cancer and asbestosis
of 20 and 40 %, respectively, compared to the mean
mortality in Montana and the United States (Ward et al.,
2012).

In this context, in recent past, remarkable activities were
promoted to discover traces of asbestos in several raw
materials considered hazardous-free such as, for example,
talc and feldspar (Gualtieri et al., 2018; Fitzgerald et al.,
2019; Dyer, 2019; Tran et al., 2019). In light of the results
obtained from these researches, some districts (e.g.,
Emilia Romagna region, Italy) made mandatory specific
tests for raw materials already known to be potentially
(naturally) contaminated by respirable regulated fibers.
In contrast, processing and worldwide brucite trade,
which produce easily inhalable volatile dusts, are not
subject to any restriction as brucite is assumed to be a
safe raw material. Therefore, our intent is to warn both
the scientific community and the international market that
brucite may present risks, particularly when it is imported
from countries that allow the “safe use” of chrysotile
asbestos (Frank and Joshi, 2014; IBAS, 2020).

MATERIAL AND METHODS
Material

The analyzed sample is a commercial brucite used, for
example, by several companies in northern Italy for the
production of traditional ceramics (stoneware tile) and
manufacture of glass. The presence of chrysotile asbestos
has not been reported nor certified as its use is permitted
in the country from which it was imported (Frank and
Joshi, 2014; IBAS, 2020). A preliminary characterization
of a representative sample was carried out by a private
laboratory that unambiguously identified the occurrence
of asbestos fibers. The same representative sample was
recently delivered to our academic lab for a full chemical
and mineralogical characterization aimed at confirming
the presence, nature and amount of asbestos minerals.
Contamination did not occur during material processing
as fibers were also found in a sample of the same product
composed of centimeter thick fragments. Therefore,
as pointed out above, it is the close mineralogical
relationship between brucite and chrysotile that led to the
co-mineralization.

Methods and preparation of sample

We considered a set of measures based on morphometric,
mineralogical and chemical analyses for fibers detection
and characterization (Gualtieri et al., 2018; Di Giuseppe
et al., 2019; Zoboli et al., 2019). The analytical protocol
encompassing the use of transmission electron microscopy
and polarized light microscopy, usually applied to fibers
detection, was not considered here as the occurrence of
respirable chrysotile fibers was already clearly highlighted
by scanning electron microscopy.

The detailed observation of the sample was performed
using a Scanning Electron Microscope (SEM), JSM-
6010PLUS/LA (JEOL, Hillsboro, OR, USA) equipped
with an Energy Dispersive X-ray (EDX) spectrometer.
For the SEM quantitative analysis, the procedure
suggested by the Italian Minister Decree 06.09.94 was
applied (Italian Ministry of Health, 1994; Gualtieri et al.,
2018). An amount of 5 mg of the sample was suspended
in 200 ml of deionized water with 0.1 vol% surfactant
additive (dioctylsodium sulfoccinate, C,,H;7NaO,S, CAS
no. 577-11-7), and ultrasonicated for 10 min to prompt
the separation of the particles. A volume of 6 ml of this
suspension was collected at different levels in a becker and
put into a filtering system, allowing random deposition
of the particles on polycarbonate filters (20 mm? surface,
0.45 pm porosity). The filter was dried at 55 °C and
weighed. The final weight of the material deposited on the
filter was 0.1 mg. The filter was mounted on an aluminum
stub and gold-coated (10 nm of thickness). Images were
acquired using secondary electrons. A surface of 1 mm? of
the filter was investigated, working at 4000x for a total of
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130 analysis fields. The concentration C of the chrysotile
fibers was calculated using the equation below:

_A'(Wa).

“nraW 10° M

with A=filter surface (mm?); w,=total weight of counted
fibers (mg) using a density for chrysotile of 2.53 g/cm?;
n=number of analyzed fields; a=area of the fields (mm?);
W=weight of the sample on the filter (mg).

X-ray powder diffraction (XRPD) pattern was recorded
from a randomly oriented powdered sample obtained after
the quartering procedure. Measurement was carried out
at room temperature using an X Pert PRO diffractometer
(Philips, Almelo, The Netherlands) equipped with first
generation Real Time Multiple Strip (RTMS) detector.
Experimental conditions were: incident beam, Cu Ko
radiation at 40 kV and 40 mA; filter, nickel; Soller slits,
0.04 rad; anti-scatter mask, 20 mm; anti-scatter slit, 1/4°;
divergence slit, 1/4°. Diffracted beam: anti-scatter mask,
5.0 mm; Soller slits, 0.04 rad; step size of 0.0170 °20 per
s. The diffraction pattern was recorded in the 3-75 °20
range after calibrating the diffractometer with NIST SRM
676a (alumina powder, corundum structure).

The thermogravimetric (TGA) and thermodifferential
(DTA) analyses were carried out with a Seiko SSC 5200
thermal analyzer (Seiko, Chiba, Japan) coupled with a
quadrupole mass spectrometer GeneSys Quadstar 422
(ESS Ltd. Cheshire, UK) to simultaneously detect the

100 pm-

100 pm

Counts

gasses evolved during thermal reactions (MSEGA).
Gas sampling by the spectrometer was through an inert,
fused silicon capillary heated to prevent gas condensing.
Experimental conditions were: heating rate: 20 °C/min;
heating range: 25-1150 °C; data measurement: every
0.5 s; DTA reference: a-alumina powder; purging gas:
ultrapure helium, flow rate: 100 uL/min. Mass analyses
were carried out in multiple ion detection mode measuring
the m/z ratios (i.e., the dimensionless ratio between the
mass number m and the charge z of an ion) 18, 30, 44,
64 to detect the emission of H,O, NO, CO,, and SO,,
respectively; a secondary electron multiplier detector set
at 900 V was employed with 1 s of integration time on
each measured mass.

Major element determination was achieved through a
wavelength dispersive PW 1480 X-ray fluorescence (XRF)
spectrometer (Philips, Almelo, Netherlands) on powder
pressed pellets. When the concentration of an element
measured in XRF was found to be less than 0.1 wt%, it
was refined on acid digested sample through Inductively
Coupled Plasma Optical Emission Spectroscopy (ICP-
OES) Perkin Elmer Optima 4200 DV (Perkin Elmer,
Waltham, Massachusetts, U.S.A.) calibrated with certified
standard solutions.

RESULTS

Scanning electron microscopy images (Figure 1) show
that brucite primarily forms aggregates of plate-like
crystals (Figures 1 ab), whereas crystals with an elongated
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Figure 1. SEM images and EDX spectrum. Brucite appears as a conglomerate of platy (a, b) and elongated (c) crystals; d) representative

EDX spectrum of the sample in Figure 1c.
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morphology (Figures 1c) were occasionally observed.
A representative EDX spectrum of brucite is shown in
Figure 1d. Figure 2 shows particles in which long bundles
of mineral fibers occur (Figure 2 a-c). The EDX spectrum
recorded onto the fibers (Figure 2d) revealed an elemental
composition (Si and Mg) compatible with chrysotile. The
individual fibers making up the chrysotile bundles have
length >5 um, width <3 pm, length/width ratio >3 (Figure
2), and meet the criteria for a respirable (regulated) fiber
according to the World Health Organization directives
(WHO, 1997). The mean concentration of regulated
chrysotile fibers in the investigated product is 169 mg/kg
(0.02 wt%) as calculated using Equation (1). Additionally,
SEM revealed the occurrence of lizardite (Supplementary
Figure S1), muscovite/phlogopite (Supplementary Figure
S2), phlogopite (Supplementary Figure S3), magnetite
(Supplementary Figure S4), and fragments of Si-, Al- and
Ca- bearing phase(s) (Supplementary Figure S5).

X-ray powder diffraction pattern (Figure 3) indicates
that, in addition to brucite, also occur serpentine
(chrysotile and lizardite, as better highlighted by SEM),
calcite (CaCOs), magnesite (MgCO;) and, to a lesser
extent, dolomite; these results are confirmed by chemical
measurements that show significant amounts of Si and Ca
together with Mg which, of course, is the most abundant
element (Table 1).

The thermogravimetric (TGA) and its first derivative
(DTGQG) curves (Figure 4a) show five main thermal events:
(1) 122-158 °C (maximum reaction rate at 137 °C, mass
loss of 0.096 wt%); (2) 329-511 °C (457 °C, 23.95 wt%);
(3) 512-613 °C (575 °C, 1.84 wt%); (4) 614-801 °C (717
°C, 4.50 wt%); (5) a tail well evident in the previous
reaction at about 656 °C. The thermodifferential analyses
(DTA, Figure 4a) shows a further exothermic reaction
(6), with a maximum at about 870 °C, which does not
involve any mass change. Reaction (1), together with
the slight mass variation that occurs in the thermal range
between 25 and 122 °C, is due to the release of more or
less strongly adsorbed water molecules on the mineral
surface, as also confirmed by MSEGA curves (Figure 4b,
m/z=18). Reaction (2) is mainly due to the dehydroxylation
of brucite (Kissinger, 1957), as evidenced by the water
release. Almost simultaneously, however, the release
of CO, (Figure 4b, m/z=44) also occurs following a
first decarbonation of the dolomite (Mackenzie, 1970;
Taufig-Yap et al., 2014; Bloise et al., 2016) according
to the known reaction CaMg(CO;),—MgO+CaCOs.
Reaction (3) is exclusively associated with the release
of CO, and it is attributable to the decarbonation of
magnesite (Mackenzie, 1970). Reactions (4) and (5),
almost completely superimposed, involve the release
of water (dehydroxylation of the serpentine) and

Figure 2. SEM images and EDX spectrum. a) Bundle of chrysotile fibers with an average length and width of 42 and 0.2 pm, respectively,
b) magnification of Figure 2a, c¢) Chrysotile forms bundles composed of many curvilinear fibers, which tend to divide along the
elongation axis; fibers have an average length and width of 75 um and 0.5 pum, respectively, d) EDX spectrum of the chrysotile bundles

highlighted with a black star in Figure 2b.
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Figure 3. XRPD pattern of the brucite sample. Labels: triangles
(serpentine), diamonds (brucite), squares (calcite), circles
(dolomite) and hexagon (magnesite).

CO, (decarbonation of calcite, both pristine and that
derived from the partial thermal decomposition of the
dolomite). Reaction (6) in the DTA curve is due to the
recrystallization of the serpentine in forsterite occurring
after dihydroxylation (Korami, 1984; Cattaneo et al.,
2003; Bloise et al., 2016). In the considered thermal range
do not occur reactions that involve the release of NO
(m/z=30) and SO, (m/z=64).

DISCUSSION

To date, the presence of asbestos in worldwide traded
commercial brucite had never been reported, hence
this product was assumed to be safe; on the contrary,
this research, by applying a complete chemical and
mineralogical characterization, has shown that this view
must be reconsidered.

By combining the results of chemical and TGA-
MSEGA measurements it is possible to estimate brucite
and serpentine content. However, to gain this goal, it
is necessary to: i) consider an ideal serpentine without
isomorphic substitutions; ii) omit the occurrence of
other silicates (i.e., those found in trace through SEM-
EDX, Supplementary Figures S1-S3, S5) and of Si
bearing amorphous phases; iii) attribute the thermal

reaction (2) entirely to brucite (really, as indicated by the
MSEGA measurements, also decarbonation of dolomite
contributes a little to the overall mass loss). Once fixed
these constraints, the maximum amounts of serpentine and
brucite are 4.7 and 77.5 wt% respectively. Although SEM
observations and calculations (Equation 1) suggested that
the amount of regulated chrysotile fibers is considerably
lower than 4.7 wt%, it should be remembered that many
countries (Italy is included) do not allow the occurrence
(also minimal) of respirable fibers in raw materials.

The high quality and safety of raw materials is a
prerequisite for any industrial or manufacturing sector.
However, considering the precautionary principle and
good practices regarding safety in the workplace, all raw
materials that come into contact with workers must be
tested for toxic/hazardous contaminants, especially when
they may be “well hidden” within a material unanimously
considered safe. On the other hand, it is also true that the
quality certificates provided by raw material suppliers
are usually satisfactory, and companies are improbable to
invest considerable effort in expansive and non-statutory
analyses. Nevertheless, concerning brucite, it would be
sufficient to check the chemical composition carefully
(usually indicated on the safety data sheet) and, once
verified the presence of a significant amount of silicon,
to carry out further investigations (e.g., XRPD and SEM-
EDX which are fairly common techniques). Specifically,
this means that commercial brucite samples from all over
the world should be checked for the presence of asbestos
to avoid situations similar to those of commercial talc and
feldspar (several litigations are in progress, especially
in the United States). Without these safety checks, it is
possible that brucite products containing asbestos fibers
freely circulate in the world market, are used, worked
(e.g., grinded) thus exposing to asbestos both the work
force in the manufacture site and the population getting in
contact with the final products.

Nevertheless, several general questions remain open.
First, the problem of asbestos in a global world. Based
on numerous scientific evidences, asbestos minerals are
included by the International Agency for Research on
Cancer in the Group I “substance carcinogenic to humans”
(IARC, 2012). Nowadays, a worldwide ban exists for
amphibole asbestos (except Bolivia and India); in contrast,

Table 1. Major elements chemical analyses (oxide wt%). Values are the mean of three replicates, standard deviation is shown in
parentheses. LOI: Loss on ignition at 1000°C.

SIOZ T102 A1203 Fezo3 MnO MgO CaO Na20 Kzo P205 LOI

2.04 0014 024 0.31 0032 6433 1.91 0031 0093  0.040 30.96
(0.11)  (0.005) (0.04)  (0.06)  (0.007) (0.91) (0.I1)  (0.009) (0.007) (0.010) (1.01)

Brucite
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Figure 4. Thermal behavior of the brucite sample. a) TG (solid
black line), DTG (dashed black line) and DTA (solid gray
line). b) MSEGA curves. Maxima on the DTA curve denote
exothermic reactions. Numbers on the DTG/DTA curves refer to
reactions described in the text.

the trade and use of chrysotile is still allowed in several
Nations (Di Giuseppe et al., 2021; IBAS, 2020; Ilgren et
al., 2015) despite the global ban invoked by the World
Health Organization and supported by the International
Labour Organization. However, the real problem is that
the countries that deny the toxicity of chrysotile (Camus,
2001; Bernstein et al., 2013), extract and distribute it all
over the world without precautions, with the complicity
of globalization and the “no labelling” imposed by the
Rotterdam Convention (IBAS, 2019).

In turn, this matter raises the issue of the free circulation
of natural raw materials which may contain asbestos in
the world market, especially in those countries that have
banned also chrysotile. This problem widens significantly
if are also considered other raw materials with composition
and genesis compatible with that of asbestos minerals
like, for example, diopside (CaMgSi,Og4) which, likewise,
should be carefully checked to exclude the contamination
with asbestos; otherwise, the discovery could be done too
late when the raw material is used in the production steps.

CONCLUSIONS

This research aims to warn both the scientific community
and the international market that trade, manage and
use commercial brucite that it may be contaminated by
asbestos. By applying a multi-analytic protocol based
on morphometric, mineralogical and chemical analyses,
respirable chrysotile fibres were found in a commercial
brucite regularly traded from a country where the use of
chrysotile asbestos is allowed.

In the light of these results, we think that certification
of the absence of asbestos should be imposed to the
brucite mining companies and distributors; otherwise,
users should always include a careful inspection, at least
by electron microscopy, to rule out the occurrence of
asbestos. Neglecting this hazard may results in possible
contamination and impairment of the manufacture
site, mainly if it includes a grinding process of the raw
material. Although the primary goal is to safeguard the
health of workers and end-users of a product, it is also
worth remembering that these events might cost the
responsible companies several billion dollars. Very
recent is the case of the cosmetic talc contaminated with
asbestos which, in the US, forced a cosmetic company to
pay a billionaire compensation for the permanent health
damages and the death of victims exposed to this product
in the past. Unfortunately, the issue could be even more
severe for countries with inadequate, or even absent,
health surveillance protocols.

Finally, we encourage future studies to determine the
occurrence of fibers able to generate airborne asbestos in
other “doubtful” materials like, for example, diopside.
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