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Summary 
The diagnosis of asbestosis requires different criteria depending on whether it is in a clini-
cal or medical/legal setting. In the latter context, only when a “diffuse interstitial fibrosis 
associated to asbestos bodies (ABs)” is present, it can be said to be asbestosis. Consider-
ing the medical/legal setting, the diagnosis must be certain and proven. Unfortunately, it 
is often difficult to identify ABs by light microscopy (LM), but this does not mean that the 
diagnosis should be clinically excluded. Other parameters are important, such as working 
history and/or diagnostic imaging. In addition to LM, normally used for diagnosis, there are 
other techniques, e.g.: scanning electron microscopy with attached microanalysis micro-
probe (SEM/EDS), but they require tissue digestion and higher cost. A new approach with 
micro-Raman spectroscopy and SEM/EDS techniques is able to analyse histological sec-
tions without other manipulations that could interfere with analysis of asbestos fibres. In 
this work, we propose an algorithm for asbestosis diagnosis, especially in the forensic 
medical field, demonstrating the importance of close collaboration between multiple pro-
fessionals.
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Introduction

Asbestosis is a pneumoconiosis related to an excess of asbestos fibres 
inside pulmonary parenchyma; it is the prototype of diseases caused 
by mineral fibre inhalation. The diagnosis of asbestosis does not pose 
difficulties when it is possible to identify asbestos bodies (ABs) in the 
lung fibrosis  1,2. The diagnosis generally requires: clinical, radiological 
images, and histopathology with mineralogical analysis (Tab. I). Identifi-
cation of bilateral pleural plaques and/or fibrotic thickening of the parietal 
and/or visceral pleura increases the suspicion of asbestosis, but does 
not permit a diagnosis 1. The research on pulmonary functionality is not 
specific for asbestosis. The demonstration of ABs inside sputum or BAL 
liquid correlates with a strong exposure and the asbestosis degree, but 
the presence of these exposure markers alone cytological samples is 
not sufficient to render a diagnosis of asbestosis.
Histological diagnosis is therefore essential by identifying the lung fibro-
sis with typical asbestos fibres or bodies inside the lung. The close col-
laboration with an expert in mineralogical researches inside the tissues 
in both optical and electron microscopies and in micro-Raman spectros-
copy becomes fundamental. In the Piedmont Region there are certified 
centres where it is possible to perform this search, but there are no com-
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mon protocols. For two decades, the research group 
in Environmental Mineralogy is active at the Depart-
ment of Science and Technological Innovation (DiS-
IT) of the University of Eastern Piedmont. Since the 
birth of this group, collaboration with the Santi Antonio 
and Biagio and Cesare Arrigo Hospital of Alessandria, 
the Santo Spirito Hospital of Casale Monferrato, and 
the Interdepartmental Centre for Studies on Asbestos 
and Other Toxic Particulate “Giovanni Scansetti” led to 
the use of new technologies. This sharing led to the 
creation of the “Integrated laboratory for the asbestos 
research” (LIRicA) in the end of 2022, with the aim 
of promoting the sharing of the knowledge between 
academic and hospital personnel about asbestos re-
lated diseases. Principal research theme of this team 
was always the application of innovative techniques, 
such as Scanning Electron Microscopy annexed to 
Energy Dispersive Spectrometry (SEM/EDS) and mi-
cro-Raman spectroscopy, aimed at the identification 
(and quantification) of asbestos phases and their lo-
calisation inside the tissues from patients affected by 
asbestos-related diseases 3-8. Through this close col-
laboration we want to present a possible protocol to 
arrive at a diagnosis of asbestosis (Fig. 1), not only for 
clinical purposes, but also to be routinely used in the 
medico-legal setting.

Materials and methods

A literature search was carried out regarding both the 
diagnosis of asbestosis and the detection of asbes-
tos in human tissues (database: PubMed; keywords: 
“practice guidelines and asbestosis” and “asbestos in 
lung tissues” in the last 10 years).
Taking into account the literature, and our experience, 
a possible path to achieve a safe diagnosis of asbes-
tosis has been constructed.
The protocol envisaged identifying:
	- the most suitable material for asbestos identifica-

tion;
	- the finding of any additional staining on routine his-

tological sections for greater diagnostic accuracy;
	- when to contact a research centre where there is a 

laboratory for asbestos research;
	- the most suitable techniques for the best identifica-

tion of asbestos bodies in lung tissue;
	- sensitivity and specificity of techniques used with 

cost/benefit ratio.

Results

Summary of literature results for “asbestosis”

In the literature, the Asbestosis Committee of the Col-
lege of American Pathologists and the Pulmonary Pa-
thology Society described minimal criteria for asbes-
tosis diagnosis in 2010  9. Their work represents the 
collaboration among international committee of North 

Table I. Comparison of the specific characteristics of asbestosis and usual interstitial pneumonia (UIP).
Specific characteristics

Asbestosis Usual interstitial pneumonia (UIP)
Bland clinical manifestations. Severe clinical manifestations.
Moderate respiratory function. Severe respiratory function.
Slower fibrosis progression. Faster fibrosis progression.

X-Rays: lower pulmonary lobes.
ILO category 1/1 for reticular nodular opacities with restrictive lung disease.

X-Rays: Mild and upper pulmonary lobes.
Only UIP is in lower lobes.

HRCT: ground-glass opacities, along with diffuse interstitial fibrosis.
It begins centrally and dissipates peripherally following a centrifugal pattern.

Bilateral pleural plaques or pleural thickening.

HRCT: evidence of patches of opacities.
It begins peripherally following a centrifugal pattern.

Patchy interstitial fibrosis starting from the respiratory bronchioles. Diffuse interstitial fibrosis.
Peribronchiolar distribution with subpleural accentuation. Subpleural accentuation, lower lung zone.

Peribronchiolar fibrosis with rare or absent fibroblastic foci.
Temporal homogeneity.

Profuse proliferation of fibroblasts.
Temporal heterogeneity.

Secondary interest of interlobular septa and visceral pleura may also 
markedly be thickened by fibrous tissue.

Uncommon diffuse thickening of visceral pleura and/or 
pleural plaques.

Minimal inflammation. Minimal inflammation,
typically localised to honeycomb foci.

Free ABs observed inside the alveola, phagocyted by the histiocytes, 
inside the fibrotic interstice or inside giant cells (100%).1 In a small 

percentage of cases, ABs are not demonstrable. In these cases, fibre 
analysis is indicated

ABs absence.

Uncommon honeycomb changes except in advanced cases. Common honeycomb changes.
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Figure 1. Working scheme for asbestos evaluation from the clinicians to the pathologists and mineralogist evaluations for 
asbestos in tissues. In this scheme, “NO” does not exclude working exposure, but only that it is not possible to obtain a 
confirmation of the presence of asbestos. (A) Asbestos body in a H&E stained section from lung tissue (highlighted by the 
circle, magnification 40X). (B) Asbestos body observed using the LM microscope annexed to the Raman spectroscope (mag-
nification 100X) in a non-stained histological section from lung. (C) Asbestos body deposited on filters after tissue removal 
observed by LM at magnification 40X. (D) SEM image of an asbestos body observed using backscattered (DualBSD) detector. 
Backscattered electrons highlight the morphology and the atomic number of the elements composing the different areas of 
the samples (a lighter grey corresponds to a higher atomic number of the element). (E) An example of EDS spectrum obtained 
on a free fibre of chrysotile.
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American, European, and Australasian pathologists, 
organized under the auspices of the College of Ameri-
can Pathologists and the Pulmonary Pathology Socie-
ty. These documents propose the minimal histological 
criteria for asbestosis diagnosis updating the previous 
guideline to differentiate asbestosis from Usual Inter-
stitial Fibrosis (UIP) They intended to be used as a 
basis for communication among a pathologists, pul-
monologists, oncologists, radiologists, occupational 
hygienists, and epidemiologists. In the literature, it is 
difficult to find criteria that also take into account min-
eralogical analysis. Our objective was to summarise 
all the literature data, from 2010 to the present, about 
the minimum criteria for asbestosis (Tab. I), also tak-
ing into account the data on mineralogical analysis. 
To date, “asbestos bodies” (ABs, coated asbestos fi-
bres) inside lung tissues remains the distinctive diag-
nostical criteria for asbestosis.
ABs are not always observed on histological sections 
with light microscopy (LM), although staining for iron 
highlighting their coating is added. Asbestos fibres, 
principally biopersistent amphiboles, entrapped inside 
the pulmonary interstitium, have a prolonged perma-
nence time and asbestosis may develop and contin-
ue to advance for years after exposure termination. 
Chrysotile fibres, which are more friable and more 
easily phagocytosed and eliminated from the pulmo-
nary interstitium, but not less fibrogenic, are difficult 
to identify in histological sections because they rarely 
create asbestos bodies. Therefore, more appropriate 
techniques are needed to identify not only fibres with 
length ≥ 5 μm, diameter ≤ 3 μm, and length/diameter 
ratio > 3 μm (the so-called breathable fibres), but also 
fibres with a length < 5 μm, which less induce ABs 
formation but remain present in the lung, if at lower 
concentrations, in the cytoplasm of macrophages.

Clinical diagnosis, chest radiography, computed 
tomography

In Table II, the literature data about clinical and radi-
ological diagnosis of asbestosis, are summarised 9-23. 
Especially that from 2010 (date of the manuscript 
of Roggli et al., 2010)  9 to 2024 are summarized  24-

28. Today, unlike the clinical pictures of asbestosis of 
the past, it can be silent, and asbestosis can only be 
identified with radiological and/or pathological inves-
tigation, especially in cases studied for lung cancer. 
Spirometry and capillary alveolus diffusion for carbon 
monoxide can be used for pre-clinical diagnosis of 
asbestosis. The standard chest X-ray performed with 
the ILO (International Labour Organization) 2000 cri-
teria can still be considered an excellent examination, 
given its easy accessibility and because of the lower 
exposure to ionising radiation, even if it has a low sen-

sitivity (51%) 13 and a low specificity with a low positive 
predictive value (< 50%) for asbestosis 19. On the other 
hand, the sensitivity (70%) and the specificity (91%) 20 
of chest CT are higher, so HRCT is considered the 
gold standard technique. CT is more sensitive at de-
tecting the parenchymal changes of asbestosis at an 
early stage. One useful feature that may aid in the dis-
tinction of asbestosis from other fibrosing pneumoni-
tis is the frequent association of pleural abnormalities 
with the former. The considerable inter-observer vari-
ability, especially for the mild frameworks that occur 
today 21, has required the definition of criteria similar 
to the ILO BIT (BIT, Bureau International du Travail) 
score, but they have not been authorised yet 22.
Most cases of asbestosis can be diagnosed as a prob-
abilistic exercise within multidisciplinary groups of di-
agnosis and treatment and mostly only for clinical and 
radiological reasons without resorting to histological 
examination. However, this is not considered sufficient 
for the Italian national workers’ compensation authority 
(INAIL) and/or for civil and penal legal actions. There-
fore, it is essential to always succeed with techniques 
on lung tissues to demonstrate the presence of as-
bestos fibres, especially in the case of amphibolic and 
commercial fibres.

Histological diagnosis of asbestosis

First of all, it is important to define the type of material 
used for asbestosis diagnosis. Table III summarises 
the different types of fluids and tissues and the confi-
dentiality of the material for the cyto/histological diag-
nosis of asbestosis 1,2,9,17,18,29-44.
Acceptable histopathological definitions of asbestosis 
were provided by the College of American Patholo-
gists-National Institute for Occupational Safety & Health 
(CAP-NIOSH) 32. Criteria have been also defined by a 
group of specialists in the so-called Helsinki Criteria 45 
and by the American Thoracic Society (ATS) 32 for the 
recognition of occupational pathologies in the forensic 
medical field. The definitions have been recently updat-
ed by the Asbestosis Committee of the College of Amer-
ican of Pathologists (CAP) and the Pulmonary Pathol-
ogy Society (PPS)  9. Iron staining should be routinely 
used, especially when the typical ABs are not observed 
in routinely stained histological sections. ABs distribu-
tion in the context of the pulmonary tissue is casual and 
therefore it is necessary to do more than one section 
and in different areas of the lung sample. It is clear that 
the autoptic material is most suitable for a complete 
diagnosis, allowing the preparation of histological sec-
tions of all the lobes and bilaterally the pulmonary seg-
ments. Asbestosis diagnosis is confirmed when there 
is the characteristic fibrosis and the presence of typical 
ABs on the routine 3-5 μm thick sections 9,32.
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Histopathological asbestosis can show nonspecific 
features like Mallory bodies identified inside alveolar 
cells (7%), bronchiolar metaplasia” or “pulmonary ad-
enomatosis” (10% of cases) 44, dendriform pulmonary 
ossification (DPO, osseous metaplasia - 2% of cas-

es),34,35 and pulmonary “blue bodies” (1% of cases) 36. 
Moreover, there is association with other infections, 
especially aspergillus (rarely) 38, DIP-like area (6%) 1. 
These aspects do not help in diagnosis.
Even today, both radiologists and pathologists do not 

Table II. Clinical diagnosis, chest radiography, computed tomography, cytology and histology, and mineralogical character-
ization: advantages and disadvantages.

Symptoms Asymptomatic
Symtomatic with: 

Dyspnoea and dry cough; 
Basic rale and digital clubbing; 

Chronic pulmonary heart in 
the terminal stage.

Advantages: correct
working and environmental medical 

history.
Disadvantages: 

Aspecific. General asbestosis is less 
severe than UIP.

Respiratory function Restrictive Lung Diseases:
Reduction of pulmonary volumes; increased work of

breathing; inadequate ventilation and/or
oxygenation; decrease in the forced vital capacity.
FEV1/FVC ratio is either normal or increased.

Advantages: It adds more diagnostic 
confidence with low costs and risks.

Disadvantages:
Aspecific.

Radiology (X-ray/CT 
imaging)10-12

X-ray: lower lung zone; diffuse reticulonodular 
infiltrates. “Shaggy” cardiac silhouettes.

Indistinct diaphragmatic contours.
1/1 ILO category (presumptively diagnostic but not 
unequivocal) with reductions in predicted FVC and 

diffusion capacity less than the lower limits of
normal, it is sufficient for the diagnosis of

asbestosis. ILO 0/1 category is suggestive but not
presumptively diagnostic.

HRCT (increased sensitivity but not specificity): 
ground-glass opacities, along with diffuse 

interstitial fibrosis. Bilateral pleural plaques or 
pleural thickening.

Advantages: X-Ray adds more 
diagnostic confidence with low cost and 

risk. 
CT is more sensitive at an early 

asbestosis stage. Sensitivity: 70%; 
specificity 91%.19

Disadvantages: 
Sensitivity of only 51%.19

HRCT, it has costs and X-ray 
absorptions higher than those of X-rays.

Cytology and 
Histology29-31

Cytology: prevalence of histiocytes. Presence of ABs.
Histology: 1 or more ABs in routine lung sections or in the routine 

3-5 μm thick sections.
Lung fibrosis: diffuse; bilateral;

- inferior lobes > superior lobes;
- peribronchial; subpleural tiers of alveoli; alveoli in proximity to the 

bronchioles; occasionally honeycomb change 
A histological diagnosis for asbestosis, to be sure,

requires the identification of a peribronchiolar
/interstitial fibrosis and the presence of the typical 
ABs in histological sections (more than 1 per cm2).

In the absence of a mineral fibre analysis, the 
diagnosis of asbestosis by light microscopy
is usually debated only in borderline cases.

Advantages: 
Cytology: rapid initial test.

95% of patients with asbestosis have 
ABs in BALF.

Histology: Surgical biopsy is a Gold 
Standard when exposure history is not 
compelling and uncertainty exists on 

the basis of radiographic and/or clinical 
grounds

Disadvantages: Cytology: not 
diagnostic. Histology: diagnostic but not 
representative of the entire lung damage.

Mineralogy3-8 Identification and quantification of coated (ABs) and uncoated 
asbestos fibres.

Distinction between industrial asbestos and asbestos source
increases the confidence limit of the diagnosis of asbestosis

Advantages: 
LM: (H&E and Pearls): diagnosis of 
asbestosis. ABs count by digestion 
techniques. Low costs and times. 

Crystalline structure with polarised a 
light microscopy. SEM: high resolution; 

chemical analysis (EDS). Micro-Raman 
spectroscopy: identification of asbestos 

phases.
Disadvantages: LM: low resolution. 

SEM/EDS: high costs and long analysis 
times. It often requires tissue digestion. 

Micro-Raman spectroscopy: low signal 
of Raman spectra.
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always use the same criteria for asbestosis diagnosis, 
especially in early-stage cases, thus underestimating it. 

Mineral identification inside tissues

Coated and uncoated asbestos fibres are the subject 
of the mineralogical identification. ABs must be dis-
tinguished from the pseudo-asbestos bodies referring 
to the work published by the Italian National Institute 
of Health 46. The test for the detection of ABs in spu-
tum may be of some use as a marker of exposure, 
although it has very high specificity, but low sensitivity, 
and positivity correlates with the intensity of exposure. 
The search for asbestos bodies directly in lung tissue 
is more sensitive, as well as more specific. ABs may 
be observed inside hilar or mediastinal lymph nodes, 

often associated with lymph nodal parenchyma fibro-
sis 39,47. This curious observation is largely limited to 
patients with a heavy load of pulmonary parenchymal 
fibres, and it is probably related to an overload of the 
clearance mechanisms 39. Mineralogical research can 
also be performed after chemical digestion of lung tis-
sue, looking not only for asbestos bodies but also for 
free fibres.

Optical microscopy techniques

Different sample preparations are possible 48.
In Figure 1A, a classical 3 μm thick histological sec-
tion stained with haematoxylin and eosin (H&E) for 
LM analysis is shown.
In Figure 1B, an example of ABs observed in an un-
stained 5 μm section is reported: in this case, the 
section is not coloured for the successive analysis by 

Table III. Types of fluids and tissues and the confidentiality of the material for the cyto/histological diagnosis of asbestosis.

Material type Utility
Sensitivity/
Specificity

Cost/benefit ratio

Sputum ABs research to study possible recent 
exposure.

Low sensitivity 
and specificity to 

asbestosis.

Very good.

BAL/bronchial aspirate Limited role to asbestosis diagnosis.
ABs research to study possible recent 
exposure and cellular type distribution.

ABs demonstration inside BALF is 
possible in more than the 95% of 

patients affected by asbestosis. Negative 
BALF exam for ABs does not exclude 
the possibility of an asbestos-related 

pulmonary pathology.

Low sensitivity 
and specificity to 

asbestosis.

Good
(very low adverse event rate).

Fine needle aspirate Insufficient to diagnose asbestosis.
The presence of ABs is indicative of 

considerable occupational exposure to 
asbestos.43

Low sensitivity.
High specificity to 

asbestosis.

Good.

Needle biopsy Insufficient to diagnose asbestosis.
The presence of asbestos bodies is 

indicative of considerable occupational 
exposure to asbestos.

Low sensitivity. 
High specificity to 

asbestosis.

Good.

ENDOBRONCHIAL BIOPSY
TBLB (transbronchial biopsy)

TBLC (transbronchial criobiopsy)
VAT (video-assisted thoracoscopic 

lung biopsy)
SLB (surgery lung biopsy with 

thoracoscopy)
EBUS-TBNA

Good for asbestosis diagnosis. 
Recommended in cases with dubious 
exposure and/or suspects on clinical/

radiological data.
SLB is a Gold Standard for asbestosis 
diagnosis but not all patients can cope 

with it.
TBLC is preferable to other techniques 

since it is the most suitable for obtaining 
histological data with less risk.

TBLC/SLB: 
diagnostic 

performance 
80%/90%, but 
TBLC has less 

risks.
VAT: High 

sensitivity and 
specificity to 
asbestosis.

Endobronchial:
high diagnostic value and low 

risk.
Transbronchial:

High risk.
VAT: high diagnostic value 
but high cost and expertise 

requirement.
TBLC: less invasive than VAT 

and SLB.
Surgical specimen Good for asbestosis diagnosis. 

To be found in cases of excised lung 
tissue for lung cancer.

High sensitivity 
and specificity to 

asbestosis.

Good in selected cases of lung 
cancer resection.

Autopsy material Very good asbestosis diagnosis. 
Recommended in cases where there 

was a diagnostic doubt in life and for the 
recognition of occupational disease.

High sensitivity 
and specificity to 

asbestosis.

Good in selected cases of 
deceased people.
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micro-Raman spectroscopy because the staining rea-
gents give vibrational bands in the spectra that do not 
allow an optimal condition for asbestos signal detection.
In Figure 1C, an example of digested tissue filtered on 
polycarbonate filter is reported: in this case, the sam-
ple can be used for asbestos fibres and bodies counts 
by both LM and SEM/EDS (the sample preparation is 
the same, there are different preparations prior to the 
analyses).

Electron microscopy techniques

A few ultrastructural studies have been reported in pa-
tients affected by asbestosis, especially for the anal-
ysis of alteration of the parenchyma. More numerous 
are studies that identify the mineral fibres covered and 
not in the lung parenchyma after chemical digestion. 
Shelburne et al., in 1983, observed that transmission 
electron microscopy (TEM) is an inefficient technique 
to detect ABs, even in patients with heavy load of tis-
sutal asbestos, because of the minimum amount of 
tissue that can be examined using this technique 49.
The scanning electron microscopy technique has 
greater sensitivity and specificity for the search for 
mineral fibres.

Scanning electron microscopy with energy dispersive 
spectroscopy (SEM/EDS)

Scanning Electron Microscopy (SEM) with Energy 
Dispersive Spectroscopy (EDS) microprobe is a tech-
nique allowing high resolution images with magnifi-
cation up to hundreds of thousands of times of the 
studied object and to collect spectra on chemical 
composition. The evolution of SEM, especially with 
the acceleration of the technological development of 
the last decades, now allows to observe samples both 
specifically prepared for the analysis (with lapping and 
deposition of a metallic target to make the samples 
more conductive to obtain higher magnification and 
resolutions) and samples without any particular ma-
nipulation. This proved to be very important in the ap-
plication of this technique to the research and identifi-
cation of asbestos fibres and bodies inside respiratory 
and extra-respiratory tissues deriving from patients 
affected by asbestos related diseases (Figs. 1D and 
1E).

Discussion and conclusion

In the past, asbestosis was diagnosed in the form of 
advanced interstitial fibrosis with a worsening evo-
lution. Today it is diagnosed in a pauci-symptomatic 
form and with extremely mild radiological findings 
(forms 0/1, 1/0 and 1/1 of the ILO BIT 2000 classifi-

cation) even in subjects with previous and document-
ed asbestos exposures. Any concomitant exposure to 
cigarette smoke can affect fibrosis progression degree 
and, if associated with other toxicants for the respira-
tory system (e. g.: dust, silica, fumes), induce the on-
set of chronic obstructive pulmonary disease. Pleural 
plaques occur very slowly after 3 to 4 decades from 
initial asbestos exposure, and can be demonstrated in 
more than 2/3 of exposed individuals without asbesto-
sis. Diffuse pleural thickenings are very rare, involving 
only 5% of patients with a much shorter latency.
A histological diagnosis for asbestosis requires the 
identification of a bronchiolar/interstitial fibrosis and 
the presence of typical ABs in histological sections 
(more than 1 per cm2). This is at least the criterion 
required for the recognition of asbestosis as an “occu-
pational disease”. Clinical/radiological diagnosis alone 
is not sufficient to respond to medico-legal questions.
It is clear that the more material available (surgical or 
autopsy specimens), the easier the diagnosis of as-
bestosis.
The diagnosis of that is accepted in legal questions 
depends by ABs or asbestos fibres in the lung. For 
this reason, it is necessary to obtain sufficient tissue 
sample for analysis. It must be representative of the 
lesion to identify both specific asbestos fibrosis and 
ABs within the lung tissue. For this reason, some 
methodologies and techniques (LM, SEM/EDS, and 
micro-Raman spectroscopy) can be applied and the 
techniques that maintain the structure of the lung pa-
renchyma should be preferred. The removal of the bi-
ological material with chemical digestion is useful to 
value fibre load. It is possible to characterise asbestos 
directly inside the typical histological sections utilised 
in Pathological Anatomy using both micro-Raman 
spectroscopy and SEM/EDS.
To do this, interaction among mineralogists, biologists, 
clinicians, radiologists, pathologists is necessary. 
SEM/EDS is one of the techniques provided by the 
Italian Law for mineral phase analysis ruled as asbes-
tos by the Legislation in air samples  16. In fact, con-
sidering environmental analysis, it is possible not only 
to identify the observed asbestos fibres, but also to 
quantify them obtaining a numeric value correspond-
ing to the number of fibres per litre (or cm3) of sampled 
air on specific filters. For this reason, fibre analysis al-
so inside the tissues from patients affected by asbes-
tos-related diseases using SEM/EDS was widely de-
veloped both in scientific and in medico-legal scopes.
Thus, there is more than one advantage respect to 
LM: firstly, it is possible to couple morphological anal-
ysis to the chemical analysis, obtaining composition-
al spectra allowing mineralogical identification of the 
different crystals; moreover, the higher resolution of 
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the technique permits to detect phases with a much 
lower diameter (SEM lateral resolution can reach also 
the nanometre, in optimal operative conditions). Last-
ly, counting methods developed over the years allow 
definition how many fibres are present inside the ana-
lysed organ and to hypothesise the possible origin of 
patient’s exposure.
Moreover, the development of the low vacuum mode 
allows the analysis of samples without any particular 
manipulation: this peculiarity allows SEM/EDS appli-
cation even in the search for asbestos fibres directly 
inside the tissues, in histological sections routinely 
used by the pathologists for asbestosis diagnosis, giv-
ing the possibility of asbestos fibre identification even 
if they are covered by the iron-rich covering typical of 
the ABs 7. The second fundamental advantage of this 
application consists in the possibility of coupling anal-
yses obtained by other techniques to achieve further 
information. For example, coupled application of LM 
allows to identify the type of tissue where the inorgan-
ic phases 2 are embedded or the combination of an 
investigation by micro-Raman spectroscopy 8 permits 
to obtain a confident attribution of the mineral phase 
also in case of very similar chemical compositions 50, 
as in the case of serpentine minerals, among which 
only chrysotile is defined as asbestos by the Law.
Therefore, in consideration of the literature and our 
experience, we have built a scheme (Fig.  1) to hy-
pothesise a possible path to be followed in cases of 
pulmonary fibrosis where it is necessary to identify a 
possible asbestosis, both for therapy (different from 
UIP) and for possible legal compensation.
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