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INTRODUCTION

The term asbestos is a commercial term rather than a true mineralogic definition
[1] and refers to a group of naturally occurring mineral fibers, basically divided into two
subgroups: the serpentine subgroup and the amphiboles subgroup.

To the serpentine subgroup belongs only the chrysotile (white asbestos), a
hydrated magnesium silicate with a wavy and filamentous morphology of its elementary
bundles, a marked tendency for its elementary bundles to split into single and shorter
fibrils and a Mg3Si,OsOH, chemical formula.

The amphiboles subgroup is composed by the varieties crocidolite (blue asbestos,

+++

with a NayFes""Fe,"" " SigO20H, chemical formula), amosite (brown asbestos, with a
Fe-Mg7SigO,,0H; chemical formula), tremolite (chemical formula Ca;MgsSigO2,0Hy),
actinolite (chemical formula Ca,MgFesSisO,,0H;) and anthophyllite (chemical formula
Mg-Fe;SigO2,0H,). All the amphiboles share a typical straight morphology with
parallel sides and do not show nor splayed ends neither a marked longitudinal splitting
tendency. Crocidolite and amosite varieties are referred together as the Commercial
Amphiboles, while tremolite, actinolite and anthophyllite represent the Non-
Commercial Amphibole series.

Asbestos deposits occur in four types of rocks (alpine-type ultramafic rocks,
stratiform ultramafic intrusions, serpentine limestone and banded ironstones) showing a
well-defined geographic distribution: chrysotile deposits locate mainly in Quebec,
Rhodesia, Russia, China, Italy and USA; crocidolite deposits in South Africa, Australia,
Colombia and Rhodesia; amosite and actinolite deposits in South Africa and India;
tremolite deposits in the Mediterranean region, Pakistan and South Korea; anthophyllite
deposits in Finland and USA [2].

Because of its extraordinary chemical and physical properties, asbestos has been
very intensively exploited in either the pre-industrial and the industrial age. In modern
times the first attempts at serial asbestos mining were done in the Urali region from
1720, in Quebec from 1886 and in South Africa from 1910. In Italy the industrial
asbestos mining started in the Valtellina district in 1866 and in the small town of
Balangero -near Turin- in 1923 [3]. Chrysotile, crocidolite and amosite are the true
commercial varieties of asbestos (chrysotile alone representing worldwide the 90-95%
fraction of the commercial asbestos [4,5]), mainly consumed in textile industry,

construction industry, shipyard activities, insulation activities and friction materials



industry. World production of asbestos peaked in 1975 at about 5.09 million metric tons
and then decreased (about 4 million metric tons in 1990 and less than 2 million metric
tons in 2000) [6] mainly because of the supervening legislative bans rather than the
technical abandon of the mineral. In Italy the crocidolite ban took place in 1986, while
the definitive ban on all the asbestos varieties was imposed in 1992.

National and international bans on asbestos were introduced because of the
cumulative evidences about the relevant asbestos pathogenicity for humans: in 1890 the
inhalation of asbestos fibers was first related to the development of a non-specific lung
disease, while in 1907 some human deaths were positively linked to asbestos exposure
[7]; in 1924 W.E. Cooke described an asbestos-related lung fibrosis and named it
asbestosis [8]; in the Thirties and Forties the first reports about lung cancer in asbestos
workers were published [9,10] and the hypothesis about the asbestos carcinogenicity for
exposed workers began to circulate [11]; in 1960 Wagner at al reported several cases of
malignant mesothelioma among asbestos miners from South Africa [12].

Asbestos fibers are nowadays considered an etiologic factor for pleural plaques
and other benign pleural diseases, asbestosis, malignant mesothelioma and lung cancer
in all its 4 major subtypes [7,13-18]. At the present time conflicting opinions do exist
about the etiologic role of asbestos fibers for other neoplastic diseases such as the
gastrointestinal cancer, pancreatic cancer, renal cell cancer, laryngeal cancer, ovarian
cancer and leukemia/lymphoma [19]. Asbestos-related diseases show a long latency
period (mean interval of 30-40 years for mesothelioma [20-22]) and asbestos-induced
neoplastic diseases are therefore still increasing despite the introduced bans: asbestos
pathology and asbestos clinical medicine are thus still actual topics. The latency
between occupational asbestos exposure and the diagnosis of asbestos-related cancer
also explains the actual focus on asbestos by the law courts and consequently by the
forensic pathology [23,24].

After the asbestos ban the pattern of asbestos exposures was expected to gradually
change with a predominant shift from the typical massive occupational and
paraoccupational exposures (the first and the second waves of asbestos exposure) to the
milder environmental exposures both from antropic and natural sources (the third wave

of asbestos exposure) [6].

The current guidelines for the clinical and pathological diagnosis of asbestos-

related diseases were stated in January 1997 in the Helsinki Document [25]. The



Helsinki Document first underlined that lung analyses for asbestos fibers can provide
data to supplement and integrate the occupational history data and then stated that an
Electron Microscope amphibole fibers count over 1,000,000/g dry (fibers > 1 um in
length) or an Electron Microscope long amphibole fibers count over 100,000/g dry
(fibers > 5 um in length) or an Asbestos Bodies count over 1,000/g dry or an Asbestos
Bodies count over 1/ml of bronchoalveolar lavage fluid identify persons with a high
probability of exposure to asbestos dust at work. Focusing on mesothelioma, the
Helsinki Document briefly reminded that non all mesotheliomas are asbestos-induced
cancers and stated that such a cancer can be related on a probability basis to asbestos
exposure in the presence of a lung fiber count clearly exceeding the reference values of
that laboratory or in the presence of a reliable history of asbestos exposure. Focusing
later on lung cancer, the Helsinki Document stated that a 2-fold risk of lung cancer is
related to an amphibole fibers load over 5,000,000/g dry of lung tissue (fibers > 1 um in
length) or to a long amphibole fibers load over 2,000,000/g dry of lung tissue (fibers > 5
um in length) or to an Asbestos Bodies count equal to 5,000-15,000/g dry or to an
Asbestos Bodies count equal to 5-15/ml of bronchoalveolar lavage fluid.

Helsinki statements about the asbestos ascription of lung cancers have been
vigorously debated [26-31] and opposite to the articulated Helsinki Criteria stands the
hypothesis of asbestos-induced lung onchogenesis only in the presence of an asbestosis
background. According to the concept that an asbestos-related disease (and especially
an asbestos-related cancer) cannot be automatically labelled as an occupational disease,
the Helsinki Document also recommended in its introductive section that each
laboratory should establish its own reference values from the general population and
that the median values for occupationally exposed populations should be substantially
above the reference values.

In 1998 the European Respiratory Society Task Force further developed some
Helsinki issues and published the guidelines for the mineral fiber analyses in biological
samples [32]. According to the European Respiratory Society guidelines, each
laboratory should create its reference values for lung burden of mineral fibers by
sampling up to five different subgroups from the general population: the subgroup A
composed by individuals from rural areas with no identifiable occupational exposure to
asbestos; the subgroup B composed by individuals from urban areas with no identifiable
occupational exposure to asbestos; the subgroup C composed by individuals from areas

with asbestos deposits in the soil; the subgroup D composed by individual with



identifiable non-occupational exposure to asbestos; the subgroup E composed by
individual with identifiable occupational exposure to asbestos. Surgical or necroscopic
samples are needed to properly analyze such subgroups from the general population.
Surgical series and necroscopic series show different advantages and suffer different
limitations: surgical series offer small amount of lung tissue but allow the researchers to
establish a thorough occupational history for every single case, while necroscopic
sample series offer great amount of lung tissue but do not allow the researchers to
establish a thorough occupational history for every single case. For necroscopic series
lacking occupational histories assessment, it is recommended by the European
Respiratory Society guidelines a preliminary exclusion of cases with clinical or
pathological diagnosis of diseases possibly related to asbestos exposure.

The reference values used by the 6 laboratories participating the European
Respiratory Society Asbestos Task Force for urban individuals without known
occupational exposure to asbestos (subgroup B) are about 1,000,000-4,000,000 ff/g dry
of lung tissue for total fibers and about 150,000-300,000 ff/g dry of lung tissue for long
fibers (fibers > 5 pum in length).

The lung content of both coated and uncoated asbestos fibers is a widely accepted
index of the lifetime cumulative exposure to asbestos [33-38]. Human exposure to
asbestos mainly happen through the inhalation of single fibers or fiber bundles and the
asbestos lung burden is to be considered as the result from the dynamic balance between
the fibers deposition (the fibers access to the deep lung being crucially affected by the
respiratory function and the pulmonary anatomy of the subject) and the fibers clearance
(the fibers egress from the deep lung being crucially affected by the alveolar
macrophage function and the lymphatic drainage to the pleural space and the main
lymphatic circulation) [14,39]. Also the morphological and chemical features of the
airborne fibers crucially affect their deposition to clearance rate within the lower
airways and the deep lung. Chrysotile bundles regularly stop in the upper airways
[40,41] while single chrysotile fibers accessed to the alveolar zones rapidly tend to leach
magnesium and to split into small fibrils: chrysotile consequently shows a low
biopersistence compared to amphiboles [42-44] and the estimation of the lung burden of
asbestos fibers is therefore a better index for amphibole exposition then for asbestos
exposition as a whole [45]. Chrysotile has a pulmonary half-life of months, while

amphiboles can remain in the lung parenchyma for decades [14,46-48]. However some



authors suggest that two different sets of inhaling chrysotile fibers do exist, the former
being represented by smaller and easy-clearing fibers (fibers cleared within weeks or
months very unlikely to be detected by lung burden estimations) and the latter being
represented by longer fibers prone to penetrate the thin alveolar walls and to fix
perpetually in the subepithelial interstitium of the lung (“harsh” fibers more likely to be
detected by lung burden estimations) [49,50]. It seems however that for chrysotile fibers
a lower persistence inside the lung parenchyma combines with a higher persistence
around the black spots in the pleural space [51].

Smoking is considered to inhibit asbestos clearance from the lung parenchyma
[52,53].

Coated asbestos fibers (also called Asbestos Bodies, AB) form in the deep lung
when a mixed layer of iron-protein-mucopolysaccharide material covers a single
resident asbestos fiber [54-57]. Coated fibers usually represent a small fraction of the
total asbestos content within the lungs at a single point in time [58-61] and the precise
amount of this fraction depends on either host-dependent and host-independent
variables [62]. Among the host-independent variables the most important seem to be the
fiber dimensions (thick fibers longer than 10-20 um more likely to be coated [58,63]),
the fiber surface features (smooth fibers less likely to be coated [64]) and the fiber
chemical composition (amphibole fibers more likely to be coated than chrysotile fibers
[56,65-72]), while among the host-dependent variables the most relevant is the genetic
susceptibility to be a poor AB-former versus a rich AB-former [67,73]. The lung AB
burden (the product of a suggested balance between AB formation and AB breakdown
[74,75]) is then to be considered as a ultra-mediated index of the lifetime cumulative
exposure to asbestos [76], two identically exposed individuals turning out to be very
different in AB count just because of different genetic tendencies in forming AB.
Especially in the case of a low AB count [77], an isolated AB estimation is therefore not
reliable in analyzing the lifetime cumulative exposure of a patient and it needs to be
followed by the estimation of the burden of uncoated asbestos fibers [76,78]. Moreover
the Asbestos Bodies belong to the wide group of Ferruginous Bodies (FB group
comprehensive of true AB and bodies other than AB) and the estimation of the AB
content of the lungs is usually performed using the traditional light microscope: this
inexpensive but barely morphological technique shows very well all the FB in the lung
digest but does not allow the analyst to make a definite chemical distinction between

true AB and other bodies [79,80]. Nonasbestos FB may form -with limited peculiar



morphology- on talc fibers, sheet silicates (up to 20% of the total FB burden in some
series from the general population) [66], carbon fibers [81,82] (up to 90% of the total
FB burden in series from the general population [56]), metal oxides (mainly titanium
bodies [83]), ManMade Mineral Fibers [84-86], diatomaceous earth [66,82] and erionite
fibers [87].

Asbestos fibers quantification in lung tissue is typically performed by light
(coated fibers counting) or electronic (uncoated fibers counting) microscopy on lung
digested samples [88]. Samples to be analyzed should be representative of the whole
lungs and the preliminary samples selection should warrant a wide mapping of all the
accessible tissue [89]: necroscopic samples (usually wide and bilateral) are therefore
more informative than surgical samples (usually small and monolateral). Lung
dissolution can be accomplished either by wet chemical digestion or low-temperature
ashing. The wet chemical digestion is usually performed through the potassium
hydroxide procedure or the sodium hypochlorite procedure [90]. Once the dissolution of
the lung sample is complete, the inorganic residue may be vacuum-filtered and collected
on 0.2-0.45 um pore size polycarbonate membranes. The polycarbonate membrane can
be then analyzed in Light Microscopy (traditional Light Microscopy or Contrast Phase
Light Microscopy), Scanning Electron Microscopy or Transmission Electron
Microscopy. AB counting can be reliably performed using LM at a magnification 100x-
400x and the results for an individual analysis can be reported as number of AB per
gram of wet tissue or better as number of AB per gram of dry tissue. AB counting
assays performed on case series should also record the fraction of cases featuring at
least one AB in the LM analysis. SEM and TEM instruments should always be coupled
with an EDXA system for the chemical characterization of all the detected fibers and
their results should be reported as number of asbestos fibers (both coated and uncoated)
per gram of dry tissue with specific estimations about chrysotile, Commercial
Amphiboles and Non-Commercial amphiboles. SEM and TEM analysis should also
guantificate the lung burden of non-asbestos fibers. For SEM and TEM analysis it is
mandatory a preliminary statement about the so-called counting rules, with a special
focus on the analytical sensitivity and on the dimensional parameters of the fibers to be
considered and counted [89].

The microscopic estimation of the asbestos lung content allowed both the

researchers and the clinicians to get a better comprehension about the asbestos



pathogenicity and to correlate the occurrence of various fiber-related lung diseases with
the cumulative fiber burden within this target tissue [43,88,91,92]. Over the last decades
many works have been published about the relationship between asbestosis occurrence
and lung asbestos burden [93-97] (heavy lung asbestos burden in the vast majority of
cases with median values well above the 1.000 AB/g dry cut off and the 1,000,000 ff/g
dry cut off [89]), benign pleural diseases occurrence and lung asbestos burden [35, 98-
101] (patients with pleural plagues having considerably smaller asbestos burden than
patients with asbestosis and slightly smaller burden than patients with mesothelioma
[89]), mesothelioma occurrence and lung asbestos burden [35,93,97,102-105] (patients
with mesothelioma having smaller asbestos burden than patients with asbestosis [89];
existence of a subgroup of mesothelioma patients with a mean asbestos content in lung
tissue indistinguishable from a reference population [20,93,106-108]) and lung cancer
occurrence and lung asbestos burden [93,94,104,109,110] (asbestos-related lung cancers
showing histological asbestosis and/or an asbhestos content in the lung very similar to
patients with asbestosis [89]). Other works have rather investigated the correlation
between some kinds of well-known occupational asbestos exposure and the lung
asbestos burden [89]: asbestos insulators [111], asbestos manufacturers [112-114],
shipyard workers [115] and power plants workers [116] show the greatest median
burdens of asbestos in lung tissue with values well above the Helsinki cut offs for non-
trivial exposure; molten metal workers, construction workers [21], and chemical
refinery workers [117,118] show asbestos median burdens smaller than the previous
groups but nonetheless above the Helsinki cut offs for non-trivial exposure; railroad
workers [115,119] and brake repair workers [120-123] show median burdens of lung
asbestos greater than the general population and very close to the Helsinki cut offs for
non-trivial exposure. An increased risk of developing asbestos-associated diseases has
been reported among household contacts of asbestos workers too: the asbestos lung
content from the relatives of asbestos workers (mainly workers from the first group
identified above) is very similar to that of molten metal workers, construction workers
and chemical refinery workers and it is then greater than that of the general population
[89,124,125].

The determination of the asbestos lung burden from the general population is a
crucial work in either an epidemiological and a clinical perspective. Such a background
reference allows in fact the researchers to distinguish dose-dependent from dose-

independent asbestos-related diseases and to stratify dose-dependent asbestos-related



diseases and also allows the clinicians to properly investigate the etiology of any single
disease hypothetically connected with asbestos exposure. Reference values from the
general population are also very important for the forensic pathologists dealing with
asbestos-related claims. Every laboratory involved in routine asbestos estimations
should therefore define its reference evidences from the general population and should
strictly compare to these evidences all the results coming from clinical or forensic
routine analyses [25,32].

In Appendix 1 and 2 the results from main studies about AB lung counting and
asbestos fibers lung counting in the general population are summarized. As detailed in
the Appendixes, some of the studies directly focused on general population analyses,
while others used general populations as control populations versus main case-series
having asbestos-related diseases or known occupational asbestos exposure. In the

Appendixes only results referring to the general population are reported.

STUDY AIMS

The present work aims at describing the asbestos lung burden in a sample of the
general population constituted by subjects resident in the city of Milan. The study
sample includes a necroscopic series selected from the 2009-2011 routine practice at the
Institute of Forensic Medicine of Milan.

The performed asbestos burden investigation was both qualitative and
quantitative.

We examined both the Asbestos Bodies lung prevalence and the asbestos fibers
lung burden from the selected sample and we analyzed the influence by age, gender,
residential district, birthplace and smoking habit. We focused on asbestos fibers type
and metrics and we were also able to evaluate other inorganic fibers lung burden .

As stated in the 1998 Report from the European Respiratory Society Asbestos
Task Force, the creation of reliable reference values is a multistep task and studies on
necroscopic series represent just one of the pivotal steps: the present work dealt with a
55-cases wide necroscopic populations according to the European Respiratory Society
recommendations for the subgroup 2B (individuals from urban areas with no

identifiable occupational exposure).
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MATERIALS AND METHODS

In the period running from January 2009 to August 2011 55 cases were selected
from the necropsy routine at the Institute of Forensic Medicine of Milan-Italy.

The experimental population was composed by 30 males (10 cases < 30 years old,
10 cases > 30 and < 60 years old and 10 cases > 60 years old) and 25 females (5 cases <
30 years old, 11 cases > 30 and < 60 years old and 9 cases > 60 years old).

Criteria for the cases to be enrolled in the experimental population were the
caucasoid race, the stable residence in Milan-Italy and the exitus from an endogenous
pathology or from a major blunt trauma. Such inclusion criteria were established after
an epidemiological survey of the 2006-2008 routine necroscopic practice at the Institute
of Forensic Medicine of Milan. The only exclusion criterion was the occurrence of ante-
mortem or post-mortem diagnosis of any of the asbestos-related pathologies (pleural
adhesions, lung fibrosis, pleural plaques, pleural and peritoneal mesothelioma, lung
cancer).

Some anamnestic notes about global health status, tobacco smoking habit (non-
smoker versus previous smoker versus current smoker class I: 1-10 cigarettes/die, class
II: 10-20 cigarettes/die or class Ill: > 20 cigarettes/die) and ante-mortem job
occupations were obtained for every case through a brief interview and/or a phone call
with the relatives of the selected subject. A subject was considered to be a former
smoker after at least a 6 months period of complete ante mortem smoking abstinence.
For every case in the population was also preliminarily recorded its exact Milan-
residence address. For the purpose of the present study, the Milan topography was
considered to be composed by four main sectors: the North West (zone 7 + zone 8), the
North East (zone 2 + zone 3 + zone 9), the City Centre (zone 1) and the South (zone 4 +
zone 5 + zone 6).

Every case underwent a complete judicial autopsy and every necroscopic
procedure comprised a standardized pulmonary sampling allowing a wide lungs
mapping [32,78]: five samples free from macroscopic abnormalities were cumulatively
obtained from both the lungs, one 10 g subpleural sample coming from each pulmonary
lobe. In agreement with the traditional lung mapping for forensic pathology, the upper
lobe samples were obtained from the apical region while the lower lobe samples were

obtained from the dependent region.
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The lung samples from the same case were pooled together [72,78], half the
pooling being 10%-formalin fixed and half the pooling getting a temporary 2-3 °C
refrigeration. The samples undergone the 2-3 °C refrigeration step were subsequently
prepared for the Ferruginous Bodies counting (counting to be performed by traditional
Light Microscopy), while the samples undergone the 10%-formalin fixation procedure
were subsequently prepared for the asbestos fibers analysis (analysis to be performed by

Scanning Electron Microscopy).

Methods employed for the Ferruginous Bodies (FB) analysis

The samples to be analyzed for the FB counting were prepared according to a
simplified version of the wet digestion technique described by Mitha and Pooley in
1993 [126]: 1 g of wet lung composed by 5 discrete samples (each sample coming from
a different lobe and each weighing about 0.20 g [127]) was chemically digested in a 20
ml solution of commercial bleach until no macroscopic residue was detectable anymore.
The sodium hypochlorite digestion step usually needed 24-48 hours to be complete.
After the sodium hypochlorite digestion was completed, 5 ml of a 30% hydrogen
peroxide solution were added to the original solution for a time of 4-6 hours.

The whole digestion procedure was accomplished in a disposable plastic vial at a
constant ambient temperature of 20-22 °C and did not feature any centrifugation or
shaking manoeuvre. The Authors decided to avoid heating or shaking on the digesting
solution to minimize the risk about artificial FB breakdown [128,129]. After the two-
steps lung digestion was completed, the whole solution was vacuum-filtered through a
0.2 um pore size polycarbonate Millipore® membrane. After sufficient drying, the
unstained membrane was directly mounted on a typical histological slide with coverslip
and it was then completely explored at both the 100x and the 400x magnifications in
bright field LM. The LM analysis was collegially performed by two distinct
professional pathologists (one forensic pathologist and one pathologist with a 35-years
experience in pulmonary pathology) and all the cases showing one or more FB
underwent a further independent LM test by an experienced FB analyst [130]. After the
independent confirmation by the experienced FB analysis, only the morphologically
typical Asbestos Bodies (AB) were counted. AB counting results were first reported as
number of AB/wet lung gram [131,132], but every case with a positive AB count had a
further laboratory procedure (1 g of wet lung composed by pieces of tissue adjacent to

the original five 0.20 g digested samples was dried to constant weight at 60 °C [133]) to
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calculate its own lung wet to dry weight ratio and then to allow AB estimations also as
AB/dry lung gram [32,134,135]. All the cases with a positive AB counting showed a
wet to dry ratio very close to 10, thus allowing a simple multiplicative conversion from
the AB/g wet count to the AB/g dry count.

The LM analysts had no knowledge about SEM analyses results or about the
intrinsic variables of each testing case. The experienced LM analyst was generally
asked to check some filters for morphologically typical AB.

With the notable exception of the confirmation LM test on cases having a FB
count > 1, the whole technical and analytical procedure for the AB counting was
performed at the Institute of Forensic Medicine of Milan.

The whole technical procedure was performed in strict agreement with the routine

forensic laboratory guidelines against artificial contamination of human samples [78].

Methods employed for the asbestos fibers analysis

According to the method [136,137] described by Wang et al in 2000, the formalin-
fixed pool composed by five lung samples was sequentially put for 24 hours in a
bidistilled-water bath to remove the formalin matrix and then freeze dried [138]. 50 mg
of the freeze-dried sample underwent a complete decomposition through a Emitech®
K1050X low-temperature oxygen-plasma asher [139] (15 hours of 100 W and 0.06
mbar ashing) and the ashes were sequentially suspended in a solution of 20 ml distilled-
water, 20 ml isopropyl alcohol and 20 ml hexane, vigorously shaken for a few minutes
and vacuum-filtered on a 0.2 um pore size polycarbonate Millipore® membrane. After
filtering and drying, the polycarbonate membrane collecting the residue was completely
decomposed by a second low-temperature oxygen-plasma ashing (15 hours of 100 W
[140] and 0.06 mbar ashing) and the ashes were suspended in 50 ml of 3% distilled-
water solution of ethylic alcohol. A 10 ml and a 20 ml sample from that solution were
finally vacuum-filtered on two distinct 0.2 um pore size polycarbonate Millipore®
membranes, thus producing a “light” membrane and a “heavy” membrane for the SEM
analysis (the selection for the best membrane to analyze was later performed by the
SEM analyst during a preliminary few fields SEM analysis).

A 5 mm?section of both the polycarbonate membranes underwent a gold-coating
procedure.

After the preliminary SEM selection of either the light or the heavy membrane,

each case from the population got a 12000x SEM analysis on a gold-coated 5 mm?
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section of the selected filter. All the fibers (coated and uncoated asbestos fibers + non-
asbestos fibers) longer than 1 pum and with an aspect ratio > 3:1 were counted, the fiber
completely locating inside the tested microscopic field counting as 1 and the fiber just
partially locating inside the tested microscopic field counting as ¥%. The SEM analysis
stopped after the positive counting of 30 asbestos fibers or after the accomplished test of
a number of microscopic fields sufficient to warrant a detection limit at about 300.000
fibers/g dry (200-250 fields in cases not showing any asbestos fibers). The SEM
identification of a true fiber (a corpuscle with two straight parallel sides and an aspect
ratio > 3 : 1) was mainly morphological, while the distinction between asbestos and
non-asbestos fibers was either morphological and chemical. The chemical composition
of every encountered fiber was investigated by the Energy Dispersive X-rays Analysis-
system [141] connected with the SEM. The encountered fibers were alternatively
grouped as asbestos fibers (further divided into chrysotile, Commercial Amphiboles -
amosite and crocidolite- and NonCommercial Amphiboles -tremolite, anthophyllite and
actinolite-), talcum fibers, titanium-containing fibers and inorganic fibers other than
asbestos. No attempt was made to differentiate true asbestos fibers from cleavage
fragments. With very few exceptions, every encountered asbestos fiber was measured
for length and width.

The counting results were expressed as number of fibers per g of dry tissue (ff/g
dry) together with the 95% Confidence Interval (95% CI) and the Detection Limit (DL)
values. The DL was defined case by case as the upper boundary of the 95% Poisson CI
for a SEM zero count. The cases not showing any asbestos fiber in the SEM analysis
were then best defined as having an asbestos-fibers concentration lower than the half of
the analytical sensibility (AS). This value was calculating as 1/2 x AS = 1/6 x DL, 1/6
being the multiplicative factor for the minimal hypothesis of just a half fiber in the SEM
count. For the successive median values calculations, the cases having a SEM count
lower than the 1/2 x AS value were considered as having a SEM count equal to the 1/2 x
AS value itself [62].

All the SEM analyses were performed by the same experienced analyst. The SEM
analyst had no knowledge about the LM analyses results or about the intrinsic variables
of each testing case.

The whole technical and analytical procedure for asbestos fibers count was
performed at the ARPA Lombardy Laboratories in Milan. ARPA Milan Laboratories
represent the official Regional Centre for ashestos fibers analysis from both atmospheric

14



and human samples and regularly cooperate with the Mesothelioma Registers from the
northern Italian regions [142,143].

Statistical analyses

Standard descriptive statistics (means, Standard Deviations [SDs], medians,
Interquartile-Ranges [IQRs], and proportions) have been used to summarize data. For
normally distributed data, Student’s t-test and Fisher’s exact test were used to
investigate potential differences in the variable distributions. Global and type-specific
fiber burden showed asymmetric distribution and were log-transformed to approximate
normality. Consistently, differences in the fiber burden distribution among strata of
categorical variables of interest were investigated using nonparametric tests (Wilcoxon-
Mann-Whitney Test and Kruskal-Wallis Test).

The association between fiber burden and age at death was also evaluated with
linear models by regressing the log-transformed fiber burden variable over age at death.
Effects are therefore expressed as percent change in fiber burden per 1-year increase in
age at death.

For fiber length and diameter geometric means and corresponding 95%
Confidence Intervals (95% ClIs) were reported. Differences in fiber dimensions across
fiber types were evaluated using one-way ANOVA. All tests of statistical significance
were two sided. Statistical analyses were performed using Stata/MP 11.1 (Stata

Corporation, College Station, TX).
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RESULTS

The experimental population was composed by 55 cases, 30 males and 25
females. The mean age from the whole experimental population was 44,9 + 20,4 years
(range 18-83 years). In great detail, 15 cases (10 males and 5 females) belonged to the <
30 years old class, 21 cases (10 males and 11 females) to the 30-60 years old class and
19 cases (10 males and 9 females) to the > 60 years old class.

The mean age did not significantly differ between genders (42,5 + 20,6 years for
males; 48 + 20,2 years for females).

All the cases were residents in Milan: 19 cases lived in the Southern zone, 15
cases in the North Eastern zone, 14 cases in the North Western zone and 7 cases in the
City Centre. Twenty-six cases from the whole population were born in Milan (mean age
40,7 + 18,7 years), while 29 cases were not (mean age 49 + 21,1 years). 4 out of the 29
cases born outside Milan were born abroad. According to the tobacco smoking habit,
the cases from the experimental population were alternatively divided into the non-
smokers subgroup and the smokers subgroup. Reliable notations about the smoking
habits were not available in 6 cases. 19 subjects were never smokers and 4 were former
smokers. The smokers subgroup was composed by 26 cases and was further divided
into the 1% smoking class (6 cases usually smoking less than 10 cigarettes/die), the 2™
smoking class (6 cases usually smoking 11-20 cigarettes/die) and the 3™ smoking class
(14 cases usually smoking more than 20 cigarettes/die).

Table 1 reports the general features of each study subject, whereas in Table 2 the
results of the microscopic analyses (Light Microscope and Scanning Electron

Microscope analyses) performed are illustrated.

Morphologically typical Asbestos Bodies were found in the 14.5% of cases (8
cases). The Asbestos Bodies prevalence was 0% in the < 30 years old subgroup, 9.5% in
the 30-60 years old subgroup and 31.6% in the > 60 years old subgroup (p = 0,034). For
the positive cases, the range of the AB counting was 10-110 AB/g dry. In all the AB
positive cases, the SEM-tested asbestos burden was higher than the analytical
sensibility. For such cases the SEM asbestos burden range was 60,000-2,000,000 ff/g
dry, the case with the lowest SEM count (60,000 ff/g dry) being unexpectedly the one
with the greatest LM AB count (110 AB/g dry). For 2 cases testing positive for
Asbestos Bodies chrysotile was the only asbestos variant detected in the SEM analysis.
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Table 1: main features of each study subject.

Residence . Tobacco smoke
Sex | Age (Milan) Birthplace Work (cigarette/die)
C¢| F a2 | Nw | Milan, italy Housewife NS
Case . .

2 M | 78 NW Teramo, Italy | Retired (career soldier) 10-20
Case . Retired (automotive

3 M 74 S Milan, Italy industry worker) > 20
Czse M | 69 C Catania, Italy Retired FS
Cz;se M | 49 NE Milan, Italy Computer engineer NA
Case Syracuse, Retired

6 M| 72 NE Italy (clerical worker) >20
Cz;se F | 68 NE Palermo, Italy Retired (housewife) NS
Cgse M | 23 NE Milan, Italy Train guard 10-20
Cgse F | 64 NE Lecco, Italy Secretary >20
Clage M | 18 S Romania Barman NS
Case .

11 M | 34 NE Milan, Italy Long term unemployed NS
szse M | 51 S Foggia, Italy Warehouse-keeper >20
Cf;’e M | 41 C Milan, Italy Clockmaker 1-10
Cf:e F | 38 NW Monza, Italy Make-up artist 10-20
Case | M | 43 s Milan, Italy Unemployed > 20

15 (concierge)

Retired
Case M | 59 NW Mantova, (businessman in catering >20
16 Italy .
industry)
Case . Housewife

17 F 48 S Milan, Italy (graphic-designer) NS
Cfge Fo| 27 s Milan, Italy Student NS
Cfge F 49 S Belluno, Italy Housewife > 20
Case . Retired

20 M| 68 S Milan, ltaly (clerical worker) NS
el |19 S Milan, Italy Retired 1-10
Case Reggio .

29 M | 80 S Emilia, Italy Retired NA
Cz""?f‘e F | 22 s Milan, Italy Barman NS
Cza:e M 27 NE Monza, Italy Blue collar 1-10
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Table 1 cnt: main features of each study subject.

Residence . Tobacco smoke
Sex | Age (Milan) Birthplace Work (cigarette/die)
Czage F | 30 S Catania, Italy Housewife > 20
C2a65e F | 80 S Genova, Italy Retired (housewife) FS
Case Catanzaro, . .

27 M | 30 NW Italy Financial analyst NS
C26185e F | 51 C Salerno, Italy Secretary FS
Case . Retired

29 M| 71 NW Foggia, Italy (clerical worker) 10-20
C;ge M | 48 S Milan, Italy Computer programmer 10-20
Case . Unemployed

31 M| 33 NE Milan, Ttaly (clerical worker) > 20
C:;':tzse F 81 S Turin, ltaly Retired (housewife) NA
C;;e F | 73 NW Bari, Italy Retired (housewife) NS
C,é?:e M |37 | NE Milan, Italy Barman > 20
Cs?sse M | 51 C Milan, Italy Medical doctor > 20
Case M | 79 c Catania, Italy Retired (p_ro_fessmnal NS

36 musician)

Case . . Retired

37 M | 64 NW Pavia, Milan (truck driver) 1-10
C;‘ge M | 64 S Milan, Italy Teacher NS
C;ge F | 83 NE Milan, Italy Retired (shop-keeper) NA
C:ge F | 68 NE Milan, Italy Retired (secretary) NS
Case .

a1 M | 28 NE Milan, Italy Long term unemployed > 20
szse M | 27 NE Milan, Italy Waiter 10-20
Case Retired

43 P80 NW Rome, Italy (kindergarten teacher) NS
Case

44 M | 22 C France Student NS
nge F | 53 NW Milan, Italy Press agent NA
Cfg‘.e F | 38 NE Milan, Italy Long term unemployed NA
Co¢1 F | 22| NW | Kazakhstan Student > 20
Cfge F | 49 C Genova, Italy Secretary FS
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Table 1 cnt: main features of each study subject.

Residence . Tobacco smoke
Sex | Age (Milan) Birthplace Work (cigarette/die)
ngse M| 21| Nw Milan, Italy Cook NS
C:ge M | 30 S Milan, Italy Barman NS
Case . Unemployed

51 F 23 NW Romania (shop-assistant) NA
Case . .

52 F 55 S Bari, Italy Clerical worker > 20
C;;e M 21 NW Milan, ltaly Clerical worker NS
nge F | 35 S Naples, Italy Housewife NS
Csasse F | 44 NE Naples, Italy Long term unemployed 1-10

M = Male, F = Female.
NE = North East, NW = North West, C = City Centre, S = South.

NS = Non Smoker, FS = Former Smoker.

NA = Not Available.
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Table 2: main results of the LM and SEM analyses.

AB ASBESTOS FIBERS TALC FIBERS TITANIUM DIOXIDE OTHER FIBERS
(LM SEM burden 95% CI Fibers SEM Burden 95% CI SEM Burden 95% CI SEM Burden 95% CI (ff/g
count) (ff/lg dry) (ff/lg dry) type (ff/g dry) (ff/lg dry) (ff/g dry) (ff/lg dry) (ff/lg dry) dry)
Case 120,000- CA57% 180,000- 780,000-
1 0 400,000 1,160,000 NCA 43% 570,000 1,320,000 <12AS 1,500,000 2,520,000
Case 40,000- Chr 60% 2,990,000-
) 0 420,000 1,210,000 NCA 40% <1/2 AS <1/2 AS 4,500,000 6,600,000
Case 90,000- CA47% 30,000- 350,000-
g |10gdry | 1200000 | 5980000 | NCAB3% | <L2AS 250,000 890,000 870,000 1,790,000
Case _ 0 100,000-
4 0 90,000 0-520,000 CA 100% <1/2 AS <1/2 AS 380,000 960,000
Case 3,000- 0 250,000-
5 60/g dry 110,000 630,000 Chr 100% 110,000 3,000-630,000 <1/2 AS 680,000 1,470,000
Case 20,000- CA 33% 390,000-
5 0 140,000 690,000 NCA 67% <1/2 AS 100,000 3,000-530,000 860,000 1,640,000
C?se 0 60,000 628 %(())0 CA 100% 120,000 4,000-690,000 <1/2 AS 250,000 30,000-890,000
Cgse 0 <12 AS <12 AS <12 AS <12 AS
Chr 12%
Case 800,000- 0 60,000- 1,450,000-
9 0 1,900,000 3,680,000 CA 38% 470,000 1,680,000 <1/2 AS 2,800,000 4,890,000
NCA 50%
Case 60,000- 560,000-
10 0 <1/2 AS 310,000 900,000 110,000 3,000-570,000 1,100,000 2,010,000
Case 620,000- Chr 91% 410,000-
1 0 1,110,000 2,080,000 CA 9% <1/2 AS <1/2 AS 900,000 1,700,000
Case 130,000-
10 0 <1/2 AS <1/2 AS <1/2 AS 460,000 1,180,000
Case 3,000- 0 800,000-
13 0 120,000 640,000 Chr 100% <1/2 AS <1/2 AS 1,500,000 2,570,000
Case 20,000- Chr 50% 210,000-
4 0 200,000 720,000 CA 50% <1/2 AS <1/2 AS 640,000 1,490,000
Cfge 0 <1/2 AS 130,000 4,000-720,000 <1/2 AS 260,000 30,000-930,000
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Table 2 cnt: main results of the LM and SEM analyses.

AB ASBESTOS FIBERS TALC FIBERS TITANIUM DIOXIDE OTHER FIBERS
(LM SEM burden 95% CI Fibers SEM Burden 95% CI SEM Burden 95% CI SEM Burden 95% ClI
count) (ff/lg dry) (ff/lg dry) type (ff/g dry) (ff/lg dry) (ff/g dry) (fflg dry) (fflg dry) (ff/g dry)
Case | 110/g 3,000- . 120,000-

T dry 60,000 620,000 CA 100% 450,000 114,000 110,000 3,000-620,000 110,000 3,000-620,000
Case 30,000- . 30,000- 80,000-

= 0 190,000 930,000 CA 100% 260,000 930,000 <1/2 AS 380,000 1,120,000
Case 80,000-

iy 0 <12 AS <1/2 AS <1/2 AS 370,000 1,080,000
Case 80,000-

" 0 <1/2 AS <1/2 AS 100,000 3,000-530,000 380,000 1,110,000
Case 20,000- Chr 50% 140,000-

a0 | 60/g dry 170,000 620,000 NCA 50% 130,000 4,000-710,000 <1/2 AS 430,000 1,000,000
Case 30,000- NCA 150,000- 310,000-

21 0 210,000 1,020,000 100% 560,000 1,440,000 <12AS 850,000 1,840,000

- 0,
Cae ] o 520,000 11;8(?880 ghAr ggoj;’ 100,000 3,000-580,000 <12 AS <12AS
C;‘;e 0 <1/2 AS <1/2 AS <1/2 AS 170,000 20,000-610,000
Case 20,000- 350,000-

o 0 <1/2 AS 170,000 620,000 <1/2 AS 770,000 1,460,000
CZ""SSG 0 <1/2 AS <1/2 AS <1/2 AS 130,000 4,000-700,000
Case 4,000- NCA 350,000- 80,000-

26 | 20/gdry | 120,000 690,000 100% 860,000 1,780,000 <12AS 370,000 1,080,000
C;‘;e 0 <1/2 AS 130,000 4,000-700,000 <1/2 AS 250,000 30,000-920,000
Case 140,000- Chr 50% 140,000-

o 0 500,000 1280000 | NCA 50% 120,000 4,000-690,000 <1/2 AS 500,000 1,280,000
Case 80,000- Chr 67% 370,000-

2 0 400,000 1,160,000 CA 33% <1/2 AS <1/2 AS 920,000 1,900,000
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Table 2 cnt: main results of the LM and SEM analyses.

AB ASBESTOS FIBERS TALC FIBERS TITANIUM DIOXIDE OTHER FIBERS
(LM SEM burden 95% ClI Fibers SEM Burden 95% ClI SEM burden 95% ClI SEM burden 95% CI

count) (ff/g dry) (ff/g dry) type (ff/g dry) (ff/g dry) (ff/g dry) (ff/g dry) (ff/g dry) (ff/g dry)
Case | o 630,000 122300880 L5 | <12as <12 AS 630,000 122‘;(?880
Case | o <112 AS 920,000 232?,5’880 <12 AS 1,100,000 ; }18(;)880
o | wome | oo | A | iaomo | SO0 | mmo | X0 | w0 | S
C§‘3se 0 120,000 6‘28%%'0 CA 100% <1/2 AS 260,000 ggé?gg(') 470,000 11;28886
C;‘je 0 <1/2 AS <12 AS <12 AS 670,000 12,228886
CS""SSG 0 <1/2 AS <1/2 AS 130,000 4,000-740,000 400,000 1?107’8?860
C;‘ge 0 130,000 7‘28%%'0 CA 100% 260,000 326?88(_) <12 AS 130,000 4,000-740,000
C;‘;e 0 230,000 ggé?gg(') NCCAAE’E())S/;’A) 120,000 3,000-640,000 120,000 3,000-640,000 810,000 iéggggb
C?‘:"Bse 0 100,000 5%8%%'0 1\(')%0';; 500,000 11,?38836 100,000 3,000-550,000 1,100,000 fgggggb
C;‘;e 10/gdry | 1,300,000 27 3%8,?)86 Ncc:'z g; " 760,000 1322’3836 100,000 3,000-530,000 2,820,000 i’g%%%%%'
Case | 30/gary | 2,000,000 21257%%%% Chr100% | 130,000 | 4,000-700,000 |  <1/2 AS 880,000 132%)880
lese 0 100,000 53;1’8%%'0 i\(')%@) 100,000 3,000-540,000 100,000 3,000-540,000 680,000 12,3188886
Cjz?e 0 <1/2 AS <1/2 AS <12 AS 770,000 iéggggb
Case | 2oigdry | 670,000 12,228?)86 {\(')%OA/O 2,400,000 ﬁ%%%%%‘ <12 AS 1,100,000 5’,338886

22




Table 2 cnt: main results of the LM and SEM analyses.

AB ASBESTOS FIBERS TALC FIBERS TITANIUM DIOXIDE OTHER FIBERS
(LM SEM burden 95% ClI Fibers SEM burden 95% ClI SEM burden 95% CI SEM burden 95% CI

count) (ff/g dry) (ff/lg dry) type (ff/g dry) (ff/lg dry) (ff/g dry) (fflg dry) (fflg dry) (ff/g dry)
Cae | o <112 AS <12 AS <12 AS 690,000 1222(?880
Case | g <112 AS <112 AS 90,000 3,000-480,000 610,000 fgg(?ggo
Case | o 100,000 5%8%%0 oo 200,000 ?googgo <12 AS 500,000 11??;(?880
Case | g <112 AS 140,000 | 4,000-760,000 |  <1/2 AS 680,000 1228(?880
nge 0 <1/2 AS 90,000 3,000-500,000 <12 AS 1,300,000 27 33'8886
Cae | g <12 AS <112 AS <112 AS 120,000 4,000-680,000
Case | o <112 AS <12 AS <12 AS 490,000 11?2(?880
Csalse 0 260,000 326(,)88(_) CA 100% <1/2 AS <1/2 AS 400,000 1?1()68?(?60
G| 0 | 2000 | yote | oo | 430000 | Deone | 29000 | i 1,400,000 2630.000
Cae | o 120,000 6‘;8%%0 o 120,000 | 4,000-670,000 | <172 AS 240,000 30,000-870,000
Case | o 150,000 8%8%%0 CA100% | 1,100,000 24?2’38830 <12 AS 1,500,000 27 383880
Case | g 40,000 437’8%%'0 CA 100% 330,000 3300880 <112 AS 330,000 90,000-860,000

LM = Light Microscope, SEM = Scanning Electron Microscope.
95% CI = 95% Confidence Interval. AS = Analytical Sensibility.

Chr = Chrysotile, CA = Commercial Amphibole, NCA = Non-Commercial Amphibole..
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Asbestos fibers were SEM-detected in 35 cases (63.6%), while 20 cases had an
asbestos burden lower than the 2 analytical sensibility. 60% of cases with an asbestos
burden lower than the Y2 analytical sensibility was represented by subjects younger than
30 years. Three cases showed a pure chrysotile burden, 24 cases a pure amphibole
burden and 8 cases a mixed chrysotile + amphibole burden. Chrysotile fibers were thus
detected in 20% of all the experimental cases, whereas amphibole fibers in 58.2%. In
cases showing a mixed chrysotile and amphibole burden, the chrysotile amount ranged
from 12% to 91% of the total burden and was joined by a Non-Commercial Amphiboles
burden in 50% of subjects and by a Commercial Amphiboles burden in 62.5%. Among
the cases showing a detectable amphibole burden (either pure or chrysotile-mixed), 13
cases had a pure Commercial Amphiboles burden, 11 cases had a pure Non-Commercial
Amphiboles burden and 8 cases had a combined Commercial + Non-Commercial
Amphiboles burden. Commercial Amphibole fibers were detected in 40% of all the
experimental cases, whereas Non-Commercial Amphibole fibers in 34.5%. The Non-
Commercial Amphiboles burden was mainly represented by tremolite fibers (92.5%).

The median values and interquartile ranges for the chrysotile burden and the
amphiboles burden in the whole population are reported in Table 3. The maximum
estimated asbestos burden was 2,000,000 ff/g dry (100% chrysotile fibers), while the

maximum estimated amphiboles burden was 1,672,000 ff/g dry.

Table 3: global asbestos burden versus chrysotile burden versus amphiboles

burden.
Asbestos fibers Chrysotile fibers Amphibole fibers
Median value
110,000 51,600 91,600
(ff/g dry)
Interquartile
62,250-275,000 46,600-65,000 60,000-180,000
range (ff/g dry)

Based on the Helsinki Criteria for the occupational exposure to asbestos, 3 cases
showed an amphibole burden higher than the established cut off for fibers longer than 1
pm (1,000,000 ff/g dry) and other 10 cases showed an amphibole burden greater than
100,000 ff/g dry for fibers longer than 5 pm.

Figure 1 illustrates the asbestos burden for all subjects separately in males and
females. The median value in females was 150,000 ff/g dry (IQR 63,000-400,000) while
it was 95,750 (IQR 61,500-170,000) in males (p = 0.31).
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Figure 1: Box-plot of asbestos burden in the whole population, by gender
(F = females, M = males).
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Figure 2 shows the association between asbestos burden and age at death in all
subjects: the percent change in asbestos burden per 1-year increase in age at death was
2.81 (95% ClI 1.54-4.09, p < 0.001) indicating a positive trend with increasing age.

When we considered the amphiboles burden variation according to the sex
variable (Figure 3), the differences were not statistically significant (p = 0,22). The
median values were 120,000 (IQR 61,600-260,000) in females and 77,500 (IQR 58,300-
130,000) in males.

The positive trend with age at death was confirmed (Figure 4): percent change in
amphiboles burden per 1-year increase in age at death = 2.33 (95% CI 1.22-3.45, p <
0.001).

If we consider only subjects (52 cases) having an amphibole SEM-counting lower
than the 1,000,000 ff/g dry cut off for occupational exposure (figure 5 and 6) the results
did not consistently change. As predictable, the annual percent increase for the lung
amphiboles burden is much lower (1.16%, see Figure 6) after excluding the few cases

having an extremely high SEM amphibole counting.
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Figure 2: relationship between asbestos burden and age at death in all subjects.
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Figure 3: Box-plot of amphiboles burden in the whole population, by gender
(F = females; M = males).
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Figure 4: relationship between amphiboles burden and age at death in the whole
population.
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Figure 5: Box-plot of amphiboles burden in the 52 cases with < 1,000,000
amphiboles ff/g dry stratified by gender (F = females; M = males).
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Figure 6: relationship between amphiboles burden and age at death in cases <
1,000,000 amphiboles ff/g dry.
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Table 4 details the main characteristics of the 13 cases having an asbestos burden
above the Helsinki cut offs for the occupational exposure to asbestos (10 cases having >
100,000 amphibole fibers longer than 5 pum/g dry and 3 cases having > 1,000,000
amphibole fibers longer than 1 pum/g dry). The mean age was 57.5 + 19.8 years,
significantly higher (p 0.013) than the subgroup having an amphiboles burden lower
than the Helsinki Criteria for occupational exposure. The distribution by gender,
residential district and smoking habits did not differ. Three cases showed a positive
Asbestos Bodies counting in LM ranging from 10 AB/g dry to 20 AB/g dry.

Because of the poor available notations about the work histories of the
experimental cases, it was not possible to carefully analyze the subgroup above the
Helsinki Criteria according to singular job experiences and singular occupational
exposures to asbestos: it is nonetheless remarkable the presence inside such subgroup of
a retired automotive industry worker and of a retired truck driver. Further and more
detailed investigations about the lifetime work experiences of the cases AB positive and
the cases above the Helsinki Criteria have been started during the final phase of the
present PhD study but have not yet been completed. This approach has been made
possible thanks to collaboration with OCCAM (OCcupational CAncer Monitoring) that
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Table 4: main characteristics of the 13 cases having and amphibole burden higher than the Helsinki Criteria for occupational exposure.

NE AR e wor
Casel | 7 ﬁge:lfn |:0288'r0tggn 0 570,000 1,500,000 e Non Smoker Housewife
Case 6 I7\/I2 fige;nl:oigglrotgg " 0 SVXAS 860,000 SyracElsE, Italy > 20 (clerszgii\rlsgrker)
Case17 | ¥ ﬁgejn |:o?38,rotggn 0 260,000 380,000 i Non Smoker Housewife (graphic-designer)
Case21 | T ﬁgejn ':Oyg;rotgg“ 0 560,000 850,000 i 1-10 Retired
Case 32 8F1 figejnl:oggg,rotgg n 0 1,400,000 1,600,000 Turins, ltaly Not Available Retired (housewife)
cases? | | o ieoe | O 120,000 10,000 pavia, taly 1-10 (ruck driven)
Case 43 8FO figejnl:oggg,rotgg n 20 2,400,000 1,100,000 Rorr':le\,/\:taly Non Smoker Retired (kindergarten teacher)
Cases2 | ﬁgeﬁn ':Oi‘ggfotgg“ 0 430,000 1,400,000 Bari’SM“an > 20 Clerical worker
Case 53 |2v|1 ﬁgeﬁn ';°?§S,rot8§” 0 120,000 240,000 I\/I\Ili\I/;/n Non Smoker Clerical worker
Case 54 3F5 ﬁgeﬁn ':O?ggfotgg“ 0 1,100,000 1,500,000 Naplei ey Non Smoker Long EELTS:C&%)'OVE"
Case 3 7I\j f;bs:;lggg&;;hoag 10 <VXAS 870,000 Mﬁan > 20 (automotivs iertlidrsgtry worker)
Case 9 6F4 fibS:::'g?g;;’Bhoa(;‘ 0 470,000 2,800,000 LecclgFl tly > 20 Secretary
Case 39 8F3 fibs:z:"if‘,é?&;,ghoa(;‘ 10 760,000 2,820,000 M’\:En Not Available (Sh;)e_tli(rei‘ijer)

AB = morphologically typical Asbestos Bodies. M = male, F = female. AS = Analytical Sensibility. NW = North West, NE = North East, S = South.
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investigates occupational cancer risk by industrial sectors.

When we analyzed the asbestos lung burden across the four residence districts in
Milan (North East, North West, South and City Centre), the birthplace (Milan versus
outside) and the smoking habits (ever smokers versus non-smokers), no statistical
differences were found.

A special analytical focus was about the dimensions of the detected asbestos
fibers. Table 5 summarizes the analytical results about asbestos fiber dimensions.

From the whole experimental population a global amount of 111 asbestos fibers
were measured by SEM: 40 Non-Commercial Amphibole fibers, 32 Commercial
Amphibole fibers and 39 chrysotile fibers. Chrysotile fibers were significantly shorter
and thinner than amphiboles fibers, while Commercial Amphibole fibers were
significantly thinner than the Non-Commercial Amphibole fibers.

The mean aspect ratio (length/width) value decreased from the chrysotile fibers to
the Commercial Amphibole fibers and yet to the Non-Commercial Amphibole fibers,
about 70% of the detected chrysotile fibers showing a diameter < 0,1 pm versus the
25% of the Commercial Amphibole fibers and the 0% of the Non-Commercial
Amphibole fibers. An aspect ratio lower than 10 was recorded in 0% of chrysotile
fibers, in 12.5% of Commercial Amphibole fibers and in 40% of Non-Commercial
Amphibole fibers. Only 13.5% of all asbestos fibers were longer than 10 pum, while
about 60% was shorter than 5 um and 47.7% were both ultrashort and ultrathin fibers
(length < 5 um and diameter < 0.25 um). Less than 10% of all detected asbestos fibers
were Stanton fibers (fibers longer than 8 um and thinner than 0.25 pm), Lippmann
fibers variant 1 (fibers longer than 5 um and thinner than 0.1 um) or Lippmann fibers
variant 2 (fibers longer than 10 um and thinner than 0.15 um). A further analysis was
performed about the prevalence of the long asbestos fibers: 34% of the whole
experimental population had no asbestos fibers longer than 5 pm, while 56% had no
asbestos fibers longer than 10 um. About 80% of the whole population had no Stanton
fibers, while nearly 90% showed no Lippmann fibers variant 1 or Lippmann fibers

variant 2.

Even though the distinction between true asbestiform fibers and non-asbestiform
cleavage fragments was not a declared focus of the present work, data from table 5
show the relative amount of Commercial Amphiboles and Non-Commercial

Amphiboles respectively fitting the American Society for Testing and Materials criteria
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for class 2 fibers (ASTM class 2 fibers hypothesis: fibers longer than 10 um or thinner
than 1 pum being true asbestiform fibers) [144]. The very high percentage of fibers with
a width < 1 um across all the subgroups allows here the reader to equalize the official
ASTM class 2 criteria to the revision hypothesis later advanced -but finally rejected- by
the Workplace ASTM subcommittee (fibers longer than 10 um and thinner than 1 pum
being true asbestiform fibers). The previous notation about the percentage of fibers
having an aspect ratio lower than 10 also answers the claim about this aspect ratio value
to be a reliable cut off between true asbestiform fibers (AR usually > 10) and cleavage
fragments (AR usually < 10) [145].

Table 5: dimensional analysis of the detected asbestos fibers (CA = Commercial
Amphiboles; NCA = Non-Commercial Amphiboles).

All gsbestos Chrysotile fibers CA fibers NCA fibers
fibers
Length x
diameter pm: | 4.19 (2.49-5.89) | 2.74 (2.19-3.43) 4.86 (3.28-7.20) | 5.65 (4.39-7.28)
geometric mean X X X X
values 0.19 (0.14-0.24) 0.09 (0.08-0.10) 0.18 (0.14-0.23) 0.47 (0.40-0.57)
(95% CI)
Mean aspect
ratio 20.6 30.7 26.9 11.25
(length/width)
% of fibers 10 13.5% 5.1% 21.8% 15%
pm in length
%o of fibers 2 5 37.8% 20.5% 34.3% 57.5%
pm in length
o .
% of fibers <1 94.6% 100% 96.8% 87.5%
pm in length
% of fibers < 0.1 31.5% 69.3% 25% 0%
pm in width
[0)
% of Stanton 7.2% 7.7% 12.5% 2.5%
fibers
% of Lippmann
fibers 4.5% 10.2% 3.1% 0%
(hypothesis 1)
% of Lippmann
fibers 3.6% 5.1% 6.2% 0%
(hypothesis 2)

The SEM analysis also extended to the counting of talc fibers, titanium-containing
fibers and inorganic fibers other than asbestos.
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Talc fibers were positively detected in 56.4% of cases, titanium-containing fibers
in 25.5% and other inorganic fibers other than asbestos in 96.4%. The median values
from the whole experimental population were respectively 110,000 ff/g dry
(interquartile range 50,750-285,000 ff/g dry), 51,500 ff/g dry (interquartile range
48,000-81,500 ff/g dry) and 640,000 ff/g dry (interquartile range 375,000-910,000 ff/g
dry).

No statistical influence of the variables sex, residential district, birthplace and
smoking habit was observed on the median values of talc, titanium and other inorganic
fibers burdens.

Figures 7 and 8 respectively illustrate the relationships between the talc fibers
burden and the miscellaneous inorganic fibers burden with age at death. The percent
change per 1-year increase in age at death was 1.74 (95% CI 0.29-3.22, p = 0,020) for
the talc burden and 0.96 (95% CI 0.24-2.16, p = 0,114) for the other inorganic fibers
burden.

Figure 7: relationship between talc fibers burden and age at death in the whole

population.
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Figure 8: relationship between other inorganic fibers burden and age at death in

the whole population.
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Figure 9: asbestos burden versus talc burden versus titanium burden versus other

inorganic fibers burden in the whole population.
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DISCUSSION AND CONCLUSIONS

We investigated the lung asbestos burden in a sample of necropsies collected
between 2009-2011 at the Institute of Forensic Medicine of Milan. The study population
included 55 subjects residents in Milan at the time of death, stratified by gender (30
males and 25 females) and age (15 cases < 30 years, 21 cases 31-60 years and 19 cases
> 60 years). The study population can be considered a representative sample of the
Milan resident population, yet avoiding the anagraphic biases usually connected with
consecutive and unselected necroscopic series (series younger and much more male-

oriented than the whole background population).

Milan is a post-industrial and tertiary-oriented town, far enough from relevant
natural sources of asbestos dust and historically free from major asbestos primary
manufactures. However, Milan is also a high-traffic metropolitan town widely scattered
by either professional and residential buildings still containing asbestos-rich
components (asbestos estimated volume in Milan territory at September 2008: 784,808
m?®) [146], that is Milan is not a town expected free from asbestos pollution. The Milan
surroundings are mainly industrial on the north side and mainly rural on the south side.

Based on environmental measurements performed in 1991, the background
asbestos-pollution in the city was mainly a chrysotile-pollution with prevalence of
ultrashort and ultrathin fibers: such background pollution tended to be constant across
the four seasons of the year and was not influenced by the vehicular traffic rates and by
the land use in the different urban districts [147]. Milan asbestos pollution (mean value
12,1 £ 4,6 ff/L) was significantly lower than the background pollution of a small town
hosting primary asbestos manufactures (Casale Monferrato: 48,4 + 33,5 ff/L) but was
higher than the environmental pollution from other Italian medium-sized towns
(Brescia: 5,6 £ 1,5 ff/L, Ancona: 6,00 £ 1,2 ff/L, Firenze: 1,8 + 1,0 ff/L, Bologna 3,3
3,6 ff/L) [147] and also from Rome [148]. Based on official data from the Lombardy
Region and from the Lombardy ARPA Laboratories [146], repeated measurements
between 1999 and 2008 showed mean asbestos atmospheric level always lower than
0,07 ff/L for fibers longer than 5 um. The asbestos environmental burden was
constituted by 65% chrysotile fibers and 35% amphibole fibers. In 2008 the mean

asbestos atmospheric level for ultrathin fibers was lower than 2,5 ff/L.
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In short, Milan is nowadays a 1,300,000 inhabitants town showing a decreasing
background level of secondary asbestos-pollution with infrequent spikes of primary
asbestos-pollution and a strongly prevalent non-occupational asbestos exposure of the
resident people. As already suggested by other authors in different industrialized
countries [254], the younger class people today living in Milan (people born or grown
up after the 1992 asbestos ban) can be considered to be ever exposed only to a light
secondary asbestos pollution, while people belonging to the 30-60 years and the > 60
years classes must be considered to have remotely suffered more intense asbestos

exposures either in occupational or non-occupational circumstances.

More than 60% of our population presented SEM-detectable asbestos fibers inside
the lung parenchyma, with amphiboles fibers being more frequently detected than
chrysotile fibers (58.2% of cases showing detectable amphibole fibers versus 20%
showing detectable chrysotile fibers). Commercial and Non-Commercial Amphiboles
were equally represented, the former coming from the indoor and outdoor releasing
from asbestos-containing materials and the latter mainly originating as a natural
contaminant of either the industrial chrysotile or the cosmetic talc [149-153]. The
greater biopersistence of the amphiboles rather than chrysotile may explain the higher
detection frequency for amphibole fibers even in the sample from a low-amphibole and
a high-chrysotile polluted town. Such a ratio between amphiboles and chrysotile
positive cases should also be prudentially analyzed in the suggested perspective of an
intrinsic SEM bias towards the underestimation of chrysotile fibers [43,154].

The asbestos lung burden represents the final result of a lifetime dynamic
accumulation as suggested by our findings that showed a linear positive trend of the
lung asbestos burden with increasing age. In addition, 80% of study subjects younger
than 30 years had an asbestos lung burden lower than the SEM analytical sensitivity. As
stated before, the < 30 years old people and the > 30 years old people analyzed in our
study probably faced different pattern of daily asbestos exposures, with older subjects
well crossing the asbestos-exploitation era: the reported “age-lung fibers burden”
relationship should therefore be analyzed also remembering that > 30 years people do

not represent an automatic reliable forecast for younger subjects.

35



About 5% (3 cases) exceeds the Helsinki amphiboles 1,000,000 ff/g dry cut off for
occupational exposure. For one case an occupational exposure to asbestos is plausible:
he worked in an automotive industry well-known as contaminated by asbestos.

Combining the two amphiboles statements from the 1997 Helsinki Consensus
Report about probabilistic occupational asbestos exposures (1,000,000 ff/g dry cut off
for all amphibole fibers and 100,000 ff/g dry cut off for amphibole fibers longer than 5
pm), 23.6% of our population would set above the suggested threshold values. A
thorough explanation of these findings is however limited by the lack of a detailed
lifetime work history for every case enrolled in the experimental population. All the
attempts performed so far to investigate the occupational exposure of our cases (live
pre-autoptic interviews + phone interviews with the subject’s relatives) did not get
satisfactory data. An ongoing search is in progress to obtain data on past work histories
thanks to the collaboration with OCCAM (OCcupational CAncer Monitoring) that
investigates occupational cancer risk by industrial sectors. For each case a linkage with
social security files available at the National Social Security Institute from 1974 has
been planned in order to obtain data on past employment. For each year of employment
the employing firm, its economic branch and the white collar versus blue collar status
are available.

However, the evidence of more than 20% of our cases having an amphibole count
higher than the Helsinki cut off for occupational exposure to asbestos suggests the need
to develop reference values for the residents in the city of Milan. The Helsinki
Document itself actually stimulates any asbestos-dealing laboratory to the production of
its own reference values from the pertinent background population and also states that
the intrinsic reliability of a reference population comes from the stable evidence of a
median asbestos burden for occupationally exposed people substantially higher than the
corresponding reference population median burden [25].

The 6 analytical teams referring to the European Respiratory Society Asbestos
Task Force published in 1998 their own reference values for the background
populations, 5 teams not declaring any reference value for the amphibole fibers longer
than 5 pum and just 1 team declaring the reference value 180,000 ff/g dry for the
amphibole fibers longer than 5 pm [32]. Matching the analytical evidences of the
present work with the 180,000 ff/g dry cut off for amphibole fibers longer than 5 pm,
just 12.7% of our population (6 cases) would be labelled as having an abnormal lung

retention of amphibole dust.
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To further complicate matters, the Helsinki Report seems to equalize SEM and
TEM techniques, whereas some authors partially explain the well-known inter-
laboratory variability in asbestos burden estimations with the different performance of
the currently available microscopic counting techniques [27,89,155]. Even though a
general consensus about the 1,000,000 ff/g dry cut off for all the amphibole fibers do
exist, such vigorously debated problems reinforce the need for the proper definition of
reliable reference values by every single laboratory performing asbestos counting
analyses and recommend the use of external reference values just for speculative

purposes.

In our population the variables sex, residential district, birthplace and smoking
habit did not significantly influence the median value of the asbestos burden. Previous
studies already showed no influence of gender [238,241,243,257] and smoking habit
[254] on the asbestos lung burden from the general population.

A comparison of the asbestos lung burden in the general populations from
different countries or cities [33,99,127,181,237-259] is made difficult by the great
variability related to the environmental characteristics of the study areas, the period ob
observation, the selection criteria and the size of the examined population, the employed
analytical techniques and the counting rules [156]. Such variability further underlines

the need to build local and specific reference values.

About 50% of the asbestos fibers recovered from the lung parenchyma of our
population was composed by ultrashort and ultrathin fibers, while fibers longer than 10
pum represented a fraction slightly above 10%. Such evidence matches well with the
already discussed Milan environmental asbestos pollution [147], but also suggests an
extraordinary biopersistence of the long amphibole fibers [157] (80% of the detected
fibers longer than 5 um being in fact amphibole fibers). There is no definite way to infer
from the SEM images of a lung fiber its past splitting behaviour, that is a SEM image
cannot reliably distinguish “native” fibers from fibrous fragments generated inside the
lung parenchyma. Chrysotile is considered the asbestos variety most susceptible to
intrapulmonary splitting, its mean dimensions being thus regularly expected as
considerably lower than those of amphiboles. Among the asbestos fibers recovered from

our experimental cases, chrysotile fibers were significantly shorter and thinner than

37



amphibole fibers and Non-Commercial Amphibole fibers are thicker than the
commercial ones.

In substantial agreement with previous independent observations (Table 6), the
chrysotile fibers showed a very short mean length and a thin diameter, the Non-
Commercial Amphibole fibers differed from the Commercial Asbestos fibers because of
a lower aspect ratio and all the asbestos varieties increased their mean aspect ratios
along with the increasing of their mean lengths.

In the lungs of the examined population there was just a minimal contamination
from (asbestos) fibers traditionally supposed to hold a fibrogenic [158,159] or a
carcinogenic metric [160,161]. In our experimental cases the typical asbestos burden
was mainly made up by short and thin fibers yet to be definitely understood in their
oncogenic potential [150,162-168].

The Asbestos Bodies prevalence in our experimental series was relatively low in
agreement with the small fraction of asbestos fibers longer than 10 um detected in the
SEM analyses [56,76]. The Asbestos Bodies concentration in all the AB positive cases
was well below the Helsinki Criteria for inferring an asbestos occupational exposure
and also well below the 100 AB/g wet cut off for detecting AB in routine histological
analysis of the lung [169,170]. The detected range of AB burden in positive cases was
in full agreement with the previous literature statements about a mean general
population AB burden lower than 20-50 AB/g wet and lower than 200-500 AB/g dry
[56,76,171-173,227]. In the present study, only the morphologically typical Asbestos
Bodies were counted and no investigation about the chemical composition of the Bodies
core was performed. Even though a typical microscopic AB-morphology correlates well
with the asbestos composition of the fibrous core [56,65,66,175,176], the absence of
chemical analyses on the core of the detected bodies prudentially recommends to
underline that the used label “morphologically typical Asbestos Body” does not mean
“body with an assessed asbestos core”.

No Asbestos Bodies were found among the cases younger than 30 years. Being
the Asbestos Bodies formation a relatively rapid process [58,184], such evidence can be
better explained by a theory focused on the decrease of long airborne asbestos fibers in
the last 20-30 years rather than by a theory suggesting the lack of sufficient time for

creating Asbestos Bodies in young-dying people. However, the positive relationship
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between the Asbestos Bodies prevalence and the increasing age is an inconstant finding
across the available scientific literature [53,177,185,186].

A comparison between the findings in our study population and the results
obtained by the same SEM laboratory in two distinct populations of Italian asbestos-
exposed workers [142,143] was also performed. This comparison was not a pure
juxtaposition between occupational- and environmental-exposed subjects (as
recommended by the Helsinki Report to validate a reference value for background
asbestos population), because the two occupational-exposed groups were in reality
made of workers affected by asbestos-related diseases.

The two occupational-exposed population respectively included 11 mesothelioma
cases among asbestos- and nonasbestos-textile workers [143] and 12 cases with
asbestos-related diseases (5 mesotheliomas, 4 lung cancers, 1 asbestosis + pleural
plaques and 2 pure pleural plaques) among asbestos-cement workers [142].

In the former group the highest values of asbestos fibers were detected in the
asbestos-textile subgroup (4 cases) and in 3 cases employed in jute recycling with
concentrations ranging between 9,1 and 397 millions ff/g dry, well above the range
observed in our study population. The total fiber concentrations in the other 4 non
asbestos-textile workers (silk and cotton production workers) ranged from 0,33 to 1,2
millions ff/g dry and overlapped with the concentrations observed in our population.

Among the asbestos-cement workers 11 out of the 12 examined cases had an
asbestos lung burden higher than 2,5 millions ff/g dry. Only 1 subject affected by lung
cancer had a total fiber concentration of 1,32 millions ff/g dry, a value lower than our
maximum measured concentration of 2,0 millions ff/g dry.

As regard the type of asbestos fibers, in both the occupational-exposed groups a
100% amphibole fibers detection frequency was observed (versus 58.2% in our
population). Chrysotile fibers were detected in 20% of our population, in 25% of the

asbestos-cement workers and in 72.8% of the asbhestos-textile workers series.

In substantial agreement with other international experiences about the general
population [89,187], the fibers lung burden from our experimental cases also comprised
talc fibers, titanium-containing fibers and other inorganic fibers and the non-asbestos
fibers burden greatly outnumbered the asbestos fibers burden. Talc is a well-known

human fibrogenic pathogen [78,188-191] and in our experimental series the median
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value of the talc fibers burden appears to be very similar to the median value of the
asbestos fibers burden. The SEM analysis did not allow a definite distinction among the
inorganic fibers other than asbestos and a TEM analysis would be therefore needed to
properly investigate such component of the fibrous lung burden and eventually to focus
on the Man Made Vitreous Fibers and the Refractory Ceramic Fibers subgroups
[13,192,193].

The present work aimed at describing the asbestos lung burden from a
necroscopic sample of the people today living in Milan, thus giving a first contribution
to the creation of reliable reference values for the asbestos lung burden of the Milan
population.

To establish reliable reference values for such analyses is at the same time
mandatory for a good clinical and forensic practice but also very difficult to realize
[89,194,195]. According to the European Respiratory Society Asbestos Task Force [32],
the creation of reliable reference values for the asbestos lung burden estimations is a
multistep task with contemporary focus on necroscopic series free from asbestos-related
diseases and on surgical series from patients undergone lung surgery either for asbestos-
related pathology or not. In this perspective, the present work is just a first contribution
to the creation of reliable reference values for the asbestos lung burden estimations and

there is the pivotal need for further research on Milan lung surgical series.

A better and thorough evaluation of the results from the present work will be done
after improving the exposure history collection for all the 55 cases enrolled in the

experimental population: as stated before, an ongoing research is in progress.

The results of the present study are first of all influenced by the employed
population selection criteria, sampling procedures, analytical techniques and counting
rules. As a preliminary warrant about the reliability of the assessing results [196], all the
pre-analytical and analytical steps have been performed by trained specialists according
to published and shared methodologies and all the SEM-analyses (the only ones
probably expected to produce the effective reference values for asbestos lung counting)
have been performed at the certified Laboratory of the Environmental Protection
Agency of Lombardy (ARPA).
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The collected results come after about 20 years from the 1992 Italian asbestos ban
and put together at least 2 subgroups of people probably facing in their lifetime a very
different pattern of asbestos exposure (1 age class people versus 2" and 3™ age class
people). After just 20 years from the total asbestos ban, the results from such a general
investigation on the whole resident population have to be considered as intermediate
evidences along a period of ever-decreasing environmental exposure to asbestos in
Milan. The results from the present study need therefore to be updated in the future
[196] to promptly detect any differences in the asbestos lung burden of the Milan
residents after demographic increasing of the people having faced in their lifetime only
very mild secondary asbestos pollution. This update will be another crucial factor for a
good clinical and forensic practice about asbestos-related diseases.

The typical fibrous lung content of Milan residents also comprises talc fibers,
titanium-containing fibers and a great amount of inorganic fibers other than asbestos,
talc and titanium. The global amount of fibers other than asbestos greatly outnumbers
the asbestos lung content and the estimated median talc burden is very similar to the
median asbestos burden. The miscellaneous group of the inorganic fibers other than
asbestos, talc and titanium extends to the Man Made Vitreous Fibers and the Refractory
Ceramic Fibers: such fibers need a further dedicated experimental focus by TEM-
analysis, as similarly do ultrathin and ultrashort asbestos fibers and also cleavage
fragments from non-asbestiform amphiboles [144,145,149].

Available data suggest a progressive lifetime accumulation of all the major
inorganic fiber types inside the lung parenchyma of the Milan inhabitants.
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Table 6: asbestos fibers dimension from 10 different studies about the general population.

Chrysotile fibers

CA fibers

NCA fibers

Churg et al
1980
[241]

90% < 5 um in length
1.9% > 10 um in length
Mean AR for fibers <5 um in length: 61
Mean AR for fibers 5-10 um in length: 200
Mean AR for fibers > 10 um in length: 340

25% < 5 um in length
20.6% > 10 um in length
Mean AR for fibers <5 um in length: 32
Mean AR for fibers 5-10 um in length: 68
Mean AR for fibers > 10 pm in length: 160

60% < 5 um in length

7.4% > 10 um in length
Mean AR for fibers <5 um in length: 18
Mean AR for fibers 5-10 um in length: 25
Mean AR for fibers > 10 pm in length: 30

Churg et al
1986
[247]

94% < 5 um in length
1% > 10 um in length
Mean length 1.1 pm
Mean AR 24

For tremolite fibers
92% < 5 pm in length
0% > 10 pmin length

Mean length 1.6 um

Mean AR 6.5

Paoletti et al
1991
[183]

For all asbestos fibers
Length range 1-8 um
Mean length 3 um

Langer et al
1994
[234]

99.4 % <5 pum in length
90.2% < 1 um in length

Magnani et
al
1998
[181]

For all amphiboles fibers
Mean dimensions 11.7 x 0.40 pm

Dodson et al
1999
[237]

86.4% < 5 pm in length
Mean dimensions 1.81 x 0.06 um
Mean AR 29.3

For amosite fibers
75% < 5 pm in length

For crocidolite fibers
100% < 5 pm in length

For tremolite fibers
89% < 5 um in length
Mean dimensions 2.40 x 0.26 um
Mean AR 9.11
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Table 6 cnt: asbestos fibers dimension from 10 different studies about the general population.

Chrysotile fibers

CA fibers

NCA fibers

Dodson et al
2000
[257]

For all asbestos fibers
Mean dimensions 2 X 0.15 pm
Mean AR 13.9

Tossavainen

etal . .

2000 Mean dimensions 2.2 x 0.08 um

[258]

McDonald
zeégll 3.5% of all amphibole fibers > 10 um in length
[259]
For all asbestos fibers
62.2% < 5 um in length
13.5% > 10 pm in length
Mean dimensions 4.19 x 0.19 um
Mean AR 20.6
Present
work

79.5% < 5 um in length
5.1% > 10 um in length
Mean dimensions 2.74 x 0.09 um
Mean AR 30.7
Mean AR for fibers < 5 pm in length 24.4
Mean AR for fibers > 5 um in length 74.9

65.7% < 5 um in length
21.8% > 10 um in length
Mean dimensions 4.86 x 0.17 um
Mean AR 26.9
Mean AR for fibers <5 um in length 16.3
Mean AR for fibers > 5 um in length 70.2

42.5% < 5 um in length
15% > 10 um in length
Mean dimensions 5.65 x 0.47 um
Mean AR 11.25
Mean AR for fibers <5 pm in length 5.8
Mean AR for fibers > 5 pm in length 31.2

CA = Commercial Amphiboles, NCA = Non-Commercial Amphiboles. AR = Aspect Ratio.
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SUMMARY

The present study analyzed the asbestos lung burden from a necroscopic
series of the Milan general population. The study was performed on 55 cases free
from asbestos-related disease undergone a judicial autopsy at the Forensic
Institute of Forensic Medicine of Milan in the period running from 2009 to 2011.

For each study case multiple lung samples were digested and vacuum-
filtered on 0.2 um pore size polycarbonate membranes and then were analyzed by
both traditional Light Microscopy (for counting of morphologically typical
Asbestos Bodies) and EDXA-Scanning Electron Microscopy (for counting of all
asbestos fibers). The SEM-analysis also extended to the count of inorganic fibers
other than asbestos.

The Asbestos Bodies prevalence in the series was 14.5% with the positive
cases having an AB count ranging from 10 to 110 AB/g dry. No Asbestos Bodies
were found in the subjects younger than 30 years.

Asbestos fibers were SEM-detected in 63.6% of the study cases, with a
higher detection frequency for amphiboles than for chrysotile (58.2% versus
20%). An ashestos content lower than the SEM analytical sensibility was found in
80% of the subjects younger than 30 years. Commercial Amphiboles were
detected as frequently as NonCommercial Amphiboles. NonCommercial
amphiboles were mainly represented by tremolite fibers.

The estimated median value was 110,000 ff/g dry (1Q range 62,250-275,000
ff/g dry) for all the asbestos fibers, 91,600 ff/g dry (IQ range 60,000-180,000 ff/g
dry) for the amphibole fibers and 51,600 ff/g dry (IQ range 46,600-65,000 ff/g
dry) for the chrysotile fibers.

The maximum estimated burden for all asbestos fibers was 2,000,000 ff/g
dry. Thirteen cases showed an amphibole burden higher than the Helsinki cut offs
for occupational exposure: three cases showed a total amphibole burden higher
than 1,000,000 ff/g, while other 10 cases showed an amphibole burden for fibers
longer than 5 um higher than the 100,000 ff/g dry.

A comparison was performed between our results and the results coming
from two distinct occupational-exposed populations examined by the same SEM
laboratory. The maximum measured asbestos burden in our population was lower

than the minimum measured asbestos burden among asbestos-textile workers, jute
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recycling workers and asbestos-cement workers. Just one asbestos-cement worker
and 4 silk/cotton-textile workers showed ashestos lung concentrations overlapping
our experimental results.

A positive linear relationship was observed between asbestos lung burden
and age at death. Sex, residential district, birthplace and smoking habit did not
significantly influence the median asbestos lung burden.

The mean dimension for the detected asbestos fibers was 4.19 x 0.19 pum
with a 20.6 mean aspect ratio. Chrysotile fibers (mean dimension 2.74 x 0.09 um)
were significantly shorter and thinner than amphibole fibers, the NonCommercial
Amphibole fibers (mean dimension 5.65 x 0.47 pum) being also significantly
thicker than the Commercial Amphibole fibers (mean dimension 4.86 x 0.17 pum).
Asbestos fibers traditionally supposed to be fibrogenic and carcinogenic in
humans were very infrequently detected.

The median talc burden was very similar to the median asbestos lung burden
and the global non-asbestos fibers lung burden well outnumbered the asbestos
fibers burden. Also for inorganic fibers other than asbestos a positive linear

relationship with age at death was observed.

45



REFERENCES

[1] B.W. Case, J.L. Abraham, G. Mecker et al, “Applying definitions of
Asbestos to environmental and low-dose exposure levels and health effects,
particularly malignant mesothelioma”, J Toxicol Environ Health, 2011; 14: 3-39.

[2] V.L. Roggli, P. Coin, “Mineralogy of Asbestos”, in V.L. Roggli, T.D.
Oury, T.A. Sporn, “Pathology of Asbestos-Associated Diseases. Second Edition”,
Springer-Verlag, New York, 2010, pp. 1-15.

[3] G. Scansetti, “L’Amianto Ieri ed Oggi”, in C. Minoia, G. Scansetti, G.
Piolatto et al, “L’ Amianto: dall’Ambiente di Lavoro all’Ambiente di Vita. Nuovi
Indicatori per Futuri Effetti”, I Documenti-Fondazione Salvatore Maugeri-IRCCS,
Pavia, 1997, pp. 9-23.

[4] J.E. Craighead, B.T. Mossmann, “Pathogenesis of asbestos-associated
diseases”, N Engl J Med, 1982; 306: 1446-1455.

[5] V.L. Roggli, A.R. Brody, “Imaging Techniques for Application to Lung
Toxicology”, in D.E. Gardner, J.D. Crapo, E.J. Massaro, “Toxicology of the
Lung”, Raven Press, New York, 1988, pp 117-145.

[6] D.J. Darcey, T. Alleman, “Occupational and Environmental Exposure to
Asbestos”, in V.L. Roggli, T.D. Oury, T.A. Sporn, “Pathology of Asbestos-
Associated Diseases. Second Edition”, Springer-Verlag, New York, 2010, pp 17-
33.

[7] KM.A. O’Reilly, A.M. McLaughlin, W.S. Beckett et al, “Asbestos-
related lung disease”, Am Fam Physician, 2007; 75: 683-688.

[8] W.E. Cooke, “Fibrosis of the lungs due to inhalation of asbestos dust”,
Br Med J, 1924; 26-2(3317): 147-148.

[9] M. Nordmann, “The occupational cancer of asbestos workers”, Z
Krebforsch, 1935; 47: 288-302.

[10] H.W. Wedler, “Lung cancer in asbestosis patients”, Arch Klinischen
Medizin, 1943; 191: 189-209

[11] W.C. Hueper, “Occupational Tumours and Allied Disease”, Charles C
Thomas Publisher, Springfield-IL, 1942.

[12] J.C. Wagner, C.A. Sleggs, P. Merchand, “Diffuse pleural mesothelioma
and asbestos exposure in the North Western Cape Province”, Br J Ind Med, 1960;
17: 260-271.

46



[13] J. Niklinski, W. Niklinska, E. Chyczewska et al, “The epidemiology of
asbestos-related diseases”, Lung Cancer, 2004; 45S: S7-S15.

[14] C. Martinez, E. Monso, A. Quero, “Emerging pleuropulmonary
diseases associated with asbestos inhalation”, Arch Bronchopneumol, 2004;
40(4): 166-177.

[15] T.D. Oury, “Benign Asbestos-Related Pleural Disease”, in V.L. Roggli,
T.D. Oury, T.A. Sporn, “Pathology of Asbestos-Associated Diseases. Second
Edition”, Springer-Verlag, New York, 2010, pp. 169-192.

[16] T.A. Sporn, V.L. Roggli, “Asbestosis”, in V.L. Roggli, T.D. Oury, T.A.
Sporn, “Pathology of Asbestos-Associated Diseases. Second Edition”, Springer-
Verlag, New York, 2010, pp: 71-103.

[17] T.A. Sporn, V.L. Roggli, “Mesothelioma”, in V.L. Roggli, T.D. Oury,
T.A. Sporn, “Pathology of Asbestos-Associated Diseases. Second Edition”,
Springer-Verlag, New York, 2010, pp: 104-168.

[18] V.L. Roggli, “Carcinoma of the Lung”, in V.L. Roggli, T.D. Oury,
T.A. Sporn, “Pathology of Asbestos-Associated Diseases. Second Edition”,
Springer-Verlag, New York, 2010, pp: 193-216.

[19] R. Rolston, T.D. Oury, “Other Neoplasia”, in V.L. Roggli, T.D. Oury,
T.A. Sporn, “Pathology of Asbestos-Associated Diseases. Second Edition”,
Springer-Verlag, New York, 2010, pp 217-230.

[20] V. Neumann, S. Guenther, K.M. Mueller et al, “Malignant
mesothelioma. German Mesothelioma Register 1987-1999”, Int Arch Occup
Environ Health, 2001; 74: 383-395.

[21] J. Leigh, P. Davidson, L. Hendrie et al, “Malignant mesothelioma in
Australia, 1945-2000”, Am J Ind Med, 2002; 41: 188-201.

[22] C. Bianchi, T. Bianchi, “Malignant pleural mesothelioma in Italy”, Ind
J Occup Environ Med, 2009; 13(2): 80-83.

[23] R.L. Motley, C.W. Patrick Jr, A. McGuinnes Kearse, “Medicolegal
aspects of asbestos-related diseases: a plaintiff’s attorney’s perspective”, in V.L.
Roggli, T.D. Oury, T.A. Sporn, “Pathology of Asbestos-Associated Diseases.
Second Edition”, Springer-Verlag, New York, 2010, pp: 355-376.

[24] A.H. Parnell, “Medicolegal aspects of asbestos-related diseases: a

defendant’s attorney’s perspective”, in V.L. Roggli, T.D. Oury, T.A. Sporn,

47



“Pathology of Asbestos-Associated Diseases. Second Edition”, Springer-Verlag,
New York, 2010, pp: 377-391.

[25] AAVV, “Asbestos, asbestosis and cancer: the Helsinki criteria for
diagnosis and attribution”, Scand J] Work Environ Health, 1997; 23: 311-316.

[26] D.W. Henderson, K. Roedelsperger, H.J. Woitowitz et al, “After
Helsinki: a multidisciplinary review of the relationships between asbestos
exposure and lung cancer, with emphasis on studies published during 1997-2004",
Pathology, 2004; 36(6): 517-550.

[27] A. Gibbs, R.L. Attanoos, A. Churg et al, “The Helsinki Criteria for
attribution of lung cancer to asbestos exposure. How robust are the criteria?”,
Arch Pathol Lab Med, 2007; 131: 181-184.

[28] M. Greenberg, “The Helsinki Criteria for attribution of lung cancer to
asbestos exposure. How robust are the criteria? Letters to the Editor-To the
Editor”, Arch Pathol Lab Med, 2007; 131: 1630.

[29] A. Gibbs, A. Churg, H. Weill, “The Helsinki Criteria for attribution of
lung cancer to asbestos exposure. How robust are the criteria? Letters to the
Editor-In reply”, Arch Pathol Lab Med, 2007; 131: 1630.

[30] V.L Roggli, S.P. Hammar, J.C. Maddox, “The Helsinki Criteria for
attribution of lung cancer to asbestos exposure. How robust are the criteria?
Letters to the Editor-To the Editor”, Arch Pathol Lab Med, 2008; 132: 1386-1387.

[31] A. Gibbs, A. Churg, H. Weill, “The Helsinki Criteria for attribution of
lung cancer to asbestos exposure. How robust are the criteria? Letters to the
Editor-In reply”, Arch Pathol Lab Med, 2008; 132: 1387.

[32] P. De Vuyst, A. Karjalainen, P. Dumortier et al, “ERS Task Force
Report. Guidelines for mineral fibre analyses in biological samples: report of the
ERS Working Group”, Eur Respir J, 1998, 11: 1416-1426.

[33] M. Albin, L. Johansson, F.D. Pooley et al, “Mineral fibres, fibrosis and
asbestos bodies in lung tissue from deceased asbestos cement workers”, Br J Ind
Med, 1990; 47: 767-774.

[34] A. Churg, B. Wiggs, “Fibre size and number in amphibole asbestos-
induced mesothelioma”, Am J Pathol, 1984; 115: 437-442.

[35] B. Gylseth, G. Mowe, V. Skaug et al, “Inorganic fibers in lung tissue
from patients with pleural plaques or malignant mesothelioma”, Scand J Work

Environ Health, 1981; 7: 109-113.

48



[36] Y. Murai, M. Kitagawa, “Asbestos fibre analysis in 27 malignant
mesothelioma cases”, Am J Ind Med, 1992; 22: 193-207.

[37] V.L. Roggli, “Malignant mesothelioma and duration of asbestos
exposure: correlation with tissue mineral fibre content”, Ann Occup Hyg, 1995;
39: 363-374.

[38] A.J. Rogers, “Determination of mineral fibre in human lung tissue by
light microscopy and transmission electron microscopy”’, Ann Occup Hyg, 1984;
28(1): 1-12.

[39] C.L. Fattman, C.T. Chu, T.D. Oury, “Experimental Models of
Asbestos-Related Diseases”, in V.L. Roggli, T.D. Oury, T.A. Sporn, “Pathology
of Asbestos-Associated Diseases. II Edition”, Springer, New York, 2010, pp: 256-
308.

[40] R.L. Harris, V. Timbrell, “The Influence of Fibre Shape in Lung
Deposition: Mathematical Estimates”, in W.H. Walton, “Inhaled Particles IV. Part
17, Pergamon, Oxford, 1977, pp: 75-89.

[41] A.R. Gibbs, “Role of asbestos and other fibres in the development of
diffuse malignant mesothelioma”, Thorax, 1990; 45: 649-654.

[42] A. Churg, J.L. Wright, “Persistence of natural mineral fibers in human
lungs: an overview”, Environ Health Perspect, 1994; 102(Suppl 5): 229:233.

[43] V.L. Roggli, R.T. Vollmer, “Twenty-five years of fiber analysis: what
have we learned?”, Hum Pathol, 2008; 39: 307-315.

[44] A. Tossavainen, M. Kotilainen, K. Takahashi et al, “Amphibole fibres
in Chinese Chrysotile asbestos”, Ann Occup Hyg, 2001; 45(2): 145-152.

[45] J.M.G. Davis, B. Gylseth, A. Morgan, “Assessment of mineral fibres
from human lung tissue®, Thorax, 1986; 41: 167-175.

[46] A. Churg, “Deposition and clearance of chrysotile asbestos”, Ann
Occup Hyg, 1994; 38: 625-633.

[47] A. Churg, “Analysis of lung asbestos content”, Br J Ind Med, 1991; 48:
649.

[48] G. Miserocchi, G. Sancini, F. Mantegazza et al, “Translocation
pathways for inhaled asbestos fibers”, Environ Health, 2008; 7(4): 1-8.

[49] A. Churg, J.L. Wright, “Persistence of natural mineral fibers in human
lungs: an overview”, Environ Health Perspect, 1994; 102(Suppl 5): 229-233.

49



[50] A.M. Langer, R.P. Nolan, “Chrysotile: its occurrence and properties as
variables controlling biological effects”, Ann Occup Hyg, 1994; 38(4): 427-451.

[51] P. Sebastien, X. Janson, A. Gaudichet, “Asbestos Retention in Human
Respiratory Tissues: Comparative Measurements in Lung Parenchyma and in
Parietal Pleura”, in J.C. Wagner, J.M.G., “Biological Effects of Mineral Fibres”,
IARC Publ, Lyon, 1980, pp: 237-246.

[52] D. McFadden, J.L. Wright, B. Wiggs et al, “Smoking inhibits asbestos
clearance”, Am Rev Respir Dis, 1986; 133(3): 372-374.

[53] A. Churg, M.L. Warnock, “Correlation of quantitative asbestos body
counts and occupation in urban patients”, Arch Pathol Lab Med, 1977; 101: 629-
634.

[54] J.M.G. Davis, “Further observations on the ultrastructure and chemistry
of the formation of asbestos bodies”, Exp Mol Pathol, 1970; 13: 346-358.

[55] M. Governa, C. Rosanda, “A histochemical study of the asbestos body
coating”, Br J Ind Med, 1972; 29: 154-159.

[56] A.M. Churg, M.L. Warnock, “Asbestos and other ferruginous bodies:
their formation and clinical significance”, Am J Pathol, 1981; 102: 447-456.

[57] A.J. Ghio, A. Churg, V.L. Roggli, “Ferruginous bodies: implications in
the mechanism of fiber and particle toxicity”, Toxicol Pathol, 2004; 32: 643-649.

[58] A. Morgan, A. Holmes, “The enigmatic asbestos body: its formation
and significance in asbestos-related disease”, Environ Res, 1985; 38: 283-292.

[59] Y. Murai, M. Kitagawa, T. Hiraoka, “Asbestos body formation in the
human lung: distinction by type and size”, Arch Environ Health, 1995; 50-19-25.

[60] M.L. Warnock, A.M. Churg, “Asbestos bodies”, Chest, 1980; 77(2):
129-230.

[61] F.D. Pooley, “Electron microscope characteristics of inhaled chrysotile
fibre”, Br J Ind Med, 1972; 29: 146.

[62] A. Karjalainen, M. Nurminen, E. Vanhala et al, “Pulmonary asbestos
bodies and asbestos fibers as indicator of exposure”, Scand J Environ Health,
1996; 22: 34-38.

[63] A. Morgan, A. Holmes, “Concentrations and dimensions of coated and
uncoated asbestos fibers in the human lung”, Br J Ind Med, 1980; 37: 25-32.

50



[64] R.F. Dodson, M.F. O’Sullivan, M.G. Williams et al, “Analysis of cores
of ferruginous bodies from former asbestos workers”, Environ Res, 1082; 28:
171-178.

[65] A. Churg, M.L. Warnock, “Analysis of the cores of ferruginous
(asbestos) bodies from the general population. I: patients with and without lung
cancer”, Lab Invest, 1977; 37: 280-286.

[66] A. Churg, M.L. Warnock, N. Green, “Analysis of the cores of
ferruginous (asbestos) bodies from the general population. II: true asbestos bodies
and pseudoasbestos bodies”, Lab Invest, 1979; 40: 31-38.

[67] R.F. Dodson, M.G. Williams, M.F. O’Sullivan et al, “A comparison of
the ferruginous body and uncoated fiber content in the lungs of former asbestos
workers”, Am Rev Respir Dis, 1985; 132: 143-147.

[68] V.L. Roggli, P.C. Pratt, A.R. Brody, “Asbestos content of lung tissue in
asbestos associated disease. A study of 110 cases”, Br J Ind Med, 1986; 43: 18-28.

[69] F.D. Pooley, “Asbestos bodies, their formation, composition and
character”, Environ Res, 1972; 5: 363-379.

[70] Y. Murai, M. Kitagawa, T. Hiraoka, “Asbestos body formation in the
human lung: distinctions by type and size”, Arch environ Health, 1995; 50: 19-25.

[71] A. Churg, M.L. Warnock, “Analysis of the cores of ferruginous
(asbestos) bodies from the general population. IlI: patients with environmental
exposure”, Lab Invest, 1979; 40: 622-626.

[72] J.M.G. Davis, B. Gylseth, A. Morgan, Assessment of mineral fibres
from human lung tissue®, Thorax, 1986; 41: 167-175.

[73] M.L. Warnock, G. Wolery, “Asbestos bodies or fibers and the
diagnosis of asbestosis”, Environ Res, 1987; 44: 29-44.

[74] K.J. Arul, P.F. Holt, “Clearance of asbestos bodies from the lung: a
personal view”, Br J Ind Med, 1980; 37: 273-277.

[75] E.A. Gaensler, W.W. Addington, “Asbestos of ferruginous bodies”, N
Engl J Med, 1969; 280: 488-492.

[76] R.F. Dodson, M.A.L. Atkinson, “Measurements of asbestos burden in
tissues”, Ann NY Acad Sci, 2006; 1076: 281-291.

[77] A.M. Churg, M.L. Warnock, “Asbestos and other ferruginous bodies.
Their formation and clinical significance”, Am J Pathol, 1981; 102: 447-456.

o1



[78] A.R. Gibbs, F.D. Pooley, “Analysis and interpretation of inorganic
mineral particles in lung tissues”, Thorax, 1996; 51: 327-334.

[79] P. Gross, R.T.P. de Treville, L.J. Cralley et al, “Pulmonary ferruginous
bodies: development in response to filamentous dusts and a method of isolation
and concentration”, Arch Pathol, 1968; 85: 539-546.

[80] E.A. Gaensler, W.W. Addington, “Asbestos or ferruginous bodies”, N
Engl J Med, 1969; 280: 488-492.

[81] P. Gross, J. Tuma, R.T.P. de Treville, “Unusual ferruginous bodies:
their formation from non-fibrous particulates and from carbonaceous fibrous
particles”, Arch Environ Health, 1971; 22: 534-537.

[82] V.L. Roggli, J.P. Mastin, J.D. Shelburne et al, “Inorganic Particulates
in Human Lung. Relationship to the Inflammatory Response”, in W.S. Lynn (Ed),
“Inflammatory Cells and Lung Disease”, CRC Press, Boca Raton-Fl, 1983, pp:
29-62.

[83] V.L. Roggli, “Scanning Electron Microscopic Analysis of Mineral
Fibers in Human Lungs”, in P. Ingram, J.D. Shelburne, V.L. Roggli, “Microprobe
Analysis in Medicine”, DC Hemisphere Pub Corp, Washington-DC, 1989, pp: 97-
110.

[84] A.M. Langer, I.B. Rubin, I.J. Selikoff, “Chemical characterization of
asbestos body cores by electron microprobe analysis”, J Histochem Cytochem,
1972; 20: 723-734.

[85] V.L. Roggli, M.H. McGavran, J.A. Subach et al, “Pulmonary asbestos
body counts and electron probe analysis of asbestos body cores in patients with
mesothelioma: a study of 25 cases”, Cancer, 1982; 50: 2423-2432.

[86] P. Dumortier, 1. Broucke, P. DeVuyst, “Pseudoasbestos bodies and
fibers in bronchoalveolar lavage of refractory ceramic fibers users”, Am J Respir
Crit Care Med, 2001; 164: 499-503.

[87] P. Sebastien, A. Gaudichet, J. Bignon et al, “Zeolite bodies in human
lungs from Turkey”, Lab Invest, 1981; 44: 420-425.

[88] V.L. Roggli, “Human disease consequences of fiber exposures: a
review of human pathology and fiber burden data”, Environ Health Perspect,

1990; 88: 295-303.

52



[89] V.L. Roggli, A. Sharma, “Analysis of Tissue Mineral Fiber Content”,
in V.L. Roggli, T.D. Oury, T.A. Sporn, “Pathology of Asbestos-Associated
Diseases. II Edition”, Springer, New York, 2010, pp 309-354.

[90] V.L. Roggli, J.D. Shelburne, “New concepts in the diagnosis of mineral
pneumoconioses”, Sem Respir Med, 1982; 4: 128-138.

[91] J.M.G.. Davis, “The pathology of asbestos related disease”, Thorax,
1984; 39: 801-808.

[92] A. Churg, “Fiber counting and analysis in the diagnosis of asbestos-
related disease”, Hum Pathol, 1982; 13(4): 381-392.

[93] F. Whitwell, J. Scott, M. Grimshaw, “Relationship between
occupations and asbestos fibre content of the lungs in patients with pleural
mesothelioma, lung cancer and other disease”, Thorax, 1977; 32: 377-386.

[94] M.L. Warnock, T.J. Kuwahara, G. Wolery, “The relation of asbestos
burden to asbestosis and lung cancer”, Pathol Ann, 1983; 18(2): 109-145.

[95] J.C. Wagner, C.B. Moncrief, R. Coles et al, “Correlation between fibre
content of the lungs and disease in naval dockyard workers”, Br J Ind Med, 1986;
43: 391-395.

[96] T. Ashcroft, A.G. Heppleston, “The optical and electron microscopic
determination of pulmonary asbestos fiber concentration and its relation to the
human pathological reaction”, J Clin Pathol, 1973; 26: 224-234.

[97] A. Churg, S. Vedal, “Fiber burden and patterns of asbestos-related
disease in workers with heavy mixed amosite and chrysotile exposure”, Am J
Respir Crit Care Med, 1994; 150: 663-6609.

[98] M.L. Warnock, B.T. Prescott, T.J. Kuwahara, “Numbers and types of
asbestos fibers in subjects with pleural plaques”, Am J Pathol, 1982; 109: 37-46.

[99] A. Churg, “Asbestos fibers and pleural plaques in a general autopsy
population”, Am J Pathol, 1982; 109: 88-96.

[100] M. Stephens, A.R. Gibbs, F.D. Pooley et al, “Asbestos induced diffuse
pleural fibrosis: pathology and mineralogy”, Thorax, 1987; 42: 583-588.

[101] C. Voisin, F. Fisekci, S. Voisin-Saltiel et al, “Asbestos-related
rounded atelectasis: radiologic and mineralogic data in 23 cases”, Chest, 1995;

107: 477-481.

53



[102] R.F. Dodson, M. O’Sullivan, C.J. Corn et al, “Analysis of asbestos
fiber burden in lung tissue from mesothelioma patients”, Ultrastruct Pathol, 1997,
21: 321-336.

[103] A. Churg, J.L. Wright, S. Vedal, “Fiber burden and pattern of
asbestos-related disease in chrysotile miners and millers”, Am Rev Respir Dis,
1993; 148: 25-31.

[104] A. Gaudichet, X. Janson, G. Monchaux et al, “Assessment by
analytical microscopy of the total lung fibre burden in mesothelioma patients
matched with four other pathological series”, Ann Occup Hyg, 1988; 32(Suppl 1):
213-223.

[105] M.L. Warnock, “Lung asbestos burden in shipyard and construction
workers with mesothelioma: comparisons with burden in subjects with asbestosis
and lung cancer”, Environ Res, 1989; 50: 68-85.

[106] V.L. Roggli, “Mineral Fiber Content of Lung Tissue in Patients with
Malignant Mesothelioma”, in D.W. Henderson, K.B. Shilkin, S.L.P. Langlois et
al, “Malignant Mesothelioma”, Hemisphere Pub Corp, Washington-DC, 1991, pp:
201-222.

[107] V.L. Roggli, “Fiber Analysis”, in W.N. Rom, “Environmental
Medicine. 3" Edition”, Lippincott-Raven, New York, 1998, pp: 335-347.

[108] S.H. Srebro, V.L. Roggli, G.P. Samsa, ‘“Malignant mesothelioma
associated with low pulmonary tissue asbestos burdens. A light and scanning
electron microscopic analysis of 18 cases”, Mod Pathol, 1995; 8: 614-621.

[109] S. Anttila, A. Karjalainen, O. Taikina-Aho et al, “Lung cancer in the
lower lobe is associated with pulmonary asbestos fiber count and fiber size”,
Environ Health Perspect, 1993; 101: 166-170.

[110] M.L. Warnock, W. Isenberg, “Asbestos burden and the pathology of
lung cancer”, Chest, 1986; 89: 20-26.

[111] E.C. Hammond, 1.J. Selikoff, H. Seidman, “Asbestos exposure,
cigarette smoking and death rates”, Ann NY Acad Sci, 1979; 330: 473-490.

[112] J.A. Talcott, W.A. Thurber, A.F. Kantor et al, “Asbestos-associated
disease in a cohort of cigarette filters workers”, N Engl J Med, 1989; 321: 1220-
1223.

[113] M.L. Newhouse, G. Berry, “Patterns of mortality in asbestos factory
workers in London”, Ann NY Acad Sci, 1979; 330: 53-60.

54



[114] J.M. Hughes, H. Weill, “Asbestosis as a precursor of asbestos related
lung cancer: results of a prospective mortality study”, Br J Ind Med, 1991; 48:
229-233.

[115] V.L Roggli, A. Sharma, K.J. Butnor et al, “Malighant mesothelioma
and occupational exposure to asbestos. A clinicopathological correlation of 1445
cases”, Ultrastruct Pathol, 2002; 26: 1-11.

[116] A. Hirsch, L. Di Menza, A. Carre et al, “Asbestos risk among full-
time workers in an electricity-generating power station”, Ann NY Acad Sci, 1979;
330: 137-145.

[117] H.B. Eisenstadt, “Asbestos pleurisy”, Dis Chest, 1964; 46: 78-81.

[118] R. Lilis, S. Daum, H. Anderson et al, “Asbestos disease in
maintenance workers of the chemical industry”, Ann NY Acad Sci, 1979; 330:
127-135.

[119] V.L. Roggli, L.L. Sanders, “Asbestos content of lung tissue and
carcinoma of the lung: a clinicopathological correlation and mineral fibre analysis
of 234 cases”, Ann Occup Hyg, 2000; 44: 109-117.

[120] A.M. Langer, W.T.E. McCaughey, “Mesothelioma in a brake repair
worker”, Lancet, 1982; 2: 1101-1103.

[121] M. Huncharek, J. Muscat, J.V. Capotorto, “Pleural mesothelioma in a
brake mechanic”, Br J Ind Med, 1989; 46: 89-91.

[122] B. Jarvholm, J. Brisman, “Asbestos associated tumors in car
mechanics”, Br J Ind Med, 1988; 45: 645-646.

[123] H.J. Woitowicz, K. Rodelsperger, “Mesothelioma among car
mechanics”, Ann Occup Hyg, 1994; 38: 635-638.

[124] M. Huncharek, J.V. Capotorto, J. Muscat, “Domestic asbestos
exposure, lung fibre burden and pleural mesothelioma in a housewife”, Br J Ind
Med, 1989; 46: 354-355.

[125] A.R. Gibbs, D.M. Griffiths, F.D. Pooley et al, “Comparisons of fibre
types and size distributions in lung tissues of paraoccupational and occupational
cases of malignant mesothelioma”, Br J Ind Med, 1990; 47: 621-626.

[126] R. Mitha, F.D. Pooley, “Determination of asbestos in lung tissue using
transmission electron microscopy”, IARC Sci Publ, 1993; 109: 190-195.

55



[127] V.L. Roggli, A. Sharma, “Analysis of Tissue Mineral Fiber Content”,
in V.L. Roggli, T.D. Oury, T.A. Sporn, “Pathology of Asbestos-Associated
Diseases. 2" Edition”, Springer, New York, 2010, pp: 309-354.

[128] B. Gylseth, R.H. Bauman, L. Overaae, “Analysis of fibers in human
lung tissue”, Br J Ind Med, 1982; 39: 191-195

[129] J.M.G. Davis, B. Gylseth, A. Morgan, “Assessment of mineral fibres
from human lung tissue”, Thorax, 1986; 41: 167-175.

[130] M.I. Velasco-Garcia, M.J. Cruz, L. Ruano et al, “Reproducibility of
asbestos body counts in digestions of autopsy and surgical lung tissue”, Am J Ind
Med, 2011; 54: 597-602.

[131] V.L. Roggli, J.D. Shelburne, “New concepts in the diagnosis of
mineral pneumoconiosis”, Sem Respir Med, 1982; 4: 128-138.

[132] V.L. Roggli, P.C. Pratt, A.R. Brody, “Asbestos content of lung tissue
in asbestos associated diseases. A study of 110 cases”, Br J Ind Med, 1986; 43:
18-28.

[133] A. Churg, M.L. Warnock, “Correlation of quantitative asbestos bodies
counts and occupation in urban patients”, Arch Pathol Lab Med, 1977; 101: 629-
634.

[134] A. Churg, “Fiber counting and analysis in the diagnosis of asbestos-
related disease”, Hum Pathol, 1982; 13: 381-392.

[135] A. Churg, “Analysis of asbestos fibers from lung tissue. Research and
diagnostic uses”, Sem Respir Med, 1986; 7: 281-288.

[136] J.C. Wang, P.D. Siegel, D.M. Lewis et al, “Spectroscopic Techniques
in Industrial Hygiene”, in R.A. Meyers (Ed), “The Encyclopedia of Analytical
Chemistry”, John Wiley and Sons LId, Chichester, 2000, pp 4796-4800.

[137] A. Somigliana, A. Quaglini, M. Orsi et al, “Analisi del contenuto di
fibre di amianto in tessuto polmonare umano: problemi di precisione ed
esattezza”, Giornale degli Igienisti Industriali, 2008; 33(4): 413-424.

[138] J. Manke, K. Rodelsperger, B. Bruckel et al, “Evaluation and
application of plasma ashing method for STEM fiber analysis in human lung
tissue”, Am Ind Hyg Ass J, 1987; 48(8): 730-738.

[139] C.E. Gleit, W.D. Holland, “Use of electrically exited oxygen for the
low temperature decomposition of organic substances”, Anal Chem, 1962; 34(11):

1454-1457.

56



[140] B. Gylseth, R.H. Baunan, R. Bruun, “Analysis of inorganic fiber
concentration in biological samples by scanning electron microscopy”, Scand J
Work Environ Health, 1981; 7(2): 101-108.

[141] J.C. Wang, P.D. Siegel, D.M. Lewis et al, “Spectroscopic Techniques
in Industrial Hygiene”, in R.A. Meyers, “The Encyclopedia of Analytical
Chemistry”, John Wiley and Sons LId, Chichester, 2000, pp 4796-4800.

[142] P.G. Barbieri, A. Somigliana, S. Lombardi et al, “Carico polmonare di
fibre di asbesto e indici di esposizione cumulativa in lavoratori del cemento-
amianto”, Med Lav, 2008; 99(6): 21-28.

[143] P.G. Barbieri, A. Somigliana, A. Tironi, “Carico polmonare di fibre di
amianto in mesoteliomi di lavoratori tessili”’, Med Lav, 2010; 101(3): 199-206.

[144] M. Harper, E.G. Lee, S.S. Doorn et al, “Differentiating non-
asbestiform amphibole and amphibole asbestos by size characteristics”, J Occup
Environ Hyg, 2008; 5: 761-770.

[145] J.F. Gamble, G.W. Gibbs, “An evaluation of the risks of lung cancer
and mesothelioma from exposure to amphibole cleavage fragments”, Regul
Toxicol Pharmacol, 2008; 52: S154-S186.

[146] Relazione Piano Regionale Amianto Lombardia (PRAL) 2008. Full
text available on the www.regione.lombardia.it website.

[147] G. Chiappino, P. Sebastien, A. Todaro, “L’inquinamento atmosferico
da amianto nell’ambiente urbano: Milano, Casale Monferrato, Brescia, Ancona,
Bologna, Firenze”, Med Lav, 1991: 82(5): 424-438.

[148] G. Chiappino, A. Todaro, O. Blanchard, “Atmospheric asbestos
pollution in the urban environment: Rome, Orbassano and a control locality”,
Med Lav, 1993; 84(3): 187-192.

[149] American Thoracic Society, “Health effects of tremolite”, Am Rev
Respir Dis, 1990; 142(6): 1453-1458.

[150] R.F. Dodson, M.A.L. Atkinson, J.L. Levin, “Asbestos fiber length as
related to potential pathogenicity: a critical review”, Am J Ind Med, 2003; 44:
291-297.

[151] S.P. Hammar, R.F. Dodson, “Asbestos”, in D.H. Dail, S.P. Hammar,
“Pulmonary Pathology”, Springer Verlag, New York, 1994, pp: 901-983.

[152] S.H. Srebro, V.L. Roggli, “Asbestos-related disease associated with
exposure to asbestiform tremolite”, Am J Ind Med, 1994; 26: 809-819.

57


http://www.regione.lombardia.it/

[153] R.S. Wright, J.L.. Abraham, P. Harber et al, “Fatal asbestosis 50 years
after brief high intensity exposure in a vermiculite expansion plant”, Am J Respir
Crit Care Med, 2002; 165: 1145-1149.

[154] K.T. Roberson, T.C. Thomas, L.R. Sherman, “Comparison of asbestos
air samples by SEM-EDXA and TEM-EDXA”, Ann Occup Hyg, 1992; 36: 265-
269.

[155] V.L. Roggli, “Human disease consequence of fiber exposure. A
review of human lung pathology and fiber burden data”, Environ Health Perspect,
1990; 88: 295-303.

[156] B. Gylseth, A. Churg, J.M.G. Davis et al, “Analysis of asbestos fibers
and asbestos bodies in tissue samples from human lung. An international
interlaboratory trial”, Scan J Work Environ Health, 1985; 11: 107-110.

[157] A. Morgan, A. Holmes, “Solubility of asbestos and man-made mineral
fibers in vitro and in vivo: its significance in lung disease”, Environ Res, 1986;
39: 475-484.

[158] A.J. Vorwald, T.M. Durkan, P.C. Pratt, “Experimental studies of
asbestosis”, Arch Ind Hyg Occup Med, 1951; 3: 1-43.

[159] J.M. Davis, S.T. Beckett, R.E. Bolton et al, “Mass and number of
fibres in the pathogenesis of asbestos-related lung disease in rats”, Br J Cancer,
1978; 37: 673-688.

[160] M.F. Stanton, M. Layard, A. Tegeris et al, “Relation of particle
dimension to carcinogenicity in amphibole asbestoses and other fibrous minerals”,
J Natl Cancer Inst, 1981; 67: 965-975.

[161] M. Lippmann, “Asbestos exposures indices”, Environ Res, 1988; 46:
86-106.

[162] Y. Suzuki, S.R. Yuen, R. Ashley, “Short thin asbestos fibers
contribute to the development of human malignant mesothelioma: pathological
evidence”, Int J Environ Health, 2005; 208(3): 201-210.

[163] G. Chiappino, “Asbestos fibre dimensions and mesothelioma”,
Epidemiol Prev, 2006; 30(6): 358-360.

[164] L. Paoletti, B.M. Bruni, “Size distribution of amphibole fibres from
lung and pleural tissues sampled from mesothelioma cases due to environmental
exposure”, Med Lav, 2009; 100(1): 11-20.

58



[165] L. Tomatis, S. Cantoni, F. Carnevale et al, “The role of asbestos fibre
dimensions in the pathogenesis and prevention of mesothelioma”, Epidemiol
Prev, 2006; 30(4-5): 289-294.

[166] Y. Suzuki, S.R. Yuen, “Asbestos tissue burden study in human
malignant mesothelioma”, Ind Health, 2001; 39(2): 150-160.

[167] G. Chiappino, “Mesothelioma: the actiological role of ultrathin fibres
and repercussions on prevention and medical legal evaluation”, Med Lav, 2005;
96(1): 3-23.

[168] R. Pasetto, P. Comba, A. Marconi, “Mesothelioma associated with
environmental exposures”, Med Lav, 2005; 96(4): 330-337.

[169] V.L. Roggli, P.C. Pratt, “Numbers of asbestos bodies on iron-stained
tissue sections in relation to asbestos body counts in lung digests”, Hum Pathol,
1983; 14: 355-361.

[170] R.T. Vollmer, V.L. Roggli, “Asbestos bodies concentration in human
lung: predictions from asbestos body counts in tissue sections with a mathematical
model”, Hum Pathol, 1985; 16: 713-718.

[171] R.F. Dodson, S.D. Greenberg, M.G. Williams et al, “Asbestos content
in lungs of occupationally and nonoccupationally exposed individuals”, J Am
Med Assoc, 1984; 252: 68-71.

[172] P.H. Breedin, D.H. Buss, “Ferruginous (asbestos bodies) in the lungs
of rural dwellers, urban dwellers and patients with pulmonary neoplasms”, South
Med J, 1976; 69: 401-404.

[173] V.L. Roggli, P.C. Pratt, A.R. Brody, “Asbestos content of lung tissue
in asbestos associated diseases: a study of 110 cases”, Br J Ind Med, 1986; 43: 18-
28.

[174] V.L. Roggli, “Human disease consequences of fibers exposures: a
review of human lung pathology and fiber burden data”, Environ Health Perspect,
1990; 88: 295-303.

[175] E. Moulin, N. Yourassowsky, P. Dumortier et al, “Electron
microscopic analysis of asbestos body cores from the Belgian urban population”,
Eur Respir J, 1988; 1(9): 818-822.

[176] A. Churg, M.L. Warnock, “Analysis of the cores of asbestos bodies
from members of the general population: patients with probable low degree
exposure to asbestos”, Am Rev Respir Dis, 1979; 120(4): 781-786.

59



[177] B.S. Bhagavan, L.G. Koss, “Secular trends in prevalence and
concentration of pulmonary asbestos bodies 1940 to 1972”, Arch Pathol Lab Med,
1976; 100: 539-541.

[178] S. Shishido, K. Iwai, K. Tukagoshi, “Incidence of ferruginous bodies
in the lungs during a 45-year period and mineralogical analysis in the core fibres
and uncoated fibres”, IARC Sci Publ, 1989; 90: 229-238.

[179] F.J. Arenas-Huertero, M. Salazar-Flores, A.R. Osornio-Vargas,
“Ferruginous bodies as markers of environmental exposure to inorganic particles:
experience with 270 autopsy cases in Mexico”, Environ Res, 1994; 64: 10-17.

[180] P.R. Peacock, C. Biancifiori, F. Bucciarelli, “Examination of lung
smears for asbestos bodies in 109 consecutive necropsies in Perugia”, Eur J
Cancer, 1969; 5: 155-158.

[181] C. Magnani, F. Mollo, L. Paoletti et al, “Asbestos lung burden and
asbestosis after occupational and environmental exposure in an asbestos cement
manufacturing area: a necropsy study”’, Occup Environ Med, 1998; 55: 840-846.

[182] I. Ghezzi, G. Molteni, U. Puccetti, “Asbestos bodies in the lungs of
inhabitants of Milan”, Med Lav, 1967; 58(3): 223-227.

[183] L. Paoletti, M. Falchi, D. Batisti et al, “Mineral lung burden of an
urban population”, Atmospheric Environ, 1991; 25: 381-385. As cited in reference
[181].

[184] A.K. Haque, M.F. Kanz, “Asbestos bodies in children’s lungs: an
association with sudden infant death syndrome and bronchiopulmonary displasia”,
Arch Pathol Lab Med, 1988; 514-518.

[185] P. Rosen, M. Melamed, A. Savino, “The ferruginous body content of
lung tissue: a quantitative study of eighty-six patients”, Acta Cytol, 1972; 16: 207-
211.

[186] R.H. Steele, K.J. Thomson, “Asbestos bodies in the lung:
Southampton (UK) and Wellington (New Zealand)”, Br J Ind Med, 1982; 39: 349-
354.

[187] A. Churg, “Nonasbestos pulmonary mineral fibers in the general
population”, Environ Res, 1983; 31: 189-200.

[188] G. Scancarello, R. Romeo, E. Sartorelli, “Respiratory disease as a
result of talc inhalation”, J Occup Environ Res, 1996; 38(6): 610-614.

60



[189] M. Coggiola, D. Bosio, E. Pira et al, “An update of a mortality study
of talc miner and millers in Italy”, Am J Ind Med, 2003; 44(1): 63-69.

[190] O.M. Bezerra, E.C. Dias, M.A. Galvao et al, “Talc pneumoconiosis
among soapstone handicraft workers in a rural area of Outo Preto, Minas Gerais,
Brazil”, Cad Saude Publica, 2003; 19(6): 1751-1759.

[191] R.A. Baan, “Carcinogenic hazards from inhaled carbon black,
titanium dioxide, and talc not containing asbestos or asbestiform fibers: recent
evaluations by an IARC Monographs Working Group”, Inhal Toxicol, 2007,
19(Suppl 1): 213-228.

[192] O.Y.O. Osinubi, M. Gochfeld, H.K. Kipen, “Health effects of asbestos
and nonasbestos fibers”, Environ Health Perspect, 2000; 108(Suppl 4): 665-674.

[193] G.W. Gibbs, G. Berry, “Mesothelioma and asbestos”, Regul Toxicol
Pharmacol, 2008; 52: S223-S231.

[194] V.L. Roggli, “Human disease consequences of fibers exposures: a
review of human lung pathology and fiber burden data”, Environ Health Persp,
1990; 88: 295-303.

[195] P.G. Piolatto, “L’Amianto Domani”, in C. Minoia, G. Scansetti, G.
Piolatto et al, “L’ Amianto: dall’Ambiente di Lavoro all’Ambiente di Vita. Nuovi
Indicatori per Futuri Effetti”, Fondazione Salvatore Maugeri, IRCCS, Pavia 1997,
pp: 399-406.

[196] P. Apostoli, C. Minoia, “Trasferibilita di Teoria e Pratica dei Valori di
Riferimento allo Studio dell’Esposizione agli Amianti”, in C. Minoia, G.
Scansetti, G. Piolatto et al, “L’ Amianto: dall’Ambiente di Lavoro all’Ambiente di
Vita. Nuovi Indicatori per Futuri Effetti”, Fondazione Salvatore Maugeri, IRCCS,
Pavia 1997, pp: 331-342.

[197] D. Cauna, R.S. Toten, P. Gross, “Asbestos bodies in human lungs at
autopsy”, J Am Med Ass, 1965; 192: 371-373.

[198] P.C. Elmes, W.T.E. McCaughey, O.L. Wade, “Diffuse mesothelioma
of the pleura and asbestos”, Br Med J, 1965; 1: 350-353.

[199] J.G. Thomson, “Asbestos and the urban dweller”, Ann N Y Acad Sci,
1965; 132(1): 196-214.

[200] L. Anjilvel, W.M. Thurlbeck, “The incidence of asbestos bodies in the
lungs at random necropsies in Montreal”, Canad Med Ass J, 1966; 95(3): 1179-
1182.

61



[201] L. Meurman, “Asbestos Bodies and Pleural Plaques in a Finnish
Series of Autopsy Cases”, Munksgaard, Kopenhagen, 1966.

[202] D.O’B Hourihane, L. Lessof, P.C. Richardson, “Hyaline and calcified
pleural plaques as an index of exposure to asbestos. A study of radiological and
pathological features of 100 cases with a consideration of epidemiology”, Br Med
J, 1966; 1: 1069-1074.

[203] E. Roitzsch, “Uber das Vorkommen von Asbest Koepperchen in
Lungen des Routine-Sektions-materials”, Gegenbaurs Morphologisches Jahrbuch,
1967; 111: 265-267.

[204] G. Hefin Roberts, “Asbestos bodies in lungs at necropsy”, J Clin
Pathol, 1967; 20: 570-573.

[205] A. Polliack, M.I. Sacks, “Prevalence of asbestos bodies in basal lung
smears”, Israel J Med Sci, 1968; 4: 223-226.

[206] T. Ashcroft, “Asbestos bodies in routine necropsies on Tyneside: a
pathological and social study”, Br Med J, 1968; 1: 614-618.

[207] J. Bignon, J. Goni, “Pulmonary ferruginous bodies in France”, Am
Rev Resp Dis, 1969; Corr December: 804-805.

[208] T.E. Dicke, B. Naylor, “Prevalence of asbestos bodies in human lungs
at necropsy”’, Dis Chest, 1969; 56(2): 122-125.

[209] J.M. Xipell, P.S. Bhatal, “Asbestos bodies in lungs. An Australian
report”, Pathology, 1969; 1: 327-330.

[210] C.H. Um, “Study of the secular trend in asbestos bodies in lungs in
London 1936-1966”, Br Med J, 1971; 2: 248-252.

[211] H. Nizze, “Zur Haufigkeit sogenannter Asbest-Koerper in
menschlischen Lungen”, Internationales Archiv Arbeitsmedizin, 1971; 28: 71-82.

[212] P. Plamenac, B. Pikula, M. Kahvic et al, “Incidence of asbestos bodies
in basal lung smear”, Acta Med Ing, 1971; 25: 325-332.

[213] P. Rosen, M. Melamed, A. Savino, “The ferruginous body content of
lung tissue: a quantitative study of eighty-six patients”, Acta Cytol, 1972; 16(3):
207-211.

[214] M.J. Smith, B. Naylor, “A method for extracting ferruginous bodies
from sputum and pulmonary tissue”, Am J Clin Pathol, 1972; 58: 250-254.

62



[215] 1. Hagerstrand, B. Seifert, “Asbestos bodies and pleural plaques in
human lungs at necropsy”, Acta Path Microbiol Scand (Section A), 1973; 81: 457-
460.

[216] C. Bianchi, M. Pegan, L. Carluccio, “Frequenza dei corpi dell’asbesto
polmonari nel materiale autoptico a Trieste. Nota I”, Min Med, 1974; 65: 1141-
1143.

[217] A. Fondimare, J. Desbordes, “Asbestos bodies and fibres in lung
tissues”, Env Health Perspectives, 1974; 9: 147-148.

[218] C. Bianchi, L. Carluccio, M. Castelli, “Frequenza dei corpi
dell’asbesto polmonari nel materiale autoptico a Trieste”, Min Med, 1974; 65:
1144-1145.

[219] I. Doniach, K.V. Swettenham, M.K.S. Hathorn, ‘“Prevalence of
asbestos bodies in a necropsy series in East London: association with disease,
occupation and domiciliary address”, Br J Ind Med, 1975; 32: 16-30.

[220] P.H. Breedin, D.H. Buss, “Ferrugionous (asbestos) bodies in the lungs
of rural dwellers, urban dwellers and patients with pulmonary neoplasms”, South
Med J, 1976; 69(4): 401-404.

[221] P. Gordon, P.P. Rosen, A. Savino, “The Ferruginous body content of
lungs at autopsy in Boston. 1928-1932”, Acta Cytol, 1976; 20(6): 521-524.

[222] C. Bianchi, M. Castelli, L. Carluccio, “Frequency of lung asbestos
bodies in autopsy material at Udine”, Min Med, 1976; 67(23): 1511-1512.

[223] D. Francis, A. Yussuf, T. Mortensen et al, “Hyaline pleural plaques
and asbestos bodies in 198 randomized autopsies”, Scan J Respir Dis, 1977;
58(4): 193-196.

[224] V.L. Roggli, S.D. Greenberg, L.H. Seitzman et al, “Pulmonary
fibrosis, carcinoma and ferruginous body counts in amosite asbestos workers. A
study of 6 cases”, Am J Clin Pathol, 1980; 73: 496-503.

[225] G.F. Rubino, G. Scansetti, E. Pira et al, “Pleural plaques and lung
asbestos bodies in the general population: an autoptical and clinical-radiological
survey”, IARC Sci Publ, 1980; 30: 545-551.

[226] C. Bianchi, A. Brollo, C. Miniussi et al, “Asbestos exposure in the
Monfalcone area. A social and pathological study of 100 autopsy cases”, Tumori,
1981; 67(4): 279-282.

63



[227] A. Andrion, A. Colombo, F. Mollo, “Lung asbestos bodies and pleural
plaques”, Ric Clin Lab, 1982; 12(3): 461-468.

[228] A. Andrion, E. Pira, T. Fadda et al, “Lung asbestos bodies and
pulmonary cancer in subjects without occupational exposure”, Tumori, 1982; 68:
359-364.

[229] P.G. Betta, “Corpuscoli dell’asbesto nella popolazione generale della
provincia di Alessandria”, Med Lav, 1982; 1: 58-64.

[230] L.G. Johansson, M.P. Albin, K.M. Jakobsson et al, “Ferruginous
bodies and pulmonary fibrosis in dead low to moderately exposed asbestos
cement workers: histological examination”, Br J Ind Med, 1987; 44: 550-558.

[231] A.K. Haque, M.F. Kanz, “Asbestos bodies in children’s lungs. An
association with sudden infant death syndrome and bronchiopulmonary displasia”,
Arch Pathol Lab Med, 1988; 112(5): 514-518.

[232] F.Y. Wu, K. Nakamura, M. Aizawa et al, “On the analysis of actual
state of contamination with asbestos in the autopsy cases in Hokkaido”, Hokkaido
Igaku Zasshi, 1988; 63(4): 562-566.

[233] K. Hiraoka, A. Horie, M. Kido, “Study of asbestos bodies in Japanese
urban patients”, Am J Ind Med, 1990; 18: 547-554.

[234] A.M. Langer, R.P. Nolan, “Chrysotile biopersistence in the lungs of
persons in the general population and exposed workers”, Environ Health Perspect,
1994, 102(Suppl 5): 235-239.

[235] E. Monso, A. Texido, D. Lopez et al, “Asbestos bodies in normal lung
of western Mediterranean populations with no occupational exposure to inorganic
dust”, Arch Envir Health, 1995; 50(4): 305-311.

[236] J.A.C. King, S.W. Wong, “Autopsy evaluation of asbestos exposure:
retrospective study of 135 cases with quantitation of ferruginous bodies in
digested lung tissue”, South Med J, 1996; 89(4): 380-385.

[237] R.F. Dodson, M.G. Williams, J. Huang et al, “Tissue burden of
asbestos in nonoccupationally exposed individuals from East Texas”, Am J Ind
Med, 1999; 35: 281-286.

[238] Y. Liu, P. Zhang, F. Yi, “Asbestos fiber burdens in lung tissue of
Hong Kong Chinese with and without lung cancer”, Lung Cancer, 2001; 32: 113-
116.

64



[239] T. Ashcroft, “Epidemiological and quantitative relationships between
mesothelioma and asbestos on Tyneside”, J Clin Pathol, 1973; 26: 832-840.

[240] F. Whitwell, J. Scott, M. Grimshaw, “Relationship between
occupations and asbestos.fibre content of the lungs in patients with pleural
mesothelioma, lung cancer and other disease”, Thorax, 1977; 32: 377-386.

[241] A. Churg, M.L. Warnock, “Asbestos fibers in the general population”,
Am Rev Resp Dis, 1980; 122: 669-678.

[242] B. Gylseth, G. Mowe, V. Skaug et al, “Inorganic fibers in lung tissue
from patients with pleural plaques or malignant mesothelioma”, Scan J Environ
Health, 1981; 7: 109-113.

[243] P.G.l. Stovin, P. Partridge, “Pulmonary asbestos and dust content in
East Anglia”, Thorax, 1982; 37: 185-192.

[244] F. Mollo, A. Andrion, D. Bellis et al, “Optical determination of coated
and uncoated mineral fibers in lungs of subjects without professional exposure”,
Appl Pathol, 1983; 1(5): 276-282.

[245] G. Mowe, B. Gylseth, F. Hartveit et al, “Occupational asbestos
exposure, lung fiber concentration and latency time in malignant mesothelioma”,
Scan J Work Environ Health, 1984; 10: 293-298.

[246] G. Moweé, B. Gylseth, F. Hartveit et al, “Fiber concentration in lung
tissue of patients with malignant mesothelioma. A case-control study”, Cancer,
1985; 56: 1089-1093.

[247] A. Churg, B. Wiggs, “Fiber size and number in workers exposed to
processed chrysotile asbestos, chrysotile miners and the general population”, Am
J Ind Med, 1986; 9: 143-152.

[248] T. Tuommi, M. Segerberg-Konttinen, L. Tammilehto et al, “Mineral
fiber concentration in lung tissue of mesothelioma patients in Finland”, Am J Ind
Med, 1989; 16(3): 247-254.

[249] T. Tuommi, M.S. Huuskonen, M. Virtamo et al, “Relative risk of
mesothelioma associated with different levels of exposure to asbestos”, Scan J
Environ Health, 1991; 17: 404-408.

[250] T. Tuommi, M.S. Huuskonen, L. Tammilehto et al, “Occupational
exposure to asbestos as evacuate from work histories and analysis of lung tissues
from patients with mesothelioma”, Br J Ind Med, 1991; 48: 48-52.

65



[251] A.M. Langer, R.P. Nolan, “Chrysotile biopersistence in the lungs of
persons in the general population and exposed workers”, Environ Health Perspect,
1994; 102(Suppl 5): 235-239.

[252] A. Tossavainen, A. Karyalainen, P.J. Karhunen, “Retention of
asbestos fibers in the human body”, Environ Health Perspect, 1994; 102(Suppl 5):
253-255.

[253] A. Karjalainen, P.J. Karhunen, K. Lalu et al, “Pleural plaques and
exposure to mineral fibers in a male urban necropsy population”, Occup Environ
Med, 1994; 51: 456-460.

[254] A. Karjalainen, E. Vanhala, P.J. Karhunen et al, “Asbestos exposure
and pulmonary fiber concentrations of 300 Finnish urban men”, 1994; 20: 34-41.

[255] A. Karjalainen, S. Anttila, E. Vanhala et al, “Asbestos exposure and
the risk of lung cancer in a general urban population”, Scan J Environ Health,
1994; 20: 243-250.

[256] A. Dufresne, R. Begin, S. Masse et al, “Retention of asbestos fibres in
lungs of workers with asbestosis, asbestosis and lung cancer and mesothelioma in
Asbestos township”, Occup Environ Med, 1996; 53: 801-807.

[257] R.F. Dodson, J. Huang, J.R. Bruce, “Asbestos content in the lymph
nodes of nonoccupationally exposed individuals”, Am J Ind Med, 2000; 37: 169-
174.

[258] A. Tossavainen, E. Kovalevsky, E. Vanhala et al, “Pulmonary mineral
fibers after occupational and environmental exposure to asbestos in the Russian
chrysotile industry”, Am J Ind Med, 2000; 37: 327-333.

[259] J.C. McDonald, B.G. Armstrong, C.W. Edwards et al, “Case-referent
survey of young adults with mesothelioma: I) lung fibre analyses”, Ann Occup

Hyg, 2001; 45(7): 513-518.

66



67



APPENDIX 1
Results from main studies examining the AB prevalence in the general population
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Authors

Year Population Methods AB prevalence Comment
Place
Cauna et al
1965 100 necroscopic cases. Analvsis on lund smears 41%.
USA 53 M and 47 F y g 47% in M and 34% in F
[197]
200 M from routine
Elnit;ngt al necrorglislaz:isozontrol LM analvsis on tvpical 20.5%. Inclusion criterion for the control
UK 100 casgs Fi)n the a .e ranae histolo iZ lun se%rt)ions 14% in the 50-59 years old series, population: no diagnosis of lung
[198] 50-59 years + 100gc ase s%n g g 27% in the 60-69 years old series carcinoma or mesothelioma
the age range 60-69 years
1% series)
Thomson 1% series) 26.4%.
1965 500 cases from 30.4% in M and 20% in F.
ot s consecutive necropsies, .6% in the 55-64 years old subgrou
1 series) i psi 31.6% in the 55-64 y Id subgroup
South Africa age > 15 years. LM analysis on basal lung (max).
2™ series) 2" series) smears 2" series)
TUSA 500 cases from 27.2%.
[199] consecutive necropsies, 31.6% in M and 20.4% in F.

age > 15 years

31.9% in the > 75 years old subgroup
(max).
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Authors

Year Population Methods AB prevalence Comment
Place
Anjilvel et al 100 cases from random 48%.
1966 hospital necropsies. LM analysis on scraping and 57% in M and 36% in F. .
Canada 56 M and 44 F squeezing lung smears 30% in the 26-45 years old subgroup and 4 cases with lung cancer
[200] Age > 26 years 50% in the > 45 years old subgroup
Meurman 264 cases from 57.6%.
1966 consecutive necropsies. LM analysis on iron-stained 60.1% in M and 54.3% in F.
Finland 148 M and 116 F. lung sections 70% in urban residents and 49% in rural
[201] Age > 15 years residents
Hourihane et
al . . .
1966 115 cases from ho_spltal LM ana!y3|s on 30 um-thlck 24.3%
UK routine necropsies unstained lung sections
[202]
Roitzsch
1967 . .
0,
Germany 250 cases Analysis on lung smears 43.2% 10 cases with pleural plaques
[203]
Hefin Roberts 100 cases from
1967 consecutive hospital LM analvsis on basal lun 23%. 13 cases with pleural plaques, 3 cases
UK necropsies. ysmears g 37% in M and 0% in F. with lung cancer, 1 case with asbestosis
[204] 62 M and 38 F. 47% of AB-positive cases <5 AB and 4 cases with wide lung fibrosis

Age range 24-85 years
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Authors

Year Population Methods AB prevalence Comment
Place
Ghezzi et al 100 cases from random 51%.
1967 hospital necropsies. LM analysis on apical and 54% in M and 44% in F.
Italy 64 M and 36 F. basal lung smears 14% in the < 50 years old subgroup and
[182] Age range 25-83 years 60-66% in the > 50 years old subgroup
Polliack et al
1968 100 cases Analysis on lung smears 26%.
Israel 29.1% in M and 22.2% in F
[205]
20.3%.
Ashcroft 311 cases from unselected 25.5% inMand 11.3% in F.
1968 necropsies. LM analysis on basal lung 25% in urban residents and 3.5% in rural 11 cases with lung cancer, 1 case with
UK 196 M and 115 F. smears residents. mesothelioma
[206] Age > 15 years No AB in M< 25 years and in F< 35
years
Bignon et al . .
1969 1% series) 45 cases h LM ‘;Talys'zpn SO%'LIJm 1% series) 98%
France 2" series) 103 cases ypochlorite digested lung 2" series) 99%
samples
[207]
Dicke et al 100 cases from 18%.
1969 consecutive necropsies. LM analysis on apical and 23% inMand 12% in F.
USA 66 M and 34 F. basal lung smears No AB-positive cases in the < 30 years
[208] Age range 16-88 years old subgroup
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Authors
Year
Place

Population

Methods

AB prevalence

Comment

Peacock et al
1969

109 cases from
consecutive hospital

LM analysis on scraping lung

| necropsies. 0.9% 4 cases with lung cancer
taly smears
[180] 63 M and 46 F.
Age range 23-90 years
Xipell et al
1969 200 cases. Analysis on lung digested 43.5%. 1 case with pleural plagues
Australia 138 M and 62 F samples 442% inMand 41.9% in F
[209]
From consecutive hospital
necropsies, age > 20 years:
1*' series, from 1936) 127
Um cases, 82 Mand 45 F 1% series) 0%
1971 2" series, from 1946) 100 LM analysis on 5um- and 2" series) 3%
UK cases, 61 M and 39 F 30um-thick lung sections 3" series) 14%
[210] 3" series, from 1956) 100 4" series) 20%
cases, 51 M and 48 F
4" series, from 1966) 100
cases, 55 M and 45 F
Nizze
1971 234 cases. Analysis on digested lung 9%.
Germany 121 M and 113 F samples 11% in M and 8% in F
[211]
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Authors

Year Population Methods AB prevalence Comment
Place
Plamenac et
al
100 cases. . 38%.
1971 55 M and 45 F Analysis on lung smears 52.7% in M and 20% in F
Bosnia
[212]
Rosen et al LM analysis on sodium
1972 86 cases from lung surgery YIS € 1 case with mesothelioma and some cases
USA ) hypochlorite digested and 93% .
and necropsies . with lung cancer
filtered lung samples
[213]
Smith et al 100 cases from LM analysis on sodium
1972 consecutive necropsies. L 0 .
USA 66 M and 34 F. hyﬁcl)tc:er;:e%rzﬂendlggrs]:e?eznd 100% 6 cases with lung cancer
[214] Age > 16 years g P
Hagerstrand .
97 cases from consecutive .
etal : Ivsi | q o 29 cases with pleural plaques, 4 cases
1973 necropsies. Analysis on lung smears an _ 48.4%. _ with lung cancer and 1 case with
59 M and 38 F. on 30 pum-thick lung sections 54.2% in M and 39.4% in F .
Sweden mesothelioma
Age range 30-93 years
[215]
Bianchi etal | 50 cases from unselected
1973 hospital necropsies. LM analysis on centrifuged 70%. 2 cases with lung cancer and 1 case with
Italy 24 M and 26 F. lung squeezing fluid 79% in M and 61% in F mesothelioma
[216] Age range 48-89 years
Fondimare et
al . .
LM analysis on digested and 100%.
Flrgzge 52 unselected cases filtered lung samples 92% of cases < 100 AB/4 g wet lung
[217]
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Authors

Year Population Methods AB prevalence Comment
Place
Bianchi etal | 50 cases from unselected . .
: . LM analysis on sodium
1974 hospital necropsies. hypochlorite digested lun 96% Some cases with lung cancer
ltaly 34 M and 16 F. yp o Igs g 0 g
[218] Age range 28-83 years P
Doniach et al 394 cases from 37%. 58 cases with lung carcinoma, 25 cases
1975 consecutive hospital Ivsi hick 42% in M and 30% in F. it ol 9 Lol :
UK necropsies. LM ana_y5|§ Ion 30pm-thic 60.9% in heavy manual workers and Excl with pleura p ggues. is of
[219] 216 M and 178 F. unstained fung section 12.1% in clerical workers. X;‘;Zﬁg;g'gerr'rﬁgéot'ﬁg?grﬂz 0
Age > 16 years. 45-53% in residents in industrial areas
Breedin et al 100 cases from . LM analysis on sodium 93%. Exclusion criteria:
1976 consecutive necropsies. h hlorite di on i . o i | | I K ional
USA 70 M and 30 E. y?_(I)c orllte dlgestecli and 91% in urban reS|d_ents and 95% in rura ung neoplasm, known occupationa
[220] Age > 16 years iltered lung samples residents exposure to asbestos

From consecutive
necropsies:

Bhagavan et 1* series, from 1940-1949)
61 cases . . .
al oM caries. from 1950- LM anal¥5|s on sodium 1 dserl_es,) 40.9%
1976 1’959) hypochlorite digested and 2" series) 61.7%
USA 47 cases filtered lung samples 3" series) 91.1%
[177] 3" series, from 1970-
1972)
145 cases
Gordon et al 28 cases from a hospit-al . _
1976 1928-1932 necroscopic LM analy5|s on sodium _
USA archive. hyp_ochlorlte digested and 39.3% 1 case with lung cancer
[221] 9Mand 19 F. filtered lung samples

Age range 17-76 years

74




Authors

Year Population Methods AB prevalence Comment
Place
Bianchietal | 50 cases from unselected
1976 necropsies. LM analysis on chemically 880/
Italy 24 M and 26 F. digested lung samples 0
[222] Age range 23-90 years
Chura et al 252 cases from 234 96%
g necropsies and 18 lung LM analysis on sodium Women and white collar men with .
1977 . e X 54 cases with lung cancer
USA surgeries. hypochlorite digested and unimodal AB count < 50/g wet. Blue
53] 152 M and 100 F. filtered lung samples collar men with bimodal AB count with
Age > 40 years peaks < 50 g/wet and 100-499 g/wet

Francis et al
1977 198 cases from unselected o :

Scandinavia necropsies 7% 66 cases with pleural plaques
[223]

Roggli et al 52 cases as control LM analysis on sodium . .
1980 population. hypochlorite digested and 92% 3 cases W|tr_1 lung cancer anql 1 case with
USA . peritoneal mesothelioma
[224] Mean age 58.5 years filtered lung samples

Rubino et al 31.8% in cases with no pleural plaques.

1980 218 M from unselected LM analvsis of lung smears 49.2% in cases with < 100 cm? pleural 67 cases with pleural plagues
Italy hospital necropsies y g plaques. 87.5% in cases with > 100 cm? P plag
[225] pleural plaques

Bianchi et al 100 cases from

1981 . . LM analysis on chemically Pleural plaques in 72% of M
consecutive hospital . 94%

Italy . digested lung samples and 33% of F

[226] necropsies
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Authors

Methods

AB prevalence

Comment

Year Population
Place
From lung surgery and
lSJtnsel_ected NECTOPSIES LM analysis in 30um-thick
1> series, from UK) 319 . ! st . .
Steele et al cases. 286 M and 33 F unstained lung section for the 1" series) 13% in M and 0% in F. 1 series) 196 cases with lung cancer
1982 Age r.an e 16-92 ear§ 1% series. 2" series) 75%. 2" series) 167 cases with Iung cancer
UK + New Z”dgseriesg from NZ); 248 LM analysis on KOH digested 78% in M and 63% in F. 3" series) 2 cases with mesothe?ioma and
Zealand cases. 198 M and 52 F and Perls stained lung samples 3" series) 80%. 50 cases with 1ung cancer
[186] Age rénge 15.92 yearsl for the 2™ series and the 3" 83% in M and 74% in F g
3" series, from UK) 106 Series
cases.75 M and 31 F
Andrion et al
1982 996 cases from unselected o
Italy necropsies 12.4%
[227]
Two series as control
populations:
1% series) 26 cases from
Andrion et al hospital necropsies. Exclusion criterion for control
1982 23Mand 3 F. LM analysis on 30 um-thick 1% series) 26% in M and 0% in F. opulations: diaanosis of lung cancer
Italy Age range 42-80 years. unstained lung sections 2" series) 23.5% in M and 20% in F pop 15 diag g ’
e occupational exposure to asbestos
[228] 2™ series) 39 cases from
surgeries.
34Mand5F.
Age range 35-72 years
100 samples from
Betta . . 52%
1982 conSﬁgté';glesre(;spltal LM analysis on scraping lung 57.7% in M and 35.7% in F.
Ital pSies. smears 76% in urban residents and 45.9% in
y 71Mand 29 F
[229] Mean age 56.8 ye.ars non-urban residents
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Authors
Year
Place

Population

Methods

AB prevalence

Comment

Johansson et

Exclusion criterion for the control

al 89 necroscopic cases as LM analvsis on 25 um-thick
1987 control population. unstaize d 1un seL(l: tions 13.5% population: known exposure to dust
Sweden Mean age 67 years g causing pneumoconiosis
[230]
Ha%%gt al 46 cases from paediatric LM analysis on sodium
USA necropsies. hypochlorite digested lung 21.7%
[231] Age range 1-27 months samples
Wau et al
Jla%i?] 92 necropsy cases Analy5|ssc;rr1ndp||ge§sted lung 94.6% 60 cases with lung cancer
[232]
From necropsies and lung
. surgery: 1% series) 10%
Shlsflngdsc;et al 1% series) 1937-1941 LM analysis of sodium 2" series) 18%
Japan 2" series) 1947-1951 hypochlorite digested lung 3" series) 70%
[1%] 3" series) 1958-1963 samples 4" series) 74.4%
4" series) 1970-1973 5" series) 81%
5" series)1980-1981
Hiraoka et al 36'?0(;asi$:|f;g(r:;ounssizlse;:;ed LM analysis on chemicall 80.2% of cases 0-19 AB/g wet.
1990 coFertroI 0 ulpation di este(}/and filtered lun y 11.1% of cases 20-199 AB/g wet. Exclusion criterion for the control
Japan 249 M gng 120 F ' g samples g 7.1% of cases 200-1,999 AB/g wet. population: diagnosis of lung cancer
[233] Age > 35 years. P 1.6% of cases > 2,000 AB/g wet
Lanfgg:t al 3000 cases from hospital 48.6%
USA 1971 M and 1029 £ LM analysis on lung samples 51.4% in M and 42.4% in F
[234]
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Authors

Year Population Methods AB prevalence Comment
Place
Arenas- 50% in 1975
. op
Huertero et al iigrgas‘;zgriﬁr?hzofg;?l LM analysis on sodium 320;0 :2 iggz
1994 p ; hypochlorite digested lung i
Mexico 1988 period. samples 70% in 1982
(179] 104 M and 76 F P 86% in 1983
86%0 in 1988
1% series)
Monso et al 18 cases from an urban 1% series) 50%. d o . .
area. = 3" series, 8 cases with lung carcinoma)
1995 M AB mean count 52.35/g dry. | 0
Spain ean age 62.2 years. ond series) 12.5% AB prevalence 25%, mean AB count
[235] Z"series) AB mean count 5.37/ . dr 20.59/g dry
16 cases from a rural area. 2f1g ary
Mean age 62.2 years
Klgggeg al 16 cases selected as LM analysis on sodium Inclusion criterion for the control
USA control population. hypochlorite digested lung 12.5% population: no history of occupational
[236] Age range 36-83 samples asbestos exposure
Magnani et al . .
1998 31 cases from unselected LM analy5|s on sodium Inclusion criterion: no known
. . hypochlorite digested lung 80.7% :
Italy hospital necropsies samples ' occupational exposure to asbestos
[181] P
Dodson et al | 33 necropsy cases without LM analvsis on sodium
1999 known occupational SIS € Inclusion criterion: LM FB count < 20/g
hypochlorite digested and 21.2%
USA exposure to ashestos. filtered luna samoles wet
[237] 23 M and 10 F g samp
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Authors

Year Population Methods AB prevalence Comment
Place
Liu et al 107 cases from Inclusion criteria for the control
2001 randomized hospital PCLM analysis on chemically 35 7% in M and 39.5% in E population: no diagnosis of lung cancer,
China necropsies. digested lung samples ' ' death due to acute myocardial infarction
[238] 44 M and 63 F

or to accidental death

AB = Asbestos Bodies, FB = Ferruginous Bodies.
F = Females, M = Males

LM = Light Microscope, PCLM = Phase Contrast Light Microscope.

KOH = potassium hydroxide.
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APPENDIX 2

Results from main studies examining the asbestos fibers burden in the general population
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Authors

Asbestos fibers

Year Population Methods count Comment
Place
48 cases from routine necropsies 1% subgroup)
as control population divided into +_subgroup
range 0-7,760,000 ff/g dry.
2 subgroups. ;
Ashcroft st . 11% of cases having no detectable . L
1* subgroup) 18 cases with > 1 . . . Inclusion criterion for the control
1973 ; S Analysis on chemically fibers - . .
AB in the preliminary LM . nd population: no diagnosis of
UK . digested lung samples 2" subgroup) : .
analysis. malignancies
[239] 2" subgroup) 30 cases with no range 0-298,000 ff/g dry.
<stbgroup) 5 ca 57% of cases having no detectable
AB in the preliminary LM ;
. fibers
analysis
PCLM analysis on 57% of the population < 10,000 ff/g Inclusion criteria for the control
Whitwell etal | 100 unselected necropsy cases as chemically digested dry, opulation: no diaanosis of lun
1977 control population. lung samples. Counting | 71% of the population < 20,000 ff/g pc:fncer mésotheli%ma or otherg
UK 72 M and 28 F. of both coated and dry, m dustrial disease”
[240] Age > 20 years uncoated asbestos fibers | 15% of the population > 50,000 ff/g ith pleural ol '
> 6 um in length dry 55 cases with pleural plaques
Chrysotile range 12,000-680,000
ff/g wet, mean chrysotile value
130,000 ff/g wet.
Churg et al 21 necropsy cases. EM analvsis on sodium Amphibole ran%(\e/elt,BOO—?S,OOO frig Inclusion criterion: preliminary AB
1980 11 Mand 10 F. h ochl)(/)rite digested mean amphibole vélue 25,000 ff/ count < 100/g wet.
USA Age > 40 years, mean age 64 yP lung sam Igs P wet ' 9 | 4 cases with lung cancer, 1 case with
[241] years g P ' pleural plagues

Chrysotile and tremolite detected in
100% of cases, commercial
amphiboles detected in 52% of
cases
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Authors .
Year Population Methods Asbesct)%sniilbers Comment
Place
Gylseth et al 12 cases from consecutive
1981 necropsies as control population. | SEM analysis on ashed | Range 100,000-2,300,000 ff/g dry. Controls died of cardiovascular
Norway 8Mand4F. lung samples 75% of cases < 1,000,000 ff/g dry disease
[242] Age range 49-90 years
Mean value for all asbestos fibers
99,000 ff/g wet. . .
. . ’ g Inclusion criteria for the control
Ciglérzg 25 cases as a control population. EhM ?)T:ar‘]l%) Sr'isteogisgg;:? Mean vaggegggrfgrr)x:tt Hle fibers population: no known occupational
USA 24Mand1F. ygnd filtered I?mg Mean values for nc?n—coﬁwmercial exposure to asbestos, absence of
[99] Mean age 65 years samples amphiboles 30,000 f/g wet. pleural plaques, AI\L:?;] count < 100/g wet
Mean values for amosite fibers g
1,000 ff/g wet
Stovin et al 112 cases from consecutive PCLM_anaIysis on . .
1982 necronsies KOH digested lung 31% of cases having no detectable 10 cases with pleural plaques, 42
UK 87 M anp q 25.F samples. fibers. cases with lung cancer and 4 cases
' PCLM counting of all Median value ~ 5,000 ff/g dry with mesothelioma
[243] Age range 45-74 years fibers > 8 um in length
Mollo et al LhM ?)T:?]II{) Srlisteogiszgtlggq Maximum uncoated fibers count
1983 yp g 12,500 ff/g dry. 82 cases without known asbestos
82 cases lung samples. . ;
Italy ; Maximum coated fibers count 150 exposure
[244] LM count of fibers > 10 AB/a dr
pum in length gdry
Moi'\é%zt al 36 necropsy cases as control SEMISQaIZaSr'; olgsashed Range 0-4,800,000 ff/g dry. Inclusion criterion for the control
population. g sampies. Median value 300,000 ff/g dry. population: death due to
Norway Mean age 67.9 years SEM counting of all cardiovascular patholo
[245] geor.ay inorganic fibers P 9y
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Authors

Asbestos fibers

Year Population Methods Comment
count
Place
Mowe et al . . . -
1985 28 M from hospital necropsies as | oo\, analysis on ashed Range 0-4,800,000 f/g dry. Exclus_lon. criterion for the control
control population. population: diagnosis of lung cancer
Norway M 1 lung samples 25% of cases > 1,000,000 ff/g dry hronic oul di
[246] ean age 68.1 years or chronic pulmonary disease
Chrysotile range 0-1,300,000 ff/g
EM analysis on sodium dry;
Churg et al hypochlorite digested chrysotile median value 200,000 Inclusion criteria for the control
1986 20 cases from unselected lung samples. ff/g dry. onulation: no known occunational
Canada necropsies as control population EM counting of all Tremolite range 0-1,200,000 ff/g P pex osu}e to dust of an iin q
[247] fibers > 0.5 um in dry; P y
length tremolite median value 200,000 ff/g
dry
Tuommi et al SEM analysis on ashed
1989 15 cases from unselected lun g/am les Range < 10,000-3,200,000 ff/g dry.
Finland necropsies as control population . g samples. 20% of cases > 1,000,000 ff/g dry
[248] Mineral fibers counting
Albin et al TEM analvsis on Asbestos fibers median value
1990 96 cases as control population chemicall )c;i ested 29,000,000/g dry.
Sweden Pop lun s;’m ?es Amphibole fibers median value
[33] g samp 150,000 ff/g dry
Tuommi et al 13 M from unselected necronsies 77% of cases < 1,000,000 ff/g dry.
1991 as control population P SEM and TEM analysis 23% of cases > 1,000,000.
Finland Pop ' on lung samples 100% of cases < 10,000,000 ff/g
Mean age 60 years
[249] dry
Tuommi et al
. 9 M from sudden death .
Finland necropsies as control population. SEM analysis on ashed Range < 100,000-600,000 ff/g dry
1991 A lung samples
[250] ge range 37-67 years
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Authors

Asbestos fibers

Year Population Methods Comment
count
Place
Ml
1994 126 cases from hospital y alg Range for positive cases 1,800,000- | Positive cases with TEM counting >
. lung samples. o
USA necropsies TEM ch | 15,700,000 ff/g dry. 28 chrysotile fibrils
[251] chrysotile

counting only

Tossavainen et

Range < 100,000-1,600,000 ff/g

13:3 4 10 M from unselected hospital SEM analysis on ashed dry
Finland necropsies as control population lung samples Mean value 500,000 g dry
[252]

Karjalainen et
al
1994
Finland
[253]

300 M from urban subjects
necropsies.
Age range 35-69 years

SEM analysis on ashed

lung samples.

SEM counting for
fibers > 1 um in lenght

For the subgroup without pleural
plagues: median value 160,000 ff/g
dry; range 0-2,900,000 ff/g dry; 8%
of such cases > 1,000,000 ff/g dry.

For the subgroup with moderate

pleural plaques:
median value 400,000 ff/g dry;
range 0-4,700,000 ff/g dry.

For the subgroup with widespread
pleural plagues: median value
570,000 ff/g dry; range O-
160,000,000 ff/g dry

3 cases with lung carcinoma, 168
cases with pleural plaques (80 cases
with moderate pleural plagues and 88
cases with widespread pleural
plagues)

Karjalainen et
al
1994
Finland
[254]

300 M from sudden death
necropsies.
Age range 35-69 years

SEM analysis on ashed

and filtered lung
samples.

SEM counting of all

fibers > 1um

Range < 300,000-163,000,000 ff/g
dry.
18% of cases > 1,000,000 ff/g dry

3 cases with lung cancer
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Authors
Year
Place

Population

Methods

Asbestos fibers
count

Comment

Karjalainen et

297 M from sudden death

SEM analysis on ashed

82.8% of cases < 1,000,000 ff/g

Exclusion criterion for the control

al . .
necropsies as control population. lung samples. 0 T .
_1994 Age range 35-69 years, mean age SEM counting of all dry. 2.3% of cases > 5,000,000 ff/g population: dl_agn05|s of lung
Finland . dry carcinoma
[255] 52 years fibers > 1um in length

Dufresne et al
1996
Canada
[256]

49 cases from routine necropsies
as control population divided into
2 subgroups.

1* subgroup) 23 cases born
before 1940.

2" subgroup) 26 cases born after
1940

TEM analysis on
sodium hypochlorite
digested and filtered

lung samples

1% subgroup)
Mean value for fibers < 5 um in

length 700,000 ff/g dry.
Mean value for fibers 5-10 pm in
length 134,000 ff/g dry.
Mean value for fibers > 10 um in
length 74,000 ff/g dry
2" subgroup)

Mean value for fibers < 5 pm in
length 162,000 ff/g dry.
Mean value for fibers 5-10 pm in
length 65,000 ff/g dry.
Mean value for fibers > 10 um in

length 42,000 ff/g dry

Magnani et al
1998
Italy
[181]

31 cases from unselected hospital
necropsies

TEM analysis on
sodium hypochlorite
digested and filtered

lung samples.

TEM counting of all

fibers

No asbestos fibers detected in
54.8% of cases.
Mean value for asbestos fibers
24,000 ff/g dry.
Mean value for chrysotile fibers
5,000 ff/g dry.
Mean value for crocidolite fibers
10,000 ff/g dry.
Mean value for tremolite fibers
6,000 ff/g dry

Inclusion criterion: no known
occupational exposure to asbestos
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Authors

Asbestos fibers

Year Population Methods Comment
count
Place
Dodson et al Range 0-290,000 ff/g dry.
1999 Mean value for the 0-290,000 ff/g Inclusion criteria: no known
usA TEM analysis on dry interval: 84,000/g dry. occupational exposure to asbestos,
[237] 33 necropsy cases. sodium hypochlorite Mean value for the 32,000-290,000 lung histology negative for asbestos-
23Mand 10 F. : ypoct ff/g dry interval: 120,000/g dry. g histology negative
digested and filtered o related diseases, preliminary LM FB
Dodson et al Age range 12-73 years Chrysotile = 35% of all detected
lung samples . count < 20/g wet
2000 asbestos fibers.
USA Chrysotile detected in 42.4% of
[257] cases

Tossavainen et

23 cases from necropsies as

SEM analysis on ashed

Chrysotile range 100,000-
14,600,000 ff/g dry; chrysotile

al control population. and filtered lung mean value 2,630,000 ff/g dry. Inclusion criterion for the control
2000 17Mand 6 F. samples. Tremolite + anthophyllite range population: no known occupational
Russia Age range 1 month-81 years, SEM counting of all < 100,000-700,000 ff/g dry; mean asbestos exposure
[258] mean age 49 years fibers > 1um in length tremolite + anthophyllite value
180,000 ff/g dry
Median values:
0 ff/g dry in the 10-40 years old
subgroup,
Liuetal 107 cases from unselected . 32,000 fi/g dry in the 40-70 years Inclusion criteria for the control
. . PCLM analysis on old subgroup, - ; .
2001 hospital necropsies as control . . . population: no diagnosis of lung
. - chemically digested 52,000 ff/g dry in the > 70 years old .
China population. luna samoles subarou cancer, death due to acute myocardial
[238] 44 M and 63 F g P group. infarction or to exogenous accident

Median value for M 32.500/g dry.

Median value for F 37,000/g dry.
18.8% of the control population
with values > 100,000 ff/g dry

86




Authors

Year Population Methods Asbestos fibers Comment
count
Place
For chrysatile:
33.4% of cases < DL, 36.8% of
cases 100,000-900,000 ff/g dry,
28% of cases 1,000,000-10,000,000
McDonald et al 57 cases from necropsies as ff/g dry, 1.8% of cases >
2001 . TEM analysis on KOH 10,000,000 ff/g dry. Inclusion criterion for the control
UK control population. digested lung samples For amphiboles: population: sudden or accidental death
Age range 36-52 years
[259] 49.1% of cases < DL, 42.1% of
cases 100,000-900,000 ff/g dry,
7.0% of cases 1,000,000-
10,000,000 ff/g dry, 1.8% of cases
> 10,000,000 ff/g dry
Rogz%lllgt al _ _ Rangt_e: 4,000-169,000 ff/g dry. Inclusion c_ritt_aria: normal Iungs_at_
USA 20 cases from necropsies SEM analysis Median value 31,000 ff/g dry autopsy, preliminary AB count within
[127] the general population range

AB = Asbestos Body, FB = Ferruginous Body.

F = Females, M = Males.
DL = Detection Limit.

LM = Light Microscope, PCLM = Phase Contrast Light Microscope, EM = Electron Microscope, SEM = Scanning Electron Microscope,

TEM = Transmission Electron Microscope.

KOH = potassium hydroxide.
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