Polish Journal of Environmental Studies Vol. 9, No. 6 (2000), 443-454

Review

Sour ces and Effects of Asbestos and Other
Mineral FibresPresent in Ambient Air

L. Wachowski, L. Domka

Faculty of Chemistry, Adam Mickiewicz University,
Grunwaldzka 6, 60-780 Poznan, Poland

Received: June 15, 2000
Accepted: July 10, 2000

Abstract

This review describes the structure, physicochemical properties and sources of asbestos as well as other
mineral fibres in the natural environment. The diversity of character and methods for the determination of
airborne inorganic fibres are discussed with particular attention to the biological effects on humans health. It

also demonstrates the practical significance of asbestos.

This article also shows some possibilities transformation of asbestos containing materials into harmless

products.

Keywords: mineral fibres, structure, physicochemical properties and application of asbestos, environmental exposure
to mineral fibres, methods modification into harmless products

Introduction

Asbestos belongs to a group of ten substances estab-
lished to have the greatest carcinogenic potential for ma-
lignant cancers such as two types of lung cancer (lung
tissue and mesothelioma), pharynx cancer, larynx cancer,
colon cancer and stomach cancer [1-7]. It is listed as the
third most abundant pollutant in the global scale [4, 5].
The health risk associated with exposure to asbestos de-
pends on the type of mineral used in the product, con-
centration of asbestos dust, size of inhaled fibres and
time of exposure [7-9]. From many factors enhancing
negative effects of asbestos fibre presence in ambient air
the most important is cigarette-smoking [8]. The possibil-
ity of exposure to commonly applied asbestos and other
mineral fibres has led to the introduction of legal regula-
tions significantly restricting or completely forbidding
their use [10-12]. Also, the use of materials containing
asbestos is strictly controlled. In Poland asbestos has
been listed in a group of 5 substances whose use is heavily
fined. Much effort has been made to replace asbestos by
environmental-friendly materials and to devise effective
methods of its elimination.

Structure of Silicates

So far over 200 varieties of natural silica (SiO,) have
been identified and the number of names assigned to
them by geologists exceeds 100 [13-20]. Together with
different metal oxides silica is the main component of
lava which on pouring onto the earth crest forms differ-
ent complex compounds known as silicates [13, 17-19].
X-ray structural studies of this group of compounds have
provided explanations of their structure and helped es-
tablish the rules of their system [9, 13]. The fundamental
structural units of all silicates are SiO,4 tetrahedrons of
a silica atom surrounded by four oxygen atoms, Fig. 1.
The tetrahedrons can undergo condensation, which leads
to the formation of a polymer chain structure with the
structural unit of a co-ordination polyhedron SiO;”. The
proportion of their occurrence determines the kinds of
connections among the polyhedrons and between the
polyhedrons and metals. Assuming as a criterion the kind
of connections among the co-ordination polyhedrons, the
silicates have been divided into groups characterized by
5 typical arrangements of the elementary tetrahedrons
Si0y4 [13, 15].
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Fig. 1, SiO, tetrahedron.

The most important of the arrangements are: the
chain structure made of individual polymer chains in
which (SiO3)%, anion is the group repeated along the z
axis throughout the whole crystal (Fig. 2a), and the
ribbon structure in which two polymer chains are joined
by free corners while the main structural unit is the
(Si4On)%- m anion (Fig. 2b) [9, 13, 14].

The oxygen-silica chains, both single and double, do
not occur as individual units but as double layer packets.
They are composed of silicon-oxygen layer deposited on
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Fig. 2. Oxygen-silica complexes. a) (SiOs)?, chains and b)
(Si401)° m ribbons.

the metal-oxygen layer made of the oxygen octahedrons
with different cations (mostly magnesium) inside (Fig. 3a)
[6, 7]. These packets are neutral macromolecules, which
are arranged into the crystal structure [9, 13, 14, 20].

Structure of Asbestos and Other Natural
Mineral Fibres

Asbestos, meaning indestructible or unquenched in
Greek, is the commercial hame applied to a group of
crystalline and relatively insoluble silicates of chain or
ribbon structure. The group includes 6 minerals one of
which occurs in the silicates of the serpentite group char-
acterized by the chain structure [7, 13,14, 19, 20], and the
others belong to amphiboles with ribbon anions [6, 9,
13-16]. A representative of the first group is chrisotile
(Fig. 3), and the other includes crocidolite, amosite, anto-
phyllite, tremolite and actinolite, Fig. 4, [7, 9, 18, 19,
21-24].

The bonds within the silica-oxygen chains in the two
above-mentioned silicate structures are relatively strong,

Fig. 3. The structure of chryzotile, mineral from the group of
serpentine, as an example of the chain structure; @) the ideal
structure of chrisotile viewed along the x axis (the triangles rep-
resent SiO, tetrahedrons, whereas the darkened band stands for
the layers made of the co-ordination octahedral of [Mg(OH)g]),
b) chrisotyle structure in the form of aroll darker bonds stand
for the layer of octahedrons and c) chrisotile structure in the
form of the coaxial empty pipes.
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Fig. 4. The ideal structure of amphiboles along the z axis as an
example of ribbon-type structure; the triangles denote the SiO,
tetrahedrons, the darkened band is the metal-oxygen layer made
of octahedrons with the cationic positions (Mi, M, and M3) occu-
pied by Mg*, Fe?" and Fe** ions, and M, positions dominated by
Na’ ions (reprinted from Ref. 20).

whereas the connections between the chains are based on
weak electrostatic interactions [14, 7, 9, 18, 19, 20]. Be-
cause of the character of the spatial lattice, the asbestos
minerals cleavage mainly in the parallel to the x axis, so
have fibrous structure made of aggregations of relatively
long (up to 30 cm) thin (diameter 0.01 to 0.40 mm) and
elastic fibres resembling glass fibres. They can be ar-
ranged into bundles, warps or clusters[9, 16, 17, 23].

Chemical and Physical Characterization of
Asbestos and Other Natural Mineral Fibres

According to the chemical composition of asbestos
minerals, they can be classified as hydrated silicates of
magnesium, iron, calcium, sodium and other elements [6,
9, 14, 18, 22]. These minerals differ by the content of the
main components (SO,, A1,0; Fe,0s, FeO, MgO, Ca0o,
Na,O and H,0), colour (from white to pale green, yel-
low, pink, blue, pale grey, pale brown, dark green), den-
sity, melting point (from 1200 to 1500°C) resistance to
acids and bases, arrangement of fibres (i.e. texture - elas-
tic, silk-like and hard) and mechanical properties (resis-
tance to stretching and rotation) [7, 9, 16-20, 23].

Commercialy available asbestos minerals include: -
chrisotile (white asbestos) Mgs[Si,Os](OH),4 one of the
minerals most commonly met in the earth crust; its
melting point 1500°C, poor conductor of heat, electricity
and sound; resistant to high temperatures because of a
high concentration of magnesium oxide; this mineral is
characterized by uniform chemical composition

and its structure is composed of relatively long (1-20
mm, exceptionally 100 mm) and elastic fibres whose
elementary fibriles (from 0.02 to 0.025 mm in dia-
meter) can be woven or felted; the fibres resemble coils
(Fig. 3b) or empty pipes (Fig. 3c), and usually form
bundles of the size determined by the kind and degree
of mechanical processing (Fig. Sa? [14, 21-24].

- crocidolite (blue ashestos), Na,Fe'"',(Fe', M)3SigO»»
(OH).,

- amphiboles of variable chemical composition and the
melting point of 1200°C, it is built of shorter fibres of
smaller diameter, which easily break into smaller ones
(it is brittle) and show high resistance to acids. The
contribution of this mineral in the total amount of
mined asbestos reaches 4% (see Fig. 5b.);

- amosite (brown asbestos), (Fe",Mg)7SisO0,(OH)e, be

longs to the group of amphiboles, its melting point is

1400°C (see Fig. 5¢.) [9, 14, 21-24, 15].

The other much rarer minerals from the group of
amphiboles characterized by ribbon anions are: an-
thophylite  (Mg,Fe)/Si4011]»(OH),, tremolite CaMgs
[S5011]5(OH), and ectinolite Cax(Mg,F€)s[Si4011]> (OH)»,
[18, 21, 25]. Other natural mineral fibres, which are po-
tentially hazardous for human health are:

- erionite, NaK M 90345[A|8§28072] ¢ 28H-0, which be

longs to a group of over 30 natural crystaline
aluminosilicates known as zeolites [9, 17,18], the fibres

of this mineral are of a size similar to that of asbestos
(see Fig. 6.) [14, 21, 26];

- wolastonite, Cag[(Siz0g)], which belongsto fibrous sili

cates and is considered one of the potential mineral
replacements of asbestos [7, 9, 14, 21, 24];

- attapulgite (polygorskite), Mgs[Si;O11]2(OH)4(H-0)

*4H,0, is characterized by the chain-ribbon structure
close to that of montmorillonite and is built of fibres of
up to 5000 um resembling empty pipes or rods [7, 9,

24];

- sepialite, [MggSi12030] (OH)4(H-0)4 * 8H,0, belongsto

the class of clay minerals, which can occur in the form
of fibres or floccules, e.g. sepiolite (sea-foam) isacom
pact form of this mineral [7, 9, 13, 21].

The properties of the ashestos minerals which deter-
mine its stability in the natural environment and its bio-
logical aggressiveness are related to their fibrous struc-
ture, in particular to the length and diameter of the fibres
[7, 9]. These properties include: high durability (they do
not evaporate and are insoluble in water so do not
change in time), are strongly resistant to mechanical
stress and temperature (refractory), show very low elec-
trical and sound conduction, are resistant to chemical
reagents and to corrosion, are very elastic, show low ther-
mal conductivity and specific sorptive and insulating fea-
tures[7, 9, 21-23].

Asbestos in the Environment and Its Practical
Significance

Asbestos minerals are common in many geological
formations as accompanying minerals and are wide-
spread throughout the world [6, 9, 15, 17]. Archaeologi-
cal studies show that 4000 years ago asbestos was used by
man for production of ceramic dishes to make them
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more mechanically and thermally resistant. The ancient
Greeks used asbestos for production of fabrics, e.g. for
specia wear for dead notables, tablecloths and oil lamp
wicks([7, 25, 27].

The first quarries which performed systematic excava
tion of chrisotile were established in the Ural Mountains
in about 1700 and in Quebec province in Canada in 1870.
The exploitation of amosite began in Australia in 1916,
and crocidolite in South Africa in 1980 [7, 25]. The
chrisotile deposits suitable for exploitation are mostly
found in Canada, South Africa and Zimbabwe. Until re-
cently this mineral was excavated in over 40 countries.
The asbestos minerals from the amphibole group are
limited to Australia and South Africa. The main pro-
ducers of asbestos in the world are the former USSR
countries and Canada [7, 21, 22, 25].

Owing to the above-mentioned properties of asbestos
minerals, they have been commonly used for production
of ashestos-containing materials (ACM), in which their
contribution variesfrom 1 to 100% wt. [7, 19, 25,

Fig. 5. Transmission electron microscope photograph (TEM) of:
a) chrisotile, b) crocidolite and c) amosite.

27]. These materials can be divided into two classes, ac-
cording to the asbestos concentration and kind of binding
substances. To the first class belong the so-called soft
materials containing more than 20 wt.% of asbestos and
of a density lower than 1000 kg/m®. The second class
comprises hard, strongly bound materials containing less
than 20 wt.% of asbestos. The latter are more mechan-
ically resistant and thus are less hazardous for the natural
environment [28].

The asbestos-cement industry, the largest consumer of
asbestos minerals, started developing in 1850. The com-
mercial production of thermal insulating materials
began in 1879. In Great Britain at the beginning of
the 20" century asbestos was used for production of bed-
mattress recommended as the best. In the USA asbestos
was used since the beginning of the 20" century, mainly as
thermal insulation for steam engines. With the
development of technology, asbestos found increasing
use in many fields, mainly in the building industry [6, 7, 9,
11]. According to data from 1983, annual world produc-
tion of asbestos was about 5 min tons, which was used
for production of over 3000 kinds of products [7, 11].
The first on the list of asbestos consumers was the Demo-
cratic Republic of Germany - 3 kg per head. Poland,
using 1.5 kg of asbestos minerals per head was
fifteenth. The most important from the point of
view of industrial applications was chrisotile,
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Fig. 6. The ideal structure of erionite along the x-axis (reprinted
from Ref. 9).

making 95% of the mass of the asbestos used [5, 9]. The

other varieties of this mineral are not treated as raw ma-

teria for industry but can be chrisotile admixtures [6, 14,

17).

The commercial products based on asbestos minerals
can be classified into the three following groups:

- the materials made of loosely bound fibres of pure as
bestos and different materials of inorganic origin such
as cement, gypsum, diatomaceous earth, hydrated cal
cium silicate, basic magnesium carbonate etc.;

- strongly bound compositions of asbestos fibreswith in
organic materials (Portland cement, hydrated calcium
silicate) and organic materials (elastomers, plastic mass
of different kinds, bituminous mass);

- fabrics containing asbestos [7].

The largest amounts of asbestos materials have been
used for production of:

- asbestos-cement composites for building industry e.g.
asbestos cement, asbestos cardboards, large-size sew
age and water-main pipes, in which the concentration
of asbestosisrelatively low e.g. of 10-15% wit.;

- refractory plates and plates resistant to chemical
agents, insulating plasters, containing from 25 to 40%
wt of asbestos, insulating materials and asbestos-rubber
plates for production of packings, containing from 25
to 85% wt of asbestos;

- frictional materials (over 200 types of brake and gear
linings) containing up to 70% wt. of asbestos;

- vinyl-asbestos tiles and floor coverings containing up to
7.5% wt. of asbestos;

- paper, cardboard and felt in which the content of as
bestos varies from 25 to 98% wt.;

- yarn and insulating fabrics for protective suits, gloves,
refractory blankets and electric insulation, containing
from 25 to 98% wt. of asbestos[11, 25].

Fibrous zeolites as e.g. the above-mentioned erionit
are used in the ion-exchange processes for retaining ni-
trogen in fertilizers and in production of concrete [7, 11,
29, 31].

Transport of Mineral Fibresin Natural
Environment

The effect of atmospheric factors on asbestos min-
erals (e.g. wind erosion of geological materials leading to
chemical changes) as well as the use of asbestos contain-
ing products lead to disintegration of the macroscopic
fibres into individua fibres and their release into the en-
vironment, which means that it is everywhere. The re-
leased fibres are of a diameter usually smaller than 0.3
pm (a few times thinner than a human hair, see Fig. 7.)
easily float in the air (alow rate of sedimentation) and
can hardly be noticed with the naked eye [6,7,11,30, 31].

The microfibres are transported and dispersed mainly
by water and air [6, 7, 12]. In the air asbestos as well as
other mineral fibres form a stable suspension (atmos-
pheric aerosol) which can move over significant distances
from the source of emission. The rate and direction of
their dispersion are determined by the status of the at-
mosphere (cloudiness, precipitation, strength and direc-
tion of wind, temperature, humidity etc.) in the lower
parts of the troposphere. As shown by the relevant calcu-
lations, the concentration of minute size fibres in the air
very slowly decreases with increasing distance from the
point sources [6, 7, 12, 32-34].

Into water ecosystems asbestos penetrates as a result
of dissolution of minerals and ores in which it occurs,
with precipitation from the air, with industrial wastes and

Fig. 7. Microphotograph (TEM) a human hair against a back-
ground of chrosotile fibres.
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contact of water with sewage and water-main pipes [6, 7,
12]. The presence of asbestos in drinking water was for
the first time detected in 1971 in Canada [7]. Through
water ecosystems ashestos fibres are dispersed over sig-
nificant distances from the source of emission [6].

Identification and Quantification of Mineral
Fibresin Ambient Air

The presence of asbestos minerals in ambient air can
be detected via pertinent colour tests dying ashestos
fibres in shades of blue or red [7, 35]. In contrast to the
majority of harmful substances in ambient air, the pres-
ence of inorganic fibres can be easily determined (abun-
dance and kind) by optical and electron microscopy ob-
serving the deposits on membrane filters after air filtra-
tion [35-37].

The methods for determination of asbestos fibres dif-
fer in the mode of sample collection, instruments used
and techniques of fibre counting [7, 11, 35-38].

The fibres deposited on membrane filters can be per-
formed by the following methods.

- using a phase-contrast optical microscope (PCM), for
the first time applied in 1966, assuming as dangerous
the fibres of the length to diameter ratio > 3:1, which
corresponds to a length greater than 5 um and a diam
eter smaller than 3 pm; the fibres represent the biologi
cally active part of respirable fraction (penetrating the
air sacks) [32, 36, 37];

- transmission electron microscope (TEM) [7, 32, 35,
38], equipped with an energy dispersive X-ray analyzer
(EDXA) [9, 35, 36];

- X-ray diffractometer (XRD) [7, 36, 37];

- scanning eectron microscope (SEM) [7, 32, 38],
coupled with an energy dispersive X-ray diffractometer
(EDXA) [7, 35, 36];

- selected area electron diffraction (SAED) [7, 35, 36];

- laser microprobe mass spectrometry (LMMS) [7, 32,
35, 38];

- polarized light microscopy (PLM) [7, 36, 37].

Quantitative determinations of the contents of asbes-
tos fibres in the air have been performed using
a phase-contrast microscope equipped with a (grid, grat-
ing) eyepiece [37]. With this microscope the concentra-
tion of asbestos fibres in the air at a work-place expressed
as numerical concentratlon (e.g. the number of fibres
F present in 1 cm?® or in 1 m?), the concentration of asbes-
tos fibres in ambient air is expressed as the number of
fibresin 1 dm®, 1 m® or as weight concentration in mg/m’
orng (1 ng = 10° g) in 1 dm® or 1 m® of air. In biological
material the concentration of fibres is expressed as the
number of fibres F or the content of fibresin pg per
1 gof dry tissue[7, 37].

The use of electron microscopes equipped with auxili-
aries permit differentiation between the fibrous and non-
fibrous particles, identification of the type of asbestos
minerals and their structure and determination of
particular elements in a sample of fibrous material [6, 35
33].

Sources and Biological Effects of Exposition
to Mineral Fibres

As follows from the above evidence, asbestos has been
widely used for along time. Unfortunately, until relative-
ly recently it has not been recognized as harmful for
people and animals. English doctor A. Murray [7, 39-42]
published the first report on the connection between as-
bestos and lung diseases in 1899. In the beginning of the
20" century the cases of asbestos-related lung diseases
were noted in England and France [7, 39]. The term as-
bestosis was used for the first time by B. Cooke in 1927 in
a paper in which he described clinical symptoms appear-
ing as a result of exposition to ashestos dust including
interstitial fibrosis of lung tissue and calcification of
pleura. It is a serious chronic, non-cancerous respiratory
disease. Symptoms of asbestosis include short breath and
dry crackling sound in the lungs while inhaling. The path-
ological studies have proven that the progress of fibrosis
development is slow, but it continues even after breaking
the exposition to asbestos dust [26, 40, 41]. In 1935 the
Americans B. Lynch and J. Smith [7, 39] described the
first case of ashestosis leading to lung cancer, while the
first documented case proving a relationship between ex-
posure to asbestos and development of malignant cancer
of pleura or peritoneum mesothelioma was reported by
J.C. Wagner in 1960 [43, 44]. A result of exposure to
asbestos can also be a rare malignant cancer known as
mesothelioma (in the USA about 200 cases annually) in-
itiated by all asbestos minerals [17, 22, 36]. The first case
of mesothelioma was described by Weiss in 1953 [7, 31,
45-47).

The following types of exposure to asbestos dust have
been distinguished:

occupatl onal (|nd|rect and direct) related to employ
ment in asbestos mining, treatment of raw asbestos
(milling), production of asbestos containing products,
transportation of asbestos, building conservation (ex
change of asbestos packing), repairs or demolition of
buildings constructed with the use of asbestos ma
terials, transformation of asbestos into harmless prod
ucts[7, 33, 48-52];

- non-occupational (environmental exposition), related
to living in the neighbourhood of asbestos mines or
plants producing asbestos products, or living in one
household with persons of occupation related exposure
to asbestos dust [7, 50, 53];

- general of the whole population related to the pres
ence of asbestos pollution in ambient air [6, 7, 58-62].

The processes of asbestos mining, conversion and ap-
plication, along with natural erosion of asbestos minerals,
may cause a significant increase in the concentration of
asbestos fibres in ambient air. The amount and size of
respirable asbestos fibres released into ambient air de-
pends on the kind of product and its processing. Erosion
of natural sources of asbestos and release of asbestos
fibres from sewage pipes and water-main pipes depend
on the aggressiveness of water determined by the content
of carbon dioxide, pH value, general basicity etc. [6, 7].
The data collected so far prove that the most important
threat is inhalation of single dry fibres in closed premises
[7, 21, 48]. The fibres absorbed via the alimentary track
(in drinking water or food products) can be responsible



Sour ces and Effects of Asbestos ...

449

for the increasing number of cancer casesin a population
under along-term exposure to asbestos dust [56, 57].

The period of latency, that is the time between the
first contact with asbestos and the appearance of the first
symptoms, is long and may reach from 10 to 30 years [7,
24, 30, 40]. The health risk related to exposure to ashes-
tos and other mineral fibres depends on many factors,
including: mineral composition, size of fibres, Mg/Si pro-
portion, degree of fibre condensation, concentration of
ashestos dust, time of deposition in the lungs, time of
exposition, mode of penetration into organism (inhala-
tion, intake, skin), other accompanying substances (e.g.
cigarette smoke, cement dust) and individual features of
the organism (age, sex, genetic inclinations, style of life
and health status) [7, 21, 40].

According to epidemiological data, the cancer rate in
the population of men smoking cigarettes is 12-fold higher
than in non-smokers, while for women it is 7.7-fold
higher in smokers than in non-smokers[8, 58-61].

The number and complexity of factors affecting bio-
logical aggressiveness of asbestos makes it impossible to
give a simple assessment of the health risk or determine
adose-response relation [7, 61]. Another factor making it
difficult isthe long latency time [39, 40].

An important factor in aetiology of asbestos-related
diseases is the size of the fibres, in particular their diam-
eter [6, 7, 38, 62, 63]. It has been shown that fibres longer
than 8 um and of a diameter smaller than 1.5 pm are the
most potent cause of malignant cancers of the human
respiratory system [7, 22, 39, 62, 63]. Moreover, it has
been established that the smaller the fibre diameter the
greater the number of fibres per a mass unit of asbestos
dust, which increases the chance of their inhalation and
penetration into deeper parts of the lungs [7, 9, 39, 60].
The fibres deposited in air sacks are mainly 1-10 um, long
and as many as 90% of them are fibres shorter than 5 pm
[62-65]. Fibres shorter than 1 um are easily inhaled but
their retention in the lungs is insignificant, whereas fibres
longer than 10 pm deposit on mucous membrane or
other first elements of the respiratory tract and do not
reach the air sacks [62, 63].

Environmental Exposure to
Mineral Fibres

Asbestos fibres occurring in the atmospheric air make
arelatively small fraction of the fibrous aerosol. It has
been assessed that the amount of fibres from natural
sources is probably higher than that from man-made
sources [4, 9, 13, 32]. A study of the chemical composi-
tion of the minerals in cores collected from ice cover on
Greenland has shown the presence of chrisotile fibres
long before man started to mine and process this mineral
[6,7,21,62].

The common use of asbestos for production of boards
for thermal and acoustic insulation at schools and in
other public buildings (hotels, office buildings) has sub-
stantially increased the number of people exposed to the
hazardous effects of asbestos dust. For example, data
published by the Environmental Protection Agency
(EPA) revedled the hazardous health conditions due to
exposure to asbestos fibres in 107,000 schools and

733,000 public buildings in the USA [30, 59]. It has been
estimated that assuming as 1.0 the concentration of as-
bestos fibres in the air in asbestos-free buildings, their
concentration in ambient air is equal 1.95, in the air in
the buildings constructed with asbestos-containing ma-
terials in good state it is 2.95, whereas in the buildings
constructed with ashestos-containing materials in which
they had eroded the concentration of asbestos fibres
reaches 3.65 [29, 30, 40].

The level of the occupational and environmental haz-
ard shows considerable local fluctuations depending on
the distance from the sources of mineral fibres. For
example at a distance of 300 m, with the wind, from
a plant producing ashestos-containing materials the con-
centration of the fibres in the air was 2200 F/m®, at a dis-
tance of 700 m it dropped to 800 F/m®, while at a distance
of 1000 m it dropped to 600 F/m? [6, 7, 21, 26, 40, 48]. In
the air at remote villages the concentration of asbestos
fibres longer than 5 pm is usually lower than 3 F/m®,
while in the air of the urban areas the mean values of the
fibre concentrations can be 100 times higher (3-300 F/m®)
[7, 37,52, 62]. In the air near high traffic roads the con-
centration of mineral fibres is elevated, but dominant
there are chrisotile fibres shorter than 5 um, which are
not taken in regard to estimation of the dose-response
relation in people[7, 40, 43, 61-65].

As shown by numerous studies, exposure to asbestos
fibres indoors (indoor air) is usually greater than in open
air. The level of their concentration in the air depends on
the ventilation systems, type of asbestos-containing ma-
terials, kinds of processing of asbestos materials (grind-
ing, cutting, conservation procedures, construction, etc.)
types of asbestos-containing products (thermal insula-
tion, floor tiles, plaster etc.) and its technical status. The
study conducted in different public buildings in New
York proved an elevated level of asbestos fibre concen-
tration [59]. The mean concentration of fibres in public
buildings was diverse and varied from 2000 to 510 and
190 F/I m® of ambient air [29, 54, 62].

The eroding asbestos-containing insulating layers
(boards) were identified as the main source of asbestos
fibres[35, 49, 52, 53, 62].

It has been estimated that in the USA about 1.3 min
workers are exposed to elevated level of asbestos mineral
fibres in ambient air [30, 36, 59]. This concerns in par-
ticular the workers employed at construction or demoli-
tion of buildings or devices in which asbestos or asbestos
products have been used [33].

Biological Effect of Inhaled Mineral Fibres

The health risk of exposure to dust containing asbes-
tos and other natural fibres is related to the fact that the
dust can be inhaled to the lungs, where fibres are ar-
rested. The fibre remaining in the lungs can become
a site of deposition of iron-containing proteins which
form club-like iron bodies [7, 66-74], Usually the cores of
these bodies are the amphibole fibres. Their prolonged
presence in the lungs can induce various organic changes,
sometimes many years after the first exposure [41].

The most important factors affecting the development
of various diseases of the respiratory system include:
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- the time of exposure (when the contact with asbes
tos-containing dust is intense asbestosis can develop in
arelatively short time of 5 years, in average exposition
in current environmental conditionsit israrely detec
ted in time shorter than 20 years after the first contact
[7,11, 12, 62, 64, 65];

- time after the first contact with asbestos dust [7, 53,
62],

- cigarette smoking [62];

- type of fibres we are exposed to (for example trem-
olite, amosite and in particular crocodolite can be more
biologically aggressive than chrisotil€); moreover, the
probability of deposition in the lungsis lower for the
fibres of symmetric structure than for the asymmetric
ones [40, 47, 49, 63];

- the size of fibres; results of previous studies suggest
that the fibres longer than > 5 um and of diameter
lower than 3 um are more dangerous than the short
fibres (shorter than 1 pm), the fibres of diameter
greater than 3 um cannot penetrate the air sacksin the
lungs (are not respirable), and fibres shorter than 5 um
can be removed from the lungs through microphages
(i.e. small cells being elements of the reticuloen
dothelial system[7, 61, 65].

The diagnostic means most often used for detection
of asbestosis is roentgenography. Although this method
cannot detect the presence of ashestos fibres directly as it
only provides the information of the changes in the lungs,
which can be caused by different fibres, it is still indica
tive of the effects caused by exposure to ashestos [24].

Prolonged exposure to asbestos-containing dust can
lead to development of the following changes:

- asbestosis, a chronic disease causing disseminated in
terstitial pulmonary fibrosis and thickening and pleural
plague appearance; fibrosis develops slowly and pro
ceeds even after cessation of exposure [7, 20, 24, 64];

- malignant lung cancer (mesothelioma of pleura, cancer
of the lungs, cancer of the larynx and pharynx); the risk
of developing cancer of the lungs and mesotheliomais
greater the longer and thinner the fibresinhaled [7, 31,
26, 39-42];

- cancer of the intestines[7, 56];

- impairment of the ventilatory function of the lungs[6,

- undesirable influence on the course and treatment of
some other diseases of the respiratory system such as
(chronic bronchiolitis, chronic upper respiratory tract
infection);

- circulatory-respiratory failure[7].

Results of the epidemiological studies unambiguously
prove that people whose occupation involves contact with
ashestos fibres (exposure to asbestos fibres) much more
often develop malignant cancer of the lungs than people
exposed to different other kinds of dust [7, 24, 23, 34].
From among all asbestos minerals the most potent as
cancer etiological factor is amphibolic asbestos, mainly
crocidolite[7, 24, 62].

The fibres of asbestos are a few times thinner than
human hair and thus are hard to notice with the naked
eye. They easily float in the air. A significant part of the
fibres inhaled with the air is deposited in the upper re-
spiratory tract lined with epithelium covered with cilia
and from there the fibres can be removed or penetrate

further inside, even getting to the circulatory system. In
the lung chrisotile fibres are cleaved into fibrils and part-
ly dissipated through lung fluid [40-45, 78]. The am-
phibole fibres do not divide into fibrils and do not break,
they are less soluble in the lung fluid and remain longer
in the lungs.

Mechanism of Fibre Carcinogenesis

The first reports on the development of lung cancer as
a result of inhalation of asbestos-containing dust
prompted intense studies aimed at an explanation of the
mechanism of carcinogenic effect of asbestos fibres. Al-
though it has been established that the potential of the
carcinogenic effect of the fibres depends on their chemi-
cal stability and size, not one of the hitherto proposed
mechanisms has not been commonly accepted [7, 69].
The reason is the lack of convincing experimental evi-
dence from cell tests which would give a direct connec-
tion between the initiation of cancer changes and the
interaction of asbestos fibres with DNA [20, 58, 73, 74].
One of the proposed mechanisms described as the hy-
pothesis of a carrier explains the appearance of cancer
changes by the fact that asbestos fibres can adsorb and
carry polycyclic aromatic hydrocarbons (PAH) to the
lungs [63]. Results of many studies prove that heavy
metals substituted in crystalline structures of asbestos,
mainly iron, [20, 31, 39, 62, 65, 66, 75, 76] and PAH
adsorption [7, 69, 72] are particularly dangerous for man
when an air sack in his lungs has been pricked by micro-
fibres of asbestos carrying PAHs or metal ions [20,58, 69,
77]. The fibres of ashestos can also interact with the pro-
teins of red blood cell membrane leading to dissolution
of red blood cells (haemolysis) [63, 65, 69]. The
hemolytic activity of asbestos is determined by the type of
the mineral, the ratio Mg:Si and the size of the fibre area.
The greatest biologica activity is believed to characterize
chrisotile fibres[7, 42, 77].

There is increasing evidence that iron from asbestos
may cause cancer as a result of radical induced damage.
Many mechanisms have been proposed as the potential
reactions of iron to catalyze the oxidation of DNA [20,
78-80], lipid [58, 82-85] and protein [58, 86-88]. Andysis
suggests that different chemical reactions catalyzed by
asbestos and other mineral fibres, e.g. erionite, are re-
sponsible for their pathological influence [20, 26, 30, 45,
62).

Legal Solutions Concerning Asbestos
Production and Use

The above-presented facts prompted intensive studies
in many countries on all aspects related to exposure of
man and animals to asbestos and other mineral fibres.
The excavation and processing of asbestos, as well as the
use of ashestos-containing products, have been gradually
limited [12, 22, 30, 41, 42, 59]. The majority of countries
have introduced legal regulations in order to protect the
workers whose occupation was related to exposure to in-
creased level of asbestos dust. However, legal limitations
on the emission of asbestos to atmospheric air has been
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introduced in only a few countries; USA, Germany,
France, Sweden and Poland [12, 28, 32, 33, 59].

In the beginning the ban on processing and using as-
bestos-containing products concerned only crocidolite
characterized by the highest potential of initiation of can-
cer changes [40, 62, 65]. In a few countries like Great
Britain and Scandinavian countries, this ban has been
extended over all asbestos minerals from the group of
amphibole [72]. For example in the USA the Environ-
mental Protection Agency (EPA) banned the production
and use of asbestos-containing materials in 1989 [30, 59].
Moreover, regulations were introduced specifying the ad-
missible level of asbestos fibres in school premises and
other public buildings and the rules were given to be
followed during removal or conservation of earlier instal-
led asbestos, its transportation and storage [59].

In the 1970s Poland belonged to the most important
producers and users of ashestos-containing products. At
nine plants about 100 thousand tonnes of asbestos min-
erals were processed annualy [12, 25, 26, 50, 52, 89]. The
documented health risk related to exposure to asbestos
resulted in a gradual reduction of its processing so that in
1991 the amount of asbestos processed in Poland de-
creased to 30 thousand tonnes [12, 20, 32, 33, 39]. Re-
strictions were imposed as to the use of asbestos-contain-
ing materials and a list of products which may not contain
ashestos was compiled [90]. Finaly, a ban on using asbes-
tos-containing products was introduced in June 1997
[91]. Moreover, regulations concerning safe use and con-
ditions of removal of ashestos-containing products were
issued [93]. Also, the list of asbestos-containing products
admitted for production or import was prepared [93].

Methods of Elimination of Mineral Asbestos
and their Modification into Harmless Products

The first measures taken to eliminate or limit expo-
sure to asbestos consisted in wet separation and ventila-
tion of the rooms containing sources of its emission, ap-
propriate organization of such activities as removal,
transportation and storage of asbestos waste and conser-
vation works [20, 23, 26, 28, 32]. The simplest measures
aimed at elimination or limitation of emission of asbestos
dust were mechanization of all kinds of handling of as-
bestos-containing materials, which should be wet pro-
cesses if possible. Emission of asbestos dust can essential-
ly be limited if the materials containing asbestos are wet-
ted with surfactants whose use a'so limits the use of water
[11, 20, 26, 89]. For example, an anionic surfactant, such
as linear alkyl sulphonate, sodium lauryl sulphates, poly-
alkoxy carboxylates, or an non-anionic surfactants, such
as alcohol alkoxylates, alkyl phenol ethoxylates, poly-
oxoethylene esters sand polyalkene oxide block
copolymers can be added to the treating composition in
conventional amounts, e.g. up to about 5% by weight.
The problems of wet removal techniques include the re-
quirements of physical removal and handling of the wet
ashestos-containing material. In addition, the removed
material must be further treated to destroy the remaining
asbestos component if the material is to be discarded as
a non-asbestos containing material.

Another technique preventing the release of asbestos

fibres to the atmosphere consists in using different bind-
ing media in the processes of solidification or cementa-
tion [28].

In Poland a technology of neutralization of asbestos
has been devised based on impregnation of asbestos-con-
taining materials with a preparation whose composition
has been patented [94]. The interaction of this prepara-
tion with asbestos leads to its partial destruction or modi-
fication of its structure, which significantly limits the pos-
sibility of releasing asbestos fibres to the atmosphere.
After this processing the material can be additionally
solidified by a binding agent such as hydraulic binder or
organic polymer. The technology developed at the
EKO-PIK in Sroda Wielkopolska (Poland) allows the use
of the processed material as support for road construc-
tion [94].

In 1998, the construction firm W.R. Grace Products
from Boca Raton in Florida as the first firm in the USA
got the licence for commercial application of its new as-
bestos treatment product. This product was obtained on
the basis of a new technology of neutralization of ma-
terials containing chrisotile, protected by 6 patents
[95-100] developed in co-operation with the Department
of Energy's Brookhaven National Laboratory. The stu-
dies also led to invention of a new quantitative analytical
method that detects chrysotile asbestos fibres in material
containing as little as 0.1% of the fibres, also protected
by a patent [97].

This technology permits chemical elimination of asbes
tos contained in installed fireproofing without first remov-
ing the fireproofing. This method is referred to as Asbes-
tos Digestion Process and is abbreviated as DMA®. An
important advantage of the above-mentioned technology
is the possibility of destroying asbestos without diminish-
ing the exigting fire-resistive capabilities of the fireproofing
material on columns and beams. The development of the
asbestos-destroying process uses a foamy solution sprayed
directly onto asbestos-containing material. The foam
chemically digests asbestos fibres, dissolving them into
harmless minerals. It has been established that spraying of
the foamy solution on the material containing chrisotile
would reduce asbestos to less than 1% after 24 h [96],
which according to the Environmental Protection
Agency's definition makes them non-asbestos materials
[11]. The cost of neutralization of ashestos by the DMA®
method has been estimated at about 4 times lower than by
traditional method [95]. Recently a technology was devel-
oped alowing simultaneous destruction of chrisotile and
amosite [101]. Additionally, elaborated new composition
digestion solution, which contains a component capable of
inhibiting corrosion of metals in contact therewith [102]. It
has been found that thiourea and alkylpyridinium halides
(e.g. dodecylpyridinium chloride, dodecylpyridinium bro-
mide at a concentration of at least 0.001M) provide cor-
rosion inhibition in the applications contemplated above.
The thiourea corrosion inhibitors when used, should be
present in the treating composition at a concentration of
at least about 0.0001M.

The asbestos digestion process may be presented as
a sequence of the following reactions:

chrysotileMgO + HzPO, = magnesum phos-

phate(V) + H,O

Mej[SiFg] or Me[BF,] =H,O + F
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(where: Me - an alkali metal or alkaline earth metal)

F + chrysotile-SIO, = SiFg”

SiF¢® + H,0 = SiO, (amorphous) + F

F + chrysotile SO, = Sk

SiF¢Z + H,0 = etc., etc.

As follows from the above sequence of reactions, there
are two pathways leading to chemical destruction of ashes-
tos. The first involves remova of MgO, or to be exact
brucite Mg(OH), from the crystal lattice of chrisotile as
aresult of etching by phosphoric(V) acid, while the second
is based on generation of the possibly lowest amount of
fluoride ions forming HF acting as a catalyst in the reac-
tion of removal of SIO, from the crystal lattice.

Results of the study carried out on animals have
proved that the product obtained as a result of asbestos
etching is non-toxic [97-100].

Substitutes for Asbestos

To meet the requirements specified by the act banning
the use of ashestos-containing products [59, 72, 91] and
accompanying regulation [93] the producers of such prod-
ucts were forced to look for asbestos substitutes safe for
people and animals. The materials considered to be such
subgtitutes were:

- natural fibres e.g. cellulose, hemp [103];

- gynthetic fibre e.g. polyacrylnitrile, carbon [104, 105];

- minera fibrese.g. glassy, ceramic, alsifer, wollastonite
[106];

- metalicfibrese.g. sted fibres[20, 89].

This substitution seemed very simple, however after
some testing they have been proved ineffective for the
following reasons.

- the products with substitutions do not meet the techno
logical demands, e.g. the boards;

- made without asbestos undergo cyclic changesin the
size depending on the humidity level, which leads to
their deformation;

- the products are characterized by poorer stability be
cause of the susceptibility to the effect of bacteria and
fungi (e.g. cellulose fibres) and it is difficult to obtain
aredly uniform material using e.g. glassfibres or nets;

- the products with asbestos substitutions are usually
more expensive, especialy carbon fibres[20, 89].

Nowadays the asbestos substituents are short synthetic
fibres, e.g. polyacrylnitrile, polyamide and aramide, for
production of nets and fabrics - polyacrylnitrile, poly-
propylene or glass fibres of elevated leve of circonium, or
mineral wool [89]. Although glass fibres and mineral wool
are not so hazardous as ashestos, they cannot be consider-
ed as absolutely safe and their inhalation can lead to dif-
ferent diseases [106].
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