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Preface

The Programme of Action of the European Communities on the Environment
requires that an objective evaluation of the risks to human health and the en-
vironment from pollution is carried out. This necessitates the compilation of
as complete a bibliography as possible on the effects of the pollutants under
consideration and a critical analysis of this information so that for certain

of these pollutants, criteria (exposure/effect relationships) can be determined.

In this Programme of Action a list of pollutants was drawn up for priority
investigation. These pollutants were chosen on the grounds of their toxicity and
of the current state of knowledge of their significance in the health and eco-

logical fields. Asbestos is included in this list.

This work has been undertaken by the Health and Safety Directorate of the
Directorate General for Social Affairs. Meetings of the group of experts direc-
ted by the Health and Safety Directorate have discussed this report and agreed
its contents. This report, for which the principal rapporteur was Professor
R.L., Zielhuis is therefore the reference document on which a report to the

Council of Ministers will be made.

P. Recht
Director of Safety and Health Directorate

Commission of the European Communities
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INTRODUCTION

The principal rapporteur was R.L. Zielhuilis, Coronel Labo-
ratory, University of Amsterdam, the Netherlands, who acted on
behalf of a group of colleagues. The group consisted of the
following members: K. Biersteker (physician), C.H.J. Elzenga
(engineer), A.R. Kolff van Oosterwijk (engineer), P.B. Meyer
(engineer), H.T. Planteijdt (physician), J. Stumphius (physi-

cian), R.L, Zielhuis (physician).

The guidelines only refer to public health, and not to

occupational health, plants, animals or materials. Therefore
this report only discusses the facts as far as they are rele-

vant for the objective stated.

There has been an enormous output of data on asbestos in
the last decennium: technical, experimental and epidemiological.
A choice had to be made from those data which appeared rele-
vant for guidelines serving to protect public health. Data
on pathogenetic mechanisms, mainly based upon animal experi-
ments, have been largely omitted. Existing epidemiological ,
data mainly refer to occupational health; these have only been
reviewed in a general sense, in order to indicate the possi-
bilities of health effects in overexposure (intensity, duration),
and to portray the maximum-potential hazards from the view-

points of public health.

At a meeting in Luxembourg November 11 and 12, 1975, an
interim report was extensively discussed (see Acknowledgment).
In addition workshops were convened to discuss specific points

and the conclusions of these have been included in the text.
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Several participants in the November meeting sent in written
comments., As far as possible, these valuable comments have been

incorporated in the present report.

The rapporteurs wish to express their sincere thanks to
Mrs. M.van der Aa-de Bruin for her extensive secretarial help,
to Mrs. M. van de Poel-Bot for her most important documentary
work, to Miss M.A. de Graaf for drawing a few diagrams and to
Mr.A. Tollenaar for his help in bringing the report in its
present shape; without their great cooperation the work could

not have been carried out.



SUMMARY

This report contains in 14 chapters a preparatory study basic for the

setting of guidelines for asbestos exposure, as regards public health. It

has been written by seven Dutch specialists in a collaborative effort.

Chapter I presents a review on the types ©f asbestos, and on physic-

al and chemical properties.

Asbestos refers to a group of inorganic silicates which occur natural-
ly and have a distinct fibrous crystalline structure, which is largely res-
ponsible for its unique properties: tensile strength, stiffness, heat

resistance, and ability to split into finer fibres.

The usage of asbestos and asbestos-containing materials in the EEC is

discussed in Chagﬁer IT.

Mining only occurs in Italy. In Western Germany, however, asbestos

fibre is produced from imported concentrate. The main fields of application

are in industries such as building, construction, engineering and ship
building; in addition to these main fields there are many other outlets. A
list of goods in which asbestos is incorporated is given. Asbestos con-
tent as such is not necessarily an indication of health risk: only where

asbestos fibres are set free does such a health risk potentially exist.

The estimated asbestos fibre production within the EEC is about 130.000 tons/
year, the estimated consumption however is over 800.000 tons/year. The usage
of asbestos fibres in asbestos cement products makes easily the largest
contribution; however many other products exist in considerable amounts

and variety. Also of importance are transportation, demolition, removal

and storage of waste. There has been a tremendous growth in usage over the

past decades, although in the last few years the growth trend has declined.
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Several possibilities of exposure can be distinguished (Chapter III) :

la. direct occupational exposure; 1lb. indirect occupational exposure (for
workers in vicinity of asbestos contamined work situations); lc. occupa-

tional exposure in agriculture; 2a. para-occupational domestic exposure

to members of household; 2b. para-occupational exposure through leisure
time activities; 3. neighbourhood exposure: vicinity of asbestos mines, tex-

tile factories, etc.; 4. true environmental exposure through -ambient air,

food, water, beverages, etc., representing the true public health hazard.
The distinction between the various possibilities of exposure is not sharp,
and is more quantitative than qualitative. Occupation and occupation rela-
ted conditions determine the main hazard of exposure. Because of this lack
of distinction and the possibility of combined or subsequent exposure, grea-

ter reliance should be put on biological monitoring, i.e. measuring the

lung burdeﬂ, than on measuring concentrations in air, food, etc. In-depth
history taking may elucidate that asbestos-related diseases, particularly
tumours, up till now regarded as evidence of true environmental exposure,
may in fact be caused by unexpected and insufficiently explored possibilities

of (para-) occupational exposure.

Chapter IV reviews the methods of sampling and detection of asbestos

in air, food and water. The state of the art allows only very general guide-
lines; rapid development of several methods is occurring but lack of stan-
dardisation, inadequate experience and data are still prominent features.
Sampled asbestos has to be separated from the carrier medium; for air

this is done by high efficiency filtration, electrostatic precipitation, and
thermal precipitation; for water mainly by ultracentrifugation and filtra-
tion. At this moment the most reliable method of obtaining qualitative and
quantitative information on the "asbestos burden" is examination of the

mineral content of the lung.

Qualitative and quantitative determinations follow two approaches: 1a.

morphological recognition followed by identification of a selected number of

fibres with optical crystallographical methods using polarisation microscopy
or dispersion staining techniques; or 1lb. electron diffraction as part of

an electron microscopic investigation; la. has the lowest detection limit,
largest reproducability and requires least time; these methods are charac-

terised by an extremely high sensitivity and resolution but are cumbersome,
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tedious and costly. 2. techniques which determine all the asbestos in the
sample at the same time; 2a X-ray diffraction or 2b infrared spectroscopy;
these methods are convenient but the minimum amount of asbestos which can
be determined is in the Ug range, while the asbestos percentage in the

sample should not be lower than 1% weight.

Due to the small size of asbestos fibres in the ambient environment

electronmicroscopy plays an important role; large magnifications have

to be used, resulting in relatively rough estimates of asbestos content. For
the ambient environment there is a growing tendency to report data in

weight concentrations, as there is a tendency for larger fibres to fall apart

into small fibrils during assessment. For occupational conditions,numbers
of fibres/ml air are to be preferred. Without information on fibre size
distribution, weight/volume data cannot be converted into fibre/volume data

and vice versa.

In Chapter V exposure levels in the ambient environment are given, as

far as they are available. However there is still little known about the
actual occurrence of asbestos. The concentration of asbestos fibres in

ambient air is found generally up to 10_9 g/m3, except in the neighbour-

hood of asbestos processing industries. The fibres have a length between

0.1 and 1 pm and a diameter 0.02-0.1 um. Concentrations in beverages have

been reported to be 1.1-12.2 x 106f/1. In raw water sources (Canada,USA)
concentrations ranged from 173 x 106f/l (polluted) to 3 x 103f/l (unpolluted).
Concentrations in drinking water range from 100 x 106f/l (UsA, polluted) to

0.1 x 106 - 9.5 x 106f/1 in supply systems from ground ard surxface waters.
0.001-1.69 ug/l have been reported in several distribution systems in USA. In the
Netherlands asbestos fibre counts in drinking water from asbestos cement water-
mains range from 0.06 x 10b - 0.24 x 106f/1. Due to the fact that classi-
fication of the relation between fibre size and health risk is central to

the problem, reporting of fibre dimensions in addition to concentration is

imperative.

In practice asbestos enters the human body predominantly through two

pathways (Chapter VI). Uptake through the respiratory tract is facilitated

by the property of asbestos of splitting up into numerous fibres with very

small diameters: passage is highly related to diameter and much less to fibre

lenght.
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Uptake through the digestive tract occurs either directly or indirectly

(ingested sputum). Fibres will reach deep lung tissue and pleura and pass
through to lymph nodes and spleen; the possibility of penetration of the
intestinal wall is still questionable; it certainly is much less than from
the lung. Amphibole fibres reach lung tissue and pleura more efficiently
than chrysotile, and clearance is less efficient, particularly for diameters

below . X3y, particularly <1j, with length-diameter ratio >10;such fibres

are biologically most important, and particularly responsible for health

effects. Those mineral fibres other than asbestos which have a similar phy-

sical shape will behave like asbestos, and so may induce similar effects;

in practice however, most non-asbestos mineral fibres have a larger dia-
meter. If improved technology is going to produce increasingly thinner mineral
fibres, the risk for health effects may increase. In monitoring ambient

air one has to concentrate on determining the quantitative and

qualitative concentrations, the size distribution and the chemical composi-

tion of all mineral fibres.

Because health effects occur after long term exposure to a variety of
sources (occupational, para-occupational, etc.), with a large variability
in concentration, size distribution, etc. it is not possible to measure
the long term dosage adequately. Therefore it is more feasible to estimate

the dose indirectly by means of biological monitoring (Chapter VII). This

can be done by demonstrating asbestos fibres or asbestos bodies (fibres
surrounded by protein and iron coating) in the human body, particularly the
lung, or its excreta, e.g. sputum. For demonstration of fibres, electronmicro=
scopy combined with electron diffraction should be applied; light microscope
and phasecontrast microscopy do not elucidate fibres <54, and so may highly
underestimate the presence of possibly biologically effective submicroscopic

fibres. It has been frequently established that in lungs of the non-occupa-

tionally exposed population asbestos bodies are present, more so in urba-

nised and industrialized than in rural communities; the prevalence presents
a fair indicator of past asbestos exposure; the figures found are highly
dependant on the techniques applied. It is also possible to estimate past
asbestos exposure through measuring the prevalence of health effects, e.q.
asbestos-related tumours. Occurrence of asbestos fibres and bodies present
evidence of past exposure, the occurrence of health effects evidence of res-

ponse. Effective indicators should occur early and be harmless from the view
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point of health; so, only the presence of fibres and bodies and to a lesser
extent - not being early responses - of plaques, may serve as practicable

indicators of past exposure.

Because health effects predominantly occur in (para-)occupational ex-
posure, and because the estimation of the public health risk to a large
extent depends upon extrapolation from these data, a short review of oc-

cupational health risks is given in Chapter VIII. Asbestosis, a progres-

sive lung fibrosis, is restricted to rather intensive occupational exposure,
and as such does not present a risk for the general public. The risk for

bronchial cancer appears to run fairly parallel to that of asbestosis; how-

ever whether bronchial cancer can also occur as a public health risk, needs
further reassessment, particularly because occurrence appears to be highly
promoted by cigarette smoking. Induction of mesothelioma of the pleura and
peritoneum usually is not associated with asbestosis; this tumour may occur
after a very long latency period, and probably constitutes the main risk
for public health. In occupationally exposed groups an increased prevalence

of gastrointestinal tumours is also observed, also without evidence of

asbestosis; the relation with exposure intensity and duration is much less
clear than for mesothelioma. Wart like formations in the skin are only ob-
served under occupational exposure. So, only those occupational diseases
which have a malignant character, and which are almost always fatal, appear

to be relevant for the estimation of the public health risk.

Chapter IX discusses the public health risks; mainly bronchial carcino-

mas and mesotheliomas. Chapter IX-1 reviews the relationship between respi-

ratory exposure and mesothelioma. Crocidolite appears to provide the grea-

test risk, followed in decreasing order of risk by amosite, chrysotile and
anthophyllite; however it is not justifiable to exclude chrysotile from a
contribution to this risk. Smoking does not constitute an extra risk factor.
Past asbestos exposure may have been relatively small if compared with the
exposure necessary to induce asbestosis; short term or intermittent exposure
to peak concentrations may also constitute a considerable risk. Although
duration of exposure may have been only short (<1 yr), the latency period

is usually very long, up to 40-50 years. The prevalence has to be studied
retrospectively; several studies performed have used insensitive techniques
of history taking, and so underreport past (occupational) asbestos exposure.
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On the other hand, there is no reason to assume that asbestos exposure is
the only causative factor. The frequency of "true" environmental exposure
may be between 0 and 15% of all mesotheliomas. The overall prevalence is
estimated at 1.0 to 6.0 per million population, more so in areas with

a concentration of large ship yards, other large asbestos producing plants,

asbestos mines (mainly crocidolite}. So, within the EEC priorities for
study and for actions taken should be directed at those areas. Evaluation

of the health risk can only be based upon adequate registration of histolo-

gically proven cases; within the EEC such registers have been set up in

the UK, The Netherlands and the Fed. Rep. of Germany. Caution is needed in
interpreting present evidence about a public health risk, because existing
evidence may not be available, inadequate or biased; the long latency period
means that the effects of a marked increase of imports of amphiboles in the
last 15 yré might not yet be detectable. At this moment there is no convin-
cing evidence yet that "true" environmental (excluding (para) occupational)

exposure is a contributive factor to the occurrence of mesotheliomas through

respiratory exposure.

Chapter IX-2 discusses respiratory exposure and bronchial carcinoma.

A clear relationship with asbestos exposure has been established, with ciga-
rette smoking as a highly contributive factor, and usually in combination
with eiisting asbestosis. Occupational exposure need not necessarily be

of long duration, but a high intensity usually has occurred. Such an exposure
is almost certainly greater than in "true" environmental exposure. However,
there is not yet enough evidence to exclude the risk of environmentally re-
lated induced bronchial carcinoma as a public health risk; this is still

an area for concern and for proper study.

Other malignancies related to respiratory asbestos exposure are discus-
sed in Chapter IX-3. There are indications of excess prevalence of larynx
carcinoma in past-occupational asbestos exposure, probably of severe inten-
sity. One study found an unconfirmed relationship with mammary carci-

noma,

Chapter IX-4 reviews the possible relationship between an excess preva-

lence of malignancies and gastrointestinal or parenteral exposure. An

increased prevalence of carcinoma of stomach, colon, rectum, oesophagus has
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appeared in occupationally exposed workers, particularly in insulators.
However, other studies coﬁld not find such an excess, particularly if workers
had been employed in a controlled factory environment. The geographical pre-
valence of gastrointestinal tumors usually is not consistent with asbestos
exposure; so exposure at most could be regarded as one of the causal factors;
the relationship certainly is much less clear than, for example mesothelioma.
The majority of mesotheliomas are pleural; in most studies peritoneal
mesothelioma constitutes legs than 10% of all cases, although in other stu-
dies the incidence of peritoneal mesothelioma has been higher. At this
moment there is no solid evidence from epidemiological studies that gastroin-

testinal exposure may induce peritoneal mesothelioma.

There is little doubt that under experimental conditions fibres may
penetrate into and pass through the gastrointestinal wall; however it is

inadequately known what happens under natural conditions.

Experience from drinking water authorities has not shown any relation
between the prevalence of gastrointestinal tumors and the presence of as-
bestos fibres in drinking water (composition of source, use of asbestos
cement pipes). At this moment there is no evidence that there exists any
increased health risk from asbestos fibres present in drinking water, beve-
rages, food, and in fluids used for administration of drugs. However, some
modes of parenteral administration, either by physicians or illicitly, at
least constitute a possibility for such an event. An extensive study of the

presence of asbestos fibres in drugs used in the EEC appears to be needed.

In Chapter X the available data on dose-response relationships are

reviewed. The long term exposure, the changes in technical development and so
in exposure over a period of time, the long latency period of asbestos in-
duced tumors, the changes in methods of sampling and analysis make it very
difficult, almost impossible, to present reliable dose levels, and so

of guantitative dose-response relationships. There apparently exist
qualitative dose-response relationships. With decreasing intensity of
exposure health risks appear in the following order: asbestosis =+ bronchial
carcinoma + pleurahyalinosis -+ mesothelioma; as for decreasing duration of
exposure the following order of sequence exists: mesothelioma =+ bronchial
carcinoma + pleurahyalinosis -+ asbestosis. In heavy mixed exposure an

inverse relationship appears to exist between asbestosis and mesothelioma.
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It is not possible to come to a reliable quantitative assessment of the
risk of malignancies for the general public. Present evidence does not point to
there being a threshold level of exposure, but there is very likely a practical
level of exposure below which it will be impossible to detect any excess morta-
lity or morbidity due to asbestos, despite the presence of this mineral in the

tissues, expecially in the lung.

Chapter XI presents various existing permissible limits, mainly for

occupational exposure. In many countries permissible limits for workroom air

are (or will be in the near future) 2 fibres/ml (>5 um); there is a tendency
to lower these levels, particularly for crocidolite (in UK 0.2 f/ml). These

levels aim at prevention of early asbestosis, and not of malignancies; small

fibres (>5 um) are taken into account. With regard to the general environment
adequate quantitative standards are scarcely available; most are expressed in
terms of réquired control practices. There is no way of extrapolating from oc-
cupational permissible limits to environmental permissible limits for ambient

air, water, etc.

Chapter XTIT evaluates the health risk of true environmental exposure.
Two approaches are-discussed which try to extrapolate from the occupational
to the public health risk. However, the approaches appear to be too deficient
to allow quantitative extrapolation. Nevertheless, they both indicate that

true ambient air exposure of the general public is of an order of two to

three magnitudes smaller than in well controlled industry. It seems possible

that a factor of 1000 or more may be large enough to reduce the risk of

tumors to a negligible level compared to other risks.

The 1972 Conclusions of the Advisory Committee on Asbestos Cancers of
the International Agency for Research on Cancer which state that there does
not exist evidence of an increased risk of mesothelial tumors in respiratory
or gastrointestinal exposure of the general public are not contradicted by the
data presented in this report. On the other hand present evidence is not con-

clusive enough to make a statement in a positive way.

The general conclusions of this chapter can be summarized as follows:

- there exists enough reason to minimize asbestos fibre exposure of the

general public as much as possible; this is particularly the case for
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crocidolite fibres;

there is no established evidence that true ambient exposure through air,

water, drugs, beverages, food, as prevalent in the Western European
countries at this moment carries a definite risk; however there exist

too many uncertainties to deny the existence of such a risk, though

if the risk was substantial, it is likely it would have been detected
by now;

the possibility of para-occupational exposure (families), and neigh-

bourhood (industry, mines, transport) exposure is an area for concern;
the working of asbestos containing products by the general public

(leisuretime activities) is an area for concern;

iatrogenic or accidental administration of asbestos fibres carry a po-

tential risk, and should be minimized as much as possible.

Chapter XIII sums up studies which should be promoted in order to fill

gaps in knowledge; only those studies important for guidance of overall poli-

cy of the EEC to prevent public health risk are mentioned. Fourteen topics

are mentioned, six of which have the highest priority:

study of quantities and usage of asbestos (containing products) within

the EEC

study of the biological significance of the physical properties of as-

bestos and other mineral fibres, particularly as regards diameter and
length
study of the presence of asbestos bodies, asbestos, and other mineral

fibres in lung tissue in mesothelioma cases

study of the relationship between the presence of asbestos bodies,

asbestos, and other mineral fibres in human organs, and the cause of

death

study of the incidence of malignant tumors in relation to exposure

conditions.

methods of measurement of levels in the ambient environment.

In this list of priorities the need for biological monitoring is

stressed, taking into account the considerable difficulties of sampling the

ambient environment in a way which is economical and readily interpretable

in terms of health risk.
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The studies mentioned require the input of highly specialized manpower

and equipment. It will be necessary to combine the effects of specialized

institutes within the EEC; a high degree of cooperation and coordination

- also with institutes outside the EEC - will be a condition sine qua non.

Chapter XIV recommends measures to be taking within the EEC at the com-

munity and at the national level:

further studies to be carried out, as mentioned in Chapter XIII.

A mesothelioma register should be set up in those countries of the EEC

where none exist, in accordance with criteria and procedures agreed upon
by a panel of pathologists

minimizing of asbestos in the environment. The amount should be reduced

as much as possible; this applies particularly to crocidolite fibres.

Actions require a thorough control of hygienic conditions in processing,
industrial use, transport, and disposal. Due attention should be paid
to the effects of the presence of asbestos containing products in the

every day life of the general public;

support to the usage and development of substitutes which technically are
at least as safe as asbestos and after proper evaluation of their eco-
nomic and technical feasibility and of the health risks attached to

them. A high priority should be given to substitutes for application
where sufficient control regarding dust emission is difficult to

maintain in practice;

regulations for prevention of asbestos exposure. Effective control

of hygienic conditions in the occupationgl field is of real assistance
in reducing the presence of asbestos fibres in the ambient environment.
It is importan£ to reach to uniformity in these regulations at the
Community and the national level. Drafting and publications of codes
of practice should be actively pursued. Asbestos and asbestos contai-
ning products should be clearly labelled; where possible the sale of
asbestos fibres to the general public should be forbidden. A close

coordination between the Public Health and the Occupational Health Autho-

rities at the community and the national level should be achieved.

The Health and Safety Directorate of the European Communities should

coordinate, in collaboration with the Member States, the recommendations and

their follow up. It should also pay due attention to the possible health risk

from the use of mineral fibres other than asbestos.
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I. ASBESTOS: TYPES, OCCURRENCE AND PROPERTIES*

Asbestos is the name given to a group of inorganic silicates which
occur naturally and have a distinct fibrous crystalline structure. They are
distinguished from man made fibrous silicates such as rockwool and glass wool
by this true crystallinity and by the extreme fineness of the fibres and
fibrils.

The inorganic nature and the crystalline structure of asbestos is lar-
gely responsible for its unique properties which have found a ready and
still increasing application in modern technology. This ﬁay be illustrated
by mentioning that at present some five million tons of asbestos are mined
annually compared with a few hundred tons produced around 1890. There are
six main types of asbestiform mineral which belong to two large groups of
rockforming minerals i.e. the serpentines and the amphiboles. Serpentine
was formed through hydrothermal action from olivines and pyroxenes and which
partly produced the fibrous variety. The major amphibole fibres occur in

metamorphosed sedimentary strata known as banded ironstones.

Table I-1 shows a classification of these minerals together with their
chemical formulae.It should be noted that whilst the names actinolite, tre-
molite and anthophyllite apply equally to the fibre and the crystalforms of
these minerals, the name crocidolite is given to the fibrous form of rie-

beckite and the name amosite to the fibrous form of grinerite.

*)

References : Hodgson 1966 and Asbestos Inform. Comm. 1975

m\
4
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Table I-1: Varieties of asbestos

Asbestos .
Chrysotile Amphiboles
White Asbestos
Ma3 ,
(51205) (OH)4 I
Anthophyllite
(Mg, Fe) 7
(Sigozz) (OH)2 Crocridolite
Blue Asbestos
Tremolite NazFeII3FeIII2
CazMgs (518022) (OH)2
(818022)(0H)2
Actinolite Amosite
Caz(Mg,Fe)5 (Fe,Mg)7
(518022) (OH)2 (818022) (OH)2

Asbestos has been known to mankind for a long period of time,early
evidence of its use going back to the stone-age. As a material of commer-
cial importance, asbestos commenced its role in technology around 1880 when

largescale mining operations of chrysotile started in Canada and Russia.

The mining of crocidolite and amosite on anything like a commercial scale
began somewhat later, around 1900. While chrysotile occurs abundantly in
several deposits throughout the world, this is not true of the amphibole
fibres which can only be found in a few specific regions, which are commer-
cially important. They are more widely distributed in smaller quantities.
Of these amphibole fibres only crocidolite and amosite are at present pro-
duced on a commercial scale. Fibrous tremolite is of little economic impor-
tance. Fibrous anthophyllite was mined in Finland but this was disconti-
nued during 1975. Fibrous actinolite is no more than a curiosity. Approxi-
mately 95% of all asbestos produced is chrysotile whilst the remainder

consists mainly of amosite and crocidolite. An EEC country in which
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chrysotile-deposits of some importance are mined is Italy. The mining
of the fibres necessitates the removal of large quantities of the hostrock,
which in the case of chrysotile may reach proportions of a yield of fibre

of no more than two percent of the total amount of rock removed.

Having reviewed the natural occurrence of asbestos it is perhaps re-
levant also to mention the possibility of synthesizing asbestos fibres. In
the past decades chrysotile was thus succesfully made from magnesium oxide
and silicic acid. This method could possibly be made commercially viable if
the demand for this type of asbestos continues to increase or if for another
reason shortages of the fibre develop. The synthesizing of fibrous amphiboles
has proved far more difficult. There are as yet no indications that a com-
mercial process would be feasible although there are perhaps some interes-

ting possibilities for chemically modifying natural amphiboles.

Although man-made mineral fibres do not possess true crystallinity
as shown by natural and synthetic asbestos fibres,the fineness of these
man made fibres through new manufacturing processes is approaching that of
asbestos fibres. Ceramic fibres mainly consisting of aluminium silicates
may reach a fibre diameter of 1.5 um, whilst glass fibres for special ap-
plications can be made with a diameter of 1-3 um. The bulk of the mineral
fibres which is mainly used for thermal insulation in shipping, housing and

industry has a fibre diameter of the order of at least 10-20 um.

The chemical nature and the crystalline structure of asbestos are of

essential importance for their technical application. For instance fibres
containing a high proportion of magnesium generally show a white silky na-
ture and may have a diameter less than 6.03um. On the other hand fibres

with a high iron content have a harsh, spiky texture and do not have a dia-
meter much smaller than 0.lum. Chrysotile having a high magnesium content
can be described as a sheet silicate in which the flat structure is rolled
about an axis to form a narrow tube (termed fibril) possessing both strength
and flexibility. The macro-fibre is made up of a large number of fibrils,
the interstitial voids being filled with amorphous material probably consis-
ting of a magnesium silicate gel. The structure of the amphiboles essential-
ly consists of two chains of silica tetrahedra separated by a band of cations.

. . II IIT I
The cations most frequently occurring are Mg , FeII, Fe , Na~, and CaII.
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N : X . I . .
Substitution by minor amounts of AlIII, TlIV, KI and Li~ is possible. This

rigid lath-like structure explains the harsher and more brittle nature of
these fibres. Within each species there is a relatively wide variation in
texture, probably dependent upon slight variations in crystalline struc-
ture. The differences in the structure of the various fibres also lead to
differences in chemical and physical properties which can be explained con-
sistently from the former. However this does not need to be discussed in

detail in this document.

The ability of asbestos fibres, as found bundled in the mineral, to
split into finer fibres through suitable treatment is one of their most va-
luable and characteristic properties (see also next para.) One should be
well aware of this when discussing the health hazard of asbestos as this
hazard is dependent on the length and diameter of the asbestos fibre and
cannot be attributed in general to asbestos. It should also be emphasized
that great care has to be taken when measuring exposure whether fibrous

bodies are asbestos fibres. More is said on this subject in chapter 1IV.

The characteristics of the main types of asbestos fibres are compiled

in Table I-3. As was already referred to on page 18, tremolite and acti-
nolite are of little or no importance to the asbestos industry. Very little
is also known about the biological effects of these types of asbestos
compared to chrysotile, crocidolite, amosite and anthophyllite. They have

been included in table I-3 for the sake of completeness.

The best known chemical quality of all types of asbestos fibres is
their heat resistance. All types of asbestos progressively break down to
simpler structures through dehydroxylation or dehydrogenation when heated
to temperatures between 400°¢C and 1000°c. In this connection it should be
noted that asbestos fibres as such do not have melting points but the de-
composition products formed on heating will themselves eventually melt. The
reactivity of asbestos towards acids and alkalis is fairly well known.
Strong acids rapidly decompose chrysotile but amphibole fibres show various
degrees of resistance against attack by acids. Strong alkalis have little
influence on all asbestos fibres, in particular on chrysotile which makes
the latter fibre an excellent reinforcing agent in cement. Tensile strength

is the most important and the most commonly quoted physical property of

asbestos fibres.
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Tensile strength and stiffness are the most important properties of as-
bestos fibres, which make possible their use in composite structures, the
fibres carrying the load while the matrix distributes the applied stresses
between them. The tensile strength of the composite is therefore a function
of the tensile strengths of the reinforcing fibres and the volume fraction
which they occupy. Fibre/polymer strength ratios of the order of 100 to
1 are achieved and, similarly, figures of between 20 and 40 to 1 are at-
tained for stiffness ratios. From a consideration of the strength of the
stable silicon-oxygen structure as prevalent in asbestos and which was re-
ferred to earlier one would expect very high tensile strengths of the order
of as sometimes suggested more than 100000 kg/cmz. These are not reached
in practical tests (see Table I-3) probably because of repetitive flaws
occuring in the fibres. These flaws may in some instances become the cause
of failure in composite structures through the reduction of the length of
the fibres and consequently a failure of the interfacial bond between fibre
and matrix. It is evident that the strength of this interfacial bond is
alsc of importance. It probably cannot solely be described in terms of the
simple forces of adhesion. Chemical and mechanical bonding may also occur

to some extent.

The ability of asbestos fibres to split into finer fibres is one of
their most valuable properties. Industrially this is achieved by either
mechanically or chemically processing the raw asbestos. This process is

called opening or fiberizing. The degree of fiberization determines the

surface area of the fibres which is a most important parameter for all their
industrial applications. Degree of fiberization can be expressed directly

in terms of the measured surface area of the fibres. Raw asbestos as shipped
from the mines has a surface area varying from 6000 cm2/g - 30000 cmz/g.
This may be increased by additional milling in the manufacturing processes
by a factor of five or six. It should be mentioned that each manufacturing
process involving asbestos fibre requires a degree of fiberization which
within limits is critical for reaching optimal properties in the finished

product.

The length of the asbestos fibre may vary considerably and is dependent

upon the type of asbestos, the seams from which the raw fibre has been mined
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and the degree and method of fiberization. In Table I-2 there have been
compiled data on fibre diameter and fibre lengths. The average range of

fibre length for different uses are also shown.

Table I-2: Fibre length and diameter

R s R friction- plastic
textiles insulating asbestos materials, fillers,
board cement paper, floor-
millboard tiles
fibre length 8-24 5-17 2-13 2- 4 1- 3
(mm)
fibre diameter
(um) 0.03-100 0.03-100 0.03-100 0.03-100 0.03-100

The data shown in Table I-2 should be considered as typically average
only, and do not necessarily relate to a specific product. As was discussed
earlier, the fibre diameter of chrysotile is generally at the lower end,
whilst the amphibole fibre diameters are at the upper end of the range shown.
The relative ease with which fibre (bundles) split into smaller ones implies
that asbgstos products normally contain fibres with a range of diameters with
a minimum diameter for chrysotile fibrils of 0.03 ym and for amphibole

fibres of 0.1 um.
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TableI-3 Characteristics of main types of asbestos fibre**
Characteristic Chrysotile Crocidolite Amosite Anthophyllite Tremolite Actinolite
Theoretical Formula Na FellsFelll;  (Fe, Mg)

(Mg, Fe) CapMe, Fe)g
{51205}(0*0 {5'802 (0H), {518022}(0102 {513022}(011)2 {sig033 @M, {S'B%z_f(o")zz

Chemical Analysis (range of major constituents - per cent)

Si0y 38-42 49-56 49-52 53-60 55-60 51-56
AlyO3 (0-2)* (0-1) (0-1) (0-3) (0-3) (0-3)
Fe,03 (0-5) 13-18 (0-5) 0-5) (0-5) ©0-5)

FeO (0-3) 3-21 35-40 3-20 (0-5) 5-15

MgO 3842 » (0-13) 5-7 17-31 20-25 12-20

Ca0 (0-2) 0-2) (0-2) (0-3) 10-15 10-13
Nay0 (0-1) 4-8 (0-1 (0-1) (0-2) (0-2)
Hy0+ 11.5-13 1.7-2.8 1.8-2.4 1.5-3.0 1.5-2.5 1.8-2.3

* Bracketed figures denote substituents often present in asbestos.

Colour Usually white Blue Light grey to ~ White togrey = White to grey  Pale to dark
to pale green pale brown pale brown green
yellow!, pink!

Decomposition temperature® (°C)  450-700 400-600 600-800 600-850 950-1040 620-960

Fusion temperature of :

residual material (°C) 1500 1200 1400 1450 1315 1400

Density g/cm3 2.55 3.3-34 3.4-3.5 2.85-3.1 2.9-3.1 3.0-3.2

Resistance to acids Undergoes fairly Good Attacked Very good Very good Attacked
rapid attack slowly slowly

Resistance to alkalis Very good Good Good Very good Good Good

Mechanical properties of fibre as taken from rock samples:

Tensile strength 103 kg/em? 31 35 17 <N s 5
(Average) (103 psi) (440) (495) (250) (< 100) (<70) <70)
Young’s Modulus 103 kg/cm2 1,620 1,860 1,620 - - -
(Average) (104psi) 23 (¢2)] (23)
Texture * Usually Flexible to Usually Usually Usually
flexible, silkky brittle and brittle brittle brittle
and tough tough
Producing countries USSR South Africa  South Africa Finland USA
Canada USA Italy
\ China Mozambique
Rhodesia
USA
Italy
South Africa
Swaziland

Notes: ‘Dehydmxylatlon or dehydrogenation accompanied by disruption of crystal lattice and major loss of strength.
IFrom serpentinised dolom to deposits.

hid This table is used with the permission of the Asb Information Committee, England.
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This section is concerned with the usage of asbestos and asbestos-contai-
ning products in the EEC, i.e. how and to what extent asbestos is used in the

various countries. A guantitative analysis has been attempted to indicate the

relative importance of processes and products using asbestos fibres. The
types of asbestos fibre which are commercially important are shown together
with the quantities involved and the processes and products in which they
are used. It does not deal with possible exposure levels, permissible expo-
sure limits in the environment and existing legislation (see Chapters V and

XI).

Compared with the total amount of asbestos used in the EEC countries
for the purposes of manufacturing asbestos products, the only mining operation
in those countries is in Italy where some 130.000 tons of asbestos fibre
(mostly short chrysotile) are produced annually. It should, however, be noted
that asbestos fibre is produced in Western Germany from concentrate imported
from Canada; the total quantity involved in this operation is about 100.000
metric tons of fibre annually. Milled fibre as produced at the mines is not
necessarily in a form suitable for direct use in the processes employed. This
may mean that a further milling operation is necessary in order to obtain

the correct degree of fiberization.

Because of its versatility (incombustibility, heat resistance, chemical
resistance, reinforcing properties), asbestos is used in many products which
find applications in industries such as building, construction, engineering

and ship building. In addition to these main fields of application, there are

many other outlets. It has been estimated that asbestos in one form or an-
other is used in over 3000 products. To obtain a clearer picture of the types
of asbestos goods which find a use in modern society, it is perhaps useful to
list the ones in which asbestos is incorporated in various end-products.

Fig. II-1 provides a highly schematised picture of this, dividing the products
into three main groups: a) loose fibre mixtures, b) bonded asbestos composites

and c) asbestos textiles.

As asbestos by itself has low mechanical strength, the products in
group (a) cannot all be regarded as end products but are generally used in

conjunction with water as insulating plasters, cement or spray mixtures. The
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greatest use of asbestos fibre lies in the manufacture of composites (group(b)).
The cement variety, i.e. asbestos-cement, constitutes by far the largest
component of this group. Other products of major importance here are friction
materials, insulation boards, jointing, millboard and paper, reinforced plas~
tics and vinyl tiles and sheets. Asbestos can be spun into yarn and woven

into cloth. The resulting textile products (group (c)) may be used for fur-
ther processing into friction materials, packings and laminates or may find
direct applications such as insulation covering, protective clothing, fire

protection and electrical insulation.

Table II-1 provides a list of the most important asbestos products

and their approximate fibre contents; the references in the righthand column

relate to Fig. II-1l. For some years dust-suppressed techniques have been in
operation. These are particularly important for treating such asbestos pro-
ducts which in their application have to be manipulated, handled, etc. Dust-
suppressed textiles, millboard, paper and rope lagging are all availeable.
Table II-1 also refers to the different types of asbestos used in the product

*
groups. It might be noted that the use of crocidolite fibre )

in products
manufactured in the U.K. and Ireland has been discontinued. In other states
of the EEC some crocidolite is still used in‘certain products, which are in-
dicated in Table II-l. Low density insulation boards and other thermal
insulation materials contain a high proportion of amosite fibre. The major
use of crocidolite is in asbestos-cement pressure pipe where it enhances

the reinforcement, the dispersion of the fibre, and the drainage properties

of the asbestos-cement mix. Up to 30% of amphibole fibres may be used for this
purpose in the fibre mix. To a small extent, crocidolite fibres are also used
in acidresisting products and in asbestos plastic composites where a high
strength and modulus combined with a high chemical resistance are required.

It should, however, be noted that the greatest bulk of asbestos fibre going
into the products listed in Table II-1 is chrysotile.

*
)although crocidolite fibre as such is not used anymore in the UK because of

the stringent levels of crocidolite dust permitted, a small amount of croci-
dolite yarn which is imported is still used to manufature certain products
(for example gaskets) where high resistance to thermal and acid attack is

an overriding consideration.
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Table II-l. Asbestos products and asbestos contents

10.

Explanation of asbestos fibre types

Cr
(Cr)

Asbestos-cement
building products

Asbestos-cement pressure,
sewage and drainage pipes

Fire-resistant insulation
boards

Insulation products in-
cluding spray

Jointings and packings
Friction materials

Textile products not in-
cluded in (6)

Floor tiles and sheets

Moulded plasfics and
battery boxes

Fillers and reinforcements
and products made thereof
(felts, millboard, paper,

filter pads for wines and

beers, underseals, mastics,

adhesives, coatings, etc.)

Amosite

Chrysotile

Crocidolite

- 27 -

approx. asbestos asbestos fibre Ref.
content % (wt.) type Fig.1l
10 15 C A (Cr) B6
12 15 C (Cr) a B6
25 40 AC B6, BS
12 100 A C (cr) Al, AZ,
A3, A4,
BS
25 85 c (Cr) B8, c18
15 70 B10O
65 100 C (Cr) (o
5 74 B9
55 70 Cc (Cr) B9, BlO
25 98 Cc (Cr) B7, Bll

not used in all EEC countries
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It should be remembered that the asbestos content is not necessarily
an indication of the relative health risk. In many products the asbestos
fibres are wholly or largely encapsulated.*)

Another point which should be kept in mind when evaluating the pos-

sible effect of asbestos on the environment is the influence of heat. Chry-

sotile asbestos rapidly decomposes at temperatures of 500°% - 600°C. This
explains why very little asbestos is found in the dust arising from braking.

This dust seldom contains more than 1% (wt) of asbestos.

Table II-2 provides statistics of world production of asbestos fibres

in 1973. The total includes 170.000 tons of crocidolite, 75.000 tons of
amosite and 12.000 tons of anthophyllite. The USSR figures include a consi-
derable tonnage of very short fibres. The production of Finnish anthophyllite

was discontinued during 1975.

Table II-2 : Asbestos fibre production - year 1973 (short tons)

Canada 1.974.000
U.S.S.R 2.200.000
South Africa 350.000
China 100.000
Italy 130.000
United States 130.000
Rhodesia 170.000
Brazil 30.000
Swaziland 45.000
Cyprus 28.000
Japan 20.000
India 3.000 -
Finland 12.000
Yugoslavia . 15.000
Other countries 5,000
Total 5.212.000

%
) for measures to be taken when machining or otherwise mechanically hand-

ling asbestos containing products see page 32 Codes of Practice etc.
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Estimated figures for the consumption of asbestos fibres in the EEC countries
in 1973 are shown in Table II-3. Separate figures for the industrially most

important types of asbestos are included in this table.

Table II-3 : Estimated asbestos fibre consumption in EEC-countries

year 1973 (metric toms).

the | amosite 00T payliice oMl
Belgium & Luxemburg 76000 5000 5000 - 86000
Denmark 28200 4800 —_— -— 33000
France 150000 2800 3100 100 156000
Italy 130600 2200 6200 —_— 139000
Ireland 6400 600 —-— —_— 7000
Netherlands 37400 —— 600 -— 38000
United Kingdom 147700 24000 —-_— 300 172000
West Germany 173300 1900 3300 1700 180200
Total 749600 41300 18200 2100 811200

While it is not too difficult to estimate the consumption of asbestos
fibre in the various EEC countries, it is much more of a problem to com-

pile a breakdown of fibre usage into the main products in which asbestos

fibres are used. As a result of the friendly cooperation of the asbestos
industries in the various countries, such a breakdown is set out in Table
II-4 but it must be stressed that the figures are approximate only. As there
are no official statistics, the figures produced rely to a great extent on
intimate knowledge of the market by individuals and organisations. They
might be described as reasonably accurate for the United Kingdom but no

more than very approximate for Italy. Even allowing for a due margin of error,
the figures provide a useful analysis of the total quantities of asbestos
fibre used in the asbestos manufacturing industries in the EEC countries.
These should not be confused with the usage of asbestos-containing products
in these countries. The latter statistics are impossible to obtain as they
would have to include all imports and exports of asbestos-containing

products.



Table II~-4. Estimated breakdown of asbestos fibre usage in EEC countries 1973

1.Asbestos~cement building
products

2 .Asbestos~cement pressure,
sewage and drainage pipes

3.Fire-resistant insulation
boards

4.Insulation products in-
cluding spray

5.Jointings and packings
6.Friction materials

7.Textile products not in-
cluded in (6)

8.Floor tiles and sheets
9.Moulded plastics and battery
boxes

10.Fillers and reinforcements and

products made thereof (felts,
millboard, paper, filter pads

for wines and beers, underseals,

mastics, adhesives, coatings,
etc.)

TOTAL

Belgium & Nether- United West ]

Luxembourg Denmark Ireland France Italy 1ands Kingdom Germany Total
46.400 25,800 .700 62.700 80.000 11.000 55.600 85.000 364.200
15.000 600 .700 49.200 38.000 5.000 9.000 35.000 160.500
5.000 3.000 600 1.300 - - 22,500 400 32.800
- 300 - 3.200 800 - 4.000 300 8.600

100 1.300 - 1.600 2,000 - 11.400 11,000 27.400

600 1.500 - 4.300 4.000 - 17.000 15.000 42.400

800 ~ - 4.300 4.000 - 8.300 5.600 23.000

- 500 - 14.500 1.000 - 16.200 13,000 45.200
2.000 - - 1.000 2.000 - 2.800 1.000 8.800
16.600 - - 13.900 7.200 22.000 25,700 13.800 100.300
86.500 33.000 7.000 156.000 139.000 38.000 172.500 180.200 812.200

—OE—.
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It may be seen from Table II-4 that the usage of asbestos fibres in

asbestos-cement products is easily the largest. The U.K. has a comparatively

large production of fire-resistant insulation boards. Insulation products
used a relatively small tonnage in 1973 and this was probably due to the
availability of acceptable substitutes. Group 10 in Table II-4 is made up
of many products of which felts, millboard and paper can be regarded as the

most important.

Although this chapter is primarily concerned with the usage of asbestos
and asbestos-containing products in the EEC, a few remarks may be added on
activities which are non-specific for these products, but nevertheless, in-
volve them and could cause the emission of asbestos dust. These concern the
transportation of asbestos fibres and finished asbestos goods, demolition of

asbestos-containing structures and the removal and storage of asbestos waste.

Asbestos fibres are generally packed in impermeable bags and shipped
loose, on pallets or in containers; containers can be filled with loose bags
or with units containing 20 or more bags. It is fairly certain that the move-
ment of the loose bags constitutes a greater hazard through the possibility
of bag damage and the consequent release of fibres. This hazard is conside-
rably reduced by palletisation and is completely eliminated when containers
are used. It is difficult to provide precise informatibn as to the proportions
of the three methods,as they vary from country to country. In the U.K. the
largest part is containerised while the remainder is shipped on pallets. For
the other countries in the EEC, it is likely that about half of the total
tonnage is containerised and the remaining tonnage is in loose bags. The
bags are in the majority made of an impermeable plastic. Jute and paper
bags are still used, mainly in shipments from the USSR and Italy but these
are now gradually being replaced by the plastic bags. It appears likely that
by 1978 most of the fibre tonnage for EEC countries will be shipped in con-

tainers with the asbestos fibre packed in impermeable plastic bags.

Shipments of asbestos-containing products rarely provide any risk as the
asbestos fibres are bonded and cannot easily escape into the atmosphere. Fi-
brous mixtures are normally packed in impermeable bags and shipped as in the

case of fibres.
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Removal of ald insulation, demolition of buildings, plants and ships in
which asbestos has been used may be the cause of uncontrolled dust emissions

unless adequate precautions are taken. Codes of Practice are already in use

in some EEC countries, aiming at the control of dust emission through special
techniques and other protective measures. These codes were developed mainly
through the effort of the manufacturers to control the dust emissions in fac-
tories as well as the dust from factories escaping into the environment. Si-
milarly, Codes of Practice apply to the removal and disposal of asbestos waste
where dust emissions may also occur. Most of the work concerned with the
preparation of Codes of Practice has been undertaken in the U.K. by the Asbes-

tosis Research Council.

In the general context of this chapter, mention might also be made of
talc, a natural mineral with a chemical structure resembling that of asbestos.
Normally talc is crystallised in layers, although some fibre formations occur
and some deposits may contain varying amounts of asbestos fibre, such as tre-
molite, anthophyllite or chrysotile. Industrially, talc is widely used in

manufacturing rubber articles and paints. In cosmetics, talc is used in toilet

powders where it is often mixed with other ingredients, although the talcs
employed are almost always asbestos free. Little is known about the health
effects of talc except in some occupational exposures, but several studies
are currently in progress to obtain a clearer insight into the material and

its health effects.

*
There has been a tremendous growth ) in the usage of asbestos

and asbestos containing products over the past decades. This growth has oc-
curred for several reasons :
- growth of the market for products in which asbestos and/or asbestos con-

taining products are used

*)Although varying from country to country the growth trend over the past few
years seems to have lost a great deal of its former magnitude. This develop-
ment is thought to be due rather to unfavourable economic factors which are
more and more felt in all industrial sectors than to the replacement of as-
bestos and/or asbestos containing materials by other materials. a slight
influence might have come from a switch in thermal insulating contracting to
nonasbestos materials.
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- the developing of new markets for asbestos and/or asbestos containing
products because of
- economic factors
« technical factors

» a combination of both.

It is rather obvious that the markets for products which contain asbestos
in some form have grown extraordinarily since 1945, thus causing a similar
increase in asbestos usage. Good examples of these are the building and the
automotive markets. Besides this, what might perhaps be called parallel growth
has also occurred, in that there has been an increased demand for asbestos as
a result of ever increasing wage costs, which, for instance, in the building
industry could be kept down by a relatively cheap and easily prefabricated
asbestos composite like asbestos cement. Improved technology in several fields
as, for instance, engineering, has made higher demands on the strength and
heat resistance of materials, which could be met by suitably designed and com-
pounded asbestos products. It should alsc be pointed out that the safety rules
in various fields have been given closer attention over the years which have
resulted for instance in many governments issuing stringent requlations re-
garding the fire protection of buildings and ocean going vessels. Asbestos
products were eminently suited to fulfil the requirements made by those regu-

lations.

It is difficult to precisely assess the influence of economic and tech-
nological developments on the usage of asbestos. That this influence has been
and still is important and concerns widely different fields of application

ranging from rockets to simple household appliances may safely be stated.
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ITI. POSSIBILITIES OF EXPOSURE

When discussing the health risks of exposure to asbestos for the general
population, one should first of all distinguish between the various possibili-
ties of exposure. Particularly in the case of malignancies, it is not suffi-
cient to lock only for the relationship between recent exposure and health ef-
fects as there is a very long latency period (often over 30 years) with perhaps
short term (even below 1 year) exposure. Subjects not recently occupationally
exposed over the years before a diagnosis of malignancy is made, may too easily
be classified under neighbourhood exposure or exposure of the general popula-
tion as such, although in fact occupational exposure 20 to 40 yrs previously
may have taken place. In addition neither occupational nor non-occupational
exposure can be indentified as one entity; the distinction between both types

of exposure is rather quantitative than qualitative.

It should be stressed that it is not the presence of asbestos (containing

materials) as such, but the presence of asbestos fibres which constitute a

relevant exposure, as will be discussed in this chapter. One should always
take the hazard into account: a health risk only exists if there is the pos-
sibility of inhalation or ingestion of fine asbestos-dust, i.e. in fibre

form,

The following possibilities of exposure should be distinguished:

la. direct occupational exposure: work in asbestos mines, in asbestos textile,

asbestos-cement, asbestos-insulation board factories, in insulation work,
etc. However, it becomes more and more evident that for example mesothe-
lioma may occur in subjects who performed jobs in which direct exposure

to asbestos was not the typical characteristic of the job itself: e.g.
mesothelioma in a male stage hand, or in a femal ironer in a laundry
(Zielhuis et al 1975). In addition to the classical jobs as mentioned above,
there exists an increasing number Of jobs in which asbestos containing
materials have to be handled: workers in building industry, cutters and

layers of waterpipes, blowing out of brake linings,etc.
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indirect occupational exposure: the subject usually has not handled asbes-

tos himself, but has worked in the vicinity of such jobs e.g. non-asbes-
tos workers in shipbuilding industry, etc.

occupational exposure in agriculture: particularly in Eastern Europe (a.o.

Bulgaria) pleural plaques have been observed in agricultural workers

engaged in growing tobacco on stony mountainous soil; anthophyllite,
tremolite and sepiolite have been found in regions with endemic pleural
calcification (Burilkov et al 1972, Burilkov 1971). However, it is
questionable whether these plaques were due to asbestos or to associated
minerals (see ad 3). This category more or less corresponds to category 4
(true environmental exposure) albeit of a rather special variety. It differs
from all the other types of exposure in that the asbestos in the environ-
ment has not been introduced by man, although he may have been instrumental

in causing it to become airborne.

With regard to group I exposures: In several epidemiological studies the
occupational history apparently has not been evaluated in such a way that

such unexpected exposures could be brought to light. Too often one only regards
well-known-jobs as an insulator, or a worker in an asbestos processing factory
as relevant. However, if a certain amount of detective work is carried out

by an experienced and inquisitive investigator, hitherto unexpected occu-

pational exposure is brought into the open. Examples were recently presen-

ted by Zielhuis et al (1975).

para-occupational domestic exposure: women married to asbestos exposed

males, or other members of the household can be exposed as a result of
handling contaminated clothing, etc. (Newhouse et al 1965, Greenberg et

al 1974). There are not sufficient data to estimate the size of the po-
pulation at risk. Experience from the Rochdale asbestos industry (U.K.)
does not reveal any increased prevalence of diseases in relatives; in this
case however rather strict hygiene measures are being taken: workers are
not allowed to take working clothes home; laundering is performed within
the factory (Holmes, pers. comm.).

para-occupational exposure: particularly leisuretime activities, serving

as a "second" job (Zielhuis et al 1975). Notwithstanding a recommendation by
USA government officials, asbestos products are still easily bought with-
out a warning label. In particular the cutting and working of asbestos

containing sheets invariably release some asbestos in to the atmosphere.
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Handyman products in the USA are unlikely to contain crocidolite (McGinty
1975). Rohl et al (1975) showed that when professional construction wor-

kers used materials similar to do-it-yourself products, the concentration
of asbestos in the air exceeded USA safety standards by a factor as great
as 10. In home applications, members of the entire household or other oc—

cupants of the building may inhale asbestos fibres.

neighbourhood exposure: vicinity of asbestos mines, asbestos processing

factories, asbestos dumps, etc. In 252 cases of mesothelioma with a

known history of exposure Webster {1973a) observed about the same percen-
tage (30-45%) of past occupational exposure as of environmental exposure;
the last group had mainly lived near a mine or a mill or in towns situa-
ted in an asbestos area. In East London, Newhouse et al (1965) found

14.5% of cases living in the vicinity of an asbestos factory; afterwards
Newhouse (1973) emphasized that these vicinity cases might have had
"considerable" exposure. In Hamburg, Hain et al (1974) found 13.3% of

such cases among 150 patients. Bohlig et al (1973) even mentioned that

the distribution of mesotheliomas in Hamburg in the vicinity of an as-
bestos factory was dependent upon the prevailing wind; a visible snowfall
like air pollution had formerly been emitted from the factory. Navratil

et al (1971) investigated the prevalence of pleural plaques, and found
5.8% in subjects living in the vicinity of a factory; the authors pointed
out however that this type of exposure often may be coincident with para-
occupational exposure as mentioned under 2a. Finnish workers (Raunio

1966, Meurman 1966) studied the prevalence of pleural plaques in East-

and South-West Finland; living in the vicinity of anthophyllite asbestos
appeared to be at least one of the causative factors. In Bulgaria (Buril-
kov et al 1971) there was exposure in the vicinity of anthophyllite mines as
well as due to the presence of it in the soil. In the literature, the vici-
nity to asbestos mines or factories as such is not defined clearly: some-
times it is a distance of 1 km, sometimes it is a poorly circumscribed

but much wider area that is taken as a criterion, However, the general
environmental exposures in Bulgaria, Finland and Czechoslovakia apparent-
ly did not - as far as is known - seem to be associated with any cancer risk
(see Chapter IX); this contrasts markedly with the exposure to crocidolite
as reported by Webster (1973). There is evidence that the pleural calci-
fication may have been linked with, for example tremolite, and not with,

for example, crocidolite; so, the evidence is that pleural calcification
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due to environmental exposure does not necessarily carry a health risk,

€.g. cancers.

4, true general environmental exposure, not due to specific fixed sources

as mentioned above: presence of asbestos in ambient air, food, beverages,

water, wear and tear of asbestos insulation layers in public buildings,
etc., a multitude of sources and possibilities of exposure as discussed
in IT and V. This represents the true public health exposure at large

in modern societies.

As mentioned before, in some epidemiological studies the investigation
of the past exposure history of malignancies, by the taking of an adequate

history was not carried out in depth; one may conclude too easily that it was
true environmental exposure, whereas in reality (para)-occupational exposure

has taken place. Although the classical jobs, with typical asbestos exposure
have become wellknown, various occupational health risks for individuals, ex-
posed in small scattered groups, are still neglected, in this way mimicking

true general environmental exposure.

Because of the lack of clear distinctions between the various possibili-
ties of exposure and because of the possibility of combined or subseguent

exposures, greater reliance should be put upon biological monitoring i.e. mea-

suring the lung burden, (chapter VII), than on environmental monitoring i.e.

measuring external exposure in e.g. air, water, food (chapter V).

Conclusions

The EEC workshop on the biological significance of asbestos fibre mor-

phology, in 1975 concluded that:

1. Because asbestos remains in the lung it is scientifically profitable to
measure the content of the lungs which indicates the integrated exposure
of the individual. '

2. To establish the significant factors in disease, the aim should be to
measure and identify the total mineral dust in the lungs.

Total mineral dust is defined as the inorganic residue remaining after

suitable treatment which does not alter the chemical and physical charac-
teristics of the particles. Forms of ashing using temperatures below
450°C are the most generally used methods, but other methods are used

for more specific studies.

3. Measurement in the general environment should also take place.
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IV. SAMPLING AND DETECTION OF ASBESTOS IN AIR, FOOD, SOIL AND_WATER

Sampling

A serious obstacle in the study of the interaction between potential
toxic substances in the environment - like asbestos - and man is that the
quantities of pollutants fluctuate in space and time. Keeping the latter
factor in mind, it is the purpose of proper sampling techniques to arrive
at a quantitative estimate of the exposure which results in an increase of

the "body burden" of the general population.

On the basis of present knowledge on the biological effects of asbestos

it primarily seems that the average exposure over a period of time is of

interest. This simplification means that for an inventory of exposure levels
a large number of samples {e.g. 8 hrs. samples) taken consecutively can be
added together (averaging in time). When the presence of asbestos in ambient
air, water and food is investigated, it is often preferable to sample syn-
chronously in several places in the vicinity following the same sampling
procedure (averaging in space). For the investigation of the asbestos content
of soil it will be, in general, sufficient to investigate a large number of
samples from different locations since time fluctuations are in many cases

of lesser importance.

Though sampling is of primary importance in the described investigations

only very general guidelines on sampling procedures can be given at this

stage. This combined with the lack of standardisation of analytical proce-

dures is the reason that the results of individual investigations can only

be compared with reservation.

For the determination of the asbestos content of air and water the solid
content is in general separated from the carrier-medium. Due to the small
size of the asbestos fibres in ambient air and water the separation methods

which can be used are in practice limited (Air Sampling Instruments 1972).

For air they are: high efficiency filtration (Deworm et al 1974, Nichol-
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son et al 1970, Spurny et al 1976); electrostatic precipitation (Rickards
1973); and thermal precipitation (Swift 1972). For water analysis mainly
ultra centrifugation (Cunningham et al 1971, American Water Works Ass. 1974)
and filtration techniques are applied.

When filtration is used additional steps have to be taken in general
before the asbestos content of the sample can be determined. This is shown

in Figures IV-1l and 2. The most universal method to get rid of the filter is

destruction by low temperature ashing. This can be done at low pressure with
activated oxygen (Gleit 1963). Satisfactory results are also obtained by
ashing in an oven at 430°C, using a few drops of dibutylphtalate to prevent
explosive destruction of the filter material with subsequent overheating of

the sample resulting in decomposition of the asbestos fibres.

As the asbestos fibres which are found in ambient ailr and water are in gen-
eral of submicroscopic size, the sampling speed has little influence on the com-
position of the sample. Sampling velocity should be chosen in such a way that on
the one hand the efficiency of the precipltation is not too much impaired while
on the other hand enough material had been collected. When the samples are in-
vestigated microscopically, low sample rates - e.g. 1 m3/hr - are used. When
X-ray diffraction (Rickards et al 1971, Rickards 1972) or infrared analyses
methods (Bagioni 1975) are used for the determination of the asbestos content,
high volume sampling rates - e.g. 600 m3/hr - are sometimes preferable. The
reason for this difference in sampling rate will be explained in the next

paragraph.

Food and soil are in principal analysed in the same way as air and water.
A representative sample is subjected to low temperature ashing and is trea-

ted as shown in Figures IV-2 and 3. Before heating the samples are often

inspected microscopically.

Finally it should be pointed out that examination of the mineral content

of lungs obtained from autopsies is at the moment the only reliable way to
obtain qualitative and quantitative information on the "asbestos body burden”
caused by exposure to asbestos containing air during an individual's life
time. The effect of lung clearance is neglected which is a falr approxima-

tion for amphiboles and a much more uncertain approximation for chrysotile.
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After selective destruction of the organic tissue for which a number of
methods (e.g.” ashing below 430°C) exist, and the removal of iron by washing
with diluted acid, the subsequent examination of the inorganic residue does
not pose any significantly different problems from investigations of other

samples.

Qualitative and quantitative determination of asbestos in samples

Two different approaches can be used when determining asbestos in

samples.

1. Morphological recognition of asbestos followed by identification of a

selected number of fibres (Holmes 1965):

a. Identification with optical crystallographical methods using the re-

sults of polarisation microscopy (Schmidt 1960) or dispersion staining
techniques (Julian et al 1970). It has to be mentioned that the fibre
diameter has to be approximately 5 um or larger to get satisfactory
results.

b. Confirmation of the asbestoid character of the fibres using electron
diffraction as part of an electron microscopical investigation of
a sample (Figure IV-3) (Clark et al 1974, Keenan et al 1970, McFarren
et al 1974, Mueller et al 1973, Murchio et al 1973, Skinne et al 1971).
It should be understood that the electron microscopic methods described
are only good for identifying chrysotiles and the amphiboles. They will
not identify individual amphiboles. This can only be done by using in
addition to diffraction techniques, X-ray emission analysis whereby the
chemistry of the fibre is recorded (Pooley 1975). The advantage of the
morphological method which is in general carried out with the aid of op-
tical or electron microscopes, is its high sensitivity - the weight of
one small but still detectable fibre is approximately 10_12g when opti-
cal microscopy is used and approximately 10-l7g when electron microsco-
Py is used - compared with physical-chemical methods of analysis. There
is no theoretical limit to the minimum concentration which can be de-
tected with microscopical methods. This is a function of time spent on
the investigation. Minimum concentrations of 1 fibre: 100.000 other

particles have been attained in practice.
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2. Techniques which determine all the asbestos in the sample at the same

time.

a. X-ray diffraction (Figure IV-3). Based on the property that X-rays are

diffracted by crystalline matter under angles which are characteristic
for the minerals which are contained in the sample, qualitative and
quantitative analysis is 1n principle possible. One of the methods which
can be used is the determination of the ratio of the intensity of radia-
tion from calibration samples - containing known quantities of asbestos
and irradiated under the same circumstances as the sample containing an
unknown quantity of asbestos - with corresponding diffraction points or
lines from the latter. From this ratio the unknown quantity of asbestos
can derived. A more detailed treatment is given in more specialised ar-
ticles on this subject (Goodhead et al 1965, Keenan et al 1970, Rickards
1972).

b. Infrared spectroscopy (figure IV-3). Based on the property that there are

characteristic absorption wavelengths in the infrared belongihg to the
stretch if the O-H bond in chrysotile (Bagioni 1975, Gadsden et al 1970,
Keenan et al 1970). By comparing the transmittance at 2.72um of a sample
with an unknown asbestos content with the transmittance at the same
wavelength of calibration samples, the unknown asbestos content can be
established.
For both X-ray diffraction and infrared spectroscopy the most suitable
sample size is approximately between 100 ug and 10 mg. The limits of

both methods are described in table IV-3.

Table IV-1. Data on microscopical techniques used to determine the asbestos

concentration of air

technique estimate relative repro- total time

of minimum ducibility *)at necessary to
concentra- the 95% conf. analyse one
tion level sample

optical 1 fibre/ ~ 60% ~

fmi croscopy 100 cm'e‘x 1/4 days

transmission -10 3

electron 10 g/m ~ 100 - 1000% ~ 2 days

Ficroscopy

*

(See following page)
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Table IV-2. Data on microscopical techniques used to determine the asbestos

concentration in water

technique estimate of relative repro- total time

minimum *) dicibility *¥*) necessary to
concentra- at the 95% conf. analyse one
tion level . sample

optical mi- 10-100 f/cm3 ~60% ~ 1 day

croscopy 107t ug/1

combination of 3

scanning and 100-1000 f/cm ~100-1000% ~ 5 days

transmission 10°° g/l

electron micros-

copy

Table IV-3. Limits of infrared and X-ray diffraction analysis of asbestos

1
ype of Type of Minimum Minimum wt.$%|Time main |'Total time
alysis asbestos detectable detectable apparatus |incl. prep.

asbestos asbestos is used of sample
amount

-ray

iffraction all types ~ 1 ug ~ 1 ~ % hr ~ hrs

nfrared

pectros-— . chrysotile

opy only ~20 ug ~ 1 ~ 3 min ~1 hr

*)

Smallest fibre which can be detected with an optical microscope; under

prevailing conditions the following approximate dimensions length >2 um,

diameter >0.3 Um can be given; for the electron microscope these dimen-
sions are length >0.1 um, diameter >0.0l1 um. Finally it should be men-

tioned that there is a growing tendency to report the results of electron
microscopical determinations of the asbestos content of a sample in weight
units. The principal reason is that during the quantitative determination

of asbestos - especially chrysotile - larger fibres fall apart into
fibrils. Sizes found during the qualitative investigation give an indi-

cation of the fibre size as it is found in the environment and should be

reported separately.

* %
) The stated reproducibilities can only be attained with highly experien-

ced personnel.
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Remarks

The figures quoted hold good for small series of samples. When large series
of comparable samples have to be analysed, streamlining and automatisation

of procedures can result in considerable total time gains.

2. The relative error in the determinations is 5-10% when quantities and con-
centrations of asbestos in the sample are larger than 10 times the mini-
ma stated in the table.

3. When no asbestos can be detected the sensitivity and minimum concentration
is, under favourable conditions, an order of magnitude lower
< 0.1 Yyg and < 0.1 wt. % for X-ray diffraction
<1 Hg and < 0.1 wt. % for infrared spectroscopy.

4, Lower detection limits than the ones collected in table IV-3 are reported
in the literature and were probably obtained under more favourable con-
ditions.

3. Other analytical methods

For the sake of completeness, a third collection of analytical methods

is mentioned. They are based on the detection of one or more constituent ele-

ments of asbestos. Selection of these elements is on the basis of sensitivity

and the ease of the analytical technique.

From the empirical formulae of asbestos which are collected in chapter I

it can be shown that the constituent elements of asbestos are very aspecific.

All the elements described in chapter I are present in many compounds which in

general are frequently Present in air, water, soil and food at concentrations

which are orders of magnitude higher than the asbestos fibres. They can only

be used when it is known that samples contain considerable amounts of as-

bestos. This may be the case in asbestos processing industries and in their
immediate vicinity. Techniques which are used under the latter circumstances
are atomic absorption, emission- and flame spectroscopy. X-ray fluorescence

(Keenan et al 1970). Data on these methods are collected in table IV-4.

The relative error in the determinations is approximately 5 - 10%,
when quantities and concentrations of asbestos or constituents of asbestos
which are determined are larger than 10 times the minima stated in the

table.
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Table IV-4. Data on analytical techniques used to detect asbestos

Name of technique

T

i

Atomic. abs. Flame spect. Emission sp. i X-ray fluor
min. min., |min. min. min. min, \min. min.
amount conc. | amount conc. amount conc.lamount conc.
Hg wt.% ug wt.% g wt. %! Hg wt.%
Mg 0.1 0.01 0.1 0.01 0.2 0.001 10 0.01
Element Si 20 2 - - 0.2 0.001 . 10 0.01
Fe 1 0.1 0.1 0.01 0.2 0.001 10 0.01
Time equipment X
is in use minutes minutes minutes 5 hr
Order of magni- hrs hrs hrs hrs '
tude total time
of determination

Remarks

elements have
in water

to be dissolved

sample can be analysed
without pretreatment

Future development

It can be expected that in the next decade a number of automatic tech-

niques for the determination of asbestos will be perfected:

1. Improved scanning electron microscopes linked to computers using pattern

recognition techniques combined with X-ray fluorescence (Eichen, Heinrich,

Maggiore, White: pers. comm,). Advantage: flexible, can be used for many

. . 6
purposes; disadvantage: very expensive, 1-2 x 10 "European conversion

units"

(f£.3.60).

Separation of asbestos from other materials followed by simple analysis.

Use could be made of strongly nonhomogeneous magnetic fields which is a

promising alternative approach (Kolm 1975). Advantage: flexible, specific,

might be relatively simple; disadvantage: might be costly.
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5. Conclusions

Due to the small size of the asbestos fibres present in the ambient
environment, electron microscopy plays an important role in their qualitative
and quantitative determination. For the same reason large magnifications
have to be used, which means that only very small samples can be investiga-
ted in a reasonable time resulting\in relatively rough estimates (order of

magnitude) of the asbestos concentrations which have to be determined.

It should be noted that there is a growing tendency to report investi-
gations in weight concentrations* as there exists a tendency for larger fibres
to fall apart into small fibrils during the qualitative assessment of the
concentration. Sizes determined during the qualitative investigation give
an indication of the fibre size as found in the environment and should be
reported separately. Without this information the conversion of weight con-
centration (weight of fibres/volume of air) into a numerical concentration
{(number of fibres/volume of air) and vice-versa is not possible.

1

The E.E.C. Workshop on metrology in 1976 concluded that:

Air
l. Ambient air is and has been monitored for asbestos in some of the Member
States, but only a few of the monitoring programmes are systematic in

nature and carry out a detailed examination of the nature of the fibres.

2. In view of the possible importance, from the public health standpoint, to
determine and identify fibres in air which are sub-microscopic in size,

analytical techniques using the electron microscope are required.

The availability of analytical facilities for such measurements being
limited and each determination being time consuming and costly, the num-
ber of analyses, even in a comprehensive monitoring programme, must be

limited.

*) To prevent misunderstandings it should be pointed out that this statement

concerns the ambient environment. For the maximum allowable concentrations
which are applicable under occupational conditions there is an increasing

tendency to follow the methods ysed by HM Factory Inspectorate, reporting

the concentrations in fibres/cm™.
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3. Such monitoring programmes should concentrate primarily on areas where

potential sources of asbestos emissions are present.

.

4. The monitoring should be done at fixed sites with continuous sampling on
filters. In view of the biological importance of integrated exposures and
to reduce the number of samples, each filter should sample continuously
for one week or more.

Gravimetric determinations should be done on most of the samples; a fibre
count and size and limited identification ' (chrysotile and amphiboles) on

a selected number; and a detailed identification on a féw samples.

5. An intercomparison programme has been initiated by the Commission in order
to gain knowledge about the magnitude of the possible differences which
may be found in the results. Standardisation of sampling and sample pre-
paration methods would be considered, as necessary, in a second stage.

The results of this programme will help determine the point in time when

routine monitoring for asbestos in air could be undertaken.

Water
6. Drinking water is not monitored systematically for asbestos in most

Member States; however, a few specific studies have been conducted.

7. The-analytical techniques applicable to air samples can also be used for
water. In general, the monitoring programme for asbestos in water at the
tap may be much less extensive than for air, but attention should be paid
to areas where water may come in contact with asbestos material. Most of
the samples might be examined by optical microscopy with a few random
samples checked by electron microscopy with the same procedure as des-

cribed for air.

8. The sampling and preparation problems involved with the determination of
asbestos material in other beverages and food items is more complicated
than for drinking water, and monitoring could be envisaged only when there

is a suspicion of contamination.
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V. EXPQSURE _LEVELS_IN THE AMBIENT ENVIRONMENT

Due to the low absolute quantity and - from a analytical point of view
even worse — the extremely low relative quantity of asbestos compared with
other inorganic solid substances generally found in samples, it is of little
wonder that there is still insufficient knowledge about the general occur-

rence of asbestos in the ambient environment.

In the following paragraphs a summary is given of pertinent work on
this subject. It has to be kept in mind that results of different investiga-
tors even if reported in the same units, are often difficult to compare

(see éhapter Iv).

1. Air
1.1. In buildings

In the U.K. a survey has been made in buildings of different age where
the principle types of asbestos-based buildings materials have been used
(Byrom et al, 1969). More than 60 buildings of various types were included
in the survey. Sampling and assessment were carried out along guidelines
which were described by Holmes (see Chapter IV). The basic method is air fil-
tration using membrane filters of suitable pore size (8 um or lower). The
filters are examined using phase-contrast light microscopy enlargement 500 x.
Fibres with a diameter <3 pm are taken into consideration only. (see Chapter

V).
The results of the survey are summarized in the Tables 1 and 2.

From Table 1 we can deduce - though with reservations - that asbestos is
emitted in decreasing quantities in the series: insulation board, sprayed as-

bestos, asbestos cement sheeting, other asbestos containing products.

Summarizing the results of numerous measurements carried out in subway
stations and public buildings with exposed sprayed insulations containing
asbestos, concentrations of 10 fibres per 1000 cm3 were found using the light
microscope techniques which are used in occupational hygiene. They represent
a weight concentration of the order of magnitude of lO_Gg/m3 which is low, but

considerably higher than the asbestos concentrations found in the open air
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Detailed investigations have been carried out in buildings in France

(Bignon et al 1975) and Germany which support these data.

Table V-1. Asbestos dust concentrations according to materials used

type of material total
?oncentratlo insulation |asbestos sprayed others *) (No) | (%)
fibre/1000 cm")
board cement asbestos
sheeting

0-5 17 2 7 8 34 46
>5-10 8 3 S 0 16 22
>10 - 20 6 2 2 0 10 14
>20 - 30 2 1 3 0 6 8
>30 - 40 2 0 0 0 2 3
>40 - S50 2 0 0 0 2 3
>50 - 80 2 0 1 0 3 4

*)

rigid planels

Includes fully compressed flat sheets, partition board and low density

Table V-2. Asbestos dust concentrations according to type of building

type of building total
concentration3
(fibre/1000 cm”) |Hospi-|Edu- |Factory|of- Shop Place |Re- |Mis-
tal ca- or |[fice of si- |cel- I-
; (No) | (%)
tion |Storage assem- (den-| la-

bly tial|neous
Q-5 4 15 3 6 1 2 3 0 34 |46
> 5 -10 1 3 2 2 4 2 1 1 16 |22
>10 - 20 1 0 4 0 1 1 2 1 10 (14
>20 - 30 2 0 2 0 0 0 2 0 6 8
>30 - 40 0 1 0 1 0 0 0 0 2 3
>40 - 50 0 0 0 1 0 0 1 0 2 3
>50 - 80 0 0 0 2 0 0 0 1 3 4
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1.2. Outdoors at several sites

Table V-3. Average chrysotile asbestos concentrations at several sites

in 10_9g/m3
* %k ok
Location U.K. Netherlands |U.S.A. CSSR France |Germany
Rickards |(I.G. TNO - Nickelson|Simecek |Bignon |Robdck
(1971, (1976) (1970) (1971) |et al (1973)
1973) Munchio (1975)
(1973)

At the site of -
e - * * %
an asbestos pro 1 100 N 1000 u u
cessing industry,
down wind
Town center 0.1 < 0.1 25 - 60 u 0.2-1.5 <0.1
Industrial area 0.1 u 45 - 100 u u u
Rural area 0.1-1 u 20 u u u
u = unknown

Down wind, at a height of 1.5 m, 150 m from an asbestos processing

industry
*k Down wind, at a height of 2 m, 300 m from an asbestos processing

industry
*kk

CERCHAR-France in Essen.

Personal communication: measurements have been carried out by

Fibres were found but no asbestos.

Batelle

(Frankfurt) found fibres in Frankfurt with optical microscopy; a frac-

tion of these fibres had properties resembling those of asbestos. This

would result in a concentration of approximately 100 x 10_99/m3.

Apart from what has been pointed ocut in the beginning of this chapter

on the comparison of the results of different investigators, it should also

be kept in mind that the practical detection limit of asbestos in air, using

electron microscopy as an analytical tool lies between 10-7 and 10_l

0,3
g/m”.

It should be noted that the majority of fibres detected in the prelimi-

nary Dutch investigations, see Table 3, had a diameter of approximately

0.02 ym and a length of approximately 0.5 um, which means that they could

only be detected with the aid of an electron microscope. These results are -
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as far is known - in agreement with the results of other investigators.
Finally it should be noted that there is an increasing tendency to report
results of electron microscopic asbestos fibre determinations as gravimetric
concentrations. The reason for this is that during preparation of the speci-
men the original fibres are broken down into fibrils, which means that there
probably is no correlétion between number of asbestos fibres counted with the
electron microscope and the number of fibres originally present in the en-

vironment.

2. Food (see also 4, Beverages)

No pertinent data on the asbestos content of food is available. Qualita-
tively it can be said that its content depends on two kinds of asbestos
sources:

a. the natural background which depends on the natural asbestos content of
soil and water, By passing through asbestos containing geological forma-
tion, the latter can pick up considerable numbers of asbestos fibres
(vide paragraph 4);

b. asbestos which is introduced by man's action.

In this connection filtration using asbestos filters and the use of
talcum, which can contain asbestos, in food, medical preparations, etc.

should be mentioned.

3. Soil

Asbestos is the generic term for a number of hydrated silicates which
can be separated into flexible fibres (see Chapter I). Though commercial de-
posits are found mainly outside Western Europe, the minerals are widely dis-
tributed and in some regions the soil can contain large amounts of asbestos.
This is well known in regions of Finland and Bulgaria but holds too for re-
gions in Italy and France. It is clear that at these places the asbestos

exposure level can be considerable but no quantitative data are available.

4, Water and beverages

A restricted number of data are available for asbestos particles in
ground, surface and drinking water in mains and at the tap of the consumer.
Most of the data relates to serpentine rock containing areas in Canada and

in the U.S.A. The first published data origined from Cunningham and Pontefract
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in 1971 dealing with a quantitative approach to asbestos in drinking water,
in melted snow and river water in Canada and some beverages. Asbestos fibres
were detected by transmission electron microscopy at a magnification of
2000x. (see Chapter IV).

It should be noted that in general it is only practicable to recognize
chrysotile fibres due to their chatacteristic hollow tube structure. This is
an important restriction as many varieties of asbestiform minerals can occur

in water, and crocidolite is a common ingredient of asbestos-cement pipes.

1 to 11 million chrysotile asbestos fibres/litre were detected in city
drinking water, soft drinks, vermouth, port, sherry and beer. River water
contained more asbestos fibres than water passed through a city filtration
system, and melted snow contained higher amounts than river water. Fibres
were mostly smaller than 1 pm in length. Unfiltered tap water drawn from a
lake in the asbestos mining region of Quebec gave a value of 173 x 106/1.

The data obtained are given in Table 4.

In 1973 Sargent reported the results of a premilimary survey and a sur-
vey of 30 of the 300 water systems in the state of Vermont, U.S.A.. Quanti-
tative analysis of water samples for asbestos have been carried out mainly
by the ﬁational Environmental Research Centre by a technique using light
microscopy at 450 x magnification. Identification of asbestos fibres were
carried out visually. This technique has two disadvantages, firstly that the
size of the fibres in most instances is below the limits of resolution of
the optical microscope and secondly that identification is uncertain. Two
samples, one from the source and one from a distribution point were examined
in each water system. In 17 out of 23 systems initially sampled the number
of asbestos fibres increased from the source to the distribution point while
it decreased in 6 systems. Cast iron as well as most of the AC systems
showed increased fibre counts from the source to the distribution point. Of
32 distribution systems sampled, 30 contained asbestos. Of the 25 water sys-—
tem sources that were sampled, six showed no sign of asbestos. Of these,
four were wells and two were surface sources. The median result for all
source samples was 3000 fibres/l1 and for distribution samples it was 14.000
fibres/l. The data range from 1000/1 to 247.000/1. The well sources were

generally found to be lower in asbestos fibre count than the surface water
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Table V-4. Asbestos fibres in beverage and water

Vermouth
Vermouth
Soft drink
Soft drink
Soft drink
Soft drink
Tap water
Tap water
Tap water
Tap water

Tap water

Tap water

Tap water

Tap water

Melted snow

River water

Canadian 1

Canadian 2

Uu.s.A. 1

U.s.a. 2

Canadian

Spanish

South African

Canadian

French

Italian

Ginger ale

Tonic water I

Tonic water II

Orange

Ottawa, Ottawa river (F)

Toronto, Lake Ontario (F)
Montreal, St Lawrence river (F)
Hull, Quebec, Ottawa river (NF)
Beauport, Quebec, St Lawrence river,
(6 km below Quebec City) (NF)
Drummondville, Eastern Townships,
Quebec, St Francois river (F)
Asbestos, Eastern Twonships, Quebec,
Nicolet river (F)

Thetford Mines, Eastern Townships,

Quebec, Lac & la Truite (NF)

Ottawa, top 30 cm (2-3 weeks precipitation)

Ottawa river, at Ottawa

*)

NF

F = Filtration plant used

No Filtration plant used

No of fibres x

1.1
4.1
2.0
2.6
2.1
1.8
11.7
12.2
1.7
1.7
2.5
2.0
4.4
2.4
9.5

2.9

5.9

172.7

33.5
9.5
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sources, with respective median values (all samples) of 2.500/1 and 12,500
fibres/l. The author suggested that fall out, natural erosion by surface
water flowing over serpentine containing fibrous mineral and sewage contri-

buted to asbestos in the surface water sources.

Finally Sargent mentioned the fact that 38 random samples recently
picked by the N.E.R.C. from all over the United States ranged from <1000
fibres/1 to 46.000 with a median value of 3000. Counting and identification

techniques were the same as the Vermont study.

In 1973 Kay reported the first results of asbestos fibre counts concer-
ning drinking water from 22 cities in the Province of Ontario using surface
waters for their supplies. The samples were examined by the Ontario Research
Foundation. Concentration, counting and identification techniques were basi-
cally the same as those used by Cunningham and Pontefract in 1971, being res-
tricted to chrysotile asbestos fibres. The samples were examined at a direct
screen magnification of 25.000 x and in some instances magnifications of
50.000 x were used for proper identification. Fibre counts ranged from
0.136 x lO6 in Ottawa's tap water to 3.87 x lO6 chrysotile asbestos fibres/1l
in Sarnia's. Table 5 shows the results. Additional surveys in the distribu-
tion system of the municipality of Metropolitan Toronto resulted in 0.72 x

6
10" to 4.06 x 106 asbestos fibres per litre. Asbestiform fibre counts con-

cerning drinking water in the city of Duluth, Minnesota have been reported to

be 1 x 106 to 100 x 106 fibres/litre (Kay, 1973).

In September 1974 the International Joint Commission from the Great
Lakes Research Advisory Board published the report "Asbestos in the Great
Lakes Basin" with emphasis on Lake Superior. Figures are presented from the
"Preliminary Reports on the Status of non-medical studies on Asbestos in the
Great Lakes and St Lawrence River Regions"” by Weiler of the Canada Centre
for Inland Waters, Burlington, Ontario in January 1974. The average concen-
tration was about 1.7 x 106 asbestos fibres/l. Locations with higher counts
were found along the North shore of Lake Superior between Silver Bay and
buluth (this area was affected by discharge of teconite tailings by Reserve
Mining Company) along the St. Clair River, downstream from Montreal and in
the asbestos mining district in Quebec. At locations sampled by EPA, the

fibre count in the water distribution system was often higher than in the raw
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Table V-5. Asbestos fibre count (distribution system - water)

sample
location
Toronto
Belleville
Brantford

*
Brockville

Chatham

Cornwall

Hamilton
London
Niagara Falls
North Bay*
Oshawa
Ottawa
Pembroke*
Peterborough

Port Colborne

L o*
Sarnia

Sault*Ste.
Marie

St. Catharines

*
Sudbury
St. Thomas
*
Thunder Bay

Welland

fibre count in millions

estimated mass

source per litre concentration, g/l
L. Ontario 1.90 0.000941
Bay of Quinte 0.533 0.000937
Grand River 0.570 0.00113
St. Lawrence 0.446 0.000602
River

Thames River 0.595 0.00157
St. Lawrence 2.11 0.000729
River

L. Ontario 0.694 0.000154
L. Huron 0.456 0.000429
Niagara R. 2.58 0.00225
Trout L. 0.384 0.000104
L. Ontario 0.557 0.000159
Ottawa R. 0.136 0.000093
Ottawa R. 2.85 0.000538
Otonabee R. 1.86 0.00354
Welland Ship 0.608 0.000847
Canal

L. Huron 3.87 0.00213
St. Marys R. 0.248 0.000141
Welland Ship 1.03 0.00156
Canal

Ramsay Lake 0.297 0.000542
L. Erie 1.60 0.000500
L. Superior 0.830 0.000235
Welland Ship 0.820 0.000479
Canal

Note: * means No Filtration plant
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intake water. The average background level of asbestos fibre concentrations in
the water distribution systems in the Great Lake Basin was 1.6 x 106 fibre/
liter and 90% of the areas tested at <3 x 106 fibre/1.

Of the various Canadian studies, only at Ottawa and Toronto were samples
taken by different investigators at different times. Ratios between the counts
ranged from about 2 to 14. Ratios in samples taken at Niagara Falls and Thun-
der Bay in different years ranged from about 1 to 5. Variability of the counts

was within a factor of 2 or 3.

Comparison of the effects of filtration in a water treatment plant are
available for Windsor. In Windsor the reduction was as much as 90%. Pang
(1975) recorded up to 99.8% remoyal by flocculation using 10 ppm ferrichloride
and 1 ppm polyelectrolyte at pH = 7.5.

Continued drinking water sampling programs of the Canada Centre for In-
land Waters produced additional results in May 1974. In the Northern Ontario
mining/milling area at Timmins (Natagani River) untreated water had a concen-

tration of 1.78 x 106 and treated water 0.261 x 106 fibres/1l. At the Union

treatment plant in Leamington on Lake Erie values were 2.17 and 5.15 x 106

(untreated) and 0.957 x 106 (treated).

The American Waterworks Association Research Foundation published "A study
of the problem of asbestos in water" in September 1974 (13). A facsimile of
report no. E404-79 of the John-Manville Research and Engineering Centre con-
cerning the removal of chrysotile fibre from the inner walls of asbestos cement
pipe by potable water in water systems has been incorporated. Two municipal
systems were selected: Malvern, Pennsylvania and Glendale, Arizona. Both sys-
tems utilised well water sources. The Malvern well was drilled in a serpentine
rock belt containing chrysotile fibre while the Glendale system was outside

any serpentine-bearing area. Table 6 gives some characteristics and data sum-

mary.

Statistical analyses of the fibre level data resulted in an average of all
well site samples for Malvern of 0.04 ug/l and 0.005 ug/l for Glendale. There
was a 90 percent probability of an increase in fibre level between the well

site and the domestic site at both Malvern and Glendale. It was also shown
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that there was no significant correlation between the initial fibre level and
the amount of increase. It was concluded that it thus appeared that the water
is picking up fibres from the pipe wells. The average fibre level increase

at Malvern is 0.07 ug/l, while at Glendale the average increase is 0.004 ug/l.
From Table 6 it can be seen that there is not a large difference in pipe area

exposed per gallon of water between the Malvern and Glendale pipe systems.

Table V-6. Municipal system characteristics and data summary

Malvern Glendale*

Pipe system

diameter (inch) 8 12 6

length (ft) 2800 1300 12000

area exposed to water (sq ft) 5860 4150 18700

water volume flow rate (gal/min) 125 800 80

water linear flow rate (ft/min) 48 138 54

pipe area exposed (sq ft/gal) 0.80 0.54 «xl:06

water volume in pipe 0.96
Water properties (well site)

total hardness (mg/l CaCO0.,) 419 94

Calcium hardness (mg/l Ca&OB) 27 61

alkalinity (mg/l Caco.) 110 114

dissolved solids (mg/1) 106 328

pH 7.8 8.0

Average initial fibre level

(g/gal) (well site) 0.17 0.023

Average fibre level increase

(g/gal) 0.28 0.015

*
The first 1300 ft of the Glendale system utilized 12. inch diameter pipe,
followed by 12000 ft of 6. inch diameter pipe

*dk
Overall system

Chrysotile fibre counts in water from municipal water systems and water
from the rivers Juniata and Connecticut were also carried out. In all cases

approximately 151 samples were taken. Table 7 shows the results.
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Table V-7. Chrysotile asbestos content of river water

3/71 4/71 5/71| 6/71| 7/71| 8/71| 3/71 ho/71| 11/71 M2/71{1/72|2/72|3/72
unia a River
reetewood PA 0.010,0|0.34/0.12/0.0 |1.07|2.42 |0.16] 0.05 |0.77/0.48(1.48]0.6

ewton-Hamil-

on 0.010.00.0|0.0|0.0]0.62/0.0 |0.0 | 0.32 |1.63|1.44(1.09]2.28
ewistown 0.78/0.16/0.62(0.88| - |2.84{0.0 |0.0 | 0.29 |2.26(3.94f - -
ity Hall 1.59|1.66/0.78/0.0 | - |2.53]0.0 |0.0 | 0.06 |0.0 |3.90f - -

onnecticut R.

anaan, Vt. 12.46|3.67|0.39/0.33/0.0 {1.77|0.48 |0.78| 0.11 |0.42|0.0 [0.13 (0.0
ittleton, NH 0.69/0.0 |0.14({0.73/0.13{0.0 |3.63 |{0.22]/ 0.33 (0.0 {0.52(0.49]0.0
ebanon, NH 0.64]0.0 (0,0 [0.82/0.69|0.51,0.0 |0.44| 0.45 |0.30/0.37({0.27(0.0
reenfield,

ass. -11.68|6.18{0.90(0.0 |0.18/1.07]0.18 (1.17| 0.44 {0.27|3.18(1.21{0.51

iddeltown,

onn. 1.67{3.05{1.21}2.66]1.78/3.81|0.0 |0.23] 0.13 - 10.79(1.13|2.28

Note: All data in micrograms per litre.

All values were determined by electron microscopic observations.

No fibres were visible in any of the samples using the optical microscope

at 450 x magnification.

The only publication dealing with asbestos fibre counts in drinking water
within the EEC countries was published in 1974 by Elzenga, Meyer and
Stumphius. Data were reported from a preliminary investigation in the Nether-
lands carried out in 1969 and 1970 dealing with watersamples from 22 mains and
connected domestic pipes. Asbestos fibres were detected with light microscopy
at a low magnification of 50 x. In 1972 water samples were taken at the same
place as in 1969 and 1970 from a 31 and a 35 year old AC watermain through
which a calcium carbonate aggressive type of water had been distributed. Fibre
counts were carried out by electron microscopy and light microscopy at magni-
fications of 10.000 x and 500 x., Identification of the particles was carried
out by shape-recognition supplemented with the results of electron diffraction

and microprobe analysis.
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In the Netherlands all the waterworks mentioned are deal with ground
water supply. No influence of asbestos containing serpentine can be expected

in the Netherlands.

Fibre counting was complicated by the presence of a great number of other
inorganic particles up to 50.000-100.000 for each asbestos fibre. The mean
diameter and length of the asbestos particles detected by REM and TEM ranged
from 0.2-0.3 um and 5-10 um.

Fibre counts in drinking water from AC mains detected by light micros-
copy at an enlargement of 50x ranged from not detectable to smaller than 10
fibres per litre. Fibre counts in tap water were always smaller than 1 fibre
per litre and in general not detectable. At a magnification of 500 x fibre
counts in water from the two mains amounted to 24 x 103 and 33 x lO3 fibres per
litre. Tap water supplied by the above mentioned mains contained 6 x lO3 to
13 x 103 fibres per litre« Fibre counts by REM and TEM of the same samples
resulted in respectively 60 x 103 and 85 x 103, and 60 x 103, and 240 x 103

fibres per litre.

Assuming that the above mentioned samples are representative for the
Netherlands, asbestos fibre concentrations in mains and tap water are about

100 x 103 fibres per litre.

No investigations have been carried out as regards the source of the
asbestos fibres but it is very likely that asbestos cement mains are the

main contributors.

Conclusions

Very little quantitative information on the occurrence of asbestos in
the ambient enviromment is at present available. The presented data were
collected from U.S. publications -~ air and water; Canadian publications -

water and beverages; U.K. publications - air; Dutch publications - water.

It is known that in several countries belonging to.the European commu-
nitiy, surveys of the occurrence of asbestos in ambient air are under way.
From personal contacts it is known that the results of the determinations are

in agreement with the preliminary results obtained in the Netherlands and the
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data from U.K.

The concentration of asbestos fibres in the ambient air is in general
lower than lo-gg/m3 except in the neighbourhood of asbestos processing indus-
tries where considerably higher concentrations have been detected. In the
immediate vicinity - <500 m - concentrations which are 1000 times higher,

have been reported.

The detected fibres have a length between 0.1 - 1 um and a diameter bet-
ween 0.02 - 0.1 ym and can only be detected by electron microscopy.

The concentration of asbestos fibres in beer, sherry, vermouth and soft

drinks have been reported to be 1.1 - 12.2 x lO6 fibres/1.

In Canada and the U.S.A. raw water sources for drinking water supply
ranged from 173 x 106 fibres/l1 for Lac la Truite in Canada, a lake in which
active dumping of asbestos containing tailings takes place, to a rough esti-

mate of 3.103 fibres/l1 for the Saginaw source (unpolluted).

Asbestos concentrations in drinking water range from lOO.lO6 in Duluth
(UsSa), which has a raw water source which is directly influenced by dumping
of asbestos containing tailings to 0.1 x 106 - 9.5 x 106 fibres per litre
in supply systems from ground and surface waters in Canada including areas
of asbestos mining districts. The American Water Works Association reports -

ranges of 0.001 - 1.69 ug/l in several distribution systems in the USA.

In the Netherlands asbestos fibre counts in drinking water from asbestos
cement watermains through which for more than 30 years a slightly agressive

type of water has been distributed ranged from 0.06 x 106 - 0.24 x.106 fibres.

Conversion from numerical to gravimetric concentrations and vice versa

is only possible if fibre size distributions are available.

Due to the fact that classification of the relation between fibre size
and biological effect is central to the possible environmental hazard of
asbestos, the reporting of fibre dimensions in addition to fibre concentration

is imperative.
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Uptake of asbestos fibres in the human body has two pathways: the respi-
ratory tract and the digestive tract. Contamination of the skin may give rise
to formation of asbestos warts, but this does not lead to the uptake of asbes-
tos in the body. Parenteral administration of asbestos is used in animal ex-
periments, and there also exists the possibility of such administration in

humans (see chapter IX-4).

Uptake through respiratory tract

Human airways are equipped with defence mechanisms preventing the
penetration of dust particles to the lungs. This mechanism consists mainly
of the mucous membrane with ciliary epithelium in the nasopharynx and the
upper and the lower respiratory tract. Particles in inhaled air will be
trapped and subsequently propelled in the direction of the nasopharynx. These
mechanisms work very efficiently for particles >5u. (N.B.: heavy cigarette
smoking interferes with the ciliary epithelium activity). For smaller dimen-
sions the efficiency decreases rapidly; for the smallest particles the mecha-

nism has no effect, resulting in deposition in the lung alveoli.

Purification of asbestos-dust containing respiratory air is unfortunately
hampered by the property of asbestos fibres to split up easily in numerous
fibres of relatively great length and very small diameters (see chapter I).
Timbrell (1965, 1973) showed that the passage of asbestos fibres through the

airways was only related to fibre diameter; the upper limit of this diameter

is 3u. With regard to the length of fibres there is no clear limit; lengths

> 200 p however lead to more efficient activity of the defence mechanisms.
This means, that exposure of a human being to asbestos dust leads to the
passage of a substantial part of the inhaled asbestos to the lungs themselves.
Subsequently a part of these fibres may be coughed up, either as fibres or in
the shape of asbestos bodies (see chapter VII). The clearance of the lungs
also depends upon the physical properties of the fibres: the curliness of the
fibre, greater in chrysotile than in amphiboles, will influence the deep pene-

tration: so that there is less penetration in chrysotile, more in amphiboles.

The above mentioned physical property of asbestos fibres of splitting up
into diameters which are very small in comparison with diameters of mdst other

natural or artificial fibres, leads to the conclusion that fibres found in
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lung tissue frequently have to be asbestos fibres. The human body, generally
speaking, reveals an excellent defence against non-asbestos fibres, most of

them having a diameter >3 yu.

Further data given in this chapter will reveal that the more stiff
amphibole fibres, and short chrysotile fibres, may reach the pleura, pas-
sing through the lung tissue in a mechanical way. Moreover it has been es-
tablished that in these circumstances asbestos fibres may be found not only
in the lungs and pleura, but also in the lymph nodes and spleen (Meurmann

1966) .

Uptake through the digestive tract

Uptake of asbestos fibres through the digestive tract occurs in a direct

and an indirect way:

Direct: ingestion of fibres in asbestos exposed persons through the mouth.
This happens in eating and drinking, in smoking in asbestos contaminated
ambient air, in insufficient hygienic conditions of hands and clothing, and
in swallowing of asbestos fibres trapped in the nose and mouth from conta-

minated respiratory air.

Indirect: sputum, produced in the normal physiological processes from the

lungs and lower respiratory tract, will be swallowed regularly. After expo-
sure to asbestos containing ambient air a multitude of asbestos fibres will
be found in the sputum, either as fibres or as asbestos bodies (see chapter

vII).

Discussions and experiments on the possibility of ingested asbestos
fibres penetrating the intestinal wall are still going on (Lee 1974, Cross
1974), in contrast to the proven passage through the lung tissue. This pos-
sibility is not excluded and might be responsible for the excess incidence
of gastrointestinal cancer in cohorts in heavy occupational exposures (see

- chapter VIII).

In this way asbestos fibres afterwards may be found in various organs

such as the spleen, liver, kidneys, lungs, brains, lymph nodes and blood.
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Pathological mechanisms

For various diseases in relation to uptake of asbestos in the human body
(see chapters VIII, IX, X) a direct relationship has to be accepted; a precise

explanation of the pathological mechanism is not available.

Development of lung fibrosis in asbestosis may originate from asbestos
fibres penetrating the alveolar epithelial cells, interfering with cell- and
enzyme-activity (Beck et al 1972, 1975)., This leads to the conclusion that
the fibre form is the most important factor - this will be discussed further

on in this chapter.

Asbestosis may develop from exposure to all four important types of
asbestos, regardless of the dimensions of the inhaled fibres, the longer ones

however seem. to be more pathogenic.

In relation to the asbestos induced excess incidence of cancers Gilson
(1973) lists the following factors: dose and duration (see chapter X); type
of fibre; age; sex; occupation; and cofactors (particularly smoking). The four

important tYpes of asbestos apparently differ in their biological effects,

as well as in their deposition in the lungs. Epidemiological evidence leads
to the conclusion that the incidence of bronchial cancer as seen in asbes-
tosis, does not depend upon the type of asbestos but mainly on the dose le-
vel. However, in view of the established fact that there is a multiplicétive
effect between cigarette smoking and exposure to asbestos dust the state-
ment that in occupationally exposed populations an excess incidence of bron-

chial cancer is only associated with asbestosis needs reassessment.

The incidence of mesothelioma is linked to the type of asbestos. There
is a general agreement that the risk of mesothelioma is fibre-related in the
order crocidolite > amosite > chrysotile > anthophyllite; the magnitude of
the difference between, for example, crocidolite and chrysotile is not well
established. Lewinsohn (1974) presented a review of studies, centered around

this theme.

Amphibole fibres usually have a rectolinear shape in contrast to the
"curly" shape of chrysotile (see chapter I). Amphibole fibres therefore may

penetrate more efficiently through lung tissue, and reach the pleura rela-
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tively easily in a purely mechanical way. In addition, chrysotile fibres - es-
pecially the longer ones - are more efficiently cleared from the lungs by cilia-
ry action. It is generally concluded that commercial asbestos fibres normally

have a length - diameter ratio of approximately or greater than 10:1. From

the biological point of view fibres with a diameter below 3y are considered

important, but in man, fibres below luy diameter are considered to be most sig-

nificant.

Timbrell (1973) studied the relationship between fibre diameter and length
and the possibility of penetration in the lungs. Fibres of 31 diameter are the
thickest that are likely to be deposited in the alveolar regions. The rectolinear,
stiff amphiboles will reach deeper regions than the "curly" chrysotile fibres.
In rats exposed to a dust cloud of various types of asbestos in equal concen-
trations, crocidolite was found near the pleura; amosite fibres were present
in lower numbers because of a greater diameter; anthophyllite fibres in still
lower frequency, their diameter again being larger ; chrysotile was seldom
.observed near the pleura since there is not sufficient penetration because of
its curly shape. Short chrysotile fibres however, being short arcs, may be-
have like crocidolite; the same is found in mixed chrysotile ~ amphibole ex-

posure.

In cohort studies in workers exposed to chrysotile, Mc Donald et al
(1973) observed a modest increase in cancers; the prevalence of mesothelioma
was relatively low. Webster (1973a) investigated malignancy in relation to
crocidolite and amosite in South Africa. Bronchial carcinoma occurred in all
asbestos areas (chrysotile, crocidolite and amosite); mesothelioma however
mainly occurred in the crocidolite regions. In anthophyllite exposed workers in
Finland an excess of bronchial carcinoma and asbestosis were found, but not

of mesothelioma (Meurmann et al, 1974) (see chapter IX).

Workers in asbestos textile-, cement-, insulation-industries, etc., are
usually exposed to several types of asbestos at the same time or subsequently.
Data analysed by Selikoff et al (1973a) revealed no difference in mortality
and cause of death between groups in construction-insulation work with exposure
mainly 1o chrysotile and shipyard-insulation work with comparatively more use

of mixed chrysotile/amphiboles.
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In the USA Enterline et al (1973) studied the mortality experience in re-
tirees from the asbestos industry. After adjustment for cumulative dust expo-
sure, men exposed only to chrysotile revealed a respiratory cancer mortality
(not distinguished between bronchial carcinoma and mesothelioma) 2.4 times
the expected; exposure to a combination of chrysotile and crocidolite increased
the ratio to 5.3. Asbestos cement industry workers only exposed to chrysotile
showed a respiratory cancer mortality ratio of 1.4; those exposed to mixed

chrysotile and crocidolite had a ratio of 6.1.

These data lead to the conclusion that in relation to mesothelioma croci-

dolite is more carcinogenic than chrysotile or amosite. This is in agreement

with the Report of the Advisory Committee on Asbestos Cancers (IARC 1973).

In rat experiments (Wagner et al 1973) mesotheliomas were observed after
intrapleural inoculation with all types of asbestos and other non-asbestos
fibrous materials . In asbestos a considerable proportion of animals developed
mesothelioma ~ this happened in lesser proportions with the other materials as
aluminium silicafe, glass fibres, etc. The risk of developing pleural mesothe-
lioma after injection was proportional to the dose. The chemical properties
of the fibres proved to have a minor influence in developing the tumor; their

physical properties appear to be responsible for carcinogenesis. Pott et al

(1972a, b) came to the same conclusion after intraperitoneal injection of
fibrous materials in rats and the following development of tumors. In these ani-
mal experiments fibres reach the pleural and peritoneal cavity in a distinctly
unnatural way; in asbestos exposed human beings one has clearly to realize the
role of these physical properties in relation to the possibility of the various

types of fibres reaching the target organs in sufficient guantities.

Stanton (1973) reported the results of experiments in rats of applying
various types of asbestos, fibrous glass and fibrous aluminiumoxide to the
pleural cavity by open thoracotomy. The incidence of pleural mesothelioma
showed that the carcinogenity seems to be related to fibre-sizes <2.5u in dia-
meter and 10-18u in length. Present evidence (not yet published) suggests that
fibres about 0.25u and 1.5y in diameter and between 10 and 60p length, may be
especially important. No tumours developed if crocidolite or chrysotile were
pulverized to a non-fibrous form. So the structural properties determine to a

great extent whether inhaled asbestos is deposited in the lung, and whether
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it has a possibility of reaching the pleural; if this organ is reached in suffi-

cient quantities an increased incidence of mesothelioma results.

Pooley (1973) performed an electron microscopic examination of lung tis-
sue from 120 cases of mesothelioma and 135 control cases, with the following
results:

1. in mesothelioma cases the lungs contained larger numbers of asbestos fibres
than in controls;

2. in mesothelioma cases amphibole asbestos was more predominant;

3. asbestos bodies were found associated more closely with amphibole fibres

than with chrysotile.

These findings are in accordance with the data of the rat experiments

mentioned above.

Timbrell (1973) applied these findings in explaining apparent differences
in prevalence of malignant tumours in lungs and pleura in relation to the
type of inhaled asbestos. This also explains the difference in mesothelioma in-
cidence in Cape-Province and Transvaal in South Africa, the crocidolite and
amosite fibres in the latter area being larger in diameter and length. The
Transvaal are less respirable, the deposition rate in the upper bronchial
tree is higher and there is a less efficient penetration into the deeper lung

regions.

Conclusions
From the foregoing it has become evident that:

- fibres with a small diameter (<3p) - especially those below 1lp - and a re-
latively great length - the aspect ratio being >10:1 - are carcinogenic if
introduced into the pleural or peritoneal cavity;

- carcinogenity seems to be largely independent from chemical composition of
the fibres;

- structural properties of inhaled fibrous dust particles determine the amount

and place of deposition.

These conclusions are supported by epidemiological evidence that bronchial
carcinoma (and asbestosis) occurs from all types of asbestos, whereas mesothelioma

particularly occurs from amphibole asbestos (with the exception of anthophyllite)
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and short chrysotile fibres in cases of respiratory exposure. Up till now there
are no indications that the type of asbestos significantly affects the risk

or gastro-intestinal cancers in oral uptake of these minerals.

Stanton (1974) stresses the fact that minute fibres are abundant in our
environment, the list of fibres used by man increasing continuously. Fortu-
nately the majority of these (non asbestos) fibres are of such dimensions,
that the possibility of deposition in lungs, possibly followed by penetration
to the pleura, is slight. However: small fibres, deposited in the lungs
might be carcinogenic. Here lies an area for serious concern, also in regard

to true environmental exposure to durable fibres. In monitoring ambient air

one has to concentrate efforts on determining gquantitatively and qualitati-

vely concentrations, size distribution and chemical composition of the fi-

brous materials. Up till now too few data are available even to give an ap-

proximate estimation of their occurrence.

The E.E.C. Workshop on Metrology, in 1976, concluded that :

1. At present results of measurements of asbestos in tissues can not be

directly related to environmental levels.

2. For the examination of fibre and mineral content of biological tissues,

electron microscopic techniques are indispensable.

3. The order of priority regarding measurements to be made in lung tissues

are as follows:

i Numerical concentration of total fibres (asbestos and non asbestos)
present per unit weight or volume of tissue.

ii Numerical concentration of all types of asbestos fibre present per unit
weight or volume of tissue.

iii Size distribution (length and diameter) of total fibre or individual
fibre types.

iv  Gravimetric concentration of total and individual fibres of all types
present per unit weight or volume of tissue.

\'4 Gravimetric concentration of total mineral dust per unit weight or vo-
lume of tissue.

vi In certain cases analysis of this total mineral dust.
For lung tissues special and separate attention has to be given to each

of the following steps: sampling, preparation and analysis.
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OCCUPATIONAL ASBESTOS EXPOSURE

In order to get any information about the question "who has been exposed
to asbestos", it is necessary to consider the different biological methods
that can be used to answer this question. In principle the available methods
are:

1. the demonstration of asbestos fibres in the human body or its excreta
(e.g. sputum);

2. the demonstration of asbestos bodies (asbestos fibres surrounded by pro-
tein and iron coating) in the human body or its excreta. Special attention
should be given to the problem of the specificity of these bodies;

3. the demonstration either clinically or at autopsy of pathological proces-
ses, thch are considered to be pathognomonic, highly specific or highly
suggestive of past asbestos exposure. To this group of processes belong

asbestosis, pleural plaques and several kinds of malignant tumours.

Asbestos fibres

Only a limited number of studies on asbestos fibres in the human body
or its excreta are available. Single fibres with a length less than 5um and
a diameter less than lum are too small to be recognized by the lightmicros-
cope, but bundles of fibres can be seen by this method in some cases. In
most cases these bundles or aggregates of fibres are still too small to be
seen by the lightmicroscope. This means that the lightmicroscope can show
only a small percentage of all fibres; a negative result does not prove the

absence of asbestos. Phase-contrastmicroscopy has also been used (Otto 1969)

but the limitations mentioned above are valid for this method also. As the
morphology with these magnifications is not specific, these methods are not
specific for asbestos, but they can be used by those who only wish to have

a total count of fibres of lengths greater than 5um (Lee 1974) (see chapter IV).

These limitations are not present in the case of electronmicroscopy

combined with electron diffraction for example as used by Pooley (1972,

1973) . He studied lung tissue and slides of lung tissue of mesothelioma pa-
tients and controls. In this last group which contains a mixture of control
cases from Great Britain, Sweden and the Netherlands he found asbestos fibres

in 65 out of 135 cases. In 30 cases one of the amphiboles (probably croci-
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dolite) was present and in 41 cases chrysotile. It is not known however
to what extent this control group might be considered representative for the

whole population.

Gross et al (1974a), using lightmicroscopy and electronmicroscopy, found
asbestos fibres in lungs of people presumably not occupationally exposed to
asbestos. In addition to identifiable chrysotile fibres they found much lar-
ger numbers of mineral fibres of unknown composition; fibres from glass or
rockwool and ceramic aluminium silicate were identified; in addition fibres
from the skeleton of plants and diatom fragments were found. The authors
measured the fibre content of non-occupationally asbestos exposed subjects
(more females than males) from Pittsburgh (high industrial smoke emission)
and Charleston (relatively clean seacoast community). The average concentra-
tion in the Pittsburgh group was more than three times that in the Charleston
group; the average concentration of mineral fibres was seven times as high.
Nevertheless, the range of concentrations as found was of an entirely dif-
ferent magnitude than in asbestotic lungs: the percentage of mineral fibres
identified as chrysotile asbestos was 7%; this is estimated to be over 95%

in asbestotic lungs.

The discussion as to which size of fibre should be looked for has not
been settled. As Lee (1974) mentioned in his commentary on a conference
on the Biological Effects of Ingested Asbestos: "Some stand by the doctrine
enunciated several years ago that only fibres whose length lies between 5
and 25ur are significant"” and "Many however are firmly convinced that it is
the submicroscopic particle that can penetrate cells and cause damage although
they may be fairly rapidly degraded, and that these are the ones that should
be measured. Since one large fibre can break up into a multitude of small
fibres, a resolution of this disagreement is urgently necessary" (see chapter

vI).

The existence of this disagreement means that the use of both the

lightmicroscope and electronmicroscope is necessary; this implies that the

investigations can only be done on a small scale making it impossible to
screen larger groups from the population at the moment: electronmicroscopic

investigations can be done in only a limited number of institutes and

cost much time and money. The screening of larger groups of the population
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is however necessary to evaluate the asbestos exposure of these groups of
people. A further evaluation and investigation of the sputum of people suffe-
ring from a common cold, preferably with an electronmicroscope, should be

considered.

Asbestos bodies

Asbestos fibres can enter the human body by way of the lungs or the
digestive tract. There is still much discussion whether the fibres can pe-
netrate the intestinal wall and thus be present in the tissue (Lee 1974,
Gross et al 1974b and many others, see chapter VI). The fibres entering by
way of the respiratory tract are either excreted, presenting the possibility
of finding them in the sputum, or are swallowed and enter the digestive tract,
or remain in the lung. Acting as a foreign body the fibre or bundle of fibres
gets coJered with protein and iron, giving it a golden yellow colour and a
special form, depending on the form of the fibre. Usually the form is des-
cribed as dumbbell, drumstick, necklace, sausage etc. The formation of as-
bestos bodies can thus be considered to be a form of defence of the body
against the fibres. Asbestos bodies themselves probably are biologically

inactive.

Originally described as "curious bodies} they were later considered to
be specific for asbestos and called "asbestos" bodies. Other fibres have
been shown to form asbestos bodies also (Gross et al 1968), but there is no
agreement about the part played by other fibres in forming asbestos bodies
in the general population. Some authors (Gross et al 1969) could not demon-
strate a chrysotile core in asbestos bodies from 28 urban dwellers, while
Pooley (1973) found an amphibole fibre as the core of all 18 asbestos bo-
dies investigated by electronmicroscope and diffraction techniques in meso-

thelioma cases. Although from a theoretical point of view these "asbestos"

bodies (also called ferruginous bodies) are not specific indicators of asbes-:
tos (Davis et al 1973), the answer to the question whether from a practical
point of view the specificity is sufficient to make correlations between
asbestos bodies and asbestos exposure reliable, seems to depend upon the
local circumstances: in Pittsburgh, no chrysotile in 28 bodies (Gross et al
1969); in New York City, chrysotile in most bodies (Langer et al 1370 and
1971); in London, chrysotile in 70% of cases (Pooley et al 1970). All these

investigators used electronmicroscope techniques and diffraction patterns.
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Most authors nowadays accept asbestos bodies as a reasonably but not absolutely

reliable indicator of past asbestos exposure.

The first publication about asbestos bodies in lungs of subjects not oc-
cupationally exposed to asbestos, is by Thomson (1963) who demonstrated the
bodies in 30% of males and 20% of females in 500 consecutive autopsies over
the age of 15 in Cape Town. There were major racial differences ranging from
62% in Bantu males to 14% in Caucasian females; occupational factors may play
an important role here. Similar findings were later reported by him from
Miami (Thomson et al 1966a, b, c). In many places similar investigations were
done yielding similar findings: Pittsburgh USA: 41% (Cauna et al 1965);
Montreal Canada 48% (Anjilvel et al 1966); Finland 57% (Meurman 1966); Glas-
gow Scotland 23% (Roberts 1967); Flushing Netherlands 53% (Stumphius et al
1968 sputum of shipyardworkers only); Michigan USA 9% (Dicke et al 1969); and

many other places (Tyneside, New York, Belfast, Milano, Trieste, Perugia etc.).

The percentages mentioned are not comparable however due to technical
differences. The techniques that give the best results are those using lung
scrapings and Perls' reaction for staining the iron in the protein surroun-
ding the fibre. Other differences are due to the place of work, residential
area (higher in urban than in rural areas) and sex (a higher prevalence in
males than in females). Most reports contain no data about the number of asbestos
bodies found. Estimates are usually unreliable and really quantitative measure-
ments are not practical. A compromise solution might be a simple quantita-
tive approach using routine histological slides of the lung (Planteydt 1973).

A classification in 5 groups was suggested:

class 0: no asbestos bodies;

class 1: very sporadic apprearance, difficult to find one body in a slide;
class 2: few bodies, easy to find, but not in every field;

class 3: many bodies, easy to find at least one in every high power field;

class 4: very many bodies, usually many bodies in each field.
This classification might correlate with the categories used by Pooley
(1973) , thought to be equivalent to the severity and length of asbestos

exposure.

Selikoff et al (1979) found 70% prevalence in men employed in shipyards
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and in the building industry, 50% in manual workers, 47% in "white collar"
workers and 39% in females. Recently Doniach et al (1975) established similar
findings in London, e.g. 61% in workers from the shippping industry, 47.2% in
clerical workers, 26% in housewives; there were more positive cases in residen-
tial areas of dockland than in (semi-)urban residential areas, which exceeded

again the prevalence in a more rural area.

Oldham (1973) reported on the frequency of asbestos bodies in consecutive
autopsies in different areas and on the observer variation in viewing these
slides. He found: Finland 38% positive; Glasgow and London hospitals (covering
areas which include docks and asbestos factories) 22-26% positive; Dresden,
Belfast, London RPGS and Liverpool (covering industrial areas which include
docks or manufacturers of asbestos products) 13-17% positive; Dorchester and
Nottinghaﬁ (industrial towns without an asbestos industry) 6-9%; and Galway
(entirely rural) 1%. He also estimated that in the London area the proportion of
of people in whom asbestos bodies can be found in the lungs post mortem ap-
pears to be rising by about 1% per year in persons over the age of 30. An in-
crease of the percentage of asbestos bodies can be a real increase or be cau-
sed by improved techniques, more attention or a more prolonged search of speci-
mens. Due to the techniques used, the figqures given certainly underreport the

true prevalence.

From this short review of the literature one may conclude that the pre-
sence of asbestos bodies probably provides a useful indicator of exposure to
asbestos, both from the occupational as well as from environmental sources.

As the number of fibres is nearly always higher than the number of asbestos
bodies and many fibres can be found without asbestos bodies (Pooley 1973), the
prevalence of asbestos exposure certainly is higher than the number of cases
with asbestos bodies. Cne should realise that the number of asbestos fibres
or bodies present is the result of all exposures (old and recent) and elimi-
nation (by breakdown, coughing up etc. etc.). Moreover the results of the dif-

ferent methods described in the literature hardly ever are comparable.

Pathological processes

Pathological processes in man, due to asbestos, might also serve as in-
dicators of asbestos exposure. The different possibilities to be considered

are:
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a.asbestosis (see chapter VIII). As the exposure is always occupational, the
use of the disease as an indicator is limited to the discovery of these
exposures.

b.pleural plaques consist of fibrous thickening with sometimes calcifica-

tion of the parietal or visceral pleura, The process in itself is innocent
but is nearly always associated with the presence of asbestos bodies (Meur-
man 1966) and may be considered in most cases as proof of asbestos exposure.
Other causes are possible and usually cannot be ruled out. Only a small part
of these plaques can be seen radiographically however and in these cases
only a small percentage of the patients has a history of definite asbestos
exposure (BTTA and MRCPU, 1972). From these and similar studies it can be
concluded that pleural plaques can be used as an indicator of probable as-
bestos exposure in autopsy material only, while radiological studies are
useless for this purpose. Autopsy material in itself is however a selection
and is not necessarily representative for the population of a certain area.

c.malignant tumours (see chapter IX). People who are known to have been ex-

posed to asbestos, usually several decades ago, show a higher frequency of
certain types of malignant tumours e.g. pleural and peritoneal mesothelioma,
bronchial cancer, gastric carcinoma, cancer of the colon and rectum and pre-
sumably some others. Most of these tumours however usually occur without
any evidence of asbestos exposure and can thus not be used as indicators.
The only exception might be the pleural and peritoneal mesothelioma. These
tumours were until some decades ago thought to be very rare. In chapter

IX more detailed information on the definition, identification and mesothe-
lioma registers is given. Apart from a group of mesothelioma cases with-

out any detectable relation to asbestos (known as spontaneous or idiopathic
and thought by some investigators to have a frequency of not more than
0.5-1 case per million inhabitants per year), most reported cases show a re-
lationship to asbestos exposure, either in the occupational history or by
the detection of asbestos in sputum or tissue (Pooley 1973). Crocidolite

is relatively the type of asbestos found in the highest frequency, followed
by amosite and chrysotile. The time lapse between the first exposure and

the manifestation of the tumour is at least 15 years and usually between

25 and 40 years. The longitudinal study of cohorts of exposed people provides
the best information for these data. The exposure may be short (only a few

weeks or months) or not very intensive.
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Mesothelioma can therefore be used to find groups of persons who have
been exposed to a hitherto unknown source of occupational, paraoccupational
or neighbourhood exposure to asbestos. As an indicator of true environmental

exposure none of the tumours seems to be of any use.

Conclusion

The occurrence of asbestos fibres and bodies can be regarded as evidence
of past exposure; however the prevalence of biological processes provides evi-
dence of response . Asbestosis is restricted to occupational exposure; plaques
and malignancies may also occur in paraoccupational -and neighbourhood exposure;
among the biological responses only plaques can be regarded as harmless from
the point of view of health: therefore, although all responses mentioned may
serve as indicators of past exposure, the prevalence of malignancies cannot
serve as an effective means of estimating past exposure; these indicators are
based upon mostly fatal disease states. Effective indicators as such should
occur early and be harmless from the point of view of health; in this case

therefore the presence of asbestos fibres and asbestos bodies, and to a lesser

extent - not being early responses - of plaques, can be used as effective in-

dicators of past asbestos exposure.
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VIII.  QCCUPATIONAL HEALTH RISKS

Although asbestos has been known from the remotest ages.- and even diseases
of the respiratory system in slaves working in asbestos textures - the link be-
tween specific diseases and exposure to asbestos became established with the
expansive growth in the use of this mineral and its products in the 20th centu-
ry. The UK possessed - and possesses - a large asbestos-industry, starting
around 1870 in the manufacture of asbestos-textile. So the first case of as-
bestosis was described in England in 1906; in the course of the following
years the link between intensive occupational exposure and harmful effects could
be firmly established. The British government took the first measures to

protect the workers in these industries around 1930.

In the meantime asbestos was being used in more and more applications
other than asbestos-textile: insulation, asbestos-cement, etc. (see chapter
II). Exposure to asbestos inside the factories became greatly diminished by
technical devices; however outside factories exposure of workers increased
with the growth of applications of asbestos and asbestos-products, e.g. buil-
ding trade, insulation.

In 1935 the first descriptions of bronchial carcinoma as a complication of
asbestosis appeared, afterwards confirmed by other observations of this combi-
nation. It must be kept in mind, that in those years bronchial cancer was an
uncommon disease. Exposure to asbestos, particularly in combination with

cigarette-smoking, may cause a steep rise in the incidence of bronchial cancers.

In the 1950's the first observations of an association between asbestos
and mesothelioma were published. Up till then mesothelioma was looked upon
as an extremely rare disease. Since this publication a multitude of reports
followed, linking mesothelioma to occupational or neighbourhood exposure to

asbestos in the past - mostly occupational.
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in association with the uptake of asbestos in the occupational sphere was sug-

gested.

Asbestos exposure in occupation may therefore give rise to the following

diseases:

1. asbestosis - 4. peritoneal mesothelioma

2. bronchial cancers . 5. cancers of gastrointestinal tract
3. pleural mesothelioma 6. asbestos-warts

1. Asbestosis

Asbestosis is a progressive lung fibrosis caused by the inhalation of as-
bestos dust. It is a typical occupational disease for workers intensively
exposed to loose asbestos fibres and asbestos dust. Formerly this disease was
chiefly found in the asbestos-textile industry; with the increase of hygienic
and technical precautionary measures and with increased usage of asbestos else-
where, asbestosis became less and less found in those industries, but more and
more found in those other industries where such technical measures are more or
less unfeasible, such as in the asbestos-insulation industry. Asbestos-spray-

ing especially gives rise to a large number of cases of asbestosis.

The disease causes a progressive incapacity to saturize tissues with oxy-
gen; the passage of this gas from the respiratory air to the blood being blocked
by a fibrotic thickéning of the alveolar walls.

In the early stages the findings are largely non-specific, giving rise to
false diagnoses. The diagnosis is made by taking into account a decrease of
the vital capacity of the lungs, special x-ray techniques and the presence of
asbestos bodies and -fibres in appreciable numbers.

In all cases of asbestosis, intensive exposure to asbestos in the past is

found, even if the duration of this exposure is relatively short.
Asbestosis, being manifest, will progress, whether the patient continues to
be exposed or not. It is a serious, disabling and often fatal disease. There is

no known treatment.

2. Bronchial cancer (see chapter IX-2)

In connection with asbestosis a clearly excessive incidence of bronchial

cancer has been observed. The cause of this relationship is not known; pos-
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sible carcinogenic properties of trace metals in machined asbestos (iron, nic-
kel, chromium, cobalt) have been suggested, but not established. The same
applies to organic substances, found in asbestos, as waxes, natural oils and

traces of well-known carcinogens such as 3.4 benzpyrene.

In the occupational situation the risk of asbestosis seems to run fairly
parallel with the excess risk of bronchial cancer; in subjects exposed to
asbestos but without asbestosis an excess risk to bronchial cancer has not been

unequivocally established.

Cigarette-smoking and intensive exposure to asbestos leads to a marked

increase of the incidence of this cancer (multiplicative effect).

3. Pleural mesothelioma (see chapter IX-1)

An association between asbestos and pleural mesothelioma has been disco-
vered relatively recently. This disease was looked upon as extremely rare;

nowadays the incidence may be excessive in certain groups of the population.

Although the first cases were discovered in patients.living in the neigh-
brouhood of certain asbestos mines in South Africa, the disease has until now
been mainly observed in connection with occupational exposure to asbestos in
the past. In these cases not only the typical, directly exposed asbestos wor-
kers, such as insulators, are affected, but especially the less and indirectly

exposed workers in their neighbourhood (see chapter III).

The disease is found most frequently in areas of héavy industry (e.g. ship-
building). In many cases the exposure may be looked upon as indirect, and
much less intense than in cases of asbestosis. In the same indirect way meso-
thelioma is found in residents in the nieghbourhood of asbestos-emitting indus-

tries and in families of asbestos-workers.

The disease is a malignant tumour, starting from the superficial (mesothe-
lial) layers of the pleura. It is a slowly growing tumour usually without
marked metastases, unlike other malignant tumours. For a long time the tumour
keeps strictly to the anatomical limits of the pleura. It causes prolonged

suffering and is definitely fatal. There is no known cure.
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Animal experiments proved that all sorts of asbestos induce mesothelioma
if introduced into the pleural cavity. Inhaled asbestos fibres may reach this
cavity in a mechanical way; the amphibole types - especially crocidolite -
with their peculiar shape of fibre, have to be locked upon as the most danger-
ous (see chapter 1IV).

Being mostly an occupational disease in heavy industry mesothelioma is
observed more frequently in males than in females; however observations have
been made of a high incidence of mesothelioma in females who worked in a fac-

tory of crocidolite containing gas-masks during World War II.

There is a long latency period varying from 15 to 40 years.

Diagnosis of mesothelioma is difficult, the symptoms easily leading to
false diagnoses (see chapter IX). Both factors - latency period and difficul-

ty of diagnosis - explain the late discovery of the association with asbestos.

4. Peritoneal mesothelioma (see chapter IX-4).

This is the same type of tumour, but now starting from the mesothelial lay-
ers of the peritoneum. An association with uptake of asbestos has to be accepted.

As in pleural mesothelioma,occupational exposure may lead to an excess incidence.
The asbestos-fibres in these cases are probably ingested in appreciable
quantities, either directly or indirectly. In other cases growth of a pleural

mesothelioma through the diaphragm is seen.

In peritoneal mesothelioma the latency pericd is also long. The disease

is fatal; there is no known cure.

5. Cancers of gastronintestinal tract (see chapter IX-4)

Epidemiological investigations in cohorts of asbestos-insulators - heavily
exposed workers - proved an excess mortality by cancer of the gastrointestinal
tract. Comparison with the mortality rates in non-exposed groups leads to

the conclusion that asbestos uptake is a cause of this excess incidence.
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6. Asbestos warts

These wart-like formations in the skin develop around asbestos fibres
which have penetrated into the epidermis. They are found in exposed parts of

the skin of asbestos workers. The warts are harmless.

Conclusions

In this chapter health effects of asbestos as prevalent in occupationally
exposed subjects have been reviewed briefly. This chapter may serve to indi-
cate that effects as mentioned under 1 (asbestosis) and 6 (skin warts) are
purely occupational and as such not relevant for public health. The public

health risk of malignancies will be reviewed in this document more fully (see

chapter IX).

Because most of the epidemiological data available are based on occupa-
tional exposure and a few on indirect occupational or para-occupational and
neighbourhood exposure, and hardly any on true public health exposure, occu-
pational health data will still have to take a prominent place in this docu-

ment.
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IX-1 RESPIRATORY EXPOSURE AND MESOTHELIOMA

It has become evident that (para-)occupational =xposure to asbestos may
greatly increase the risk of mesothelioma. This has been established in ret-
rospective-prospective cohort studies of male and female workers, followed up
for many years. However, it is not possible to conduct such studies with re-
gard to neighbourhood or true environmental exposure, because the population
at risk can neither be defined retrospectively, nor followed up prospectively.

The only means to find evidence of an increased risk is by retrospective case-

control studies, i.e. starting from diagnosed cases of mesothelioma and from
matched controls, and taking a very painstaking (hetero-)anamnesis of past
exposure to asbestos, distinguished into the categories,as discussed in chapter

III.

The EEC Workshop on Diagnostic Criteria of Mesothelioma and on Objectives

of a Mesothelioma Register, in 1975, concluded the following:

Definition of mesothelioma

Mesotheliomas are tumours arising from the mesothelial lining of the co-
eiomic cavities and consist of a variable mixture of epithelial like and

spindle-cell elements.

Diffuse and localized forms occur. The salient characteristic of the
diffuse mesothelioma is its predilection to spread along the serosal membrane
in which it arises. In the pleural cavity, the entire surface may become
replaced by a continuous layer of tumour due to symphysis of the pleural sur-
faces. This is uncommon in the peritoneum where the surfaces often remain
separate but covered by isolated plagues and nodules or diffuse infiltration.
Only those mesothelial tumours in which serosal spread is unequivocal should
be termed "diffuse". Almost all diffuse mesothelial tumours show evidence of
malignancy by direct infiltration of adjacent tissues and organs and metastases

to regional lymph nodes.
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Characteristically, mesotheliomas form a tubular papillary or tubulo-
papillary growth pattern. Most tumours have a biphasic cellular pattern, but
some may have an entirely non-specific structure presenting the appearance of a

spindle cell sarcoma or of an anaplastic tumour.

Identification

The identification of mesotheliomas depends upon pathological investigation
backed by clinical and radiological evidence. Biochemical and histochemical

tests may be an aid to the diagnosis.

The reliability of the identification depends upon there being sufficient
well preserved material available. All possible means of obtaining this ma-
terial should be taken into account. Ideally a full necropsy needs to be
carried out to exclude all other sources of primary tumour. However, biopsy
tissue can be utilized, even needle biopsies, for diagnostic and epidemiologi-

cal purposes, but this needs considerable pathological experience.

The majority of mesotheliomas can be identified beyond doubt by an experi-
enced pathologist. However there are some cases in which difficulties in con-
firming the diagnosis persist. In these cases it is useful to have the
benefit of the opinions of other experienced pathologists, and/or a panel of
experts. This then results in a classification of
a. a definite malignant mesothelioma
b. probable
C. possible: could equally be a mesothelioma or something else
d. improbable
e. excluded

This classification requires statistical evaluation.

International exchange of knowledge and material is required. To do this

the Commission of the European Communities has established a Mesothelioma Panel

(Annex 1).

Mesothelioma registers

The objects in forming a Mesothelioma Register could be:

1. To record the annual number of deaths from confirmed mesothelioma of the



- 84 -
pleura and peritoneum.
To ascertain trends in the incidence rates.
To discover the groups of the population apparently associated with the
tumours and to estimate the incidence in the occupationally and non-
occupationally exposed population as well as the occurrence among those
apparently non-exposed (non classified as idiopathic).

To establish the dose/effect relationships.

To set up a simple mesothelioma register it is first of all necessary to

have unbiased details from death certificates from all parts of the country.

These can be obtained from a central or regional register if these are in

existence.

1)

2)

Registration of mesothelioma cases can be performed at different levels:
Crude data can be collected from the death certificates of people who died
from pleural tumours (international code 163 and 212.4). Details taken from
the death certificate could include identification of the individual;
sex; age,place of normal residence; and if possible details of past occupa-
tion, including asbestos exposure. This source does not provide a reli-
able diagnosis but is available in the EEC countries, while the unreliabi-
lity of the diagnosis can be presumed to be of the same magnitude in dif-
ferent areas, at least within each country. These data can provide
information concerning - regional differences

~ temporal differences

- unexpected areas of present or past exposure.

Well established diagnosis of all primary tumours of the serosal cavities

by histological examination.

Autopsy material is preferable. On a nationwide basis, registration
based on these data requires the interest of pathologists in this problem.
A national mesothelioma panel of 3-5 pathologists is necessary for verifi-
cation of the diagnosis. As mentioned above an EEC panel based upon al-

ready existing national panels has been formed (Annex 1).

Not all mesothelioma cases will be registered but all cases registered
can be considered as definite mesothelioma. This material can provide
- regional differences

- temporal differences
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- unexpected areas of present or past exposure
- possible areas of underreporting
- form the basis for the third level, e.g. the identification of risk

groups.

3) Research on a limited number of cases, derived from the mesothelioma re-
gister, verified by the mesothelioma panel. This may inciude
- related in depth exposure history
- examination of tissue on the presence of total mineral dust especial-

ly asbestos by electron microscopy and emission analysis etc.

Cartography

Mapping of mesotheliomas may prove useful in indicating areas where fur-
ther epidemiological studies can be performed and in identifying other aetio:
logical factors. It has proved useful in indicating:

1. areas of underreporting
2. unexpected areas of present and past exposure

3. related occupational exposures.

It can only be carried out on a National basis when sufficient statistical

information is available.
Mapping should be encouraged as it will eventually allow comparisons with-
in the Community of the patterns of occurrence of mesotheliomas and indicate

further lines of research.

Sources of information about tumours

All sources of information should be utilized. These could include:
1. Death certificates
2. Other notifications of death

3. Reports from clinicians and pathologists.

Additional sources of information may include notification of deaths
through the Public Health and Social Security Authorities, In some countries

National Mesothelioma and Cancer Registers already exist.
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It is desirable that National Statistical Agencies and Bodies apply the
WHO International Classification of Diseases to distinguish between

1. Primary pulmonary and pleural malignant neoplasms, and

2. Primary peritoneal malignant neoplasms,

Certain selective processes operate through the above sources so that the
number of cases will not necessarily be the same, and the use of all sources is
likely to ensure the most complete cover, both of these believed to be occupa-
tionally linked and those in which the occupation was not thought to be invol-

ved or in which no adequate investigation of the occupation was made.

In addition an examination of the fibre content of the lung should be per-
formed wherever possible.

Reports through pathologists and clinicians will include both occu-
pational and non-occupational cases. In view of the high and rapid mortality
of these cases, the majority will be detected by pathologists or clini-
cians and appear in official statistics, but there may be exceptions. The
reports through the pathologists and clinicians have the advantage that they
may provide a means for detailed investigation of the occupational histories
while the individual is alive, and this could be of considerable help in impro-

ving the information about associated occupations and jobs.

It is a wellknown fact that the diagnostic criteria for mesothelioma, as
given above have not always been adhered to, particularly in older studies, and

~
the conclusions sometimes may have to be enweakened.

In 1971 Wagner et al reviewed the evidence available at that time. Their
review is summarized as follows:

- Nearly all cases of mesothélioma (pleura and/or peritoneum) in Britain ap-
pear to be of occupational origin and not the result of contamination of
the general environment. In about 10-15% of cases where information on
past history has been complete, no history of asbestos exposure has been
recorded and few or no asbestos bodies have been detected in the lung.

- In Britain mesotheliomas particularly occur in ports and in cities with
factories where asbestos has been handled in large amounts in the past.

- Exposure to crocidolite apparently carries the greatest risks. Exposure

to pure chrysotile or to anthophyllite provides hardly any risk; in the



- 87 -

majority of cases exposure has been to crocidolite and/or amosite with or
without chrysotile. (However, more recent data from the UK suggest that,
although crocidolite may be regarded as the most important fibre in the
aetiology of mesothelioma, it is not justifiable to virtually exclude chry-
sotile from a contribution). Mesotheliomas are not clearly dose related;
(however, recent observations do not confirm this statement: see chapter
X); a short but probably heavy exposure already may be regarded as causa-
tive.

- In some extensively investigated groups peritoneal mesotheliomata were com-
moner than pleural ones; this may also be due to a statistical artefact:
one may have accepted the diagnosis of peritoneal mesothelioma too easily
whereas other primary or secondary abdominal malignancies were present.

- Cigarette smoking is not an important contributive factor.

In a UK asbestos factory with mixed asbestos exposure, among 426 deaths in
men who had survived for at least 10 years after first employment, the cause of
death was a mesothelial tumour in >3% of all deaths (about equal pleural and

peritoneal mesothelioma); in women 8.9% (Newhouse et al, 1975).

Hain et al (1974) presented an extensive review of 30 studies published in
1964-1972: among 956 cases of mesothelioma 533 cases has occupational exposure
(category 1), 95 had neighbourhood exposure (cat. 3), 15 had domestic exposure
(cat. 2a), whereas in 44% past asbestos exposure could not be established or was
denied. However, one certainly may not draw the conclusion that in 44% of
cases "true" environmental exposure had taken place: between the various stu-
dies the percentage of past exposure (occupational and non-occupational) ranged
from 0-100%; extensive underreporting had certainly taken place in some studies.
Apparently the design of epidemiological studies may affect the results, and
therefore the established association between mesothelioma and asbestos exposure
to a large extent. Moreover, there is no reason to assume that in all cases
of mesotheélioma studied the diagnosis had been adequately established, and -
last but not least - mesothelioma may probably occur without previous asbestos

exposure, although rarely.

Bohlig et al (1973) summed up criteria for environmentally induced asbes-
tos exposure with regard to histological diagnosis (see also Annex 1), history,
latent period, frequency (in comparison to control groups), and evidence of as-

bestos in tissues.In epidemiological studies it has usually not been possible
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to adhere to all these criteria mentioned. Zielhuis et al (1975) discussed
other methodological aspects of study design: it is essential that where pos-
sible the history taking should be performed by an experienced and inquisitive
physician; it should not only be based upon an extensive standard list of pos-
sible sources of exposure, but it should also include a free interview, explo-
ring unexpected unlisted possibilities of exposure. In addition the controls
should be carefully matched with regard to age, sex, place of residence, time

of diagnosis, and state of health (for each deceased case of mesothelioma a

deceasad control, etc.). An absolute underreporting of past (para-)occupation-

al exposure may easily occur when for instance a too rigid standard question-
naire is followed or when only hospital records are screened, a relative under-
reporting of past asbestos exposure occurs if deceased mesothelioma cases are

matched against live controls.

Hain et al (1974) reported on a case-control study from the Hamburg area:
150 autopsy cases were compared with the same number of live controls; 85 cases
had occupational exposure against 35 of the controls; 20 cases had neighbour-
hood exposure, 1l case domestic exposure; no indication for exposure category
1, 2, 3 had been found in 44, i.e. 29% of mesothelioma cases and in 114, i.e.
76% of controls. The maximal prevalence of true environmental exposure there-
fore was less than 30%; however, relative underreporting of (para-)occupational,
neighbourhood and possibly domestic exposure had very probably taken place, be-
cause live controls were compared with deceased mesothelioma cases. In the
Dresden and Halle-Magdenburg (DDR) area Sturm (1975) performed a study in 315
mesotheliomas (288 pleura, 26 peritoneal, 1l pericardial); in 246 cases, in
which an exhaustive evaluation could be performed (69 cases no history!), 62%
had past direct occupational exposure, 20% indirect occupational exposure, 4%

domiciliary exposure, 6% were neighbourhood cases.

Studies in Italy (Rubino et al (1972) and Switzerland (Rittner et al 1974)
used non-sensitive history taking procedures which very probably led to serious
underreporting; the percentages of absence of past occupational exposure, 90

and 96% respectively, are certainly much too high to be accepted as valid.

In the Netherlands Zielhuis et al (1975) could not establish evidence of
definite or probable occupational exposure in 16% of 31 cases from the Rotter-
dam area (harbour, shipyards, heavy industry) against 71% in matched controls;

the percentages were 39 and 83 respectively in 36 cases and matched controls in
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another region from the same country in which no concentration of harbours,
shipyards, and heavy industry exists. There apparently are regional influences
on the possibility of providing evidence of past-occupational exposure. An
unexpectedly large number of past occupational exposure in non-typical jobs or

in hobbywork was discovered.

In the United Kingdom much work has been done to study past history in
mesothelioma cases. In one of the first studies of this kind Newhouse et al
(1965) reported that among 76 mesothelioma cases about 12% had domestic expo-
sure (category 2a), and 15% neighbourhood exposure (category 3); no evidence
of past asbestos exposure could be found in 33% (see chapter III ad 3). In
that country a mesothelioma register has been started (Greenberg et al 1974);
among 413 notifications from England, Wales and Scotland over 1967-1968 167
cases were histologically confirmed; of these cases 68% had definite occupa-
tional exposure, 7% possible occupational exposure (i.e. 75% category 1), 5%
neighbourhood-domestic or hobby exposure (i.e. category 2 + 3), whereas in 15%
no past exposure could be detected and in 5% no history could be obtained.

The frequency of "true" environmental exposure thus lay between 0 and 15%.

In case-control studies one compares the previous exposure history of meso-
thelioma cases and of matched controls; also in the last group previous as-
bestos exposure will be found, e.g. in 10-30%. One should correct the estab-
lished prevalence of previous exposure in the mesothelioma cases with this
percentage, a correction never performed. So, the significance of previous
asbestos exposure may be somewhat overestimated: a few of the suggestive as-
bestos-related mesothelioma cases may in reality not be due to previous asbes-
tos exposure. This does not invalidate the importance of asbestos exposure in
relation to mesothelioma, but it may weaken a bit the meaning of the percentages
given. A reasonable deduction might be that whereas asbestos was the most impor-

tant single cause of mesothelioma, the disease also had a "natural" incidence

of undetermined causation.,

Ashcroft (1973) reported on 35 cases of pleural mesothelioma and 6 cases
of peritoneal mesothelioma from the Tyneside region in the UK; 95 percent had
definite or probable previous occupational exposure to asbestos, whereas this
was the case in only 41% of matched controls; 16 cases of mesothelioma were
free from asbestosis; 92% of cases contained coated asbestos fibres in their
lungs. The incidence of asbestos bodies in sections from mesothelioma cases

was significantly higher than in a series of routine necropsies examined by
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lung smear. The large majority (29 of 31) of male mesothelioma cases had fibre
concentrations equal to or greater than those of a group of routine autopsies
with numerous bodies in the lung; the occupational data for routine necropsies
indicated that a large majority of the patients with numerous coated fibres had
previous definite or probable exposure to asbestos, in contrast to those with
occasional fibres. The author therefore concluded that persons with occasional
fibres on analysis have a very small chance of developing pleural mesothelioma
compared with people having numerous coated fibres in the lung. This study
once again pointed to (para-)occupational exposure to asbestos as an important
cause for mesothelioma. Pooley (1973) examined 120 cases of pleural mesothe-
lioma; only in 9 cases could he not find asbestos fibres in the lungs. These
data strongly suggest that examination of lung tissue for indications of past
exposure (see VII) may provide a more sensitive method of detecting past expo-

sure than history taking; the given percentage of 10-15% may be an overestimate.

There is a general agreement that the risk of mesothelioma is fibre related

in the order crocidolite>amosite>chrysotile>anthophyllite, but the magnitude of

of the difference between the various types of asbestos is not well established.

Some authors tried to evaluate the prevalence of mesothelioma among the
general population. According to Bohlig et al (1973) mesothelioma is found in
0.18 to 0.7% of all autopsies. Nurminen (1975) quotes the following data:
0.27% of autopsy cases in Malmd-Sweden; 34 cases in 6 years in a population of
6 million in Pennsylvania, i.e. about 1 per million per year; in England,
Scotland and Wales 2.3 cases per million per year; the author calculated the
incidence for pleural mesothelioma in Finland as 1.1 per million per year;
there was no clustering related to possible asbestos exposure; the male/female
ratio was 1.3; the urban/rural ratio 4.4. Sturm (1975) quotes the following
data: mesotheliomas in 0.5% of autopsies in Basel-Switzerland; 1.3% in
Zdrich-Switzerland; 4.4% in Halle-DDR; 1.5% in Vienna-Austria; 1.25% in
Dresden-DDR. (Some data only refer to pleural mesothelioma, others to meso-
thelioma as such). In most countries there has been an increase in the past
decades; awakened interest among clinicians, pathologists, epidemiologists
certainly has also contributed to this increase. Nevertheless it has been un-
equivocally established that in autopsies of asbestos workers the prevalence has
been remarkably higher. Hain et al (1974) reported a prevalence of 3.2% of all
autopsies in the Hamburg area, probably related to the increase in various pos-

sibilities of exposure in this city with harbours, shipyards, heavy industry,
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etc. Planteydt (1974) started a mesothelioma register in the Netherlands:
since 1969 over 250 cases have been notified by pathologists. However one
probably may estimate the annual incidence in the country to be over 100 cases
per year. The Dutch Central Bureau of Statistics recorded 332 deaths from
primary malignancies of the pleura in 1969-1972 inclusive; if one marks these
cases on the map of the Netherlands, most cases appear to have lived (and wor-
ked) in areas along the estuaries: shipyards, harbours, heavy industry; as-
bestos textile factories are not found in that country. In the UK 170 notifi-
cations of mesothelioma (pleura and peritoneum) were made in 1967 and 243 in
1968; a definite diagnosis was made in about 120 cases per year; there is
again a very clear geographic distribution, most notified and confirmed cases
coming from areas with harbour, shipyards, heavy industry (Greenberg et al 1974).

A similar trend is seen in France: an increased prevalence in Le Havre, Nantes

and Marseilles (Bignon, personal communication) .

Recently McDonald et al (1975) presented an extensive review of 176 pub-
lished papers (4431 cases), from which they draw conclusions on the epidemiolo-
gy of mesothelioma. Some of their findings were:

- In Canadian and USA-surveys more than three quarters were in males and
except in the occupational surveys,mostly pleural.

- In 7 case-control studies from the UK, Italy, FRG, Canada thé frequency of
definite or probably occupational exposure was on the average two thirds of
cases.

- By putting together data from Malmd, Dresden, Glasgow, New York, Philadel-
phia, Turin, Milan and Pavia, 165 cases of mesothelioma were found in 69, 302
autopsies, a rate of 0.24%; the true rate of recognized mesothelioma is
probably somewhat higher (perhaps by 50%) than found through pathologists,
but if other sources are used,pathological review is needed to exclude
false cases.

- Estimated incidence of mesothelioma in Canada and USA ranged for different

areas from less than 1.0 per million to 2.0-6.0 per million population.

Expected incidence for some other countries (a.o. UK, Sweden, the Nether-
lands) was calculated based upon the incidence in Canada over 1966-1972;
in most countries observed and expected figures agreed fairly well, in

selected cities however there was a considerable excess; most of those

with excess have either large shipyards, or large asbestos processing

plants.
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The incidence of mesothelioma is extremely high in three situations:
among insulators; among those who work or live in cities with shipyards;
and among those who work or live in certain cities with large asbestos
plants. In all three there has been exposure to chrysotile, but also to
crocidolite and amosite. (The wording "extremely high" probably could
be better put as "relatively high").
Either chrysotile alone in the form and concentration experienced by in-
sulators is enough, or even construction work insulators and sufficient
contact with amosite, or insulation work involves exposure to an important
co-carcinogen.
The occurrence amoﬁg factory workers and in cities with large asbestos
plants fits well with the concept of a gradient in the mesothelioma in-
ducing capacity of asbestos from crocidolite through amosite down to chry-
sotile, but it is not necessary to postulate such a gradient since vari-
ation in exposure and in the physical state of fibre could also explain it.
The very high incidence in and around shipyards strongly incriminates
amphiboles; on the other hand work histories from shipyard cases suggest
that relatively few cases were in insulators or in persons heavily exposed
to insulation materials (however, these more intensively exposed workers
may have used personal protection devices).
With regard to mining and milling it is hard to escape the conclusion that
there is indeed a gradient from crocidolite through amosite and perhaps
tremolite down to chrysotile and anthophyllite. However, mining environ-
ments may well be free from co-carcinogens of the kind found in factories,
ports and industrial cities. Moreover fibre as produced almost certainly

differs in length and diameter from that used in application and processing.

Some additional remarks should be made:

The authors calculated incidences for various countries; if the areas
with shipyards etc. occupy a relatively larger part of the country, one
may expect a relatively higher incidence (e.g. possible explanation for
high prevalence in the Netherlands). This does not say that the dose-
response relationships in exposed subjects differ.

The data of McDonald and other information strongly suggest that within

the EEC,certain regions (with shipyards, asbestos industry) run the highest

health risk. This is important from the standpoint of the priority of ac-
tions to be taken.
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In the USA Grundy et al (1972) studied 13 histologically proven cases of
mesothelioma in children (age at diagnosis 4-17 years), only one of them being
an exclusively peritoneal tumour; the latency period apparently was short.
There were no adequate environmental data; the cases were not clustered geo-
graphically, and this may be an argument against asbestos as a causative envi-
ronmental factor. A possible relationship with (para-)occupational, neigh-

bourhood or true enviornmental exposure could neither be denied nor suggested.

The absolute prevalence of mesothelioma is still relatively rare, although
there appears to have been a definite increase in the last decades. At this
moment there is no convincing evidence yet that "true" environmental exposure

is a contributive factor to the occurrence of mesotheliomas (IARC 1973).

It is clear that a proper evaluation of the risk on mesothelioma can only
be based upon adequate registration of histologically proven cases. Within
the EEC such a registration has been set up in the UK, the Netherlands, Federal
Republic of Germany but not yet in the other Member States. The registers up
to now have not suggested a rise in non-occupational cases. Caution is needed

in interpreting present evidence about a public health risk for several reasons,

including:

1. Relevant evidence is either not available, inadequate or likely to be
biased;

2. The long lapse period means that the effects of a marked increase of im-
port of amphiboles in the last 15 years might not yet be detectable,
especially as the lapse period itself is related to intensity of exposure.
So, though it seems unlikely that asbestos in the general atmosphere is

a cause of mesotheliomas in the general public,more evidence is needed.
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IX-2 RESPIRATORY EXPOSURE AND BRONCHIAL CARCINOMA

-

A relationship between the prevalencé of bronchial carcinoma and occupa-
tional asbestos exposure has been established beyond any doubt: the first ob-
servations already date from the thirties. Wagner et al (1971) reviewed the
literature up to that time. Their findings may be summarized as follows:

- A clear relationship with occupational asbestos exposure has been estab-
lished; workers exposed to improved conditions in the factory had little
or no excess risk: there apparently is a dose-response rélationship. In
short. (less than two years) intensive exposure as well as in those with
intensive exposure over a longer period an excess risk occurs.

- There is evidence that combined exposure to cigarette smoke is more like-

ly to be associated with lung carcinoma than either alone.

- More than the risk of mesotheliomas, the risk of bronchial cancer is more
clearly related to the intensity of past exposure and to the risk of as-
bestosis. In fact this carcinoma is often regarded as a complication of
occupational asbestosis.

- Bronchial tumours are much less clearly linked to the type of asbestos

than mesotheliomas.

A few studies deserve to be mentioned:

In two cohort studies in the Quebec chrysotile mines and mills (McDonald
1973) an increased incidence of malignant neoplasms in the two highest dust
exposure groups was observed, mainly of tumours of the respiratory tract and
to a lesser extent of the gastrointestinal tract; the excess in respiratory
cancer, mainly bronchial carcinoma, became evident between 100 and 400 mppcf-
years (mppcf = million particles per cubic feet), and was clearly present above
this level. Ghezzi et al (1972) did not observe any excess prevalence of

lung cancers in workers from a chrysotile mine in Balangero (Italy).

Enterline et al (1973) calculated a time-weighted asbestos dust exposure
at the time of retirement (65 years) in a cohort study of 1348 men who com-

pleted their working lifetime in the asbestos industry and retired during the
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period 1947-1961. There was an excess mortality almost exclusively due to
respiratory cancer and non-malignant respiratory disease, if compared with that
for the entire population of the USA. There appeared to be no direct rela-
tionship between asbestos dust exposure and respiratory cancer mortality below
125 mppcf-years; important increments occurred somewhere between 100 and 200
mppcf-years exposure. In this study the effect of intensity and time of expo-

sure was about the same.

Newhouse et al (1972, 1973a) studied records from British male and female
workers. Workers with minor and short exposure showed no excess mortality;
however among those with long periods of employment a significant excess from
cancer of the lung (a few mesothelioma included ) was beginning to show 25
years after first employment. Among workers with severe exposure but short
periods of employment, there was a significant excess of death from bronchial
cancer after 15 years followup, particularly however in those who worked for
longer than 2 years in the factory. There was no effect of sex on the cancer

mortality if exposure was similar.

In the USSR Kogan (1972) investigated retrospectively cancer mortality
among workers in the asbestos mining and milling industry between 1948 and
1957. For lung cancer the rates exceeded those of the general population in
mines in men by 2 times, in those in mills by 2.1 times; in women 2.1 and 1.4
times respectively. No mesotheliomas were reported, but this may be due to

insufficient mesothelioma experience of pathologists in that area.

In Fintand Meurman et al (1974) also observed excess death due to bron-
chial cancer and asbestosis in workers exposed to anthophyllite: the relative
risk of bronchial cancer was 1.4 for an asbestos worker who did not smoke, 12

for a smoker without exposure and 17 for a smoking asbestos worker.

From these and other studies the conclusion can be drawn that occupational
asbestos exposure, of such an intensity that asbestosis occurs, greatly in-
creases the risk of bronchial carcinoma, particularly in smoking asbestos wor-
kers. In many groups of asbestos workers, approximately 20% of all deaths are
caused by lung neoplasms. There is suggestive evidence that if either no
(long term or short term) intensive occupational exposure exists, the risk ap-
pears to be zero to minimal (BMJ 1973). Such an occupational exposure is al-

most certainly greater than in "true" general air pollution with asbestos. It
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has often been stated that bronchial cancer should be regarded as a complica-
tion of asbestosis, in contradiction to pleural mesothelioma. However, al-
though much evidence points to asbestos related lung carcinoma as an occupa-

tional disease (particularly in smokers), there is not yet enough evidence to

exclude the risk of environmentally induced lung carcinoma as a public health
risk. This is still an area for cdncern, and for proper study. So, the
previous statement that bronchial carcinoma is only associated with asbestosis

in the occupationally exposed population, needs reassessment.

A recent unpublished study by Skinner and Castle in Rhodesia (Gilson,
personal communication) suggested that there was no detectable excess of
bronchial cancer in the asbestos mining area, whereas this was detected in the
gold mining regions within that country, probably due to arsenic. So, one
should take into account the complete occupational and environmental history,
before suggesting too easily a relationship between e.g. asbestos and malignan-

cy. In some studies one may have not been careful enough in this respect.

Recently some doubt arose with regard to the "innocence" of ambient asbes-
tos air pollution in inducing bronchial cancers. Warnock et al (1975) per-
formed quantitative counts of asbestos bodies in lungs of 100 control and 30
cancer patients: the last group had significantly higher levels, according to
the anthors, probably in general not due to occupational asbestos exposure.
However their technique for counting bodies only gave minimal recovery; the
occupational history was not very detailed. Doniach et al (1975) recently
also performed a similar study in antopsy cases from London (UK); the history
with regard to occupation and area of residence was more detailed. The authors
could not find any correlation between presence of asbestos bodies and bron-
chial carcinoma, confirming findings of Elmes et al (1965); they concluded
that - smoking apart - the increased incidence of bronchial carcinoma in urban
as compared to rural populations is likely to be due to atmospheric pollutants
other than asbestos dust. So, the suggestion brought forward by Warnock et
al (1975) was not confirmed. This question remains however an area for
future studies, emphasizing the application of adequate counting techniques

and detailed envivonmental history.
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IX-3 RESPIRATORY EXPOSURE AND OTHER MALIGNANCIES

In recent years attention has been drawn to a possible relationship be-
tween asbestos exposure and malignant tumours of the head and neck. Stell et
al (1973a) questioned 100 male patients with carcinoma of the larynx, oral
cavity, oropharynx, nose, sinuses, and hypophafynx about their exposure to as-
bestos, in comparison with a matched control series. There was an excess of

past asbestos exposure in cases of laryngocarcinoma. This was investigated in

more depth (Stell et al 1973b); in 100 patients with this disease 31% had im-
portant exposure to asbestos as compared with 3% in 100 controls; the latency
period was 1 to 54 years; the maximum incidence was in the 51-60 age group as
compared with the usual maximum incidence in the 61-70 age group; there was no
difference in smoking habits. The occupations of the carcinoma cases pointed
to a possibly intensive exposure; other environmental agents may have been pre-
sent also. Newhouse (1973b) found 2 deaths due to larynx carcinoma among 4000
workers followed up for many years; in both cases there was severe exposure to
asbestos. Libshitz et al (1974) also described three patients who at the same
time had evidence of asbestosis. The data available point to a relationship
with asbestos exposure, probably of severe intensity. There is not yet any

indication of a health risk in case of "true" environmental exposure.

Doniach et al (1975) brought forward a hitherto unconfirmed relationship

between the presence of asbestos bodies in lung tissue and mammary carcinoma:

38 observed against 26.3 expected; this did not appear to be due to occupation,
area of residence or age. The possible pathogenesis is not understood; the
suggestion has been made that asbestos fibres might infiltrate the mammary tis-
sue by direct extension through the chest wall. This single study should be

confirmed before it can be accepted as evidence.

Gerber (1970) reported an association between the presence of asbesto-

sis and neoplasis of the haematopoetic system: two cases of multiple myeloma,

two myeloproliferative disorders (one a reticulum cell sarcoma), one Waldenstrdm

macroglobulinaemia. The incidence was higher than expected. Older literature
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also contains reports of similar malignancies, e.g. lymphosarcoma, leukaemia,
malignant lymphomas, multiple myeloma. In Gerber's series in only three

cases was occupational exposure to asbestos confirmed. However, the presence
of asbestosis indicated rather intensive exposure in the past in all cases.

So far there is no indication of any risk of such malignancies in case of "true"

environmental exposure. -~

The relationship between respiratory asbestos exposure and gastrointestinal

tumours is discussed in chapter IX-4.



- 99 -

IX.4 GASTROINTESTINAL AND PARENTERAL EXPOSURE AND MALIGNANCIES

Asbestos fibres can pe present not only in ambient air, but also in water,
beverages, beers, wines, etc. (see chapter V). The question therefore is
pertinent whether this may constitute a health hazard, particularly with regard

to malignancies of the gastrointestinal tract and peritoneal mesothelioma.

Several studies have established an increased prevalence of the above men-
tioned malignancies in occupationally exposed workers. Newhouse (1973a)
studied cancer mortality in male and female workers in a London asbestos tex-
tile factory; among workers with a long period of employment an excess morta-
lity from cancers of the lung and from other cancers was beginning to show 25
years after first being employed, also in those with severe exposure but short
reriods of employment, but not in those with short periods of minor exposure.
Peritoneal mesothelioma often was wrongly diagnosed as e.g. carcinomatosis,
carcinoma of the pancreas, carcinoma of the rectum. Only in males was there
an excess of gastrointestinal carcinoma; however, in 3 of 8 histologically
verified cases a diagnosis of mesothelioma could be made. Selikoff et al
(1973a) also established an excess prevalence (at 2-3 times the expected level)
of gastrointestinal tumours among insulation workers in the United States, con-
firming other studies, e.g. Elmes et al, 1971 (Belfast-insulators); while
these tumours were only responsible for a minor portion of excess deaths, the

increased prevalence of carcinoma of stomach, colon, rectum, and oesophagus

in occupationally exposed workers newertheless appeared to be real, particu-
larly in insulators. In Quebec chrysotile mines and mills McDonald (1973)
observed a suggestive increased incidence of gastrointestinal tumours (oceso-
phagus, stomach, intestine, and rectum) in workers with high exposure (400
mppcf -years), accounting only for one third of the rate for all malignant
neoplasms; the threshold limit is higher than the limit suggested for tumours

of the respiratory tract.

Meurman et al (1974) did not observe any increased prevalence of gastro-

intestinal cancers in workers exposed to anthophyllite, in contrast to an in-
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creased prevalence of death due to bronchial cancer and asbestosis. In the UK
(Buchanan, personal communication) an evaluation of the causes of death of wor-
kers with established asbestosis did not reveal any excess prevalence of gas-
trointestinal cancers. In a controlled factory environment (Rochdale UK) no
increased prevalence was found (Holmes, personal communication).

It is important to note that the geographical prevalence of intestinal
tumours is not consistent with that of, for example, mesothelioma and (para-)
occupational or neighbourhood asbestos exposure; apparently this exposure may
only constitute one of the causative factors; it should be regarded as a less
specific inducer for intestinal tumours than for mesotheliomas. Moreover, the
geographical pathology of gastrointestinal carcinoma appears to be very compli-
cated; in municipalities in the Netherlands, not very distant from each other,
the mortality rates differed considerably, apparently unrelated to known aetio-
logic factors; this could overshadow a possible weak relationship with asbes-
tos exposure (Planteydt, personal communication). It will be very difficult

to establish a small excess.

Doniach et al (1975) examined the prevalence of asbestos bodies in the
lung in relation to cause of death; there was an increased prevalence in male
patients with stomach carcinoma, unexplained by residential area, occupation,
industry or age: their data suggest that the non-industrial environment might
be a pathogenic factor. Merliss (1971) has suggested a causative relation-
ship between the well established high prevalence of gastric carcinoma in Japan
and the ingestion of rice coated with talcum, which might be contaminated by
asbestos fibres. However this has not been confirmed in animal experiments

(Smith 1973).

The majority of mesotheliomas due to (para-)occupational exposure probably
are pleural. According to Elmes (1973) less than 30%, in most studies less

than 10% are peritoneal mesothelioma. The relative incidence of peritoneal

mesothelioma probably increases with increasing respiratory exposure. In
several studies there may have been an underdiagnosis. In South Africa only

a few peritoneal mesotheliomas come from the asbestos area; also gastrointes-
tinal carcinomata probably are not excessive in prevalence. This is attributed
to the high pH of water to which calcium carbonate has been added, preventing
release of asbestos fibres from asbestos-cement pipes (Webster 1974). At this
moment there is no solid evidence from epidemiological studies that gastro-

intestinal exposure may induce peritoneal mesothelioma.
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The apparent increased risk of malignancies in the abdominal cavity how-
ever should not be interpreted as direct evidence of the risk of primary inges-
tion of asbestos fibres: there certainly is a secondary ingestion of inhaled
asbestos (sputum); pleural mesothelioma may also penetrate into the abdomen;
asbestos fibres may migrate from the pleural cavity. Nevertheless, very
probably, at least a part of the increased prevalence mentioned may be due to
primary ingestion of asbestos fibres, a possibility of asbestos exposure which

also exists for the general population.

If one compares the amount of fibres in various organs of occupationally
exposed workers, one is struck by the fact that the amounts in the lungs far
outnumber those in other organs, with a factor much larger than the difference
in carcinogenic risk for various target organs would suggest. This may indi-
cate that