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INTRODUCTION

A Conference on the Biological Effects of Man-made Mineral Fibres
(MMMF) was held in Copenhagen from 20 to 22 April 1982. It was
convened jointly by the World Health Organization Regional Office for
Europe and the International Agency for Research on Cancer (IARC), in
association with the Joint European Medical Research Board (JEMRB)?
and the Thermal Insulation Manufacturers Association of America
(TIMA)®.

The Conference was convened in response to (@) resolution WHA30.47
of the Thirtieth World Health Assembly. which called for collaborative
studies to improve the evaluation of health risks from the growing use of
chemical products, and encouraged the use of experimental and epidemio-
logical methods that produce internationally comparable results; (b) reso-
lution EUR/RC29/R7 of the WHO Regional Committee for Europe,
endorsing collaboration and the exchange of information on the develop-
ment of methodology in the context of the Regional Office’s programme
for-the promotion of environmental health; and (c) resolution GC/14/R8
of the Governing Council of IARC concerning the promotion of studies
and modes of collaboration with industry in medical research programmes.

2 JEMRB is a nonprofit organization registered with the Charity Commissioners of
England & Wales. Through its independent scientific and technical committee (STC) it
supports research and studies on the biological effects of MMMF. Itis sponsored by the Glass
Fibre Producers Group of the Comité international de la Rayonne et des Fibres synthétiques
(CIRFS) and the European Insulation Manufacturers Association (EURIMA).

b TIMA is the major national trade association of manufacturers of vitreous fibre
materials in the United States. A segment of its work entails support of scientific. medical and
industrial hygiene studies conducted by independent research organizations on the advice of
its health and safety group (HSG). The health research data are disseminated to governmen-
tal, academic, labour, industrial and other organizations.



The Conference was attended by 276 participants from 25 countries in
3 WHO regions, including 19 in Europe — of which 10 governments sent
representatives — and by officials from national and international trade -
unions, the International Labour Organisation (ILO) and the European
Community. A wide range of environmental health and other disciplines
was represented, including occupational medicine, industrial hygiene,
epidemiology, biostatistics, human and veterinary toxicology and pathol-
ogy, and safety and health administration, as well as technology, engineer-
ing and management in the manufacture of MMMF products. The list of
participants appears as Annex 49.

At the opening of the Conference, the Chairman, Dr J. Gilson, former
Director of the Medical Research Council (MRC) Pneumoconiosis Unit in
the United Kingdom, the Vice-Chairman, Professor H. Weill, Tulane
University School of Medicine in the United States, and the Rapporteur,
Dr T. Guthe, WHO Expert Panel on Occupational Health, were intro-
duced to the participants. ‘

Dr Leo A. Kaprio, WHO Regional Director for Europe, welcomed the
part1c1pants to the Conference. He considered that the large participation
in the Conference reflected its importance. Particular interest was attached
by health administrations to the Regional Office’s environmental health
programme. The biological effects of natural and man-made mineral fibres
were currently a matter of concern in many countries. The growing use of
MMMF materials for insulation and reinforcement purposes, the empha-
sis on energy conservation by more and better insulation, and the need for
asbestos substitutes had brought to people’s attention the possible risks to
human health from exposure to MMMF during their manufacture and use.

Backed by public opinion and legislation, health administrations must
now take a positive approach to establishing the safety of widely used
products. It is no longer acceptable to assume without adequate i 1nqu1ry
that there is no health risk.

The Chairman, in his introductory remarks, said that in the past most
occupational diseases had been first observed in individuals by clinicians
and pathologists. Only later had their severity and extent been revealed by
systematic surveys and studies, sometimes after many years. In the case of
MMMEF, the pattern had been different. There had only been isolated,
uncertain clinical reports suggesting possible chronic ill health. Ever since
MMMF started to be manufactured some 50 years ago, these reports had
not increased in frequency or certainty. Nevertheless, the experimental
studies in the early 1970s — primarily aimed at investigating the mecha-
nisms of the action of asbestos — had shown that mesothelial tumours,
similar to those seen in man after exposure to-airborne asbestos, could be
induced in animals by intrapleural or intraperitoneal implantation of a
variety of fibres, including some MMMF.

2



By the mid 1970s, TIMA in the United States and JEMRB in Europe
decided to promote research into the possible risks to health of exposure to
airborne MMMEF. In 1976, an international workshop had therefore been
convened in Copenhagen, where the nature and coordination of the neces-
sary long-term investigations were outlined. A comprehensive research
programme had since been undertaken in universities and other scientific
institutions in Europe and the United States (Annex 1).

The Chairman indicated that this research programme had been the
most extensive coordinated international investigation yet undertaken in
occupational health. He expressed the opinion that the resulting new
scientific information presented at the Conference would provide a major
contribution to the understanding of the biological effects and potential
risks to health of airborne fibres. The research included detailed environ-
mental surveys of manufacturing plants, the development of methods for
assessing fibrous dust, studies of patterns of mortality and morbidity of
employees exposed to MMMF, animal studies on the deposition and
elimination of fibres and their fibrogenic and oncogenic effects, and explo-
ration of their physical and chemical properties in vitro. Although most of
this work had been carried out in Europe and the United States, some
additional research had taken place elsewhere. The findings of a WHO-
sponsored European central reference scheme (7), aimed at harmonizing
laboratory methods for counting airborne MMMF by optical microscopy,
would also be presented at the Conference (Annex 13).

Each main topic at the Conference was the subject of an independent
peer review carried out on the spot. This provided an expert assessment of
the work and an opportunity for discussion during the peer review ses-
sions. At the end of the Conference a number of participants attended
technical study groups, one on reference techniques for monitoring
MMMEF fibrous and particulate dusts in the work environment (Annex 46)
and another on the technical aspects of methods for producing aerosols of
fibres for experimental animal studies (Annex 47). An international panel
of histopathologists also met to finalize the histological classification and
grading of fibrosis and neoplasia in rat lungs, for use in current and future
animal studies (Annex 38).

The Conference was not concerned with legislation or with setting dust
standards. Its main objective was to provide the best possible assessment of
current scientific knowledge of the biological effects of MMMF and of
what further research should be recommended to fill gaps in present
knowledge. This should in turn assist those who must decide:

(a) what codes of practice and regulations, if any, concerning dust con-
trol are required for the safe manufacture and use of MMMF products; and

(b) what measures are required in the future surveillance of those
exposed to airborne MMMEF.



MAN-MADE MINERAL FIBRES (MMMF)

Definitions of MMMF

The term ‘“man-made mineral fibres” is used to denote the amorphous,
glassy fibres made from moltenslag, rock or glass. In North America, the
term “man-made vitreous fibre”” (MMVF) is sometimes used. Manufac-
turers characterize MMMF products by their nominal diameter, which is
the median distribution of length-weighted diameters in random bulk
samples of the product. In occupational health, fibres are arbitrarily
defined as elongated particles with a length-to-diameter ratio =3: 1. For
example, a particle of 3.5u4m diameter must be at least 10.5u4m long to
qualify as a fibre. Since'the Conference the International Organization for
Standardization (ISO) has proposed that this ratio be increased to 25: 1,
and is recommending the reporting of fibre numbers by both these defini-
tions pending a decision on which is biologically most appropriate (2).

Respirable fibres are defined as those with a diameter=3um and up to
about 100um in length. For counting purposes, they have a length=5um.
Fibres=1.5umin diameter and=8 um in length are believed to be the most
oncogenic when implanted into the pleural and peritoneal cavities of rats.
During the Conference, such f1bres were referred to as Stanton or S fibres
(Annex 6). '

Types of MMMF

Naturally occurring fibres are, in general; crystallme In the asbestos
group, chrysotile, amosite and crocidolite are the types most often used
commercially, but there are others such as anthophyllite, tremolite, atta-
pulgite, sepiolite, wollastonite and many types of zeolites, some of which
also have commercial uses. Some types of synthetic mineral fibre are also
crystalline, including alumina, graphite, potassium titanate, silica and
zirconia fibres. Ceramic fibres have an amorphous structure when they are
produced, but some conversion to crystalline material can occur at high
temperature. The biological effects of all these types of fibre were con-
sidered only marginally at the Conference, and there was no comprehen-
sive review for comparison- with the ordinary MMMF.
There are three main types of MMMEF:

- — those made from slag or rock and known as “mineral wool”;

— those made from glass and known as “fibrous glass (both glass
wool and continuous filament glass fibres); and

—a group of spec1al-purpose fibres made of glass, but with much
smaller diameters, and described as fine glass fibres (diameter
1-3um) and very fine glass fibres (diameter <1um)..



Composition of MMMF

The chemical and physical characteristics of naturally occurring as well as
of man-made mineral fibres were reviewed in detail at the JEMRB work-
shop held in Copenhagen in 1976 (3), at the JARC Conference on the
Biological Effects of Mineral Fibres held in Lyon in 1979 (4), and at the
Conference on Occupational Exposure to Fibrous and Particulate Dust
and their Extension into the Environment held in the United States in 1979
(5). These conferences drew attention, inter alia, to the following
characteristics.

MMMF have amorphous structures and are composed of oxides of
silicon, aluminium, boron and other elements. Such structures are made
up of network formers, i.e. silica, alumina and boron oxide, interspersed
with network modifiers. Crystalline materials have a regular network, and
the skeleton is held together by bondings of different strengths. Weak ionic
bonds represent lines or planes that influence the cleavage and fracturing
properties of the fibres. In contrast, the “frozen” network of the glassy
MMMEF structures lacks the regularity of crystalline materials. Because of
the extreme axial ratio, fracturing of MMMF is generally transverse,
whereby the length of the fibre is reduced without affecting the diameter.
Even when ground, milled or treated ultrasonically MMMF break across,
forming particulate fragments that may no longer have the character of
fibres but constitute part of the non-fibrous dust. By contrast, chrysotile
asbestos is composed of curved or straight bundles of very fine fibrils.
When milled or dispersed in fluids, the bundles break down longitudinally
into large numbers of extremely fine fibrils. For example, a single MMMF
a few micrometres in diameter is 100-1000 times the diameter of the
ultimate fibrils of an asbestos bundle of the same size. Other asbestos
varieties show similar characteristics, though less marked.

The Conference did not devote an entire session to the chemistry and
physics of fibres, but these aspects were considered in the relevant contexts.
Thus, the biological importance of the chemical composition of MMMF
and the differences in solubility in vitro and in vivo of slag, rock and glass
fibres compared to asbestos fibres were emphasized (Annexes 29 and 30).
Trace metals in some types of slag used in wool production and radon from
MMMF insulation materials in dwellings (6,7) were also mentioned.

The chemical treatment of fibres with oil and binders was discussed. Oil
was first used in the 1930s, and binders were introduced at different times
at various plants in the 1940s and 1950s. The composition of binders varies
and can include bitumens, urea formaldehyde, phenolformaldehyde and
acetates. Treatment with oils generally involves spraying newly formed
fibres to reduce their dustiness while the binders also provide product
stability. Some types of blowing wool and woven textiles are produced
with a lubricant only. Other types of fine, special-purpose glass fibre



receive no binder coating. The dustiness of the product is strongly influ-
enced by-both oil and binders. The Conference noted that a recent study
carried out in Sweden (8) found high airborne fibre concentrations (9-
25 fibres/ml) with a high proportion of fine fibres in the vicinity of an
unmanned production line where no oil or binder had been added. These
concentrations were 1-2 orders of magnitude higher'than those at an
adjacent, identical line of cohventionally coated fibre products (Annex 2).
The study was designed to demonstrate that exposure to airborne fibre in
the MMMF industry was probably higher in the past than under present
production conditions — a potentially important point in the evaluation .
of long-term epidemiological study data (see p. 29)..

With the reduction of dustiness, however, human exposure to oil and
binders has increased. So far, there has been insufficient information —
historical, chemical or medical — about these compounds and their role as
a component of present- day respirable airborne fibrous dust. Such infor-
mation could be important in epidemiological studies as well as in explor-
ing new dust-reducing techniques based on other binders.

Technology, production and ﬁbfe characteristics

All MMMF are made of liquid melts at 1200-1500 °C by the fusing of raw
materials. There are essentially three methods of forming fibres: (@) mech-
anical drawing out of extruded threads of molten material; () blowmg of
droplets or thread into flame, steam or air jets; and (c) spinning and
attenuation of liquid melts. Combinations of these techniques are often
used (Fig. 1). ‘ ‘

Insulation wool

Slag wool was first made commercially in England in 1885 from blast
furnace slag produced in the manufacture of metals. Rock wool was first
produced commercially in the United States in 1897 from shaly limestone.
Today, rock wool production uses igneous rock such as diabase, basalt and
olivine as feedstock, sometimes with added slag. Glass wool production
from borosilicate glass melts was achieved in the United States in the
1930s. The use of this type of insulation material has expanded rapidly,
especially in the United States.

Insulation wools are usually compresscd into “batts”, “boards”,
“blankets”, “sheets”, etc., or bagged as loose wool for blowing or pouring
into structural spaces as msulatlon Some products are sewn or glued on to
asphalt paper, aluminium foil, etc. In the past, an admixture of asbestos
material in rock or slag wool products was occasionally used in certain
applications. This was of interest to the Conference participants because of



Fig. 1. Fibre production processes
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its potential importance in relation to exposure in the epidemiological
cancer studies of workers in slag and/or rock wool plants in the United
States and Europe (see p. 23).

Insulation wool is mainly used for the control of temperature and for
fireproofing. It is widely applied for insulation in the building, aircraft,
marine, power generating and other industries. It is also used to reinforce
cement and mortars, and as insulation material for pipes, air ducts and
heating and cold storage systems. In the home, it is used for roof and wall
insulation and in domestic appliances. It is also employed for sound-
proofing, and in horticulture as a growing medium.

In insulation'wool, a network of fibres of different lengths and diam-
eters is formed. The size and shape of the fibres are influenced by the raw
materials and the technology used. Coarse fibres are generally longer than
thinner ones. Long fibres — with a binder — provide the product with
stability, while thermal conductivity largely depends on fibre diameter,
optimally in the range of 4-6um (3).

Since both the length and the diameter of fibres have a bearing on their
biological effects, the fibre diameter distributions are important in the dust
cloud generated during the manufacture and use of MMMF products. The
fibre diameter in the product is determined from measurements of a large
number of fibres. Mean diameters, however, vary from sample to sample in
any particular plant. Products are characterized by the nominal rather
than the actual mean fibre diameter, as measured for a particular sample.
Additional information is therefore obtained on the range and frequency
distribution of fibre diameters in the products. Studies have shown that
there is a relatively high proportion of respirable fibres (diameter =3um)
in insulation wool products, and an even higher proportion in the airborne
dust during production and processing (Table 1).

Table 1. Fibre diameter distribution in insulation wools

Fibre diameter (um) Slag wool (%) Rock wool (%) Glass wool (%)
0- 3 60 36 26
3- 6 26 42- 23
6- 9 6 13 15
9-12 5 5 18
12-15 ‘ 2 3 11
156-18 - 1T 1 . 8
>18 - — 2

Source: Klingholz, R. (3).
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The Conference heard of recent studies of samples of European rock
wool products extending back several years (Annexes 3 and 4). The older
wools had more large-diameter fibres and more non-fibrous particles. This
coarse end of the fibre distribution has been reduced by technical
improvement. Thus the mean fibre diameter has been lowered from about
30um in 1930 to about 64m today. On the other hand, the distribution of
respirable fibres in both rock wool and glass wool has remained approxi-
mately the same over the vears (Annexes 2and 5). This has been confirmed
in other recent investigations (9).

Continuous filament glass fibre

Continuous filaments were first made commercially in the 1930s. Their
flame-resistant qualities resulted in extended uses in the 1940s and led to
large-scale production in the 1960s. Continuous filaments are made exclu-
sively from glass by the drawing process. Extruded filaments are stretched
and collected into yarn, which may be woven into textiles. Major uses for
such glass fibre textiles include draperies, industrial fabrics, vehicle tyres
and screens. The filaments are also used as roving or chopped strands for
the manufacture of mats, electrical insulation and car components. Tex-
tiles, mats and filaments are widely employed for reinforcement of plastics,
cement, etc. in the maritime, building and other industries. Glass fibre
reinforced plastic is now a major construction material.

Continuous filaments usually have fairly large diameters (6-25um)
and a very narrow range of diameter distribution. While they are being
manufactured, woven into yarns and textiles, and made into roving and
strand mats, they produce respirable fibre concentrations usually about an
order of magnitude lower than for other MMMF.

Speéial—purpose glass fibres

These have been developed since the 1950s and are made, for example, by
flame attenuation. They have compositions similar to insulating glass wool
and continuous filaments, but with diameters of 3um down to 0.05um.
They are sometimes produced without binder and remain suspended in the
air for long periods. Some 80-90% of airborne fibres can be respirable.
Special-purpose glass fibre materials are manufactured mainly in the
United States and represent less than 1% of glass fibre production
(Annex 5). Because of their particular performance characteristics, these
more expensive fibres are used for lightweight, high temperature insulation
(particularly in the aircraft industry), high performance acoustic protec-
tion and high efficiency filtration. Since special-purpose fibres have small
diameters and high respirability compared to ordinary MMMF, special
attention has been directed to the need for assessing any biological effects

9



on man. Ceramic fibres made from refractory material at high tempera-
ture, together with alumina and zirconia fibres, are sometimes counted as
special-purpose MMMF. -

Growth of production

The development and growth of the MMMF industry began in the 1920s.
An increasing demand for insulation wools (slag wool and rock wool) was
accelerated by the introduction of methods for the manufacture of glass
wool in the 1930s. The number of MMMF plants in the United States
increased from 8 in 1928 to 25in 1939 and to 90 in the 1950s. The volume of
production of wool materials in the United States rose from some
750000 tonnes in 1965 to 2 million tonnes in 1980. In the United King-
dom, production rose from 3500 tonnes in 1937 to 130 000 tonnes in 1977.
At that time, 72 plants in Europe, surveyed for their suitability for inclu-
sion in an IARC epidemiological study (10), manufactured some 1.8 mil-
lion tonnes of insulation wools.

To this must be added production in eastern Europe (including the
USSR), Central and South America, Asia and Africa. Although recent
information on production in some of these areas is not available, Table .2
illustrates the estimated volume, geographical distribution and type of
MMMF materials manufactured worldwide in 1973. These figures may be
compared with the worldwide production of 3.9 million tonnes of asbestos
in 1982 (12), of which some 2 million tonnes were from the USSR. Given
that the annual production of MMMF materials had already reached more
than 4.5 million tonnes by 1973, it is likely that present-day production
considerably exceeds the current production of asbestos.

Large numbers of workers are employed in production plants in this
growing industry. Some 40 000 production workers were included in the
European and North American groups analysed for mortality and dis-
cussed at the Conference. The North American group was thought to
include the majority of those with long exposure, while the European
group included only an estimated 20% of European production workers.
The number of MMMEF production workers in other regions is not known,
but is believed to be considerable. .

The increasing demand for better insulation, energy conservation and
structural reinforcement in many countries, as well as the potential role of
some MMMF products as substitutes for asbestos, points to a continuing
high demand for these materials. While it is understandable that the
primary emphasis of research should have been on production workers,
since occupational exposure can be better quantified in manufacture than
in use, many more people are actually exposed during the use of MMMF
materials, notably in the construction industry (Annex 21). For example,
it is estimated that some. 10 000 users of MMMF products in the United
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Kingdom are employed regularly in the application of insulation materials
and that many others come into occasional contact with these materials (13).

AIRBORNE MMMF IN THE WORKPLACE

The distribution of fibre size in MMMF products is not the same as the
distribution in the atmosphere of the workplace owing to the greater
propensity of the coarse fibres to settle. The approximate range of the
nominal fibre diameter of MMMF products and of the diameter of air-
borne fibres, as determined in the European study, isillustrated in Table 3.
The concentrations of fibres in the air in the American study are illustrated
in Table 4 by type of fibre produced. The relatlonshlp between the mean
airborne concentration and the nominal fibre size of the product is illus-
trated in Fig. 2. Average concentrations of more than 1 fibre/ml were
observed only during the production of sub-micrometre fibres.

Based on the use of small samples of insulation wool, a model has been
developed in Denmark for practical laboratory evaluation of fibre concen-
trations of airborne dust, a procedure applicable to old as well as new wool
products (Annex 4).

Environmental surveys

The European and American surveys

In the European research programme, environmental surveys were carried
out in production plants in Denmark, Finland, France, Italy, Norway,
Sweden and the United Kingdom as part of IARC’s mortality investigation
(Annex 7). The surveys were undertaken at 13 MMMF plants, following
feasibility studies at 72 European plants by the Institute of Occupational
Medicine (IOM), Edinburgh.

In the United States, two environmental surveys were undertaken by
the University of Pittsburgh, one in 16 plants (Annex 6) and the other in
seven (Annex 8), as part of a mortality study (Annex 18) and a morbidity
study (Annex 23). Three ceramic fibre plants were also surveyed (Annex 14).

The mass concentrations of total airborne dust had similar ranges for
all types of plant (0.2-8 mg/m?). The average mass concentrations were
low in most plants (about 2.5 mg/m?), being slightly higher in the mineral
wool (slag and/or rock wool) plants than in the glass wool plants
(Annex 7). The levels in the continuous filament plants were an order of
magnitude lower. Fibre concentrations were largely independent of total
dust concentrations..
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Fig. 2. The relationship between fibre size and levels of exposure
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To cover the entire range of airborne fibres down to 0.2 um in diameter,
scanning electron microscopy (SEM) was used in addition to phase con-
trast optical microscopy (PCOM) in the European surveys. In the Ameri-
can surveys, PCOM was used to measure both the optical concentrations
and the size distributions down to l#m in diameter. Transmission electron
microscopy (TEM) was used to assess sub-micrometre fractions.

Total counts of airborne fibres were generally low (about 0.1 fibre/ml)
or very low (about 0.005 fibre/ml). Respirable fibre concentrations were
lower in the European rock wool plants than in the American mineral wool
plants. In both studies, glass wool fibre concentrations were lower than
mineral wool concentrations. ‘Also, in both studies, the continuous fila-
ment plants showed the lowest concentrations of airborne fibres. The
special-purpose fine and very fine glass fibres — manufactured almost
exclusively in the United States and constituting only a small part of total
MMMF production —showed higher fibre concentrations (1-50 fibres/ml).

The median diameters of the airborne fibres varied from 0.3-3.5um at
insulation wool plants to 0.3-1.7 #m in the continuous filament plants. The
median fibre lengths were similar in each of the insulation wool plants,
ranging from about 5um to 40 um as compared to 2-20 #m for the contin-
uous filament plants.

The S-sized airborne fibres made up 30% of all fibres in the slag wool
plants, 35% in the ordinary fibrous glass plants, and 60% or more in fine or
very fine glass fibre production.

For details of survey results, concentration levels and the size dlstrlbu-
tion of fibres in airborne dust, see Tables 4 and 5 as well as the peer review
of environmental surveys and sampling technology, p. 20.

Other European surveys

In addition to the studies above, surveys have been undertaken in MMMF
production plants in the Federal Republic of Germany (Annex 9), Poland
(Annex 11), Sweden (Annex 25) and Yugoslavia (Annex 26). In general,

the European reference method for fibre counting developed by WHO and
IOM () has been adopted. In the Federal Republic of Germany one slag
wool, four rock wool and two glass wool plants were investigated. Two of
the plants had been surveyed before. The dust mass concentrations ranged
from 0.13 mg/m’ to 9 mg/m? and fibre concentrations were 0.1-1 fibre/ml.
In three Polish rock wool plants, the mean dust mass was 1.6 mg/m? and
respirable fibre concentrations 0.1-0.7 fibre/ml. In the Polish continuous
filament plant, the mean dust mass was 1 mg/m? and the respirable fibre
concentration 0.09-1.02 fibres/ml. In the Swedish rock wool plant, the
mean dust mass was 1.4 mg/m?* with respirable fibre concentrations from
0.03 fibre/ml to 0.86 fibre/ml. In the Yugoslav study of three rock wool
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plants, the dust mass was 2.8-13.2 mg/m® and mean respirable concentra-
tions 0.003-0.463 fibre/ml. :

User industries

The Conference observed that only limited and less representative envir-
onmental studies had been made of industries that were the users of
MMMF products. A review of previous user studies (/6-19) was presented
at the Conference, as were recent investigations in Denmark (Annex 10)
and the Federal Republic of Germany (Annex 9).

On the whole, the studies concerned mostly the application of pre-cut
insulation material and the blowing/spraying of thermal/acoustic wool in
old and new industrial buildings, in homes, and in attics and other con-
fined spaces. Reported dust mass levels ranged from 0.8 mg/m’ to
35mg/m?, the highest being in ill-ventilated attics. Respirable fibre con-
centrations ranged from 0.002 fibre/ml to 30 fibres/ml, though few mea-
surements exceeded 2 fibres/ml. The higher values were associated with
loose fill applications, notably in confined spaces. Fibre counts were
poorly related to general dustiness.

General inferences could not be drawn from available data concerning
job exposure to MMMEF in view of the many variables in the construction
industry. Some jobs are in the open air and others in draughty or ill-
ventilated spaces. Some surveys were based on site sampling over short
periods. In others, personal samplers were used over entire shifts. Expo-
sures vary considerably in view of the intermittent pattern of application of
insulation material during a working day. In an American study (19), the
average time spent on insulation by installers was four hours a day. In a
Danish study, 17% of the building workers spent more than an hour a day
(25-191 hours a month) on work with MMMF at the construction site
(Annex 10). '

An extensive Swedish investigation attempted to evaluate exposure to
MMMF and asbestos retrospectively as part of an epidemiological investi-
gation into the possible association between such exposure and the inci-
dence of respiratory cancer (Annex 21). The dust measurement data for
this project have been published separately (17).

Isolated studies in other user industries were also briefly reviewed at the
Conference. They concerned the fabrication of continuous filament mate-
rials such as glass fibre textiles, paper, respirator and other filters, and
aircraft insulation. Mainly the finer fibres were involved in these studies.
Total dust mass was low while respirable fibre concentrations were, rela-
tively high and ranged from 0.02 fibre/ml to 44 fibres/ml, with a mean
range of 0.3-10 fibres/ml (Annexes 9 and .10).
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As a whole, there was good agreement in the investigations in different
countries between fibre measurements of similar products and exposure to
airborne dust during the manufacture and use of MMMF products.

Technology of environmental sampling

The Conference discussed the technical aspects of evaluating dust mass
concentrations, fibre concentrations, sampling instrumentation and sam-
pling strategy in the light of studies of environmental measurements and
epidemiological investigations undertaken in the last decade.

Environmental sampling and instruments

International agreement has been reached on how to measure mass con-
centrations of the fine respirable fraction of airborne dust that penetrates
to the lungs (20). There is no similar agreement on how to measure the total
dust mass, the inhalable fraction (that which is taken in through the nose
and mouth) or the subfractions defined according to where they are
deposited in the various regions of the respiratory system, so as to provide
more appropriate indices of upper and lower respiratory irritation. Mea-
surements of total dust have been shown to be unreliable. A standard of
total dust mass can be of only limited value so long as a wide range of
sampling devices is used (Annexes 15and 46). Standard samplers that meet
required criteria are being developed in several countries (Annex 14) and
ISO s currently working on defining various dust fractions (2). The results
of measuring inhalable dust also depend on the particular instruments
used (Annex 46).

Fibres and microscopy

The fibrous component of MMMF dust consists of a variety of particles
with diameters from under 1um to 10um and lengths up to 200um. The
ideal description of airborne dust is a full bivariate length/diameter distri-
bution as presented in the American studies and available in the European
ones. As already indicated, TEM, SEM and PCOM are available for
counting purposes. Since PCOM cannot detect fibres <0.25um in diame-
ter, additional electron microscopy was used in both the European and the
American studies. There were marked differences in optical countings
among the laboratories in the European study, but the WHO-sponsored
interlaboratory reference centre scheme permitted the data obtained to be
related to a counting reference level. Automated counting procedures were
envisaged to reduce interlaboratory variations in the future (Annexes 14
and 46). Visible fibres represented some 80-90% of all MMMF (except fine
and very fine glass fibres) compared to less than 15% for crocidolite and
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about 40% for chrysotile fibres. That fibre counting techniques must be
chosen in such a way as to enable relevant sizes to be measured was shown
in ceramic fibre production plants (Annex 14)- where it was found that
optical microscopy could not detect S fibres. There are also limitations
when a direct comparison is being made of number counts of MMMF and
asbestos fibres. Findings should be interpreted with caution.

Reference methods and standardization

The Conference recognized the .need for an improved interlaboratory
method for the counting and size analysis of MMMF, and approved the
WHO-sponsored reference scheme for the counting, monitoring and eva-
luation of airborne MMMF that enabled results from different plants,
laboratories and countries to be better compared (Annex 13). No similar
scheme has been initiated in the United States.

Sampling strategy

Environmental sampling is expensive in time and effort. Ways of obtaining
the maximum information at the minimum cost by defining the exposure
of individuals and groups and relating these to relevant exposure zones of
the plant, can lead to a saving of time and work and provide effective
surveillance (Annex 16). ‘

The technical aspects of these subjects were discussed in some detail
and appraised at the study group meeting on reference techniques for
monitoring MMMTF fibrous and particulate dusts in the work environment
(Annex 46).

Peer review of environmental surveys and sampling technology

The environmental surveys and the technology ‘of sampling are put in
perspective in the following summary of the peer review by W.H. Walton.?

Sampling technology

Measurement parameters and procedures. Many different indices of dust exposure
are possible. Practical measurements should be both convenient and appropriate to
the hazard. MMMF have generally been regarded as nuisance dusts as measured by
total mass concentration, but recent interest — triggered by the possible analogy
with the carcinogenic hazard from asbestos — has been in fibre number. Both
indices have been used in the European and the American research programmes.

2 Former Deputy Director of the Institute of Occupational Medicine in Edinburgh.
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Mass sampling. Coarse airborne particles are not representatively collected (or
inhaled) because of their inertial properties. The results for MMMF may differ
threefold according to the type of sampler used. and greater standardization is
needed. Work isin hand to match instruments to the characteristics of human dust
intake. Analysis of the composition of gravimetric samples was not undertaken in
any of the studies reported at the Conference.

Fibre number and size distribution. The membrane-filter PCOM method deve-
loped for asbestos has been the principal means of measuring MMMF dusts. In
addition, TEM and SEM have been used to reveal fibres that are too fine to be seen
by optical microscopy. For occupational health purposes, fibres are conventionally
defined as particles with a length-to-diameter ratio>3: 1. The term ““fibre” is also
often used in a restricted sense (as for the regulation of asbestos in the United
Kingdom) to refer only to particles with a length-to-diameter ratio >3: 1 that are
longer than S5um and visible by PCOM, with an upper diameter limit of 3um in
Europe or no limit in the United States. The relevance of these definitions to a
specific fibre hazard might usefully be reviewed in the light of evidence that
carcinogenicity in rats is associated with intercavity injection of long thin fibres
(length >8um and diameter <1.5um), including any fibres below the limit of
optical visibility, estimated at about 0.3um in diameter.

Large differences occur between the counting levels of different laboratories
using the membrane-filter optical microscopy method. but considerable progress
has been made in Europe in establishing reference procedures and sample
exchanges to reduce these (). Little work has vet been done to compare and
standardize assessments of MMMF by electron microscopy.

Size distributions of MMMF dusts are expressed in terms of the relative number
of fibres in different size categories, whereas product size (diameter) distributions
are usually length-weighted and give the proportion of total fibre length to diame-
ter (nominal diameter). so the two cannot be directly compared. The length-
weighted distribution is not affected by comminution, as MMMF break transver-
sely (in contrast to asbestos). A length-weighted measure of airborne fibres might
have advantages over fibre number as an index of hazard.

Sampling strategy. The reported production plant surveys have all been based
on full-shift personal sampling of representative members of occupational groups
of workers deemed to be similarly exposed.

Survey results: dust characteristics

Composition. MMMF products are made of a variety of materials: glass, slag,
fusible rock, refractories, etc. The airborne dust in MMMF production plants may
contain from only 0.5% up to 20% of fibre by weight. The composition of the
non-fibrous material has not been studied. The durabilitv of MMMF retained in
the body, though less than that of asbestos. may be a significant factor in
pathogenicity.

Size distribution. Product nominal diameters extend from >10um to <lum.
Insulation wools, which account for the bulk of production, have a nominal
diameter of around 7um. while some special products have diameters nearer the
extremes. The median diameter of airborne fibres (or dust) is generally considera-
bly less than the product nominal diameter, owing both to the use of the different
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measurement parameters already mentioned and to the size-selective effects of
dispersion and settling. There are, however, some unexplained differences between
median diameter values for insulation wool dusts reported in the European and
American studies. Both dust median diameter and the proportion of fibres longer
than S5um increase with increasing product nominal diameter. In general, except
for the finest products, 80% or more of all airborne fibres are longer than 5um. The
average length-to-diameter ratio is about 13:1 irrespective of fibre diameter.
Diameter distribution values determined by optical microscopy and TEM com-
bined suggest that a high‘proportion 80% or more, of fibres longer than Sum
should be visible by optical microscopy in contrast to chrysotlle (about 40%) or
crocidolite (about 15%).

Optical microscopy should, therefore suffxce for normal control measurements
of MMMEF, except perhaps for some specialty products. On the other hand, only
limited quantitative concentration data produced by electron microscopy are
available to check this important conclusion. For insulation wools, around 50% of
the optically visible fibres over 5m long are respirable (diameter <3um), depend-
ing on ventilation conditions and settlement times. Coarser or finer products can
give very different proportions. This needs to be taken into account when compar-
ing American and European reported fibre levels.

Mass number relationships. In general, the correlation between mass and fibre
number concentrations is poor and records of mass measurements cannot provide
more than rough order-of-magnitude estimates of past exposure to fibres. Some
investigators, however, have reported correlations between mass and number when
average values for broad work activities were compared within a limited number of
plants. Mass concentrations may be one relevant measure of the general conditions
of hygiene in the MMMF industry, though not of the specific fibre hazard.

Survey results: concentration levels - .

Recent surveys have shown fibre concentrations in MMMF manufacturing plants
to be generally low. In the American studies, plant overall-mean values for optically
visible fibres, length >5um, ranged from 0.0024 fibre/ml to 0.78 fibre/ml, with an
average of 0.10 fibre/ml; the highest plant or operation value was 1.56 fibres/ml.
The scatter of measurements within each category was high, with the standard
deviation of some often exceeding the mean of others. Levels were inversely related
to product nominal fibre diameter. Plant mean mass concentrations were 0.2-
4.7 mg/m’ and were uncorrelated with fibre concentration.

A survey in the United Kingdom (/8) indicated plant overall mean respirable
fibre concentrations (diameter <3um) in the range 0.12-0.89 fibre/ml and total
mass concentration of 4-11 mg/m?* for insulation wools. Continuous filament
plants had very low fibre concentrations, mostly <0.02 fibre/ml. Very fine special-
purpose fibres were associated with low mass levels, but relatively high mean
respirable fibre counts, up to 3.7 fibres/ml.

In the European surveys, average respirable fibre concentrations for main
occupational groups were <0.01-0.37 fibre/ml (mean 0.04) at rock wool plants,
<0.01-0.45 fibre/ml (mean 0.02) in glass wool plants and a maximum of
0.02 fibre/ml (mean 0.004) at continuous filament plants. Mass concentrations
were similar for all three plant types, in the range 0.5-8 mg/m?®.
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Fibre concentrations in user industries operating under factory conditions are
comparable to those in the manufacturing industry, but higher values occur in
confined spaces on construction sites, etc.

The large coefficient of variation of individual measurements needs to be taken
into account in the derivation or application of standards.

An estimation of past exposures is difficult to make. Improved production
methods have reduced the proportion of non-fibrous or unduly coarse material in
the product without much change in the finest sizes. The introduction of oil and
binders has also greatly reduced the dustiness. It is improbable that the good health
record of the insulation wool manufacturing industry stems from lower exposures
in the past than those that prevail now.

Future requirements

The membrane-filter optical microscopy method is likely to remain the principal
means of measuring fibre concentrations. In view of its sensitivity to variations of
technique and observer, present efforts towards standardization and the estab-
lishment of a reference scheme should continue. Automatic counting methods may
provide greater counting consistency and merit continued exploration (Annex 12).
Electron microscopy will remain necessary for special studies of the finest fibres;
quantitative interlaboratory comparisons of results should be undertaken.

The most appropriate measurement index of a specific fibre hazard should be
reappraised, especially the length-to-diameter ratio limit of fibres.

The methods of measuring the mass concentration of MMMF require standar-
dization and should preferably be designed to select the inhalable fraction. The
composition of the (predominant) non-fibrous part of the dust should be investi-
gated. The significance for public health of such measurements (apart from the
specific fibre-related problem) needs to be assessed with reference to irritant
effects, etc.

Any specification of health standards for MMMF should define not only the
measuring instruments and the methods of evaluation but also the relevant sam-
pling strategy and should take account of statistical variations.

BIOLOGICAL EFFECTS OF MMMF

Mortality patterns

There has been no clear evidence in previous epidemiological inquiries
(21-25) of increased mortality from cancer or other diseases associated
with exposure to MMMF. Furthermore, extensive case control studies of
malignant mesothelial tumours in Canada and the United States that have
incriminated asbestos have failed to implicate MMMF (26). Three new
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studies in the United States and Canada, one in Europe covering plant
workers in seven countries (Denmark, Finland, Federal Republic of Ger-
many, Italy, Norway, Sweden and the United Kingdom) and one Swedish
study of construction workers were presented at the Conference
(Annexes 17, 18, 19, 20 and 21).

The European study (Annex 17) was undertaken in 13 MMMF plants

(seven rock wool, four glass wool and two continuous filament plants) by

'TARC in collaboration with national institutions. The study included
25 146 workers. The results from three plants were not available at the time
of the Conference. A similar study in the United States was undertaken by
the University of Pittsburgh in 17 plants (11 fibrous glass and 6 mineral
wool) and included 16 730 men (Annex 18). As presented to the Con-
ference, the European and American studies were not fully comparable.
The American study was limited to men with one year or more of employ-
ment in production and maintenance. The European study included all
those ever employed, with men and women separated. The findings in both
studies were linked with cumulative MMMF exposure rates, calculated on
the basis of concurrent environmental surveys (see p. 12).

It wasteported that the American study included a majority of those in
the United States with long exposures to MMMF in production plants. For
various reasons, only an estimated 20% of those in known production
plants could be included in the European study. In the United States, some
90% had worked in fibrous glass (glass wool and continuous filament)
production. In Europe, the workers were about equally divided between
rock wool and glass wool, with about 15% in continuous filament plants.
The American study separated fibrous glass workers from mineral wool
(slagand/or rock wool) workers, since the cumulative PCOM exposures to
fibres <3um in diameter were about ten times higher in the mineral wool
workers. In the European study, it was possible to.separate those exposed
to rock wool, glass wool and continuous filament fibres (there were no slag
wool or mixed mineral wool plants in the study). In the American study,
most groups exposed to glass wool and continuous filament could be
separated, while most mineral wool groups had slag and/or rock wool
exposure. 7

The numbers and causes of deaths were compared with expected deaths
in the national populations (in the United States, data for expected deaths
in relevant states were also used) and expressed as standardized mortality
ratios (SMRs). In the European study, total deaths were considerably
fewer than in the United States, as was the number of people followed. The
European study was, therefore, less powerful for the detection of dif-
ferences in patterns of death in relation to fibre types. In both studies, a
very high proportion of deaths was ascertained: over 97% of death certifi-
cates were located. As a whole, these studies were among the largest
international investigations into occupational epidemiology ever attempted.
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The following findings were presented at the Conference.

1. There was no overall increased mortality from all causes of death in
either study.

2. There was no overall increased mortality from all cancers in either
study.

3. There was no increased mortality from mesothelioma (one case in
Europe and none in the United States).

4. The pattern for tung cancer/respiratory cancer was as follows:

— no elevated mortality in large groups 20 or more years since first
employment among those exposed to fibrous glass (glass wool
and/or continuous filament glass fibres) in Europe (SMR 90) or in
the United States (SMR 108); after 30 vears or more, SMRs were
211 in Europe (based on 4 deaths only) and 131 in the United States
(based on 47 deaths);

— elevated SMRs in rock wool plants in Europe (SMR 160) and in
mineral wool plants in the United States (SMR 157) 20 years or
more since first employment; after 30 years or more, the SMR was
216 in Europe (based on 8 deaths) and 173 in the United States
(based on 14 deaths); these findings were unrelated to estimated
cumulative fibre dose exposures.

5. A small increase in deaths from bile duct and liver cancer was found
in both fibrous glass and mineral wool groups in the United States.

6. A smallincrease was found in deaths from respiratory diseases other
than cancer (excluding influenza and pneumonia), the increase being unre-
lated to the duration of employment or to estimated fibre dose exposures.

Animportant point must be made about the mortality pattern for lung
cancer/respiratory cancer. At the time of the Conference the data and the
analysis presented by IARC were stated to be preliminary. Since then,
further data have been collected from all 13 European plants studied and
included in Annex 17. The SMRs from cancer of the trachea, bronchi and
lungs derived from the updated TARC material, and the SMRs for cancer
of the respiratory system from the American study, are shown in Table 6.
In addition to mortality, IARC made an analysis of standardized incidence
rates of cancer morbidity in a subcohort which showed no consistent
excess for cancers, including lung cancer.

Further mortality studies of production workers in a single American
MMMEF plant (Annex 19), already included in the large American study
but followed for a longer period of time, and in one Canadian plant
(Annex 20) added detail to the larger investigations.
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Taken as a whole the findings in these historical cohort studies of
mortality in MMMF production plants contrast with the high SMRs for
lung cancer and mesothelioma after exposure to asbestos.

A preliminary analysis of exposure and lung cancer incidence in a
large-scale investigation among Swedish construction workers was also
presented to the Conference (Annex 21). The cohort was heterogeneous
and the observation time relativelv short. Exposure to asbestos, MMMF
and other dusts varied over time and from place to place. The follow-up of
the cohort was incomplete at the time of the Conference. The analysis
suggested that the effect of a history of asbestos exposure could be separ-
ated from that of MMMTF, although the effects observed could not be
confidently ascribed to any one factor.

Peer review of mortality patterns

The following is a summary of the peer review by J.C. McDonald.

MMMF below 0.25um in diameter are carcinogenic in experimental animals
when introduced by intraperitoneal and intrapleural injection, and the finer the
fibres the more this is so. Inhalation experiments have produced the same results
with natural asbestos fibres, but questionably so with MMMTF. The fibre dose used
in animal experiments is usually several orders of magnitude higher than the levels
of exposure experienced by man. and injection is not the same as inhalation. The
experimental and epidemiological evidence points generally to the shape and size of
all fibres as the important determining factors in human mesothelioma and prob-
ably in lung cancer as well. It is therefore reasonable to suppose that man-made
fibres of “‘critical” size and shape carry comparable risks.

Five cohort studies of sound design have been reported (27-25). They were all
carried out on production workers and showed no clear evidence of cancer or other
diseases associated with exposure to MMMF. Few workers were followed for as
long as 20 or 30 years from first employment — the usual latency period for lung
cancer and mesothelioma after exposure to asbestos. The levels of exposure in
MMMEF production have been very low, however, so that even high risks may not
have been detectable.

No single study can establish cause and effect. let alone reject it. Consistent
findings in several studies are needed to carry conviction, and then only when time
and exposure response relationships are biologically plausible. There is also the
question of the extent to which optical fibre counts represent a valid index of the
fibre dose responsible for disease (see p. 22). In asbestos-induced lung cancer, there
is evidence that the risk may be linearly related to exposure. If we assume linearity,
we can estimate the size of the excess risk of lung cancer that would be expected if
MMMEF were as hazardous as asbestos fibres. On this basis. even the recorded
exposures to fibrous glass in the large American cohorts (Annex 18) would resultin
an excess of less than one death at best and about six deaths at worst. In the mineral
wool cohort of this study, the corresponding figure would be less than one at best
and about ten at worst.
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In this American study of 16 730 employeesin the 17 largest and oldest MMMF
production plants in the United States, a substantial number (6430) were observed
for 20 years or more from first employment. In the fibrous glass plants, the average
intensity of exposure was low to very low (0.039 fibre/ml). There was no overall
excess of lung cancer and the SMR rose only 30 years or more after first exposure.
The average intensity of exposure in the mineral wool plants was 0.353 fibre/ml.
The rate of respiratory cancer mortality in these workers was less reassuring
(45 observed, 28.1 expected, SMR 172.4) but detailed analyses failed to show any
systematic relationship to duration or intensity of exposure. Asbestos may have
been used .previously in these plants, but even exposure to asbestos alone, at the
estimated concentrations, would not have had a larger effect than that observed.

There were more liver and bile duct cancers than expected but this is unlikely to
be due to fibre exposure per se. Mortality from respiratory disease other than
cancer was also in excess but, once again, there was no simple relationship with the
pattern of exposure.

In the second American study (Annex 19) of 4399 men employed for 10 years
or more in a large American fibrous glass plant, there was clear evidence of a
healthy worker effect (SMR for all causes: 85). In- contrast, the lung cancer
experience was less favourable (37 deaths observed, 27 expected, SMR 135), with
11 deaths in the long-term group (SMR 186). Other findings gave no convmcmg
evidence of excess mortality in any other diagnostic class.

In the Canadian study (Annex 20) of 2576 men employed in the production of
glass fibre insulation material — where concentrations were recently measured at
below 0.1 fibre/ml — there were 88 deaths, of which 72 were of men whose
exposure was confined to the plant. Deaths from all causes, from cancers and from
respiratory diseases were close to expectation, but lung cancer deaths were in excess
(7 observed, 4.2 expected). Most-of these occurred 10 years or more from first
employment (6 observed, 3.6 expected). -

In the European collaborative study tcoordinated by TARC (Annex 17) the
cohort was derived from seven countries and was of similar size and scope to that in
the United States (Annex 18). It comprised 25 146 workers in 13 plants.in glass
wool, continuous filament and rock wool production. All persons ever employed
were included and 97% were traced. Of all those employed, however, 40% had
worked for less than one.year. There were only 1659 deaths in all (1505 of men and
154 of women). Despite the limitations of this continuing study, at the time of the
Conference the results sufficed to test the American findings (Annex 18), notably
the hypothesis of higher lung cancer mortality among mineral wool workers. A
comparison of relevant data for observed and expected deaths after 20 and 30 years
shows remarkable similarity between the American and European data despite the
small number of cases. In this study, as in the American one, the preliminary
analysis suggested an excess mortality from respiratory disease other than cancer.?

9 Peer reviewers had access to more detailed information than that included in the
summary accounts. Annex 17 does not refer to SMRs for respiratory disease other than
cancer in the European study. On the other hand, reference is made in Annex 18 to the
elevated SMRs from respiratory disease other than cancer in the American study.
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An investigation in Sweden (Annex 21) covered the preliminary findings for
some 135000 construction workers first examined between 1971 and 1974 and
among whom there was evidence of much higher MMMF exposure than in MMMF
production. The lung cancer experience of this very large cohort has potential
importance, but there are great methodological and other problems in using these
data. The cohort comprised an extremely heterogeneous group of survivors identi-
fied over a three-year period and observed for not much longer (from five to eight
years). A case control approach was used correctly. The major problem, however,
concerns the levels of exposure, since construction workers everywhere are fre-
quently exposed to asbestos and other dusts as well as to MMMF. The extent to
which mixed exposures 20-40 vears ago can be accurately defined from job des-
criptions is clearly questionable. At this stage, the results of this study cannot yet-be
interpreted one way or the other,

Conclusion

Whereas previous studies of MMMF production workers have been essentially
negative, the same cannot be said confidently of the new sets of data presented at
this Conference. Construction workers aside, there is some indication in all the
studies on the production industry that the number of deaths from lung cancer is
higher than expected, the excess becoming evident 20 or more years after first
employment. In each study, however, there are reasons for not accepting these
findings uncritically, particularly since no relationship to the intensity or duration
of exposure has been demonstrated, numbers are small. confidence limits wide and
workers may previously have been exposed to asbestos. On the other hand, the
findings are consistent and the problem may be greater for mineral wool (rock
wool) than for fibrous glass, perhaps because of greater exposure or confounding
factors. The analvses were not optimal and although present levels of fibre concen-
trations are low to very low, the accuracy of past fibre concentrations is uncertain
(see p. 6). The need for more conclusive epidemiological evidence is clear. In the
two large studies in the United States and Europe. the researchers should prolong
the observation of existing cohorts, increase comparability in methods and analy-
sis, and undertake case-reference inquiries focused on past exposure in cases of
mesothelioma and lung cancer in non-smokers. etc. Such studies should preferably
be supported by an electron microscopic assessment of fibre burden.

Respiratory morbidity of current workers

Irritation of the skin, conjunctiva and upper respiratory tract (rhinitis,
laryngitis, tracheitis) develops in some MMMF production workers
shortly after the start of employment (Annex 10) and also occurs in
building workers. These conditions have been attributed to exposure to
large diameter fibres. This is uncertain, however, because of simultaneous
exposure to other airborne dusts and chemicals, such as in binders. Upper
respiratory conditions of shorter or longer duration were reported to
depend on dust concentration and duration of employment. They were less
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frequent during production than during processing, for example in yarn
spinning and textile weaving in continuous filament plants (Annex 9).

A literature review of respiratory disorders associated with exposure to
MMMF was presented to the Conference (Annex 22). It showed the pauc-
ity of adequate studies. Chronic long-term respiratory conditions had not
been verified, and there had been no convincing evidence of lung fibrosis
due to exposure to MMMF.

Several new investigations of resplratory morbidity in current workers
were reported. Some of these provided estimates for the first time of past
exposures to MMMF (Annex 8) and dealt with signs, symptoms, tests of
lung function and the appearance of chest radiographs. A study from the
United States (Annex 23) of over 1000 workers in two mineral wool and
five glass fibre plants was most extensive and comprehensive in its analysis.
Respiratory symptoms and the impairment of lung function were not
related to past exposure to MMMF. There was, however, a relationship
between the prevalence of small opacities in the chest radiographs (using
the ILO classification (27)) and the intensity of fibre exposure in two
plants, both manufacturing fine (diameter 1-34m) and ordinary (diameter
>3 pum) glass fibres. In the dustier of these two plants, the relationship was
demonstrated in smokers and ex-smokers, while in the less dusty plant it
was detected only among smokers. The radiographic changes could not be
confidently ascribed to fibrosis or the effects of fibres alone. A pilot study
in the United Kingdom (Annex 24) also reported a low prevalence of small
opacities and detected the effects of earlier dust exposure and environmen-
tal pollution. There was a lack of relation between opacities and lung
function findings, and exposure to MMMF. A Swedish pulmonary func-
tion study (Annex 25) in a rock wool plant compared unexposed controls
with a group employed for 18 years with moderate exposure to dust and
MMMEF. For each index of lung function, the workers had values not
significantly different from those of the controls. A study of three Yugo-
slav rock wool plants (Annex 26) showed no significant changes in lung
function indices in a systematic environmental survey repeated after an
interval of five years following moderate exposure to MMMF.

The new evidence did not suggest that clinically significant effects of
MMMF exposure had been missed in the past. It indicated rather that
current study designs and methods of assessment of respiratory disorders
are highly sensitive and can detect small changes.

Although the ‘radiographic changes found in the American study
(Annex 23) were detected. in those exposed to ordinary and fine fibres,
those exposed to very fine glass fibres (diameter<1um) in another plant in
the survey did not show a concomitantly high prevalence of changes. This
plant, however, had the youngest workers (median age 34 years) and the
shortest duration of employment (median 9 years) compared with a
median age of about 50 in the plants manufacturing ordinary and fine fibres.
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The detection for the first time of radiographic changes that might be
related to MMMF or other airborne dust pointed to the need to plan and
undertake further systematic studies. They should preferably be longitudi-
nal epidemiological investigations, and include environmental surveys of
dust and fine fibres. There was no unanimity about the merits of using
control groups as compared with relving on dose-response patterns within
the exposed group in morbidity studies of this type.

Peer review of respiratory morbidity

The following is a summary of the peer review by P. Sadoul of respiratory
morbidity among current workers.

Evidence from experimental animal research and from human investigations of
occupational exposure to asbestos fibres has led to the study of the possible
occurrence of disease in workers exposed to MMMF. A review of previous limited
studies and surveys of the upper and lower respiratory tract of current workers
presented at the Conference pointed only to the occurrence of occasional anomal-
ies, probably unrelated to MMMF experience (Annex 22). This was apart from the
problems of respiratory cancer and mortality patterns (see pp. 27 and 29). The
review of respiratory morbidity in current MMMF workers showed that clinically
the nasopharyngeal and tracheal irritations could be of short or long duration with
chronic cough, effort dyspnoea and wheezing. These signs and symptoms had
occurred, however, in situations where there was simultaneous exposure to many
other inhalable materials. There has so far been no evidence of human pneumoco-
niosis from MMMF exposure.

The extensive study in the United States reported at the Conference (Annex 23)
and the pilot study in the United Kingdom (Annex 24) showed the presence of
small radiographic opacities in the lungs of a limited number of men exposed to
MMMEF. The radiographic changes were evaluated according to the ILO classifica-
tion for pneumoconiosis (27). In the American study. concurrent surveys of the
exposure of the workers to MMMF were also carried out. Only 10% of the men
showed evidence of radiographic opacities of category 0/1 or more, and the
prevalences were related to exposure to both ordinary and fine fibres. A dose-
response relationship was demonstrated in smokers, but no such relationship was
found in the pilot study in the United Kingdom. Lung function results were
essentially normal, with the usual relation to age and smoking. This was also found
in a-detailed Swedish lung function study of workers exposed to rock wool fibres
(Annex 25). Furthermore, a prospective lung function investigation in Yugoslavia
in three rock wool plants suggested no evidence so far of the effect of exposure over
time (Annex 26).

Conclusion

The epidemiological studies presented at the Conference show that the radio-
graphic and functional pulmonary anomalies of MMMF production workers are rare
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and little marked. Keeping in mind, however, the long time needed for pathological
changes to develop from exposure to asbestos fibres, it is logical to explore the
possible appearance of anomalies from exposure to fine MMMF by means of
longitudinal investigations. An interpretation of radiographic lung findings by two
independent readers should be associated with lung function testing, including a
carbon monoxide transfer study, as well as testing for bronchial hyperreactivity. At
the same time, the investigating team should follow unexposed control groups,
taking into account tobacco habits and local environmental pollution.

Animal studies

Inhalation, deposition and elimination of fibres

The Conference was presented with the results of investigations in France,
the Federal Republic of Germany, the USSR, the United Kingdom and the
United States concerning the fate of MMMF in experimental animals,
including their deposition, clearance and solubility in vivo and in vitro.

Deposition of inhaled fibres is influenced by the geometry of the
airways and of the fibres. Evidence continues to build up that fibre length
and diameter are major determinants of retention and pathogenicity. Long
fibres that are inhaled are deposited more peripherally than short, fine
fibres. Few long fibres penetrate deep into the lungs.

Inhalation studies in rats based on fine, sized, neutron-activated glass
fibres showed deposition in the upper respiratory tract of the great major-
ity of fibres longer than 10u#m. The fibres were respirable only up to 2um
in diameter. There was less alveolar retention of glass fibres than of
asbestiform minerals (Annex 27). Furthermore, inhalation studies using
environmental fibrous dust in production plants showed that only small
quantities of such dust reach the alveoli (Annex 28).

Clearance of inhaled fibres occurs by biological transport, macrophage
engulfment of short fibres and fibre dissolution, depending on the site of
deposition. The experimental studies confirmed that, while short fibres
(5-10um) are completely engulfed by macrophages, the longer ones (30-
60um) are not. Fibre geometry also affects solubility and long fibres may
dissolve more readily than shorter ones.

After a single intratracheal instillation of a large dose (20 mg) of a
mixture of long (504m) and short (Sum) fine glass fibres, both with a
diameter of 1.5um, the ““half-time” in the lung was 200 days. When using
only short fibres (Sum) clearance time was shorter (140 days) (Annex 35).
Investigations were in progress to assess the usefulness of intratracheal
instillations with small repeated doses of fibres as a means of testing the
biological effects of only small quantities of the material.

Long-term inhalation studies indicated greater retention in the lung of
very fine glass fibres (Johns Manville Code 100 or JM 100) than of rock
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wool and glass wool fibres, with or without resin. Fibres were etched, and
shortened by crosswise breakage. Changes in chemical composition
occurred, depending on the type of fibre and the residence time in the lung.
Glass fibres dissolved more readily than other MMMEF or chrysotile asbes-
tos fibres (Annex 32). Chrysotile fibres do dissolve eventually: structural
magnesium is removed, leaving an amorphous silica layer which probably
disintegrates. The diameter of the fibre is thus reduced by a process of
dissolution and disintegration. In contrast, amphibole asbestos fibres are
virtually insoluble in the lung. Ceramic fibres also appear to be relatively
insoluble (Annex 33). Interim results in another animal study (Annex 34)
showed that after inhalation of resin-free glass and rock wool fibres, very
fine glass fibres (JM 100) and chrysotile asbestos fibres, there was a higher
penetration rate and greater retention of the very fine glass fibres (JM 100)
than of the other MMMF. Migration of the fibres to lymph nodes and the
diaphragm was much more marked for the chrysotile fibres than for the
rock or glass wool fibres. the very fine glass fibres lying between these two.
Lesions were minimal after one vear of observation. Hyperplastic changes
were observed in animals exposed to chrysotile fibres.

Several studies of the effects in vitro on commercial MMMF of various
physiological solutions were presented to the Conference (Annexes 29, 30
and 31). Marked surface changes of the fibres were observed by electron
microscopy. Leaching, pitting and corrosion occurred, successive colloidal
shells developed, reducing the fibre diameter, and fibres fractured and
dissolved. The solubility of different types of fibre varies in vitro as it does
in vivo. The leaching, shortening and softening effects were also similar to
those reported in vivo.

Tests and studies in vitro supplement investigations in vivo but do not
replace them. Dissolution in vivo depends on many additional factors that
cannot yet be simulated in the test tube. inter alia because of intracellular
and extracellular pH variations and mechanical stress in the lung.

Fibrogenicity and carcinogenicity

Investigations in the Federal Republic of Germany. the United Kingdom
and the United States concerning fibrogenicity and carcinogenicity in
experimental animals were reported at the Conference.

First, a synthesis of published data on the biological effects of MMMF
on experimental animals was presented to the Conference (Annex 36). It
brought out the distinction to be made between vitreous MMMF and the
naturally occurring mineral fibres, such as asbestiform fibrous minerals.
While animal studies have shown that the inhalation of asbestos fibres
causes disease, only the introduction of long thin MMMF by implantation
or injection has a similar effect. This *‘long thin effect’” became the basis a
few years ago for an intraperitoneal procedure to test the carcinogenicity
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of MMMF in animal models. Fibres with a diameter <0.25um and length
of 20um showed the maximum carcinogenic potential (Annex 40). It has
so far not been shown that fibres of similar dimensions are responsible for
bronchial cancers in humans. The “long thin>> model provided a basis,
however, for further experimental studies and for environmental and
epidemiological investigations. ‘

The Conference heard, for the first time, the results of more directly
relevant inhalation studies in animals. The National Institute of Environ-
mental Health Sciences (NIEHS) in the United States, and the MRC
Pneumoconiosis Unit in the United Kingdom, had closely coordinated a
long-term investigation, using similar designs and the same pathogen-free
rat strain (Fischer 344 or F344) from the same source. They investigated
and compared the fibrogenic and carcinogenic effects of UICC chryso-
tile B and very fine glass fibre (JM 100). The doses in these experiments
were several magnitudes greater than for men in productlon plants (see
p. 12).

The fmdmgs which were compared to those for unexposed control
animals, were similar in the two studies (Annexes 37 and 38). The lungs
were examined microscopically by the laboratories and by an international
panel of histopathologists,? established by IARC and JEMRB, for the
presence of and reaction to the fibres (such as fibrosis or neoplasia). An
agreed classification and criteria for lesions were used (Annex 38). As a
whole, the findings showed:

— slight fibrosis on exposure to very fine glass fibre (JM 100), less
marked and less progressive than that produced by chrysotile
fibres; .

— significantly more neoplasms (benign and malignant) in animals
exposed to chrysotile fibres than those exposed to the very fine glass
fibre;

— fewer lung neoplasms in rats exposed to the very fine glass fibre
than in the unexposed control animals; and -

— no mesothelioma in any rat group. -

In the MRC Pneumoconiosis Unit-study, animals were also exposed by
inhalation to glass wool fibres with and without resin, and to rock wool

Hlstopathologlcal slides were exchanged for independent assessment by the different
panel pathologists. The methods used were similar to the “‘blind” procedures applied in
assessing chest radiographs by several readers. The detailed results of this study will appear in
a separate publication. The panel also considered similar histopathologies in animals other
than rats that were exposed to fibres, including baboons (Annex 44).

34



fibres (Annex 37). Slight fibrosis developed and a low incidence of neo-
plasms was observed. Taking into account the known occurrence of spon-
taneous species-specific lung neoplasms in F344 rats, there was no signifi-
cant difference in tumour incidence between the unexposed controls at the
MRC Pneumoconiosis Unit and NIEHS or in the rats exposed to very fine
glass fibre (JM 100). Neither was there any significant difference between
animals exposed to rock wool or glass wool fibres with or without resin and
the controls in the MRC Pneumoconiosis Unit study (Annex 45).

Intrapleural injection of fibres into rats at the MRC Pneumoconiosis
Unit produced mesotheliomas in the following order: chrysotile (13%),
very fine glass fibre (JM 100) (10%), rock wool fibre (4% without resin and
6% with resin), glass wool fibre (2% without resin). No mesotheliomas
were produced by the glass wool fibre with resin or the slag wool fibre.

As a whole, the closely coordinated study of inhalation of MMMF in
rats demonstrated the value of international collaboration in research. Its
value was further enhanced by the assessment of the degree and the
classification of fibrosis and neoplasia by an international panel of
histopathologists.

An interim report of another major long-term study was also presented
at the Conference. At the Los Alamos National Laboratory in the United
States (Annex 39) hamsters and rats were exposed to aerosols of very fine
glass fibre. One control group was exposed to clean air (sham controls).
Another control group remained in cages throughout their lives. Animals
exposed to UICC crocidolite served as positive controls. No significant
differences in degenerative lesions of the respiratory tract were observed
over 24 months between the exposed hamsters and the sham controls (one
primary lung neoplasm in the sham controls). The hamster group exposed
to low levels of fibres had significantly longer lives than their sham or cage
controls.

In a study of the pathogenic effects of heavy doses of ceramic alumi-
nium silicate giass (10 mg/m?®) containing a small fraction of short fibres,
given to rats by inhalation (Annex 41). considerable fibrosis and several
malignant neoplasms developed in the exposed animals. Interpretation of
the inhalation studies was rendered difficult by the large exposure to the
accompanying non-fibrous respirable material. Intraperitoneal injection
of ceramic fibres produced mesotheliomas.

In another study rats, hamsters and guinea pigs were exposed by
inhalation to fibres of amosite. glass. potassium octatitanate (Fybex) and
pigmentary potassium titanate (PKT) (Annex 42). Fibrogenic activity was
greatest for amosite, less for potassium octatitanate and least for PKT.
Glass fibres were not found to be fibrogenic. Some pulmonary neoplasms
developed in animals exposed to amosite, potassium octatitanate and the
fine glass fibres.
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The results of research at the National Institute of Silica Chemistry in
the USSR suggested that the pleural malignancy potential of synthetlc
chrysotile was lower than that of natural fibres because of differences in
chemical composition rather than fibre size alone.

Cell and tissue culture studies

The Conference did not consider in detail studies of the effects of fibres in
cell and tissue culture systems. A review was nevertheless presented of
current international knowledge, including recent investigations in the
Federal Republic of Germany, about the use of cell suspensions and
monolayer cultures in assessmg the biological effects of dust and fibres
(Annex 43).

The principle at present is to study enzymatic mechanisms and the
effect of agents on phagocytosis and somal changes, etc. The cytotoxicity
of fibres relates to their geometry and possibly to some extent also to their
chemical structures. In general, after phagocytosis MMMEF shorter than
3um do not produce the cytotoxic effects observed with granular silica
dust. Long (>5,um) asbestos fibres and MMMF have cytotoxic effects:
phagocytosis is incomplete and cell membranes are damaged, causing a
release of enzymes and evoking a state of chronic irritation. Very fine glass
fibre, crocidolite and chrysotile cause chromosomal aberrations in hams-
ter cellsand lymphoblastoid cell lines. Leaching and dissolution appear to
be related to changes of the fibre surface.

Cell and tissue culture systems are models that help to clarify the role of
natural and synthetic mineral fibres in pathogenicity, fibrogenicity,
mutagenicity and oncogenicity. The aim of continued studies, using cell
and tissue culture models, is to develop screening procedures for a rapid
assessment of potentially harmful environmental agents.

Peer reviews of animal studiés
The following is a summary of the peer review by M. Lippmann.

Fibres differ from more compact particles in the probability of their deposition
on the various surfaces of the respiratory tract. They may also have different
retention times at the deposition sites and clearance pathways. They differ in
deposition because of the significant effects of interception as well as impaction,
sedimentation, electrostatic attraction and diffusion. They may differ in clearance
because of their acicular form, which affects their ability to penetrate into and
through epithelial surfaces. The macrophage mediated clearance of long fibres

a Elovskaya, L.T., personal comniunication, 1982.
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differs from that of shorter fibres and more compact particles because of the
inability of the macrophage to fully ingest such long fibres. Some of the more
important research presented at the Conference on these topics is dealt with here.

Regional deposition of inhaled fibres

In a British study (Annex 27), rats were exposed by inhalation (nose only) to glass
fibre containing sodium-24. The fibres were 1.5um in diameter and 5, 10, 30 or
60um long. Essentially all of the fibres over 10um long were deposited, mostly in
the head.

These results, together with those of earlier studies on asbestos fibres, indicate
that the penetrability of airborne fibres into the rat lung drops sharply with
aerodynamic diameter above 2um, and that future MMMF inhalation studies in
rats should use smaller diameter fibres. On the other hand, negative results from rat
inhalation studies with 1.5um diameter glass fibres do notindicate that such fibres
would be innocuous in humans, since mouth-breathing humans have maximum
lung deposition of particles with acrodynamic diameters of about 3.5um. The
results are also very importanit in terms of their experimental verification of the fact
that increasing fibre length increases the proportion of the lung deposition that
takes place in the tracheobronchial airways.

Fibre clearance and translocation

The fate of fibres deposited on surfaces within the lungs depends on both the site of
deposition and the characteristics of the fibres. Within the first day, fibres depos-
ited in the tracheobronchial airwavs can be carried proximally on the mucous
surface to the larynx, to be swallowed and passed into the gastrointestinal tract. Itis
possible that some small fraction of the fibres on the tracheobronchial tree may
penetrate the epithelium, but this remains speculative. In any case, the residence
time for fibres on the surface of the tracheobronchial region is too short for any
significant change in the size or composition of the fibres to take place.

Fibres deposited in the nonciliated airspaces bevond the terminal bronchioles
are cleared more slowly from their deposition sites by a variety of mechanisms and
pathways, which can be classified into two broad categories: translocation and
disintegration.

Translocation refers to the movement of the intact fibre along the epithelial
surface to dust foci at the respiratory bronchioles. on to the ciliated epithelium at
the terminal bronchioles, or on to and through the epithelium, with subsequent
migration to interstitial storage sites or along lymphatic drainage pathways. Trans-
location of any of these types may occur before or after ingestion of the fibres by
alveolar macrophages if the fibres are short enough to be fully ingested. Bare fibres
can also be translocated. -

Disintegration refers to a number of processes. including the subdivision of th
fibres into shorter segments. the partial dissolution of components of the matrix to
create a more porous fibre of relatively unchanged external size, or surface etching
of the fibres, that changes their external dimensions.

MMMEF tend to break transversely and the breakdown of diameter that is
characteristic of asbestos fibres is seldom seen. For MMMF. the relative importance
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for the clearance of fibres of breakage into length segments, partial dissolution and
surface etching depends on the size and composition of the fibre. Much new
information on these important aspects of fibre toxicity was presented at the
Conference by several investigators (Annexes 27,29, 30, 31, 32, 33, 34, 35and 42).

Conclusion

While there has been a significant advance in recent years in our knowledge about
the deposition and elimination of MMMF, many important questions remain. In
some cases, the behaviour of MMMF can be inferred from that of either compact
particles or asbestos fibres, but the validity of such inferences depends on some
important assumptions about the aerodynamic properties of the various fibres and
about the responses of macrophages and epithelial cells to such fibres. The differ-
ences may be critical and further in vivo studies with MMMF need to be performed
to clarify these issues.

MMMF differ from asbestos fibres in several critical ways that tend to result in
less lung deposition, and in more rapid elimination of those fibres that are depos-
ited in the lungs. One difference is in diameter distribution. Except for very fine
glass fibre (JM 100), MMMTF tend to have relatively small mass fractions of fibres
with diameters fine enough to penetrate through the upper respiratory tract.
Asbestos, on the other hand, usually contains more respirable fibre. Furthermore,
once deposited, asbestos fibres may split into a greater number of long thin fibrils
within the lungs. MMMF rarely split longltudmally, but break into shorter
segments.

The differences in the solubility, of the flbres affect their toxic potential, both
among the asbestos types and MMMF. Glass fibres appear to dissolve much more
rapidly than other MMMF and asbestos. Dissolution of glass fibres takes place
both by surface attack and by leaching within the structure. During dissolution,
diameters are reduced and the structure is weakened, favouring break-up into
shorter segments. Since the smallest diameter fibres have the greatest surface-to-
volume ratio, they should dissolve most rapidly. Thus, the relatively small fraction
of the airborne glass fibres with diameters small enough to penetrate into the lungs
' is probably the most rapidly dissolved within the lungs.

. The more durable and less soluble MMMTF (rock and slag wool) are of greater
concern because of their longer retention within the lungs. In vitro studies and
studies of dissolution in simulated lung fluids can be very useful in preliminary
evaluations of the toxic potential of the various MMMF:. On the other hand, the
dissolution of MMMTF in vive depends upon many additional factors that cannot
readily be simulated in model systems. For example, the different in vivo solubility
of long and short fibres noted in the British study (Annex 27) was attributed to
small differences in intracellular and extracellular pH. The mechanical stress on
fibres in vivo may also contribute to their disintegration and cannot readily be
simulated in model systems. Thus, evaluations of the hazard of specific MMMF
will continue to require detailed in. vivo studies in which animals are exposed to
appropriate sizes and concentrations of the fibres of interest.

The Conference discussed several research areas concerning the inhala-
tion of fibres, their-deposition and elimination. It also considered the
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differences between MMMF and naturally occurring fibres, including
asbestos. The following is a summary of the peer review by M. Kuschner
on some of these topics.

The experimental approach

The quality of the discussion that took place at the Conference testified not only to
the interest in experimental approaches to fibre-induced disease, but also to the
many uncertainties that continue to surround them. It would appear that certain
areas of agreement exist.

— Evidence continues to build up that fibre size generally is a major determi-
nant of pathogenicity.

— MMMF in appropriate experimental settings appear to be less pathogenic
than naturally occurring asbestiform fibres. This is true whether the end-
point is fibrosis, mesothetioma or rodent lung cancer.

— This lesser effect may be a reflection of a lesser degree of durability.
MMMEF are progressively reduced in diameter. increasingly subject to
fragmentation with length reduction. and even evanescent as they reside in
the lung. A reduced biological “half-time” requires a more careful applica-
tion of dose X time as an expression of cumulative effective dose than
would be the case with either an eternal fibre that. once introduced,
continued to exert an effect or an agent that produced irreversible change,
such as a mutagenic agent.

— Differences in species and strain, and other influences, such as accompany-
ing pulmonary infection, may make an important contribution to the
observed effects or lack of effects.

— There continues to be a series of apparent contradictions in these effects
that could all be explained by dose differences. particularly relating to the
size of fibres. This will continue to plague research until “pure reagents”
are used. Careful attention must be paid to the suggestion made by the
Chairman of the Conference that well characterized and standardized
materials be made available to the international research community.

Limitations of the experimental approach

Differences of opinion in the area of experimentation may require an energetic
attack on particular problems. One such problem is important enough to be singled
out: the question of whether fibres have multiple independent effects. If so, this
would imply that entirely different and separate mechanisms are involved in the
processes of fibrogenesis. mesotheliogenesis and lung carcinogenesis. Alterna-
tively, is there some common pathway for all these changes?

Some believe that fibrosis is the unifying morphogenic feature that leads to
mesothelioma and carcinoma. It is a question that has an important bearing on the
clinical significance of fibre-induced pleural and parenchymal fibrosis. The selec-
tion of models to permit study of the gradual morphogenesis of each of these
tumours is most important.
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Concern continues to be expressed as to the suitability of certain model systems
and particularly of so-called intracavitary instillation and of intratracheal injec-
tion. Extrapolation from animal species to humans is generally fraught with
difficulty since no animal model can be taken to replicate perfectly the human
condition.

The fact that material introduced into the pleural or peritoneal cavity produces
a mesothelioma does not mean that such material will produce mesothelioma in
man on inhalation. It simply confirms that such material introduced into the
mesothelial-lined cavity in sufficient quantity will induce a tumour. Whether or not
such material when inhaled will indeed reach the mesothelial cavity in sufficient
quantity to cause mesothelioma is another quite separate question.

Intratracheal injection of a large impacting bolus of material is a thoroughly
artificial challenge. Nevertheless, the intratracheal model can be manipulated by
the use of frequent sufficiently diluted injection doses to test the effects of dispersed
particulates on the lung. It has been shown that such dosage mimics inhalation and
may offer a more efficient means of getting material into the lung. When materials
such as carefully sized fibres are in short supply, this may be very important.

The experimental pathologist must take responsibility for elucidating the signifi-
cance of such findings as ““macrophage aggregates”, “dust macules” and “foreign
body reaction without fibrosis”. These alterations may not only presage evolution
into more recognizably significant lesioris, but they themselves may be associated
with measurable physiological change. Methods for this evaluation can now be
applied to small animals.

Finally, we may, in man-made fibres, be dealing with an etiological agent in
search of a disease. This search should be, at the very least, interpreted as the
expression of the highest degree of preventive concern.

ASSESSMENT AND PROSPECTS

An assessment of the present -position and the prospects for further
research was made by the Vice-Chairman. The comprehensive informa-
tion that emerged from the Conference showed that exposure to MMMF
during its manufacture and use was generally low to very low as compared
to similar asbestos situations. Health has not been affected to a readily
detectable extent, transient skin and upper respiratory irritation excepted.
On the other hand, some possible long-term effects were reported that had
not been recognized before, either because they had not been looked for or
because previous methods had not been sufficiently sensitive to detect
them. Although this is a typical pattern in occupational health research, it
is difficult to explain and to present in perspective to employees, manage-
ment and the general public. The difficulty is made greater by the propen-
sity of the media at times to unduly emphasize any new long-term effects on
health without an appropriately balanced presentation.
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Several areas were suggested for future investigations in the technical
presentations, in the assessments of the peer reviewers and in the extensive
discussions that followed.

The aerial environment

The extensive data available on exposure in the workplace during the
manufacture and use of MMMF dealt primarily with fibres. They included
comprehensive measurements of fibres visible by optical and electron
microscopy, with detailed information about size distributions. Neverthe-
less, better characterization is needed of exposure to non-fibrous matter,
including other particulates, organic dusts, fumes and vapours. Researchis
needed with a greater focus on the composition of the aerial environment
as a whole. Such investigations would improve the capability of relating
the type of environmental measurement used to the biological effects
observed. There is still too little information available about respirable
dust mass and its biological correlations. S fibres may be related to
mesothelioma, but there is no firm evidence that this is also true for lung
cancer. Fibres even thinner than S fibres might be more relevant when
inhaled. Critical fibre length might be more important in terms of lung
clearance mechanisms and other biological responses.

There are good reasons to reconsider current length-to-diameter ratios
for fibres and to decide whether TEM or SEM is the best method for
electron microscopic characterization of MMMF. The use of other indices
than those used at present — notably cumulative length and weighted
length of fibres — should be further considered. Automated PCOM tech-
niques for fibre counting would reduce subjective errors. In the mean time,
further development is needed of the WHO reference centre scheme for
evaluating and monitoring MMMF, to achieve better environmental sur-
veillance. Attention should be given to this approach by investigators in
North America.

Sampling strategies in the surveillance of plants, such as the zone
system outlined at the Conference (Annex 16), can be very effective in
obtaining the most information at the lowest cost.

More information is required concerning oils and binders, particularly
the changes in their use in past production of MMMF, and the implications
for the biological effects observed today.

Mortality studies

The results of limited earlier mortality studies of working populations in
the MMMEF industry had been considered negative. The major mortality
studies presented at the Conference resulted in uncertainty. Although
there was no clear concordance among the populations of all the plants
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studied and no dose-response relationship was found, caution should be
exercised in interpreting the findings of these studies. It was pointed out at
the Conference that, if fibre exposure is the primary variable influencing
mortality from cancer of the respiratory system, then the low measured
environmental fibre concentrations would be expected to result in very few
excess deaths, which would be difficult to detect in epidemiological studies.
More data, enlargement of the study population and longer follow-up of
groups for which analysis has been completed and reported are needed.
The reason is that most occupationally related cancers have a long latent
period and can only be detected in small numbers 20 years or more after
first exposure. On the basis of 'the available evidence, it is reasonable to
conclude that there is as yet insufficient evidence from the mortality studies
reported at the Conference to establish that MMMEF are innocent; nor are
there sufficient data to establish confidently that exposure in MMMF
production plants has an effect on mortality.

Information is needed on smoking habits and possible confounding
environmental variables, some of which could come from a better use of
the historical records of the plants. Comparability of the methods of
analysis used in the European and American studies should be improved.
Case-reference studies of lung cancer in non-smokers and of fibrosis
should be undertaken. Investigations should be extended to further groups
of workers in those industries that use MMMF products.

It is now possible to identify and quantify the fibres in lung tissues by
electron microscopy, and such methods should be used in studies of
long-term employees in the MMMF industry.

Morbidity studies

Respiratory morbidity studies were in the past considered negative as
regards evidence of diffuse pulmonary effects in workers exposed to
MMMF, but it was not possible in these studies to detect a dose-response
relationship. There is still no evidence of clinically important respiratory
disease in workers exposed long term. The new information presented at
the Conference is limited, and few investigations have been undertaken.
On the other hand, current methods of measuring an early respiratory
response are highly sensitive in detecting a biological response when the
results are subjected to searchmg analysis, including logistic regressmn

A balanced approach in-the interpretation of fmdmgs is necessary,
without oversimplifying the preliminary results or missing early indica-
tions of an adverse response to an occupational environment. The evidence
presented at-the Conference suggested an exposure-related diffuse lung
effect as measured radiographically at the low end of response detection.
Age, smoking and other confoundmg variables were taken into account in
the analysis.
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Current methods of assessing respiratory morbidity are well stan-
dardized and could be used more widely in collaborative international
studies on MMMF workers. The findings reported at the Conference
should be further investigated. It was suggested that the tests used — in
addition to signs. symptoms, lung function and the appearance of
radiographs — should also include those measuring bronchial reactivity, a
subject receiving increasing attention in other types of study on oc-
cupational exposure. The possibility of hyperreactive airways being early
indicators of a chronic effect on airway function has implications in the
prevention of occupationally related chronic pulmonary disease.

The morbidity studies should be expanded since the groups studied so
far have been generally small. Longitudinal follow-up of those already
identified and tested should be made. Opportunities exist for the expansion
of morbidity studies in both Europe and the United States.

Differences of opinion on whether there was any need to use unexposed
control groups instead of internal comparisons within the study populations —
where exposure stratification is possible — were not resolved. There was
more agreement on the need to include retired workers in future morbidity
studies. Although their inclusion would increase logistic problems in the
investigations, the benefits would outweigh the extra effort.

Workers manufacturing ceramic fibres have so far not been evaluated.
The diameters of some ceramic fibres are towards the lower end of the size
distribution of MMMF, and some operations are dusty. The fibres may be
cleared from the lung less readily than MMMF and were reported at the
Conference to produce tissue reactions in some instances.

Animal studies

The fate of MMMF in the respiratory system of experimental animals was
reported in several investigations. Evidence of the deposition and clear-
ance of fibres and their persistence in the tissue was reviewed. In addition
to the dimension of fibres, their solubility has an important influence on
their durability and ultimately their biological effects on the lungs. Solu-
bility differs with the tvpe of fibre and with manufacturing processes.
The absence, on present evidence, of a risk of mesothelioma in man and
animals exposed by inhalation to ordinary types of MMMTF leads to the
conjecture that this may be because of their high solubility compared with
asbestos. More studies are required to define the relative importance of the
diameter, length, solubility and composition of fibres in the induction of
fibrosis and bronchial and mesothelial tumours following their inhalation.

In the peer reviews of animal studies (see pp. 36 and 39). attention was
drawn to two distinct issues.
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1. Isfibre-induced lung fibrosis causmg or promotmg the development
of cancer or are fibrogenesis and carcinogenesis independent effects of the
same agent? Even if a similar dose were found to result in both outcomes,
they might still be independent although at times coexistent. Animal
studies should aim at clarifying this important issue. Epidemiological
studies are unlikely to provide an answer. -

2. The important advance achieved by the mternanonal panel of his-
topathologists in providing a grading scheme to quantify fibrosis in exper-
imental animal studies suggests an absolute cut-off that separates a fibrotic
from a non-fibrotic reaction rather than a continuum of tissue response on
an average grade. Further investigations of animals exposed by inhalation
to MMMF dust clouds should aim at resolving scientific uncertainties
concerning the potential f1brogemc1ty and oncogenicity of the various
types of fibre.

For the present, it appears clear from the collaboratlve study in the
United Kingdom and the United States on identical rat species with
identical inhalation and other techniques that MMMEF in general produc-
tion cause neither lung cancer nor progressive fibrosis or mesothelioma.
This finding is supported by other studxes also presented at the Conference
but as yet not completed.

RECOMMENDATIONS

The Conference expressed the view that it was important for MMMF
workers, product users, industrial management, the scientific commumty,
health administrations and WHO that further rescarch be undertaken in
several areas that had been discussed.

Environmental surveys and{sa\mpling technology

There are shortcomings in the methods currently used for the environmen-
tal surveillance of MMMF production plants. Efforts should be made:

— to develop multiple-stage instruments for the standardization of
inhalable dust mass and fibrous/non-fibrous dust fractions; and to
evolve uniform procedurcs for determining fibre concentrations by
phase contrast optical microscopy (with more automation), for
electron microscopic techniques and for establlshmg the relation-
ship between optical and electron microscopic findings;

— to intensify the WHO Regnonal Office reference centre scheme for
monitoring and evaluating airborne MMMF, in order to reduce



further the observed interlaboratory differences in fibre counting
by optical microscopy and to include electron microscopic proce-
dures as well; and to widen in this context the collaboration among
national laboratories in Europe and the United States and inter-
national organizations such as ISO and WHO;

to continue the monitoring of MMMF in production plants and to
undertake relevant surveys as part of national/international studies
of the biological effects of MMMF:

to widen the use of recently developed strategies for routine envir-
onmental surveillance of plants to obtain the most information at
the lowest cost; and

to evolve methods for a more adequate study of exposure to fibrous
and other dusts in industries that are users of MMMF products,
notably the construction industries.

Mortality patterns

There were several uncertainties concerning the causes of some elevated
Jong-term SMRs and trends in the mortality studies, particularly in min-
eral wool plants. These uncertainties require further investigation, and
efforts should be made:

to complete as soon as possible the historical IARC study — on
which only interim findings were presented at the Conference —
and make this European study as comparable as possible to the
extensive parallel study in the United States;

to prolong these historical mortality studies for five or six years and
thereby to include larger cohorts and more deaths for long-term
analysis in order to allow a more definitive assessment of elevated
SMRs for respiratory cancer,

to encourage at national/local levels the undertaking of case-
reference studies and inquiries to obtain detailed information on
the observed excess deaths and their causes;

to undertake systematic historical plant surveys of changes in pro-
duction technology, the use of dust-suppressing organic binders,
and the nature of raw feedstock and other materials, including
asbestos, to obtain better information for an assessment of the role
of possible exposure to other factors in addition to MMMF over time;

to provide a model for use in the prospective epidemiological
surveillance of MMMF plants generally, based on a simple question-
naire, standard personal records and periodic environmental sur-
veys; and
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