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Introduction

Chrysotile asbestos has been used in high dersihest and friction products for nearly one
hundred years. Since this paper is not presentadda$initive history of asbestos in all its guises
and since early developments in friction produckgolved textiles among a variety of other
materials and a quite different technology to tiised today it seems reasonable to restrict the
contents to those products developed and usecifasih 50 years. In that time, of all the world
production of chrysotile some 90% has been useasbestos-cement products such as pipes,
plates, sheets, mouldings and shingles (tiles). 5@ is used for friction products such as
brake linings and clutch facings and only 3% isduge other materials including textiles,
clothing, electrical insulation materials, gasketgper products, vinyl sheet and vinyl floor tites
where chrysotile has been used as a filler - anal fdker in cement, plastics, roof coatings and
various mastic and caulking compounds.

Health and safety records for workers in the chilessendustry have been kept for perhaps only
the last 60 years. They show few health problemsngnthose involved in the manufacture and
use of these products even in the early days where twas little attempt at dust suppression.
This has been borne out by every health study ofsolile cement or friction product workers
that has ever been carried out. Concerns abouighef chrysotile in such products have been
raised by those who have used health statistics ther forms of asbestos or from mixed fibre
exposures or who have failed to understand the ocmwling role of smoking in the
epidemiology. The concerns have been compoundedughr reliance on questionable
mathematical models, rather than actual workertheddta. It is relevant at this point to note
that no such risk models have been used to cadcwlarker health risks from the use of
substitute fibres in these products. In fact reigutahave, at times, deliberately avoided the
issues of toxicity for substitute fibores and notesfioned the claims that they are safe. This
‘turning a blind eye’ has strengthened the callddyan for all asbestos products in a number of
countries. Such a ban has been successfully camigte EU, but failed in countries including
the US, Canada, Brazil and India. The ban in theekténds to all forms of asbestos regardless
of type and regardless of product. ‘Alternative enials’, production of which is largely seated in
the countries keenest on a ban, give an econortianate. In the EU there is cynicism in the
official reason that the ban was to protect theltheand safety of workers. Anyone truly
concerned would have taken heed of the following:

* An INSERM report [5; p. 2] on the health effectssef/eral asbestos substitutes notes:
“Because the fibre structure of asbestos is a npgtirogenic factor, any new fibre proposed
as an asbestos substitute (or for any other usejdhutomatically be suspected of being
pathogenic because of its structure.”

* The Scientific Committee of the European Commissi@rectorate General DG XXIV
stated in a February 1998 report that: “...therisignificant epidemiology base to judge



the human health risks (of substitutes) ....... bBehe conclusion that specific substitute
materials pose a substantially lower risk to hummaalth, particularly public health, than the
current use of chrysotile, is not well founded.[12].

Misinformation about asbestos is not the prerogativthe official world but is particularly rife

in the public domain. The media in their constagareh for sensationalism have created a
climate where the word "asbestos,"” now causes inateganic verging on hysteria. As with
some other environmental problems, heavy occupaltiexposure to asbestos is counted equal
with very low environmental exposure. The leveldidease, which at the worst occurs in less
than 10% of those exposed occupationally is tréadlay many, and particularly the media, to a
death sentence following the tiniest exposure enghblic arena. While it is true that asbestos,
particularly blue and brown asbestos, in even nogleantities, are a significant health risk for
those occupationally and also para-occupationaffyosed this is not the case for chrysotile
(white asbestos). Dangerous levels of exposureresmt from those who just live near blue
asbestos mines where fine weather and mine tailisgd as road metal keep high concentrations
of fibres in the air. However, studies (Camus.f.)the very large population who live near
chrysotile mines or on chrysotile ore bodies hasaghthat there is no excess asbestos-related
disease in these areas. Even industrially the catipaly small danger posed by the present low
levels of exposure to chrysotile in the industrpraat be shown to produce a significant risk of
disease.

History

Asbestos is the commercial name applied to a gobsp< naturally occurring fibrous minerals.
Five of these belong to the mineralogical type kn@s amphiboles (and include blue and brown
asbestos otherwise known as crocidolite and amasfeectively) and one is a serpentine called
chrysotile or white asbestos which is the principateral of commerce (~90% of world
production). These mineral fibres are highly effexinsulation materials and were applied to
pipes and boilers by the millions of tons each yadil the 1950s. They were also used in the
insulation of steel-framed building and a myriadtfer products. Since chrysotile accounts for
the majority of the world’s production of asbestaigerals, it is very important to understand
that it is chemically and crystallographically dist from the five amphibole minerals including
blue and brown asbestos. Chemically chrysotilensagnesium silicate similar in many ways to
talc with which it is sometimes found, crystallggingcally it is found to have soft curly fibres.
The outside of the chrysotile fibres are a magmesidide/hydroxide structure readily degraded
in the body. The amphiboles are also metal silgchtg with a more complex structure and form
hard needle-like fibres. Blue and brown asbestos thwir colour to the large amounts of iron
they contain although other amphiboles may befiree. The outside of amphibole fibres is
similar to quartz and is not degraded appreciabthé body. One of the important consequences
of the differences is that chrysotile has a vergmiower toxicity than the amphiboles.

Dangers associated with the use of asbestos werealsed when it was first used
commercially towards the end of the nineteenthuagniA very few reports did appear in the late



nineteenth/early twentieth century but it was 1B2fbre lung fibrosis was associated with
workers heavily exposed to asbestos (Cooke, 1%24as nearly ten years later (Lynch & Smith,
1935) that an association was noted between asigsattd lung cancer. The UK Factory
Inspectorate in their annual report for 1947, pneesebin 1949, found an excess of lung cancer in
those with asbestosis. It was not until 1955 thaR&hard Doll undertook the first cohort
mortality study of asbestos workers and showedkaass of lung cancer in those with
asbestosis, but not in those without the diseasewAyears later, in 1960, a medical connection
was made between blue asbestos and mesothelionadigmancy (tumour) of the lining of the
chest wall. That year Dr Chris Wagner and his eajlees reported 33 cases of mesothelioma in
the north-west Cape of South Africa (Wagner, Sleggd Marchand 1960). Twenty-eight of
these individuals had worked or lived in the Cdpad) asbestos field; four had worked in other
parts of the asbestos industry. Shortly after thi4964, Dr. Irving Selikoff published a study of
632 New York insulation (shipyard) workers, whigmnabnstrated an increased risk of lung
cancer (Selikoff, Churg, and Hammond 1964).

The inevitable consequence of the massive asbeastosf the 1940s and two or three subsequent
decades accompanied by minimal occupational hyg&pesed millions of people to high fibre
levels from the range of asbestos types. As a cuesee, we see today massive levels of
asbestos-related diseases. There are four didedsaswith asbestos, two benign and two
malignant. Asbestosis (fibrosis) is the conditvamere asbestos has damaged the lung tissue and
caused scars to form. The lungs are the orgamedbddy which enables oxygen to pass from the
air into the blood. The scars interfere with fiiecess, so people suffering from asbestosis
become breathless. Pleural disease has two fa@ne.is diffuse pleural thickening, which is
linked with asbestosis. The other is pleuratjpés; these are also scars, but they occur outside
the lungs, in the chest wall, and because of ttag are quite harmless even though their
appearance on chest X-ray can be quite startling.to malignant diseases are a very different
matter. They are mesothelioma, which is a canctreopleura, the outer covering of the lungs;
this is invariably fatal, and lung cancer, simtiathat caused by smoking, which even with the
best treatment, has only a five-year survival e§lthan 10%.

Today, workers' health and safety issues are neasiy ignored - legally or socially - as they
were in the past, and there is a price to pay.eSapproximately 1955, tens of thousands of
workers have filed both compensation claims andstaits against asbestos manufacturers
claiming that they were made ill by asbestos ancewaffering from asbestosis, lung cancer, or
mesothelioma. Companies and their insurers hava sp@dreds of millions of dollars
defending and settling these claims. Some, likegdWanville and Keene re-organised through
bankruptcy. Others folded and went out of business.

Fear of health effects has led to the developmiah @batement (removal) industry. Removal of
asbestos from buildings is a lucrative occupatinrl992 there were 1040 contractors licensed to
carry out asbestos removal in the UK. In the U8 i& major industry costing the public and
private sector billions of dollars a year [79]. Betly, a plea went out in the US {{USA today’ -
leading article} saying that asbestos abatemensbddr cost the country 50 billion dollars to no
good effect on public health. [Some years earl@bEs Magazine had estimated that the final
cost in the USA would be about $200 billion if thbatement program was completed.] The



industry is driven by public fear and frequenthinsuahead of other industries associated with
mineral wool and cellulose insulation. The bestieelvand UK HSE policy, is still non-removal
of asbestos when the insulation is in good conditamd doesn’t need to be disturbed. The
USEPA and Canadian agencies give similar adviceTh¢ EPA’sPurple Book (Guidance for
Controlling Asbestos Containing Materials in Builgs) [80] states: ‘The presence of asbestos in
a building does not mean that the health of bugdincupants is necessarily endangered. As long
as asbestos-containing material (ACM) remains iodgmondition and is not disturbed, exposure
is unlikely.’

Scientific studies and health issues

Decades of study have taught us a lot about thesasbminerals and the diseases they may
cause. Asbestos fibres in a certain size rangeictan the respiratory system and penetrate deep
into the lungs. All fibres and other particleswdfatever composition or form, that can do this
are known as respirable. However, not all partialesfibres and not all fibres, by general
agreement, cause disease. Many studies have shatwonly asbestos fibres that are greater than
5 um long (I), less than 3 um in diameter (d) aitth &wn aspect ratio (I x d) greater than 3:1 can
cause disease. This is the definition of the Wbld@lth Organisation and fibres that fall within
this definition are sometimes called WHO fibres.

The European Union uses this definition in its Dinee:
L 97/48: Official Journal of the European Union.4.2003

DIRECTIVE 2003/18/EC OF THE EUROPEAN PARLIAMENT AND OF THE

COUNCIL of 27 March 2003 amending Council Directive 83/477/EEC on the protection of
workersfrom therisksrelated to exposureto asbestos at wor k

For the purpose of measuring asbestos in therdy fibres with a length of more than five
micrometres, a breadth of less than three micr@setnd a length/breadth ratio greater than 3:1
shall be taken into consideration.

Many studies have shown that the danger posed bglagstos fibre increases with its length.
Stanton (1981) suggested that an optimum of davgrred with fibres of length greater than 8
pm and diameter less than 0.25 um. This has beknowen as the Stanton hypothesis. While
this work has not fully stood the test of time thex general agreement that long thin fibres do
pose the greatest danger with the suggestionitirasflonger than 20 um are the most
important.

The human lungs are delicate organs and do notdigirable particulate matter. However, they
are not defenceless and providing the concentrafigarticles is not too great they have the
means to cleanse themselves. They use the ‘muaryodscalator’ for the airways and at the
lowest depths of the lung, the alveolar region, netibe thin lining allows diffusion of oxygen in
and carbon dioxide out of the blood, the primargdee is a mobile white cell, the macrophage.
The airways are lined with fine hairs, cilia, doterthe level of the finest bronchial tubes and



have mucus-producing glands. The mucus traps [ertnd the hairs sweep it back up to the
throat where it is swallowed. Particles that fihdit way deep into the lungs meet the
macrophages, otherwise known as phagocytes. Tla@seahdual role, phagocytosis and
regulation. Phagocytosis is the process of inggstimd where possible digesting particles which
have passed beyond the mucociliary escalator. Reégulincludes the production of chemicals
called cytokines. These are chemical messengemseniole includes summoning other cells
when defences are breached, starting and stogmpengrocesses of inflammation, and repair of
tissue damage as necessary. While isomorphouslparsiuch as diesel fume, particulates in
tobacco smoke and bacteria are easily removedsfdne difficult - shape matters. Fibres may be
too long for the macrophages to ingest complefég result is that having failed in their
attempt to ingest a fibre they remain in an actidattate, their mobility is reduced, and their
cytokine production continues uncontrolled. If gnare only a few fibres, or if the fibres are
soluble or breakdown, other uninvolved macrophag@sneutralise the inappropriate cytokines.
But if the fibre inhalation is high, too many wi#main in a ‘frustrated macrophage’ state, until
they die with too few left to regulate the systeheTesult is inflammation, tissue damage and
need for repair. This situation is known_as funaailooverloadIf the cleansing systems cannot
cope the lungs are damaged and the durable fibaggemain in the body throughout the
person’s life. The longer a fibre remains in theguhe more likely it is to cause disease and this
residence time appears to be related to the hie-tof the animal (rodents or man) rather than to
any absolute measure.

A phenomenon unique to durable fibres in the lunipe ‘asbestos body’. Amphibole fibres, but
only very rarely chrysotile fibres, can develop nled spaced along their length which are
thought to be the remains of the ‘frustrated’ mpbiages that have failed in an attempt to ingest
and remove the fibre. Long fibres, under the micopg, have the appearance of a string of
beads. The asbestos body has no pathologic sigmicbut the number of such bodies in the
lung is indicative of past level of exposure.

Although all the asbestos types and indeed, prghabldurable particles, in sufficient quantity,
may cause disease it is the amphibole fibres tieadfathe greatest concern since they are the
most durable physically and chemically little adtiin the body. Chrysotile fibres, on the other
hand, which are not very durable, readily breakmawthe lung into smaller particles and fibres
that are removed through both chemical degradatimhscavenging by macrophages followed
by transport up the mucociliary escalator. Chrysas said to have a much lower biopersistence
than amphiboles. Long chrysotile fibres are cledrech the body within a few weeks, amphibole
fibres may remain throughout life. As a consequehegotential of chrysotile for causing
disease, particularly mesothelioma, is at worshimmal. The majority of scientific and medical
opinion is that chrysotile alone does not produesathelioma. When there is dissension it is
often revealing to read the author’s affiliation.



Thresholds
The threshold of exposure is the level of cumuagxposure below which disease caused by
asbestos will not be detectable. Risk of disease ifficreases as the exposure increases.

Exposure is not a single event, such as swalloamgspirin, it continues for a period of time
and is described as total or cumulative expostire.normally defined in terms of fibre/millilitre
years (f/ml years) and the definition is based on el of exposure in the workplace,
measured as the numbers of fibres found in eadf ait, in the air breathed at work, multiplied
by the number of years, or fractions of a yearinduwhich the worker is exposed.

For example:1 year worked at a level of 5 f/ml gigecumulative exposure of 5 f/ml years
5 years "5 f/ml 25 f/ml years
Y, year " 5fml ™ Bf/ml years.

Note that this is really a measure of the numtidibres inhaled. We actually inhale about 2%
billion ml of air at work during one year, so tHat/ml year represents the inhaling of 2% billion
fibres, but the term fibre year is just a convenigay of dealing with these large numbers.

Note also that since asbestos is present as a minloitgod! in all air and is breathed by everyone
we all receive an annual exposure of 0.001 f/mis/@diile urban dwellers receive maybe several
times that.

Thresholds and Health effects

Exposure to high levels of any of the asbestosstgp@ cause asbestosis. Although asbestosis is

non-malignant it is a debilitating, restrictive tudisease that has been known since 1927. In the

early decades of the twentieth century little wasedto protect acutely exposed insulators and
shipbuilders and bystander trades, particularlynduthe Second World War. More recently,

with awareness of the dangers of exposure to leigld of any dust, it has been recognised that

there is a threshold below which disease will rewu:

* "In our judgement, asbestosis can be deemed asdiségast high exposure levels and will
not occur in workers exposed to the regulated segkbccupational exposure now in force in
Ontario.” (Dupré J S, Mustard J F & Uffen R J. Repd the Royal Commission on Matters
of Health and Safety Arising from the Use of Asbedh Ontario. Ontario Ministry of the
Attorney General, 1984:94-97.)

* The UK Health and Safety Executive in their 199@dew of fibre toxicology "... concluded
that there will be a threshold level of exposur®wenhich no radiological or clinical
manifestations of pulmonary fibrosis (asbestosil)ogcur. The value for the threshold, and
indeed the slope of the dose-response curve, dementhe fibre type and the fibre size-
distribution in the workplace."

Very good evidence of a threshold comes from tleepfation that there are a large number of

people who have lived for extended periods of tieeveral generations in some cases) in

regions with elevated chrysotile fibre levels ie iimbient air (exposed to 200-500 times urban
levels elsewhere) yet have no fibrotic diseaseeRiestudies of these environmentally exposed
populations has confirmed there is no excess didgzammus, Churg).



Unfortunately, asbestos also causes cancer. Twouutypes are recognised: lung cancer, more
specifically bronchiogenic carcinoma, pathologigalimilar to that caused by smoking and
mesothelioma, a cancer of the lining of the chest. viny agent that causes cancer is deemed
not to have a threshold dose. However, as our stateting of the biochemical changes that can
lead to cancer improve it is now obvious that thisot necessarily the case. Many observations
and studies of several carcinogens have reveakdh® only sensible explanation for their mode
of action is a threshold.

Asbestos provides a good example in the case gfdancer following asbestos exposure. There
has long been argument that a tumour will only tlgysubsequent to the development of
asbestosis. However the evidence that asbestaseséssary before lung cancer develops is very
strong (Browne, Borm (Borm, P. J. (2002). “Munictokishop on evaluation of fibre and

particle toxicity.” Inhalation Toxicology 14: 1-4and others). Since it is accepted that there is a
threshold for asbestosigpso facto, there must be one for asbestos-related lung cdinee
confounding influence of smoking prevents good aations since it has been shown there is a
complex interaction between the two (Liddell). @aly, in the absence of asbestosis
compensation boards are not likely to make an ateairdamages due to asbestos if there is a
history of smoking. In the UK no award is givenesd asbestosis is present (and with the minor
addition that diffuse pleural thickening with luhgnction deficit is also present).

* "To me the available data indicate that the onigrddically established association of lung
cancer and asbestos exposure is the associatasbestosis and lung cancer; thus, only the
presence of asbestosis can be used to incrimish&ses as a cause of lung cancer." (Churg
A. Asbestos, Asbestosis and Lung Cancer, ModernoRagy 6: 1993; 6:509-511).

» Also, in the HSE review: "There appears to be aoa@ation between pulmonary fibrosis and
lung cancer in that both diseases show a similae-desponse relationship with respect to
asbestos exposure, show similar latent periodslégelopment, show a similar dependence
on fibre type and size, and both diseases emamate the same underlying chronic
inflammatory condition. These observations sugtest asbestos-induced lung cancer, like
fibrosis, is a threshold phenomenon. It can beclmled that exposures which are
insufficient to elicit chronic inflammation/cell gliferation (manifest for example, as
alveolar Type 11 cell hyperplasia or fibrosis) wilbt incur any increased risk of lung
cancer." (HSE, Review of Fibre Toxicology, 1996).

Mesothelioma was known as a disease before thetashadustry developed. In the absence of
external causative agents it is a rare tumour aitincidence believed to be about 1-2 per
million per year or 1-2 in every 10,000 deaths (MoBld & McDonald, 1987a). The tumour has
been found in just about every animal species fbgilfish to the higher mammals (ligren &
Wagner). Unlike lung cancer, the risk of mesothmbas not affected by smoking (Muscat &
Wynder, 1991). The commercial exploitation of asbesas considerably enhanced the
incidence of mesothelioma to a level, in men, haddrof times greater than background. It must
not be forgotten, though, that it is not just abestos-related disease. Although asbestos
exposure is the most frequently recognised causmzaimately 20% of all mesotheliomas are
not related to asbestos exposure (Baldi et al.2R@0number of other etiologic factors that can



cause the condition include exposure to other ralrfdares, chronic inflammation/scarring - as
in cases of tuberculosis and empyema, heredigdiation, viruses, and exposure to other non-
fibrous minerals and organic chemicals. The sporadcurrence of mesothelioma in children,
particularly young boys has not been linked to agiseexposure. A search of the medical
literature shows a number of reports of idiopathioours (for example: Erkilic et al, 2001; other
refs.) but overall mesotheliomas from the varidtpathologic and iatrogenic causes account, at
the present time, for a minority of the cases.

As for lung cancer, so for mesothelioma: studietho$e occupationally exposed suggest a
practical threshold of exposure but several cabasm-occupational disease are known in family
members of asbestos workers (para-occupationakexgp(refs.). The occasional reports of
familial cases of MPM are mostly associated withudnented asbestos exposure although this
not always the case. One study found 17% of cas¢triid no documented exposure (Dawson et
al. 1992). Overall, only 3%-8% of asbestos workkrgelop MPM (alternative source: only 2-
10% of the individuals with heavy exposure to agisewill develop mesothelioma (Bell & Testa
1997)) Inherited susceptibility to mesothelioma hasn suggested by studies showing that
among the family members of asbestos workers,deggtee relatives are at a higher risk than
spouses (Browne 1995), so the occurrence of tmetu in families suggests that genetic factors
may be important. The rationale presented is tdlsaty theoretically, there is no threshold level
of asbestos exposure below which MPM will not ogtlie one fibre can kill, theory); therefore,

a small percentage of tumours may develop secondayvironmental contamination or
undetected occupational or environmental expostwaiever, there is no data available to
suggest that low-level environmental exposure siscimay be found in schools, etc., poses a
health hazard (Mossman et al. 1990). Cases in pedpd live in asbestos mining areas or who
have lived in the vicinity of asbestos plants hamaly been found when the mineral mined was
blue asbestos and mine tailings or asbestos-camgadnitcrop rock have been used as road metal
or a related use where further comminution coulelae fibres and so their exposure is
undoubtedly higher than might have been expected.

To support the claim that mesothelioma is almostuskvely asbestos-related it has been
proposed that even when the lungs are found to leawasbestos body counts (less than 20
asbestos bodies per gram of wet lung tissue) thmthscroscopic fibres that do not readily form
asbestos bodies are involved. This in spite ofatbalth of good scientific evidence that points to
long fibres as the causative agent. Such argunaeatdifficult to refute since studies involving
effects of small amounts of substances upon pesyfter the handicap that they cannot be
experimentally tested. Although the consequencé®a¥by asbestos exposure are readily related
to disease, lower exposure is not. It is a fadt ey patients with MPM do not have a
documented history of asbestos exposure (range83 ™ many literature studies) but that
does not mean they have never been exposed.

With regard to overall toxicity it is generally apted that the carcinogenic potential of
chrysotile, is weaker than that of the amphiboMegsman et al., 1990; Browne, 1995; Churg,
1988; McDonald & McDonald, 1996; Stayner et al.989Hodgson and Darnton, 2000). For
lung cancer some clinicians even doubt that chitgscauses lung cancer in the absence of
smoking. Even when there is asbestosis. This idyn@apossible to prove because for reasons



unknown, the level of smoking is higher than averagasbestos workers. It would be difficult
to find a large enough cohort of chrysotile-expoliedlong non-smokers to do a proper
epidemiological study.

In the case of mesothelioma there is now a soldy led opinion that says that exposure to pure
chrysotile does not cause the disease. This st@ugdmore definite statement but the picture is
confused because some chrysotile deposits arersated with the amphibole tremolite, a non-
commercial amphibole, and it is most probable #hdtast some of the mesothelioma cases
reported in chrysotile workers are due to this aonhation (McDonald & McDonald 1996,
Stayner et al. 1996). Industrial cohorts whichhia past were reported as exposed to chrysotile
alone, and where cases of mesothelioma have odduaree, on recent more thorough
investigation, been found to have been exposetlumdsbestos for some of their working life or
to have had such a varied employment record tlisintpossible to determine what they may
have been exposed to. Finding out whether or nph#mle exposure occurred, other than by
post-mortem lung fibre analysis, is not easy. Mahthe people suffering from mesothelioma
today were first exposed during war-time when rds@f materials may not have been kept, or if
kept, have not survived. Even more recent work ¢¢@001) may suffer from lack of relevant
information. (and see below)

Contentiousissues

Contentions arose once the spectrum of diseasesd&y asbestos types was established. They
have arisen because evidence was incomplete aadd®ethe science advances slowly but
mostly because of the money involved in litigatidhere is good evidence that some
manufacturers did not inform their workforce of theest health concerns as they arose nor take
steps to reduce their exposure to asbestos filoresnsequence many workers were exposed to
levels of fibre now known to have been damagingihhThe very high toxicity of blue asbestos
and comparable toxicity of milled amosite were wpseted but when it became known
exposures could have been reduced. Implementatigooal health and safety practices at that
time would have reduced the legacy of asbestoserklliseases we see today. In the event any
perceived economy was false since the employers stdysequently held liable for damages and
the legal profession geared up for the financiadlgpling legal battles in the asbestos-fest that
exists today. A battle in which they are the onlgmners.

Science has been largely pushed aside in the aftleymven at times by scientists. There is too
much money at stake to allow scientific argumenhws attention to detail and presentation of
probabilities to lead the discussion. As a resultigber of non-scientific and even nonsensical
claims have arisen and persist today, in spit@ohd evidence to the contrary. The most
important are that all asbestos types have equ@itypand cause the same spectrum of diseases;
that any dose, however small, can trigger an agbestated disease - particularly cancer; and
that asbestos alone is the only causative agemdspthelioma. All three are palpable nonsense.
Most importantly note the insistence on the ustnefword ‘asbestos’. Legislators who have no
science believe it to be the generic, lawyers reviie obfuscation that results from its use.



Even the HSE which seems largely to have forgdtierwords of wisdom in its authoritative
1996 review, accepts the first premise is wrongn@mn sense denies the second Since life in a
large city may mean inhaling about 14,000 asbdgioss a day the validity of the statement
must be in doubt. Also, there are many placesentbrld where people are exposed to much
higher levels than this every day of their lifendliy, at death we all have in our lungs, high
levels of, largely, amphibole fibres, maybe as masgp million per gram lung dry-weight.

The greatest contention comes in the case of magwtia although it was recognised as a
disease before the asbestos industry developedeVvmwbecause of the fortunes to be made
through asbestos litigation, lawyers, and probably lawyers, claim that MPM is solely an
asbestos-related disease and there is no other.&&wen where there is no occupational
exposure the claim is made that somewhere, at somethere must have been.

The tremolite issue

The largest study ever carried out on asbestoses®rkas that on 9780 men born between 1891
and 1920 who were employed for at least a montharQuebec chrysotile producing industry
(Liddell et al., 1998). The earliest workers stdrite 1904. The men were followed to 1992 by
which time 8000 had died, 657 from lung cancer 3®dom mesothelioma (out of 7456 (0.4%)

- this was an earlier study). The results showat] #ven after extremely high dust exposure, the
risks of excess lung cancer were very low. Ovéralas estimated as no more than 65 deaths
(0.8% of 8009), while little or no excess was sieemen exposed to less than 300 mpcf x years
- this is a massive dose, orders of magnitude hitfiaa any that would be allowed today.
Regarding the mesotheliomas it was realised tlesetimen and also a number of those with lung
cancer had worked in the central area of Thetfarcemwhere the chrysotile is contaminated
with the amphibole tremolite. It was also foundttbame of those with mesothelioma had
worked with blue asbestos. A consequence of theskan that the trace amounts of tremolite
that may remain in chrysotile after processing é&Sébn et al., 1989) are held responsible by
some for causing disease. The argument is: yousanathat chrysotile is safe but what about the
tremolite? Does it matter to the unfortunate pexsamncerned what fibre the mesothelioma is due
to? That is certainly true, but there is human enat and very good animal evidence that such
trace quantities do not cause mesothelioma (NIQ8#yoted in ligren & Chatfield, 1998)
There are two other reasons why tremolite is ngéom concern. It has been shown that for a
miner to collect enough tremolite in his lungs émse a mesothelioma he had to have very heavy
exposure in the high tremolite areas, enough tseasbestosis Also, new geological research
has shown that tremolite is not uniformly mixedwiihe chrysotile, but occurs in separate seams
which can be identified and avoidéd As a result the high tremolite-contaminated rsiimethe
central Thetford area have closed as have thetheghelite areas in the huge Asbest mine in
Russia, so supplies from these sources now havenalior no tremolite.

" mpcf x years is (million particles per cubic fomtyears. 300 mpcf.y is roughly equivalent to 10fires/ml) x
years, or, say, 10 years in the 1940s at 80 fitmles/



Asbestos Containing M aterials (ACMYs)

High density cement and friction products contagrasbestos are just some of a variety of
products known as Asbestos Containing MaterialsNIBL They mostly contain only chrysotile
although crocidolite and amosite have been usednmixture for some pipes and flat wall
boards. Friction products have been almost exalysishrysotile. Their production accounts for
some 90% of all the world production of chrysotiléey are the most common asbestos
products to be found in the domestic environmenly #bre release from them is extremely low
and yet they are regulated as if they were lodse fiRegulators and so the general public regard
them as a cancer risk. Why? It is difficult to inreggthe sort of treatment they would require to
liberate enough fibre to cause asbestosis andossilgly, lung cancer in anyone exposed. No
chrysotile products are thought ever to have predunesothelioma.

“There has probably never been an attributableicalily and pathologically proven case of
mesothelioma in any manufacturing industry, e.giext, friction products, or textiles, amongst
the many tens of thousands of workers where chitgsadone has been used.” (ligren &
Chatfield, 1998) - even though the time since gisifhegan stretches back to the careless
handling of asbestos 50 or more years ago.

Manufacture and disease in the manufacturing industries

When the first cohort studies of deaths among asbe&gorkers appeared in the 1960s and 70s,
they nearly all related to those working with mpdsi of chrysotile with crocidolite and amosite.
In most cases chrysotile was the major fibre corepgrwith only small amounts of amphibole
added, so that as a result chrysotile was blanrethéodeaths along with the amphiboles.
However, there is a simple way to test that iddackvis to look at mortality studies of workers
in industry where onlghrysotile has been used.

There have been 8 cohort mortality studies of itrteswhere chrysotile has been the only fibre

used.

* A cohort mortality study is one where you starthwan unselected group of fit people - say,
all those who started work at a factory at a paldictime - and then follow them up for a
number of years to find out what they die of. e&€h death occurs, the cause is recorded
and the final totals are compared with the causdeaths in the general population not
exposed to asbestos.

Another relevant definition is the Standardised tdiity Ratio (SMR):

* The standardised mortality ratio is the ratio cdttie observed, D, to those expected, E, on
the basis of the mortality rates of some refergrugmilation. There are certain assumptions--
that D was generated by a Poisson process an# ikdiased on such large numbers that it
can be taken as without error. It is often expréssea percentage: % relative risk.

No risk would be represented by an SMR of 100.dfking in the factory caused disease (from
whatever cause) this would show as an SMR of grédadéa 100. It is common in worker cohorts



to find an SMR of less than 100 but this does neamthat it is healthier to work. The
phenomenon is called the healthy worker effectdamdonstrates that only the healthy do work.
The general population, on the other hand inclindadthy people and sick people. An SMR of
less than 100 is taken to mean that there is kattached to the work of that group of workers.

There are 4 studies of asbestos cement factdri2of friction materials®, and 2 relating to
chrysotile mining® although only the Italian study is noted here. Tamadian study, by far the
largest mining study, gave similar results butasveuch a complex study that it is difficult to
summarise in a comparable way to the other 7.

Asbestos cement products

Asbestos Cement is primarily a cement-based proglete about 10% to 15% w/w asbestos
fibres are added to reinforce the cement. Asbestogent is weatherproof in that although it will
absorb moisture, the water does not pass throwgprtduct. Asbestos-cement products account
for some 90% of all the world production of chryotThe products made include water
cisterns, rainwater gutters, down pipes, pressipespunderground drainage and sewer pipes,
corrugated sheets, mouldings and slates or shifiges). They are the asbestos containing
materials (ACMs) that most people come into contatit in a non-occupational setting.
However, the greatest exposure to asbestos cooradliose who make the products rather than
the end-users. End-users can only ever receivactidn of the exposure of those who
manufacture the product. Although most asbestogneproducts are made solely with
chrysotile some products were made with a mixt@igsbestos types. This is no longer the case
but of course the materials containing mixed filora@y still exist.

Asbestos cement products have a cement-rich susfidicehe asbestos fibres encapsulated
within. In products used outdoors for weatherpnogf small amount of fibres may be released
during natural weathering although greater amoahtibre can be released if the products are
subject to any abrasive cleaning or working. Howgelrysotile is chemically altered to a

greater or lesser degree within the cement matixadso most of the fibres breakdown with the
cement as part of the weathering process. The elégehich this latter effect occurs depends
largely on the acidity of the rain. Acid rain renesvmagnesium from the surface of the chrysotile
fibres. Examined under a microscope many fibresbeaseen to be coated with small crystals of
calcite.

Four studies have been made in asbestos cemenicpimydplants that only used chrysotile
looking at the risk of lung cancer. The resultshef studies are summarised in this table where
the studies are named according to the principastigator:



Chrysotile-only Cohorts

Male Mortality

1. ASBESTOS-CEMENT

total deaths % relative risk lung cancer % relative risk
no. (SMR) no. (SMR)
Gardner 384 94 35 92
Thomas 351 102 30 91
Ohlson 220 103 11 122
Weiss 66 61 4 93
TOTAL 1021 95 80 95

The studies were all quite large and in total adexsd over 1,000 deaths from all causes
(column 1). The next column (SMR) shows whetherdlveas any serious risk in working in
those factories by comparing the numbers of deattiese workers with numbers you would
expect in people of the same age in the generallaobpn. Clearly there wasn’t any serious

risk: that is, in these factories, it has beereast as safe working with chrysotile based
asbestos-cement as it has been for the rest pbindation. The last two columns look at the
lung cancers in the group. In 3 out of the 4 sigidi* the death rate from lung cancer was
lower than for a comparable group of men not wagkiot in these factories. The only
apparent exception is the small Swedish stualyd the increase here could perhaps be due to it
being a small sample.

But even for the Swedish workers, closer study shihat the evidence of risk disappears.
Manual workers tend to smoke more heavily, at leaBurope and North America where these
studies originated, and differences in smokingtisalis noted above, could swamp effects from
other causes.

Evidence for other confounding influences suchmasking can be determined by making
comparisons within the cohort. If the amount okdise increases as exposure increases, this is
an important indication that the exposure is cayifiie disease; put another way, if chrysotile
causes a lung cancer risk, the more exposure ysatile, the longer men have worked in the
factory, the greater the risk to be expected. ErRargithe Swedish study, and the other 4
studies (below), it can be seen that all exceptambeally show a negative dose-response; in
other words, those with higher exposure actualiyeHawer mortality rates! The McDonald
and Finkelsteifistudies are both of friction materials factorimsg Piolattd looked at the



Chrysotile mine at Balangero in Italy. SMR1 givtke risk for short-term workers (the lowest
exposure category) compared with the general pudnid SMR2 the risk for the long-term
workers with the highest exposures.

Chrysotile-only Cohorts Male Mortality
2. Negative dose-response
lung cancer SMR 1 SMR 2
no.

Ohlson ** 9 278 103
McDonald ** 73 167 137
Finkelstein ** 11 490 110

Piolatto ** 22 120 105

*SMR1: lowest duration cgtey SMR2: all longer exposures

In each case, the longer the workforce was exptwselrysotile, the lower their risk. This is
not to suggest that chrysotile is good for yougkirand short-term manual workers are
notorious for having an unhealthy lifeseut the figures show that other causes of lung
cancer were increasing the risk, and there wawvigemce that working with chrysotile had any
harmful effect. A slight question mark would r@mover the Connecticut friction materials
workers, because the difference is not very great the 3 remaining studies do not give any
firm evidence of risk.

Six of the 8 cohorts were in manufacturing indusaryd none had any evidence of a lung
cancer risk. Just as important is the fact, th#h@se 6 cohorts there was not a single
attributable case of mesotheliomaong 2,288 deaths. This was not the case imihenining
cohorts. Here though, the few mesotheliomas thairoed can nearly all be attributed to
amphibole exposure.




MESOTHELIOMAS IN CHRYSOTILE - ONLY COHORTS
Manufacturing: no.
All cohorts: 0 No attributable mesotheliomas
in 2288 deaths from all causes
Mining and milling: no.
Balangero 3 all exposed >300 f/ml years
Quebec 31 all exposed > 2 years

Evidence that has appeared in the past few yeataieg probably all of these cases. It has
emerged that just after the war some processiegooidolite was carried out at the Balangero
mines and these cases may have been working ther@ mearby plant that used asbestos at
the time (Health Effect of C, p.177). In the Quebgners McDonald has shown that the small
number of mesotheliomas which have occurred is stioertainly not due to chrysotile, but to
the amphibole tremolite, which is known as a coitamtin some areas of the miré¢see
above).

A new study from South Africa has confirmed pred@vidence that no case of mesothelioma
has ever been identified among chrysotile minezsethdespite large numbers empldyed

Very little tremolite is found in the chrysotileoim this area. In California little individual data
is available from Coalinga where a short fibre aiiple-free chrysotile was mined. Although
there has been no epidemiological study of therBd@rs and millers there has been a very
small study from some of the 279 men who worked dohns-Manville on-site plant. Of a
group of 40 men who had worked for 30 years anevi@lowed-up none had asbestos-related
diseases. Similarly among 50 men who had X-raye stiowed asbestos-related changes.
(ligren, pers. comm)

There has been some dissension in a recent studyGhina that claimed to show that
mesotheliomas could arise from work with tremofiee chrysotil&. However, the analysis

for tremolite was inadequate; the only statisticalllid method of assessing a chrysotile sample
for tremolite is through chemical digestion. Theéhaus used only microscopy, which can rarely
detect the small amount of tremolite present, &edchrysotile came from a mining area known
to be heavily contaminated with tremotfteThen exposures were very heavy and no post-
mortem lung fibre burdens were examined. Alsdheftwo mesotheliomas found, one had a
latent period of less than 14 years to death -thems any known verified caSé® (one case
occurring after a shorter period reported by Lampfidlad had previous domestic exposure)
and the other was a peritoneal case, which mang &aid do not occur with chrysofifeso the
paper has really no credibility.

Asbestosis is a disease that results from heawypational exposure. As noted earlier, it is
accepted that there is a threshold at which it gcdtis difficult now to estimate the exposure
levels at which the disease begins to appear, sieaths directly from asbestosis are relatively
uncommon in recent years. And while advanced agbissts relatively easy to diagnose,
deciding the point at which it begins is as difftas defining the moment at which dawn



begins when you are in the middle of a city wittest lights on, car headlights flashing by and
neon signs blazing. Since the exposures of peogaged in manufacture of high density
chrysotile products are low to obtain an idea efl#vels required for the onset of the disease it
is necessary to study those with higher exposOnee of the best attempts to define the
threshold for asbestosis was made with the Rocheziiée cohort’.  There it was found that
there was a 1% risk of asbestosis at a cumulakpeseire of 72 f/ml years.

THRESHOLD FOR ASBESTOSIS

Asbestos Textiles Chrysotile and Crocidolite Cumulative exposure for 1%
risk

Possible ashbestosis 55 fibre/ml years

Definite ashestosis 72 fibre/ml years

However, this has been judged too low to be appbezhrysotile asbestos-cement or friction
materials workers for two reasons. The first reasdhat this plant used an appreciable amount
of crocidolite mixed in with the chrysotile, anceteecond is that figures derived from past
textile operations may not be generally applicaBlg. we can get a clue from the lung cancer
figures. There is occasional dispute about whetieerisk of lung cancer from asbestos
exposure is only present in people who already habestosis although the evidence is very
strong that this is the case. What is generallgpied is that if you have asbestosis, your lung
cancer risk rises very sharply. So it is safe suase that where there is no evidence of extra
lung cancer risk, there is no appreciable amouasbéstosis

Since the highest fibre level seen in modern asbestment and friction materials production
is some 0.5-1.0 f/ml asbestosis and so lung caigerost unlikely today. Even in the bad old
days, although we do not know the fibre levelstétveas no detectable lung cancer risk and
therefore no appreciable asbestosis.

The calculations relating fibre levels and disediseussed so far used cumulative
exposure, which is not a convenient measure ofgxgdor those responsible for regulating
exposures to prevent disease. Regulators neededdiel which can be permitted however
long people work. Vacek and McDon&lavere able to calculate, from the mortality studies
for which they had dust measurements, fibre lewetee workplace below which people can
work for as long as they like without detectabikf lung cancer and therefore of asbestosis.
The point is that the lungs have their defencesy™an deal with a certain level of dust, and
these figures give an indication of what that lanely be.

APPROXIMATE THRESHOLD EXPOSURE LEVELS
Lifetime exposure Chrysotile only

Lung cancer
Mining and milling (Quebec) 30+ fibre/ml
Friction materials (Connecticut) 30+ fibre/ml
[Textiles (South Carolina) 3 fibre/ml]

Derived from Vacek and McDonald



Friction products

Two studies of workers employed in a chrysotileygolant are noted above. There have been
other studies but in plants where crocidolite wasduas well. In one of these friction product
plants there was excess mortality from pleural rttedmma of 13 deaths in men. Eleven of
these were known to have had contact with crodielobf the other two, the diagnosis was
uncertain in one and the occupational history & tther was not well established [6,7].
Contact with crocidolite does not have to be heavy prolonged before the risk of
mesothelioma is raised considerably. Probably tbetretriking evidence for this comes from
data on short-term exposures to crocidolite of wmskin Canada and the UK engaged in the
manufacture of military gas masks [8,9]. Howevdthaugh chrysotile alone has been shown
not to cause disease in manufacture there areastillerns voiced about fitters and the effect of
in-use wear causing an increase in environmentaldef chrysotile.

from Asbestos in friction materials

Before the development of alternative formulatiadhg, brake and clutch linings of automobiles
contained from 10 to 70% of chrysotile with typidadures being 40 to 50%. This use has
decreased considerably in recent years in Westeuntges. Until alternatives began to be

sought chrysotile was the only fibrous mineral usetrakes or similar friction products such

as clutch plates. It was used because of all theerrabs tested both in the development of
modern brakes and more recently in the search lfernatives for asbestos, it is the best
material that has ever been found. To this daythercsingle material combines the frictional

performance, thermal stability, wear resistancesngtth and cost in such an effective way. A
feasibility analysis [27] of asbestos replacemeoinied out that “Mandating non-asbestos
friction materials for vehicles that were origiyaéquipped with asbestos-based linings could
lead to a potentially serious customer safety uisless stringent friction material qualification

specification tests are included.”

By design every application of brake or clutchssaciated with a little wear of the lining [28,
29]. Not all of the material that is dislodged mstway is released to the atmosphere though;
after a careful study of general test vehiclesaswoncluded that for cars 81.6% of the wear
material was deposited on the ground, 14.4% redaméhe brake housing and only 3% emitted
to the atmosphere. It is most probable that thss fieaction is the only contributor to public
exposure to chrysotile from this use. With theréasing popularity of open disk brakes more
material is liable to be emitted to the atmosphathough this will not be chrysotile since
brake-pads are no longer made with this materialdi€s have shown that only a tiny fraction
of the material from brake shoes consists of asbest chrysotile [30]. In this particular study
99.7% of the chrysotile had been converted by hatolivine and forsterite particles. It has
also been shown that chrysotile asbestos not adgsl its mineral properties but also its
biological activity even at temperatures below ttigine transformation point. It seems that
minimal degradation of the chrysotile surface dtritesimparts a disproportionately great effect
on its biological activity (Langer, 2003). Other kg31] has found that only 0.2% of the lining
chrysotile was released as fibres, most was caedeid non-fibrous material. US studies
[31,32] have calculated that airborne fibres frarmkie usage were responsible for, respectively,



only 0.0000021 and 0.0000017 fibres/ml. A minutefion of average urban levels; even for
the worst case, Los Angeles, fibres from brakingtacbuted only 0.0000077 fibres/ml.
Although these various studies show that few filamesreleased it is obvious that such release
from vehicular traffic will be higher near busy dainctions or other areas of high braking
activity than elsewhere, albeit the total leveld siill be very low. For example Bruckman [33]
found levels increased in the vicinity of toll nglbn US roads. Two fairly congested road
junctions in Greater London area were also survégedirborne asbestos fibres released as a
consequence of the braking of vehicular traffic][28l] the analyses were carried out using
transmission electron microscopy (TEM). The totabestos fibre levels found at these
junctions ranged from < 0.00055 to 0.0062 fibres/mmhe ‘regulated fibres', i.e. fibres > 5 pum
long and < 3 um diameter, were < 0.0004 fibreshwmlother study in the Tokyo area [34]
monitored the concentration of phenolic resin i plarticulate matter deposited on roads. From
this the concentration of asbestos was estimatewikig the concentration of asbestos in the
original friction materials. The asbestos concdituns, calculated simply as the proportion of
the original mix, were 0.36 - 2.1, 0.20 - 3.0 anfl 13.1 mg/g dust on one national highway
and loop lines No. 7 and No. 8, respectively. Tttea concentration of asbestos dust having a
‘long-fibre shape’ was estimated to be about 1%haf or less. These various levels can all be
regarded as very low and presenting no healthtoiske public [35]. Other measurements have
shown that airborne fibre levels 30 m from the esaitraffic were below the limit of detection.

Friction Plants: A mortality study (1942-1980) [6] was carried out ©3,460 workers in a
factory producing friction materials (see above fimther discussion of this plant). The only
type of asbestos used was chrysotile, except dimiogvell-defined periods before 1945 when
crocidolite was used, and over 99% of the populatias traced. Compared with national death
rates, there were no detectable excesses of ddah® lung cancer, gastrointestinal cancer, or
other cancers. The exposure levels were low witly 866 of men accumulating 100 fibre-
years/ml. The authors state: “The experience atftdtory over a 40-year period showed that
chrysotile asbestos was processed with no detecedess mortality.” The situation was
unchanged when 7 years later this study was re-ieean{1941-1986) [7]. The authors from
this later study confirmed that there was no exoésieaths from lung cancer or from chronic
respiratory disease. After 1950, hygienic contrabwrogressively improved at this factory, and
from 1970 levels of asbestos have not exceeded.0.8bres/ml. The authors concluded: “It is
concluded that with good environmental control ebtije asbestos may be used in
manufacture without causing excess mortality.”

Brake servicing

Lax practices such as the use of compressed atetm brake drums and other parts are
generally and quite rightly proscribed. This is netessarily because of any risk from airborne
chrysotile; one study in Wales (Professor RC Bropearsonal communication) could not find
any fibres in brake drum dust although other swlier example: [92]) do find some chrysotile
fibres, but the silica and heavy metal componeffitthe dust could be injurious to health.
Studies in vehicles with chrysotile brake shoeaatfial exposure to mechanics removing brake
drums and replacing the shoes has shown that aelarysotile fibre exposure exposures for
each test remained below the currently applicainiét I(in the US) of 0.1 f/ml (8-h TWA)
(Blake et al., 2003).



Floor Tilesand Mastic

Another group of high density products includesflbles (vinyl and asphalt), roofing
materials, mastics and caulking. In these prodehutgsotile is usually tightly bound to the
matrix material and therefore not easily isolateé: materials are non-friable. Very few studies
have been carried out on such materials - almao® pa roofing or caulking materials.

Vinyl floor tiles and the glues (mastic) used ttaeh these tiles to a surface commonly had
asbestos incorporated as a component (Lange, 2@0/cent investigation on the type of
asbestos reported that only chrysotile was fourmth@e, 2004a). Asbestos-containing floor tile
and mastic materials are identified as, and regdlas - by agencies in the United States,
asbestos-containing materials (ACM). They contirysotile at a concentration that is
commonly above one-percent. The purpose of inctuthiese building materials in such a
classification is claimed to be to protect the emwinent, occupational workers and public
health from exposure and subsequently related shsethat may occur as a result of this
exposure.

Asbestos-containing vinyl floor tiles and mastie auilding materials that do not readily
release fibres; thus, are not capable of “increfdavels of asbestos in the air during normal
use or on removal. Because of this there have begrerous discussions on the issue as to
whether these materials as well as possibly o{leegs gaskets, roofing materials) (Lange,
2000; Spence and Rocchi, 1996) should be includitign the regulatory frame of ACM.

Some (Lange, 2002) have considered inclusion asieb-containing floor tile and mastic as a
regulated material a form of legislating scienckiaol is a method of expanding the
precautionary principle into a regulatory frame kvaithout adequate scientific data to support
cause and effect relationships (Lange, 2002; W28@1). This concept is best illustrated
through the asbestos concerns about the debristheworld Trade Center (Lange, 2001,
2002a, 2003, 2004b). Here bulk and airborne sasvquenfortably exceeded the established
criteria throughout much of Manhattan, yet regulatgencies, forced to quote science and
allay public concern, described these levels asalth concern (Lange, 2002, 2003). Since
the basis for regulating any material is its pasgrib cause disease. the nub of the argument is
the level at which the material is regulated. Egexttthe World Trade Center showed that this
is a moveable feast. The precautionary principlelwhad set airborne levels for chrysotile
before 9/11 had been applied for political reagatiser than health protection.

Floor tiles and mastic do not, by their naturegidie fibres when new. Whether they do so in
use, through wear, is little studied and at tha@métime the concern regarding these products
is with their removal. Even here there are onlgw published studies (Lange, 2004) on
exposure levels associated with abatement (remof/aBbestos-containing floor tile and
mastic. Because levels of airborne fibres are laving such work measurement and analysis of
results is difficult. The investigations that hdaen carried out used techniques that can be
categorised into three groups:



» task-length average (TLA) area and personal santipdéshen evaluated exposure by phase
contrast microscopy (PCM) and transmission eleatnaroscopy (TEM) (Crossman et al.,
1996),

» time-weighted average (TWA) with PCM personal sampkasurements (Lange and
Thomulka, 2000),

 anda TLA and TWA PCM area and personal samplesgéand Thomulka, 2000a; Lange
et al., 1996).

TLA - the average time taken to complete the job.

TWA - the time-weighted average concentration fapemal 8-h day and 40-h week.

PCM - Phase contrast microscopy is a contrast-emmguoptical technique that can be used to
produce high-contrast images of transparent spednseich as living cells micro-organisms,
fibres, glass fragments, etc.

TEM - transmission electron microscopy. Materials TEM must be thin enough to allow
electrons to pass through the sample, just asibghansmitted through materials in
conventional optical microscopy. TEM is ideallyted to measuring asbestos fibres of size
below the resolution of optical microscopy.

When conducting various abatement practices to verfioor tile, Crossman et al., (1996)
reported a TLA area using PCM and TEM analysiscaBse of the lower resolution of the
optical microscope the TEM counts (which are gigsrstructures per cc (s/ml) for all counts,
for counts >0.5 pm and for courstS pm) were all generally greater than the PCM c®unt
(f/ml). The sample concentrations reported duriifigient types of abatement practices in
removing floor tile showed by PCM that they wemaitar to background or baseline samples.
For these baseline air samples the PCM counts gveeger than the TEM counts, with a
similar finding for final clearance samples. Wihwamducting floor tile abatement using the
recommended work practices of the Resilient FloaveZing Industry, similar results were
obtained (Williams and Crossman, 2003). The higbestentrations in this study for TEM
were obtained during removal of sheet vinyl, wil towest associated for 12 x 12 inch vinyl
tile and asphaltic tile. The highest exposurelef@ mastic were associated with TEM. PCM
sample results for the various types of tile angdtmavere similar to the background levels
reported in the earlier study by Crossman et &9¢). These two studies only collected area
samples.

The results by Crossman et al (1996) and Williants @rossman (2003) showed that most of
the fibres detected were5 pm in size. These data also suggest that mbsstos fibres are
missed when evaluated using PCM as compared to THdvever, a difficulty in making this
evaluation and subsequent conclusion is that firdlsdml| cannot be directly compared, as they
are obtained by counting methods according to tifferdnt criteria (llgren, 2001). There are
also no studies relating s/ml to health outcoméslewhe OSHA regulations and
epidemiological investigations (Liddell et al., IQ%ave related effects to f/ml.



Studies employing area measurements do not repringeactual exposure to workers. It has
been shown that area samples cannot be used &seepipersonal exposure (Lange &
Thomulka, 2000), although there is a continuingrffo establish a “comparison” between
these two measurement methods (Lange, 2003; Ldrade £996). Since many earlier studies
and most recently that of Bernstein et al. (20@8)ehshown that the hazard from any asbestos
type is from longer fibres the use of these datdetermine and evaluate the potential for
disease would greatly over exaggerate the riskdéad004b). The current mesothelioma
trends in the US (Price and Ware, 2003) do notsd@ppotential cause and effect relationship
for exposure as suggested by Williams and Crosg@@08) and Crossman et al., (1996).

Studies (Lange and Thomulka, 2000a; Lange, 20@4)dbilected and evaluated personal
samples during asbestos abatement of floor tilenaastic reported that exposures do not
exceed current the Occupational Safety and HeadthiAistration (OSHA) permissible
exposure limit (PEL) of 0.01 f/mI-TWA. It has beshown that personal samplers generally
show a higher concentration than area samplerg@.and Thomulka, 2002a). However,
depending how the samples are collected, area sarogh give higher concentrations than
personal measurements (Lange et al., 1996). Hewdmpling is conducted greatly influences
the relationship between area and personal samples.

There have been other PCM studies (Lange, 200@ah#ve evaluated both area and personal
samples during abatement of floor tile and magio.distinct relationship could be shown
between area and personal samples (Lange, 200abeth sampling methods reporting low
exposure levels. Comparing studies that reporéesigmal (Lange and Thomulka, 2000), area
and personal (Lange and Thomulka, 2000a) and oaly exposure measurements (Lange et al.,
1996), the exposure levels were all similar. A fattwer studies that employed PCM for
detection (Mlynarek et al., 1996; Lange and Thorau001) that reported on exposure to
flooring materials, along with other types of ACMund in a matrix (e.g. roofing) (Lange,
2000b), support the low levels of exposure founthestudies (Lange, 2002; Lange and
Thomulka, 2000a) that evaluated floor tile and mcagbatement activities in more detail. All
these data suggest that exposure levels assowdtedbatement of floor tile and mastic for
fibres measurable by PCM are near background ldwelusion of TEM exposure data in these
and other studies would be inappropriate becaus¢gthnique attempts to establish risk with
short fibres (< 5 um) as if they were equal in tiskonger fibres.

Chrysotile exposure from floor tile and mastic amech lower than from other forms of ACM.
Therefore the potential for them to cause diseas#,the worst low but in practical terms non-
existent (Lange, 2004). The low risk is not ondgause there is little or no exposure, but that
exposure is only to short fibre chrysotile (< 5 um)

Conclusion
The last 20 years or so have seen enormous advansesknowledge and understanding of

asbestos-related disease. Unfortunately, goverrmaert regulatory agencies have largely
ignored the findings. Lawyers and pressure grougsously resist them. Pressure groups,



once launched, do not want to have their minds @héivy new evidence, particularly when
they are supported by manufacturers of substifote@sbestos who have their own interests in
getting all asbestos, including chrysotile, banhedvyers do not want anything that makes
their pleas more difficult and may reduce thein@ay potential. Governments and regulators
are always very reluctant to admit that they hasenbwnrong, particularly when much of the
evidence comes from other countries.

In summary the facts are:

1. Chrysotile differs markedly from all other corarcial asbestos: It is not acid-resistant, it is
readily broken down in the lung and removed whitehiboles persist.

2. Early mortality studies which led to the regidns we have today were concerned mainly
with industries using mixtures of fibre types

3. All studies of industries where ordigrysotile was used show that, even at high expssu
its toxicity is relatively low.

4. Animal experiments confirm the conclusionsrirbuman studies.

Regarding thresholds:

For manufacturing industriegexcluding textiles for which a small doubt rengithere is good
evidence that after exposure to chrysotile thermispidemiologically detectable risk for
mesothelioma and, incidentally, gastro-intestirsadaer. The risk of asbestosis and so lung
cancer after exposure throughout a working lifd@fyears only appears where the exposures
were in excess of 20 f/ml. This level is 40 timesager than the permitted level in the UK and
100 times that for the USA.

It is worth, perhaps, in the light of our new knedtje re-considering the (EU) Commission
Directive 97/69/EC of 5 December 1997 adaptingethnical progress for the 23rd time
Council Directive 67/548/EEC on the approximatidrnhe laws, regulations and administrative
provisions relating to the classification, packagamd labelling of dangerous substances (Text
with EEA relevance)
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(c) The following Notes Q and R are added to theeword:

‘Note Q:

The classification as a carcinogen need not apjlgan be shown that the substance fulfils
one of the following conditions:

- a short-term biopersistence test by inhalatiangieown that the fibres longer than 20 pm
have a weighted half life less than 10 days,

- or a short-term biopersistence test by intratatimstillation has shown that the fibres longer
than 20 um have a weighted half life less thanay&dor

- an appropriate intra-peritoneal test has showeundence of excess carcinogenicity, or

- absence of relevant pathogenicity or neoplastanges in a suitable long term inhalation test.
Note R:



The classification as a carcinogen need not ajppijptes with a length weighted geometric
mean diameter less two standard errors greateietipam. ;

which should be read together with this quote fthenmost recent large fibre inhalation study
using rats:

(Bernstein DM, Rogers R, Smith P: The BiopersistenicCanadian Chrysotile Asbestos
following Inhalation. Inhalation Toxicology, 200%1.247-1274). concluded:

“Chrysotile was found to be rapidly removed frore tbng. Fibers longer than 20 pum were
cleared with T1/2 = 16 days, most likely by dissian and disintegration into shorter fibers. The
shorter fibers were also rapidly cleared from thegl with fibers 5-20 pum clearing even faster
(T1/2 = 29.4 days) than those <5 pum in length. flers <5 pum in length cleared at a rate (T1/2
=107 days) that is within the range of clearamearfsoluble nuisance dusts.”

A very marginal situation indeed!
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