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I have pleasure in presenting to Health Canada the two reports of the Expert Panel on Cbrysotile
Asbestos, which met in Montreal, November 13-14,2007 to consider at the request of Health Canada
the relationship of lung cancer, pleural mesothelioma, and peritoneal mesothelioma to exposure to
cluysotile asbestos.
The reports are:
of the Panel Meeting. This is a chronological summary of the discussions, with
some extra material which the panel agreed should be prepared and added.
Consensus Statement and Summary. This is a summary of the conclusions which the Panel felt that
they could agree.

Summary Proceedings

The Panel supported the approach of two major reviews, which give information on the relationship of
the cancers to chrysotile exposure. Generally these show a strong relationship of exposure with lung
cancer, but a much less certain relationship with mesothelioma. However, the Consensus Statement and
Summary should be consulted for details.
All six panellists signed the Consensus Statement and Sumnialy, but two attached reservations. The
main points of these concerned: (1) whether chrysotile can be realistically distinguished from
amphiboles in risk oflung cancer; (2) the unexplained and apparently much higher carcinogenicity of
chrysotile in one textile plant; (3) the likelihood that risk may not be detectable at modem Canadian
exposure levels.
The Panel included members who in the past have expressed strongly opposed views on this subject.
Thanks are due to them for their willingness to work to find a common position as far as possible.
Getting them to participate at fairly short notice was itself a significant achievement, for which Dr
Michel Camus and Health Canada staff deserve major credit.
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lhis report was written by the Chair and members of the Expert Panel, and the opinions
expressed therein do not necessarily reflect the views of Health Canada.
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Chrysotite Asbestos Consensus Statement and Summary

1.1 Health Canada convened the expert panel to assess cancer risks associated with today's
typical chrysotile asbestos exposure in Canada, and to give an opinion on how the proportion of
tremolite in commercial chrysotile influences the exposure-response relationship between
chrysotile and risk. The panel was also asked to qualify risk estimates by putting a figure on
their uncertainty, such as credibility ranges or, where possible, a probabilistic representation of
plausible values.
1.2 Meaning of terms in this Consensus Document.

"Typical exposures in Canada" were stated to the Panel to be occupational exposures up to 0.5
fibre/ml (by phase contrast optical microscopy), and environmental exposures up to 0.0005 fibre
Iml (by transmission electron microscopy).
"Tremolite" means fibrous forms of minerals in the tremolite-ferroactinolite series.
"Amphiboles" means tremolite, crocidolite and amosite.
As mined and used, chrysotile often contains a small amount of tremolite. This document uses
"tremolite-free chrysotile" where it is necessary to distinguish chrysotile without tremolite,
although tremolite-free chrysotile can vary slightly in its elemental composition.
1.3 In assessing the risks for chrysotile exposure, participants were instructed to consider
tremolite-free chrysotile, even though it may not exist naturally. Likewise, when considering the
role of tremolite in exposure risks, it was acknowledged that data on the extent of tremolite
contamination is often unavailable. Therefore, participants were instructed to give estimates
based on current information and knowledge
1.4 The panel met on November 13 and 14 at the Bonaventure Hilton in Montreal, Quebec,
Canada, with Dr. Trevor Ogden in the chair. The panelists were Dr. David Bernstein, Dr. Kenny
S. Crump, Dr. Nicholas De Klerk, Dr. Bice Fubini, Dr. Graham Gibbs, and Dr. Leslie Stayner. Dr.
Michel Camus was present as the Health Canada panel organizer.
1.5 For convenience and to meet a tight timescale, Health Canada proposed that the panel focus
on two recent meta-analyses of the relation of lung cancer and mesothelioma with asbestos
exposure. One, by Berman and Crump!, referred to here as B&C, was commissioned by the US

I Bennan OW, Crump KS. Final Draft: Technical support document for a protocol to assess asbestos-related
risk; Prepared for:
Office of Solid Waste and Emergency Response U.S. Environmental Protection Agency Washington, DC. Report EPA # 9345.406. October 2003. The panel also had access to some material for the peer review of this document, and from three journal
papers based on the work which are currently in preparation.
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Environmental Protection Agency. The other, by Hodgson & Darnton2, referred to here as H&D,
is by two members of staff of the British Health and Safety Executive, and has been used by
HSE in proposing asbestos regulations. However, some 60 relevant, mostly recent, papers were
submitted by and distributed to members of the panel, and some members of the panel also
made individual presentations.

2.1 The panel heard and discussed presentations on factors that elucidate the risks of the
different types of asbestos and their different uses.

2.2 There are two broad classes of commercial asbestos fibres: (1) amphiboles, which include
crocidolite and amosite; and (2) the serpentine mineral chrysotile. Tremolite is an amphibole
which is not deliberately mined, but often occurs in close association with chrysotile.
2.3 It is accepted that tremolite-free chrysotile and amphiboles are natural fibrous silicates with
similar overall chemical compositions, but differing in crystal structure and therefore in fibre
structure. Based on current research it is believed that geometric shape and size, surface
chemistry, and biopersistence (which modulates cumulative exposure) are the primary factors
which may influence the range of toxicities of fibres. However it should be kept in mind that
issues related to how fibre concentrations are measured can also affect the apparent toxicity of
fibres.

2.4 After inhalation, both classes of asbestos can interact with bodily defences in ways which
may lead to cancer. The different crystal structures and compositions mean that amphibole
fibres can stay in the lung much longer than tremolite-free chrysotile, and this may lead to
amphiboles having greater biological effect. Well-conducted animal experiments which avoid
the problems of overload have found that tremolite-free chrysotile disappears from the lung in
a relatively short time, but nevertheless chrysotile is found in or near the lung of exposed
individuals many years after their main exposure. The lungs of workers exposed to chrysotile
contaminated with a small proportion of tremolite, which is an amphibole, typically contain a
much higher proportion of tremolite than in the original asbestos. This raises the question of

JT, Damton AI, The quantitative risks of mesothelioma
Occupational Hygiene (2000); vol. 44(8):565--QOl

2 Hodgson

and lung cancer in relation to asbestos exposure.

Annals of
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whether the greater biopersistence
of the tremolite
disease than the inhaled tremolite-free chrysotile.

makes it more likely to be the cause of the

2.5 Various toxicological studies have found that longer and possibly finer fibres are more
carcinogenic, and this is supported by Stayner et aI's (2007) recent epidemiological
study.3
These differences may lead to some sources of exposure being riskier than others. Moreover,
the conventional optical microscope method of measuring airborne asbestos gives equal weight
to all fibres longer than 5 micrometres, does not count fibres shorter than this, and cannot see
fibres thinner than about 0.25 micrometres.
This means that exposure measured by the optical
microscope method correlates imperfectly with risk, and may have a different relation with risk
in different studies, because the asbestos size distribution depends on fibre type and process.
Transmission electron microscopy can measure all fibre sizes.

3.1 Over the course of the panel meeting, participants referred often to the H&D and B&C
reviews, debating the merits and drawbacks of each one. Discussions frequently revolved
around whether one analysis presents, or interprets, the data better than the other analysis.
Overall, participants said that the two studies are generally in agreement with each other: both
represent the situation fairly accurately, but in both studies Quebec chrysolile mining seems to
have less disease than would be expected and the South Carolina textile manufacture seems to
have more. This problem of heterogeneity
is discussed in para 5.1.
3.2 It was recognised

that new studies are always being published, and the discussion could
only reflect what is available now, and mainly depended on work available to B&C and H&D.
3.3 The major differences

in the approaches

of the two reviews are as follows.

•

3.3.1 B&C took account of the estimated proportions of tremolite in the chrysotile
exposures in each study, to try to isolate the effect of tremolite-free chrysotile. H&D did
not take tremolite contamination
into account, so that H&~ s risk estimates assign
effects to "chrysotile" which may be partially due to the tremolite component.

•

3.3.2 B&C modelled

the relationship

between

exposure

and disease within each study,

whereas H&D used the mean result of each study. This means that the B&C approach
could better adjust for different baseline risks of lung cancer (e.g. due to different
smoking patterns) and different exposure histories of different cohorts, but was more

LT, Kuempel E, Gilbert S, Hein M, Dement J. An epidemiologic study of the role of chrysotile asbestos fiber dimensions in
determining respiratory disease risk in exposed workers. Occ Env Med, on-line advance publication, Dee 2007,
doi:10.1136/oem.2007.035584

3 Stayner
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liable to effects resulting from important exposure misclassification within cohorts.
H&D approach could use more studies, because they could include some with less
detailed exposure-effect data.
•

3.3.3 B&C pooled the amphibole results, but H&D considered crocidolite and amosite
separately. (H&D found crocidolite to give more mesothelioma than amosite, with no
appreciable difference in lung cancer.)

•

3.3.4 B&C pooled peritoneal and pulmonary mesothelioma, and H&D considered them
separately. (H&D found different relationships between the two for amosite and
crocidolite.)

•

3.3.5 B&C assumed linear relationships between exposure and disease, and H&D
allowed non-linear relationships. The major effect of this is at the low exposures where
there is little or no data, and where H&D's model predicted greater risk for
mesothelioma and smaller risk for lung cancer.

•

3.3.6 B&C used the limited data which is available to consider whether changing the
measured fibre size range improved the correlations; H&D did not.

4.1 Meta-analyses and risk assessments are limited by the number of studies available for
review, and the statistical power of these studies. Study design issues are also important, such
as: knowledge of potential cofactors that cause diseases of interest of their own (e.g. smoking
and lung cancer); effect modifiers that multiply or attenuate the effect of the exposures of
interest (e.g. smoking and asbestos exposures are more potent jointly than separately); the
capacity to identify outcomes clearly (e.g. diagnosis of mesothelioma has long been very
uncertain, especially in studies based on death certificates); and, particularly for observational
human studies, the capacity to characterize and quantify exposures adequately (see next subsection).

4.2 Epidemiological studies always state confidence limits reflecting the statistical errors for the
risk term, but often cannot specify so clearly the errors in the estimate of exposure, and this is a
serious problem in historical asbestos cohort studies. These errors will not generally produce
an apparent risk where none exist if they are non-differential, ie if they are unrelated to the
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disease status of the workers. On the other hand, even non-differential exposure
misclassification usually leads to underestimation of the true magnitude of exposure-effect
relationships, and can distort the shape of a relationship, making a linear relationship appear
non-linear. The error can differ from study to study, from fibre type to fibre type, and from
process to process. Sources of exposure misclassification can include the following.
•

4.2.1 Exposure concentrations estimated in published epidemiological studies were
mostly determined by area monitoring, rather than personal monitoring, and this
usually underestimates personal exposure and can miss short periods of high exposure.

•

4.2.2 Published epidemiological studies differ in the frequency and time period over
which sampling was conducted. Little or no sampling was conducted prior to the 1950s,
when exposure concentrations were probably higher than more recently. The early
exposures must be estimated by extrapolation, an uncertain process.

•

4.2.3 Studies vary in the degree to which the various operations were directly sampled,
and the degree to which exposures at unmeasured operations were estimated.

•

4.2.4 Laboratories often do not agree with one another when they measure the same
environment, and this particularly affects measurements before modem quality checks
became common in about 1980.

•

4.2.5 Exposure estimates from before about 1970 may have involved conversion from
particle counts to fibre counts, a very uncertain process whose effect will have varied
from environment to environment.

•

4.2.6 Optical microscopy as used for counting cannot distinguish between asbestos and
non-asbestos materials, and it is possible that in some particularly dusty environments a
significant amount of material counted was not asbestos, which would lead to variable
underestimates of risk per unit of exposure in the different environments. Also many
workers were exposed to asbestos other than the main type used in their job, and this
may not be apparent in the measurements.

•

4.2.7 Changes in optical microscope methods have meant that modem exposure
measurements will generally be higher than old measurements in the same
environment, and the difference may be several-fold. This will affect comparisons
between more recent and older studies, and between younger and older groups of
workers.
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•

4.2.8 As mentioned in paragraph 2.5, the fibre size range counted is often not identical
with the size range of pathogenic fibres.

•

4.2.9 Individual samples can be subject to substantial random errors, particularly when
small numbers of fibres are counted, but most data points in an epidemiological study
pool many samples, which will reduce the random errors.

•

4.2.10 Exposures will be overestimated if workers wear protective equipment. This is
more likely in the dustiest jobs, but the equipment was not widely used in some of the
earlier cohorts ..

•

4.2.11 Chrysotile as mined and used usually contains some tremolite, so disease due to
one component may be misattributed to the other. B&C estimated the fraction of total
asbestos exposure due to tremolite in different studies in order to estimate risks of
tremolite-free chrysotile, and estimating this fraction is a further source of possible error.

5.1 Neither H&D nor B&C were able to resolve the heterogeneity in lung cancer response
between the South Carolina textile workers and the Quebec miners and millers. Among
Charleston (South Carolina) textile workers there was substantially more lung cancer risk per
unit of exposure than in the other studies, and in Quebec miners and millers there was less,
although the Quebec study is within the confidence limits of the overall relationship. The lung
cancer risk in the Charleston cohort seems to be about seventy times the risk in the Quebec
mining and milling study. This must be taken into account in applying the overall relationships
to particular situations. (The recent reanalysis of the Charleston data by Stayner et aI, referred
to above, has shown that correlation between exposure and disease is improved by using a
different fibre size fraction, analysed by TEM. The panel recommends that these techniques
should be applied to the Quebec data and to other studies. This should clarify how the overall
relationship should be applied to particular groups of workers, and should improve agreement
of the different studies and narrow the confidence limits of the overall relationship.)

5.2 Some participants stated that presenting single-risk estimates would "gloss over" important
nuances in the data. So at the end of the two-day panel, participants after much discussion
agreed to offer Health Canada a general approach using a the following narrative statement
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based on the two models. They suggested that Health Canada could use this information to
tailor risk estimates for specific scenarios.
We believe that the approaches of Berman and Crump and Hodgson and Darnton are reasonable for
estimating risk for mesothelioma and lung cancer in the light of present knowledge, subject to the
following serious reservations. Application of the models to particular environments must take into
account 1) and 2) in particular.
1) The lung cancer risks in chrysotile textile manufacturing at Charleston were higher
than those predicted by these and other models. Further research may elucidate the reason
for this.
2) The lung cancer risks in chrysotile mining and milling are less than those predicted by
these models. Further research may elucidate the reason for this.
3) We are inclined to favour the linear approach of Berman and Crump.
4) New data are likely to require updating of the models.
5.3 Reservations 1 and 2 reflect the important heterogeneity referred to in paragraph 5.1. This
means that caution must be used in applying the general relationship (using conventional phase
contrast optical microscopy) to particular groups.
5.4 Reservation 3 reflects the fact that B&C assumed that the risk was proportional to
cumulative exposure (fibre/ml.years), but H&D estimated non-linear relationships~. The panel
preferred the linear approach on the principle that a linear model is to be preferred unless data
are available which 'reliably demonstrate non-linearity. (However, in B&Cmesothelioma risk is
linearly related to exposure intensity, and a given cumulative exposure resulting from an
exposure of long duration has somewhat less effect than the same cumulative exposure
resulting from a very short exposure.)
5.5 Reservation 4 reflects the fact that new studies are always being published, and should be
taken into account in risk assessment.

5.6 The panel recommended that Health Canada should use the risk estimates applicable to
particular relevant environments, where these are available, rather than rely on the general
relationships.
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5.7 One of the Panel's objectives was to estimate the impact of tremolite content on the toxicity
of chrysotile. This implies being able to estimate the relative toxicities of tremolite (an
amphibole) and tremolite-free chrysotile. We therefore summarise the findings of the two metaanalyses on this relative potency.

5.8 For lung cancer, B&C found that, for results measured with the normal optical method, the
best estimate of the potency of tremolite-free chrysotile relative to amphibole was 0.48 (ie the
amphibole: chrysotile potency ratio was about 2:1), but the hypothesis that the two forms are
equally potent could not be rejected (p=O.Sl). The hypothesis that tremolite-&ee chrysotile had
zero potency was rejected (p=O.OOl).If different size ranges are evaluated, these conclusions are
unchanged, although best value of relative potency and the p values are changed.
5.9 H&D's estimates for lung cancer give a much higher estimate of relative potency of
amphiboles. At an exposure of 1 f/ml.yr, their best estimates of risk for the different types yield
an amphibole: chrysotile ratio of about 40:1, with a possible range of 1:1 upwards. However,
B&C's method allows different cohorts to have different background lung cancer rates, for
example due to different smoking habits, so that B&C's estimate of relative potency may be
better. Also, as noted above, H&D did not attempt to remove the effect of tremolite, so their
estimates are for chrysotile as used, not for tremolite-free chrysotile.
5.10 Because the risk of chrysotile appears much greater in South Carolina textile workers than
in Quebec miners and millers (para 5.1), excluding either of these cohorts will strongly influence
the calculated potency of chrysotile relative to amphibole.
Mesothelioma.
5.11 B&C found that for results measured with the normal optical method, the best estimate of
the potency of tremolite-free chrysotile relative to amphibole was 0.0033 (amphibole: tremolitefree chrysotile = 300:1), and the hypothesis that the two forms are equally potent was rejected
(p=O.OOO7).
The hypothesis that tremolite-free chrysotile had zero potency could not be rejected
(p=0.61). If different size ranges are evaluated, these conclusions are unchanged, although best
value of relative potency and the p values are changed.
5.12 What H&D refer to as their "best estimates" at 1 f/ml.yr yield a crocidolite: chrysotile ratio
of 130:1, and amosite: chrysotile 18:1, but the uncertainty of the estimates leads to a very wide
possible range of ratios. (Also, as already noted, H&D did not attempt to remove the effect of
tremolite.)
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5.12 For information,

the overall risk estimates from the two meta-analyses

are summarised

Table 1. These estimates are quoted here for information only, and were not discussed
or endorsed by the panel.

in

in detail
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Table 1. Risk estimates for chrysotile as given by B&C and H&D. This table is included for information
only - the panel did not discuss specific estimates and therefore did not endorse these figures. See
paragraph 3.3 for important factors which affect comparison of the two sets of estimates. The figures in
bold are Maximum Likelihood Estimates (B&C), or the "best estimates" (H&D). The figures flanking
them are calculated confidence limits (B&C), or "cautious" or "arguable" figures (H&D). For lung cancer,
H&D also give a higher "exceptional" figure (not shown) calculated from the Charleston study. The
H&D" risk estimates for chrysotile include any contribution to risk by fibrous tremolite contamination
(see para 3.3.1). The cumulative exposure levels in the table are for occupational exposure (assumed to be
8 hours per day, 240 days per year). The typical occupational exposure stated to the panel (0.5 f/ml)
would give a cumulative exposure of 10 f/ml.yr if it lasted for 20 years. The typical environmental level
(0.005 f/ml) for 168 hours a week for 50 years would give an occupational-equivalent cumulative
exposure of about 0.1 f/ml.yr. by TEM, equivalent to a lower value by PCOM.)
Cumulative exposure
(occupational exposure pattern:
8 hr/day, 240 days/yr)

0.01 f/ml.yr

0.1 f/ml.yr

1 f/ml.yr

10 f/ml.yr

Lung Cancer
Deaths per 100,000 exposed

Mesothelioma
Deaths per 100,000 exposed

B&C: 0.028 0.083 0.21

B&C: 0 0.01 0.082

H&D: Possibly 0 Very
probably <1 Possibly 1.

H&D: Probably <1. Highest
arguable 1

B&C: 0.28 0.83 2.1

B&C: 0 0.1 0.82

H&D: Possibly 0 Probably <1
"Cautious estimate 3"

H&D: Probably <1 "Highest
arguable 4"

B&C: 2.8 8.3 21

B&C: 0 1 8.2

H&D: Possibly 0 2 30

H&D: 1 5 20

B&C: 28 83 210

B&C 0 10 82

H&D: (no figure given) 50 300

H&D: 620 60

Note on effect of smoking on these figures (by Dr K Crump). Among the issues that must be considered in
interpreting the results of Table 1 is that these estimates of risk are for a general population that includes
both smokers and non-smokers. Smoking is an independent risk factor for lung cancer and other
diseases, but not mesothelioma, and a synergistic relationship has been found between smoking and
asbestos in causing lung cancer. As a result, compared to the figures in Table 1 the asbestos-related risk
of lung cancer would be smaller in non-smokers and higher in smokers. The reverse would be true for
mesothelioma due to the fact that smokers have shorter life spans than non-smokers, although this effect
is considerably smaller than the effect on lung cancer. B&C provide smoking-specific estimates of risk for
both lung cancer and mesothelioma.
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6.1 Exposure risks were discussed in general terms throughout the panel. On the second day,
participants took part in a more formal relative risk uncertainty elicitation exercise. This was to
obtain an indication of the panel's wide range of opinions. Lung cancer risk estimates were the
most contentious, whereas mesothelioma risk estimates were more consistent. Because of the
range of opinions, it was suggested that to come up with "average" risk estimates would be
misleading. Instead participants offered statements of risk estimates. Some participants
expressed concern over the small sample size of the exercise, noting that in the case of
mesothelioma risks, for example, only four participants took part in the exercise.

6.2 There was a wide and essentially irreconcilable range of opinions between participants on
the exposure-specific risk for lung cancer. On the difference between amphiboles and chrysotile,
panellists' "best estimates" ranged from a no difference to a 100-fold ifference. However, the
uncertainty of each panellist was large and their uncertainty intervals did not all overlap.
6.3 Three panel members believed there was 0% and no more than 5% chance that chrysotile
was at least as potent as amphiboles for lung cancer, one panellist gave a 10% chance, one gave
it a 36% chance, and one gave it an 80% chance.
6.4 The heterogeneity and large uncertainty of expert opinions about fibre type differential for
lung cancer prevented blending or pooling the panellists' probabilistic estimates. This is
consistent with the heterogeneity of epidemiological observations aforementioned.

6.5 In regard to exposure-specific risks for both peritoneal and pleural mesothelioma, the
relative risk uncertainty elicitation exercise seemed to suggest a possibility that chrysotile by
itself may not cause mesothelioma. However, participants were unable to reach agreement on
that statement in subsequent discussions.
6.6 Only four panellists gave an individual opinion of the relative amphibole/chrysotile
potencies for mesothelioma. For either peritoneal or pleural mesothelioma, their best estimates
concurred around an approximate SOD-folddifference between amphiboles and chrysotile, with
a 95% uncertainty interval of between 20 and 1000.
6.7 Some panellists expressed the opinion that a larger dose of asbestos is required for
peritoneal mesothelioma compared to pleural mesothelioma, and one participant believed that
exposures to chrysotile contaminated with tremolite did not cause any risk of peritoneal
mesothelioma in the Quebec mines and mills.
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6.8 Participants noted that for risk of mesothelioma, for each class of asbestos, the best-estimate
predictions of H&D and B&C's models were within a factor of ten, for exposures above 0.1 fyr/ml. The models also agreed that mesothelioma risk increases with increased exposure
intensity.
6.9 No mesotheliomas were found at the lowest exposures in some studies and some panellists
considered this to provide evidence of a threshold. However, other panellists noted this lack of
response could be explained by the inevitable limitation of study power at the lowest exposure
levels in a study.
6.10 It was proposed that following the panel, participants could add individual statements
based on their own knowledge and experience. Several participants identified the need to
dearly identify qualifying statements under headings, such as chrysotile and lung cancer or
chrysotile and mesothelioma, for the sake of clarity.

Document Released Under the Access to
Information Act / Document dlvulgue en vertu
de 13 LOI sur lacces
Iinformalion

a

My primary disagreement with the consensus statement is with the following conclusion "We
believe that the approaches of Berman and Crump and Hodgson and Damton are reasonable
for estimating risk for mesothelioma and lung cancer in the light of present knowledge ..." I do
not believe that either the Hodson and Darnton (2000) or the Berman and Crump (2008) reports
provide reasonable models for predicting lung cancer risk for several reasons.
First the models from both analyses predict slightly lower lung cancer risk for chrysotile than to
amphibole asbestos.
The difference in risk in the Berman and Crump analysis is only 25 to
50% which is a trivial difference in risk assessment terms. More importantly having fiber type
specific risk predictions for lung cancer is inconsistent with the findings from these analyses,
which have failed to demonstrate clear statistical evidence for a difference in lung cancer risk by
fiber type. In Berman and Crump (2008a) the hypothesis that the potency for lung cancer of
chrysotile was different than the potency of amphiboles was strongly rejected in all of their
models (p=0.23 to p=0.51). In Hodgson and Darnton (2000) the average lung cancer slope for
chrysotile was similar to the slope for amphiboles when the studies of Quebec miners were
excluded, and about an order of magnitude lower when the South Carolina textile cohort was
excluded.
The lack of evidence for a difference in lung cancer potency for different fibre types is consistent
with an analysis of rat inhalation bioassay data (Berman and Crump 1995), and of previous
quantitative and qualitative analyses of the epidemiologic data (Lash et al. 1997, and Stayner et
al. 1996). The fact that chrysotile is less biopersistent in the lung than amphiboles is frequently
cited as a reason for assuming that the potency for lung cancer potency should be lower for
chrysotile than for amphiboles. However, this reasoning rests on the assumption that residence
time in the lung is an important determinant of lung cancer risk. The empirical evidence based
on analyses of both the toxicologic and epidemiologic data simply does not support this
assumption. This assumption also appears to conflict with the findings from the recent analyses
of Berman and Crump (2008b) that demonstrated that the relative risk of lung cancer does not
decrease after the cessation of exposure to chrysotile. If the limited biopersistence of
chrystotile was a determinant of lung cancer risk then one would expect the risk to drop off
rapidly after the cessation of exposure.
Second as both analyses report. and as acknowledged in the consensus statement, there is
strong evidence that there was heterogeneity in the findings for lung cancer. As many authors
have stressed it is generally not useful to present a summary estimate from a meta-analysis
when there is substantial heterogeneity in the data [Rothman and Greenland 1998]. Rather
than producing a summary estimate of risk the goal in this situation should be to search for an
explanation for the heterogeneity. As noted in the consensus statement, the heterogeneity in
this case appears to be largely (but not entirely) due to the large difference in slopes for lung
cancer risk that have been derived from the studies of chrysotile exposed miners and millers in
Quebec [Liddell et al. 1997], and the textile workers in South Carolina [Hein et al. 2008].
However, this is not really an explanation of the heterogeneity since it does not explain why
these studies have produced such different findings for lung cancer risk. In a previous meta-
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analysis Lash et al [1997] reported that the heterogeneity in the findings for lung cancer was
explained by difference related to industry type, methods used for measuring asbestos, tobacco.
habits, and standardisation procedures. A similar search for the causes of the heterogeneity
was lacking in the reports produced by Hodson and Darnton and Berman and Crump.
Finally, I am concerned that in order for the meta-analyses to "represent the situation fairly
accurately updated" they should be updated with the most recently published epidemiologic
studies. Several relevant studies have been published since these reports including one study
that my colleagues at NIOSH have just recently published [Stayner et al. 2007], which would be
highly relevant particularly for the fiber size specific approach that was used by Berman and
Crump [2008a].
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Reservations Concerning the Consensus Statement and Summary

,

(r (rl/"hJ

Precision is sometimes lost in consensus documents. This is logical because an attempt is being
made to accommodate sometimes quite diverse opinions. I believe this to be the case in a
number of instances in this document. Thus, my comments are made to ensure somewhat
greater precision concerning matters where my interpretation of what is written may differ
from that of another reader. My comments are as follows:

The statement is made that "tremolite is an amphibole which is not deliberately mined, but
often occurs in close association with chrysotile."

The statement is made that tremolite-free chrysotile and amphiboles are natural fibrous silicates
with similar overall chemical compositions ...

Chrysotile
Tremolite
Amosite
Crocidolite

- magnesium silicon oxygen and hydrogen.
- calcium, magnesium, silicon, oxygen and hydrogen.
- ferrous iron, magnesium, silicon, oxygen and hydrogen
- sodium, ferrous iron, ferric iron, silicon, oxygen and hydrogen.

The main silicate component of all the amphiboles is Sis022(OH)2while the silicate component
of the chrysotile is ShOs.(OH)4

The statement is made that: "The major effect of this is at the low exposures where there is little
or no data ....
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The Quebec chrysotile mining and milling cohort results for lung cancer are clearly within the
confidence intervals of B&C for all the chrysotile industry sectors and all the predominantly
chrysotile industry sectors, but do not overlap with those for the Charleston cohort (See Fig 1
B&C paper 2).
The Charleston cohort confidence intervals are barely within the confidence intervals of the
other chrysotile industry sectors and do not overlap at all with those of the Connecticut friction
or Quebec mining industry cohorts.
The H& 0 report (Figure 3) includes more cohorts than B&C.Their results make it even clearer
as the Quebec mining and milling confidence intervals are within those of all the chrysotile only
cohorts except for the cohort from the Carolina textile cohort. The latter's confidence intervals
only just overlap with the intervals from one of other sector chrysotile plants and not the
others ..
This may assist Health Canada in deciding which industry sector chrysotile data apply in
Canada as textile operations no longer exist here.
B. In the same paragraph, the statement is made that: "This should clarify how the overall
relationship should be applied to particular groups of workers, and should improve agreement
of the different studies .... ".
While I am optimistic that this may improve agreement between studies, I believe the wording
is too strong for the current level of evidence. However, I do believe that examining the long
fibers (>40 micrometers) as well as the composition of those long fibers in the textile and mining
industry sectors is important.

This low amphibole: chrysotile potency ratio results from the inclusion of the Charleston cohort
data in determining the overall potency for chrysotile. In section 5.10 that cohort is
acknowledged as showing a considerable greater lung cancer risk than cohorts in the chrysotile
mining and other chrysotile industry sectors. What we know is that two well conducted studies
(the Quebec mining and the Charleston textile) give quite different lung cancer risks. In my
view, the heterogeneity renders the comparison in 5.8 inappropriate and potentially quite
misleading in that we think we know the precise lung cancer risks associated with chrysotile
but we do not. Completely different ratios are obtained depending on which of the chrysotile
industry ratios is used in the comparison with the amphiboles.
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Second, exposure-response relationships such as that based on the Quebec chrysotile mining
and milling cohort rely on relative levels of exposure. That is, the risk increases in relation to
increasing levels of exposure. The lowest categories of exposure in these relationships could be
quite high by today's standards but might be considered low if they do not increase risk and the
population in those levels of exposure can be quite large. For example, Liddell et al (Annals of
Occup Hyg 41; 13-361997) reported that in their cohort there were 51.30 thousand person years
at risk in men from the age of 55 on with exposure to that age of less than 300 mppcf-years of
exposure (estimated to be about 900 f/cc-years). These workers showed no increase in risk in
relation to increasing exposure up to this level of exposure. However, there was a definite
increase in the risk of lung cancer above this level and that increased with increasing exposure.
The number of person-years represented in the part of the exposure-response curve where the
lung cancer risk did increase with exposure was 8.6 thousand person years. If low exposure is
defined as levels at which risk does not increase with exposure then the Quebec mining study
included large numbers of such persons. Of course the exposures were enormous compared to
the levels that we are concerned about today. Liddell concluded: "These findings indicate that
except at very high levels of exposure, several orders of magnitude higher than any presently
permitted, adverse effects on health will not occur". It seems reasonable to conclude that when
there are no exposure-related increases in risk at levels orders of magnitude above levels of
concern today, that there are unlikely to be any detectable risks at present day exposure levels.
There are data in some studies.

The statement is made that: "Also many workers were exposed to asbestos other than the main
type used in their job".
I do not know whether this is correct or not. We do know, from lung burden studies that some
workers were exposed to fibre types other than those with which they worked, but whether this
is "many" I do not believe we have the evidence to support this generality.

A. The statement is made: "Among. Charleston (South Carolina) textile workers there was
substantially more lung cancer risk per unit of exposure than in the other studies and in Quebec
miners and millers there was less, although the Quebec study is within the confidence limits of
the overall relationship."
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Based on our current knowledge, the risk of lung cancer in the Charleston cohort per f/cc-year is
much greater than that in the Quebec chrysotile mining and milling cohort. While these may be
prove to be same or similar if, in the future, we are able to find the parameter/exposure/factor
that is responsible for the difference, on present evidence the Charleston cohort, in my opinion
more than "appears" to present a higher risk of lung cancer. The 95% confidence intervals in all
studies show the Charleston and Quebec risk estimates are not the same. That is what we
currently know.

GWGibbs
March 4, 2008.

