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QUALIFICATIONS AND EXPERIENCE.

I received a Baccalaureate [BSc] degree in Geology and Chemistry at the University of London,
England in 1966, a Master of Science [MSc] degree in Geological Sciences [Dean's Honours List]
at McGill University in 1969 and a Doctor of Philosophy degree [PhD] in Epidemiology [Dean's
honours List] at McGill University, Montreal, Canada in 1972. I am a Licentiate of the Royal
Society of Chemistry [LRSC] and a Registered Occupational Hygienist [ROH] through the
Canadian Registration Board of Occupational Hygienists. I have worked in the occupational and
environmental health fields for more than 40 years. My curriculum vitae and list of publications
are attached [APPENDIX A].

BACKGROUND.

The RT. Vanderbilt Company Inc., through the Environmental Sciences Laboratory, Brooklyn
College of the City University of New York, have requested that I undertake a review of the
various epidemiological studies of workers employed by the Gouverneur Talc Company in New
York State to determine if they support or otherwise the designation of talc from this deposit as
a carcinogen. The following is my report on this matter.

DEFINITIONS

The "Draft Background Document" for "Talc Asbestiform and Non-Asbestiform" is not clear in
its definition of "Talc Asbestiform". The summary statement on page iii and v refer to: "Talc
containing asbestiform fibers". Does this mean talc containing asbestos fibres or talc containing
non-asbestos asbestiform fibres, both or talc containing elongated particles with aspect ratios
exceeding 3:1, but with diameters less than about 3-4 micrometres? On page 5, the document
notes "Natural talc deposits and commercial talc products are found to contain serpentines
(chrysotite, antigorite and lizardite) and fibrous and non-fibrous amphiboles [Rohl et aI1976].
This form is also known as asbestiform talc, talc [containing asbestos] or talc containing
asbestiform fibres."
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If this is the definition being adopted by NTP, and if the term fibrous amphiboles in this
definition refers to amphibole asbestos, then, it is not clear why a separate nomination would be
needed for tales containing asbestos as the asbestos minerals have already been classified as
carcinogenic. The presence of asbestos fibres in a talc does not render the mineral talc
carcinogenic, but the mixture, dependant on the asbestos fibre type, fibre dimensions and
percentage may increase cancer risk.

On the other hand, the "Draft Background Document" cites studies of GTC miners and millers in
support of the nomination. Because of this, it must be assumed the author of the "Draft
Background Document", RGl and RG2 consider that these workers are exposed to "talc
asbestiform". This presents a definition problem because there is expert mineralogical opinion
that GTC workers are not exposed to asbestos although they may be exposed to cleavage
fragments meeting the OSHA definition of a fiber, talc fibers and transitional fibers. I will leave
this technical issue to those who have studied the ore, product and airborne dusts and in this
submission, the term "GTC talc" will refer to the mixture of minerals produced as "talc" by the
Gouverneur Talc Company from its New York Deposit and include all its components. When
the unqualified term "talc" is used, it refers to the minerals and mineral habits present in a
particular talc.

CRITERIA TO DECIDE WHETHER GTC TALC IS CARCINOGENIC

According to the background document, listing a substance as a "known human carcinogen"
requires that there is sufficient evidence from studies in humans, "which indicates a causal
relationship between exposure to the agent, substance or mixture and human cancer". The
criteria for listing a substance as "Reasonably anticipated to be a human carcinogen" is "There is
limited evidence of carcinogenicity from studies in humans, which indicates causal interpretation
is credible but that alternative explanations such as chance, bias or confounding factors could not
adequately be excluded" or there is sufficient evidence of carcinogenicity from studies in
experimental animals.

The report of the Carcinogens review group RGl concluded that talc containing asbestiform
fibers is known to be a human carcinogen and RG2 concluded that talc containing asbestiform
fibers is reasonably anticipated to be a human carcinogen. Both conclusions are based largely on
studies of talc miners and millers and "asbestos" exposure is mentioned.

In order to correctly interpret the results of the GTC worker studies, it is important that any pre­
conceived notion that asbestos may be present and must be responsible for any increased
respiratory cancer risks be set aside. The evidence for or against classifying talc as produced by
GTC as a carcinogen should rest on the evidence from the studies of talc workers and determine
if the exposures are causally associated with increased risks of respiratory cancer or that a causal
interpretation is credible. The experimental data are part of this evaluation. Experimental data
will not be discussed in this report, but must be considered in relation to plausibility. Some of the
criteria which are often used in deciding on causality in epidemiological studies are listed in
APPENDIXB.
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LUNG CANCER RISKS IN GTC WORKERS.

The first study to include some GTC workers was a proportional mortality ratio [PMR] study of
miners and millers in New York State who had had 15 or more years of exposure to talc dust in
1940 or between 1940 and 1965 [Kleinfeld et aI1997]. Follow-up began in 1940 which was, seven
years before GTC began production. It is evident that the number of GTC workers included in
this cohort would have been very limited. The study indicated a high PMR from lung cancer, but
this needs to be interpreted with considerable caution as 30% of deaths in the cohort were due
to pneumoconiosis or complications, a cause of death not common in the referent US general
population. It was also based on the US proportional mortality for only one year. The role of
smoking was not assessed and the characterization of the dusts to which the workers were
exposed was general with no reference to mineral habit. All cases of lung cancer had initial
exposure before 1945 when wet drilling was introduced, but "there was no evidence to indicate
that there was a direct relationship between duration of exposure prior to the onset of wet
drilling and the occurrence of pulmonary carcinoma". In retrospect, this is perhaps the first
indication that the lung cancer risk may not be exposure related.

Brown et al [1980] reported on the NIOSH study. This study has been well critiqued [eg: Gamble
1985] and there is little value in revisiting this cohort of 398 workers as the study has now been
updated and superseded by more recent information. For the record, the study did not examine
exposure-response or take smoking into consideration.

Stille & Tabershaw [1982] studied 744 men employed January 11948 through December 311977.
After exclusions for lack of information, 655 white male talc workers were available for analysis.
The mortality from lung cancer compared to US white males was not statistically significantly
increased [SMR = 157 Observed = 10] in men who worked at the plant [assumed to be GTC]
but was statistically significantly greater [SMR=214 observed 8] in men who worked elsewhere
before joining the plant. Incidentally, most of the criticisms levelled at this report by IARC and
noted the "Background Document, page 20", also apply to the original NIOSH study in 1980 and
Vermont study by Selevan et al [1979] as none of these studies took account of smoking or
involved an examination of exposure-response.

Lamm et al [1988] reported on what appears to be essentially the same cohort as studied by Stille
and Tabershaw [1982]. They found that 425 had worked for GTC for more than one year and
280 for less than one year. They categorized each job on the pre-employment history by
likelihood of increasing lung cancer risk. The overall mortality from respiratory cancer was
elevated [SMR = 240], but as reported by Stille & Tabershaw [1982], the lung cancer mortality
was concentrated in men employed for 1 year or less [ SMR=317] and concentrated in those who
had worked in jobs carrying a lung cancer risk before joining GTC [SMR=316]. The respiratory
cancer risk was lower in persons with longer duration of employment. Importantly they noted
that there were no differences in the initial jobs assignments at GTC for workers who left within
1 year and those who stayed. This observation does not support the hypothesis put forward by
Brown et al [1980] that the excess lung cancer risk is due to short high exposures encountered by
short-term workers. This study did not have smoking information available.

In 1990, Brown et al [1990] expanded the original NIOSH cohort definition, increasing the
cohort size to 710 white males employed at any time between 1947 and 1978, and updated the



4

vital status to December 1983. The overall SMR for lung cancer was still elevated [SMR 207]
compared to the experience of US males. However, the authors found that the SMR for workers
with 20 or more years of latency and less than 1 year tenure was 357 [CI: 154, 704], while those
workers with more than 20 years of latency and more than 1 year of tenure had an SMR = 178
which was not statistically significant; ie could have occurred by chance. Again, detailed smoking
histories were not available. This difference in risk between the short term and long term
employees would not be the pattern anticipated if the lung cancer excess were related to the
GTC exposures unless the short-term workers had higher talc exposures than longer term
workers. The study by Lamm et al [1988] did not suggest that this was a likely scenario. Again
an exposure response study was not undertaken. This report was not cited in the Background
Document.

The reason for the excess lung cancer reported by Kleinfeld et al [1967] and Brown et al [1980]
was not known in 1986 when IARC [1987] deliberated on talc. It was probably inferred because
the studies involved talc miners and millers and minerals such as "tremolite and anthophyllite
[asbestiform and nonasbestiform habits] were mentioned. In fact, there had been no exposure­
response studies and smoking had not been taken into account. The results of the larger NIOSH
study [Brown et a11988] or the results of studies discussed in the following paragraphs were not
available to them.

Four years after the IARC [1987] review of Talc, the interpretation of the data were still being
debated [Morgan & Reger 1990]. However by that time, it was known that:

There was an increased mortality from lung cancer in GTC cohort members. This was
observed by all researchers, but this should not be surprising as they were studying the
same or overlapping cohorts.

The excess mortality from lung cancer was greater in the workers employed for less than
1 year than in those employed for more than 1 year.

The excess did not seem to be due to different initial job assignments for workers with
short and long term employment.

The excess lung cancer mortality seemed to be explained in part by prior employment in
other "cancer risk" industries.

Since 1990, two studies have become available which are extremely important in understanding
the epidemiological studies and are the only ones available which provide information on which
to determine whether or not the excess lung cancer in GTC workers is associated with exposure
to GTC talc.

The first study is the nested case-control study reported by Gamble [1993]. The 22 cases selected
for study were those dying with lung cancer in the NIOSH update cohort of 710 white males

. studied by Brown et al [1990]. There were 3 controls per case, matched as closely as possible for
date of birth and date of hire. Controls had to survive the case. Work history information was
obtained from GTC files and tobacco use and additional work history information was obtained
from the cases and controls or from relatives and friends. Smoking status was obtained for all
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cases and controls. A panel of epidemiologists and occupational hygienists classified the non-talc
jobs held by the cases and controls as to the risk of lung cancer associated with them on a scale
of probable [score 3], possible [score 1], or none [score 0]. The composite score was developed
for each man by multiplying the score for each job by the time spent in that job and summing the
results over all jobs. The total scores were broken into 4 categories and estimates of the odds
ratios for each category were then used to determine if this index of work at other than GTC
jobs increased the risk of lung cancer. The author analyzed the data with and without non-GTC
talc experience and took latency into account. The important findings were as follows:

In an analysis to determine lung cancer risk in relation to smoking, the odds ratio in
smokers was 5.71 when the odds ratio for ex-smokers and no-smokers was set at 1.00.
This risk was 6.55 in persons smoking more than >40 cigarette/day smokers. There were
no no-smoking lung cancer cases. It is evident that smoking has the potential to play an
important role in the lung cancer experience of these workers.

All workers had had non-GTC jobs. However, there was no increasing trend in the odds
ratios for the risk of lung cancer with the "non-talc employment" indices. This indicates
that workers were not dying of lung cancer as a result of working elsewhere. It is
unfortunate that the author did not also carry out this analysis with a 20 year latency, to
determine whether the most relevant employment in non-GTC jobs was associated with
an increased lung cancer risk as this was suggested by previous research. For this reason
the possibility that work elsewhere contributed to the lung cancer risk cannot be totally
excluded.

When only smokers were analyzed, the case control studies showed that the odds ratios
for lung cancer risk by tenure at GTC with and without a 20 year latency showed no
increasing trend and odds ratios remained below 1.00 as tenure increased. In fact the
results consistently suggest that the risk of lung cancer decreased significantly with tenure
at the plant. This pattern did not change in any important way when non-GTC talc
exposure were added. This is not consistent with exposures at the plant being responsible
for the apparently increased risk of lung cancer in the cohort unless tenure does not
reflect exposure.

The decreasing pattern of risk with increasing tenure would occur if the risk of the short
tenure workers was elevated [for whatever reason]. The fact that it was increased was
suggested in previous studies. In this regard it is important to note that Gamble did
analyze the data excluding men with less than 20 years latency and less than both 1 year
of tenure and men with less than 3 months of tenure. In the latter case, 11 lung cancer
cases were removed. The case-control analysis restricting the analysis to smokers and
setting the odds ratio for the 3 months - 5 years of employment at 1.0 showed that
workers employed 15-34 years with more than 20 years since first employment had an
odds ratio of 0.73.

The use of tenure as a surrogate for exposure has limitations. First, if there are non-exposed
workers, tenure assumes exposure. Second, if there are large variations of exposure over time,
tenure would not reflect these and this could affect the tenure-response relationship observed.
Further the numbers become small [9 cases] when the short term workers are excluded. In spite
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of these limitations, the absence of an increasing trend of lung cancer risk with increasing tenure
after a latency of 20 years and after eliminating short term workers is not supportive of a GTC
employment etiology.

The question now remains as to whether the dust exposure of workers in the GTC mine and/or
mill are associated in any way for the increased risk of lung cancer. The second study attempts to
answer this question [Delzell et aI1995]. It is unfortunate that this study has not been published.
However, it was reviewed by 4 reviewers and their collective comments are available [Boehleke
1994].

In this study, individual cumulative respirable dust exposures were estimated for all GTC cohort
members. These estimates were based on a job-exposure matrix. This consisted of an average
respirable dust concentration in each work area and calendar year for the period 1948 through
1989. Historical dust concentrations exposures in various work areas by time periods were rated
by a knowledgable panel of GTC employees. Special dust sampling surveys were conducted and
paired respirable dust and dust count samples collected and used to convert historical dust count
data to gravimetric respirable dust concentrations.

Baseline dust concentrations were based on the results of the special survey and a NIOSH survey.
Past dust concentrations were then estimated by weighting baseline concentrations by the scores
developed for the various time periods. These estimated past concentrations were then validated
against historical dust measurements. It appears that a carefully considered approach was used to
obtain respirable GTC talc exposure estimates which could be used to develop individual
exposures for use in evaluating exposure-response.

The cohort consisted of 818 white men who worked for at least 1 day at the GTC from 1948
through 1989 and who had known birth and employment dates. The follow-up period was
January 1 1948 through December 311989. There were 46 men with no work history who had a
median duration of employment of 0.19 year. Their exclusion would not impact the risks of
,longer term workers. Twenty eight percent of the cohort were deceased. Causes of death were
available for 222 [98%] of the 225 deaths. It should be noted that 344 [42%] of workers worked
for <lyr and 521 for <5 years.

Compared to US white men, the cohort had an SMR from all causes of 141 [95% CI=123-161].
Excess mortality was observed for several causes of death including circulatory diseases, non­
malignant respiratory diseases and cancer [SMR = 154, 115-200, observed = 54]. The cancer
excess was mainly due to lung cancer [SMR 254, 173-361 observed = 31]. This finding of an
overall excess of lung cancer is similar to that of earlier investigators. The use of local rates did
not change the results.

For lung cancer, 22 of the 31 deaths occurred in men with less than 5 years of employment. The
SMR did not rise with increasing length of employment within any category of years since hire.
However, a statistically significant excess was present for the group of workers with less than 5
yrs of employment and more than 20 years since hire. For workers with more than 5 years of
employment with 20+ years since hire there was a non statistically significant increased risk of
lung cancer [SMR = 215, 86-442, observed = 7]. Thus, in the 20+ years since hire workers, the
SMR of those employed for a short period exceeded that of the longer term workers. This argues
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against a GTC work related factor being responsible for the observed increased risk of lung
cancer.

The overall excess of lung cancer was concentrated in men employed in the underground mine
[SMR = 440,262-695, Observed = 18]. In fact the excess lung cancer mortality was in men who
were only employed in the mine [SMR = 473,280-747, Observed =18].

In contrast, there was only a small non-significant increase in lung cancer mortality in mill
workers [SMR = 139, 56-287, observed = 7], a group with similar exposures to the underground
workers. Such an increased risk might be explained by smoking [but this cannot be determined as
smoking data were not available]. NMRD was in excess in millers [SMR = 321] and in
underground miners [SMR = 349]. If talc were responsible for the excess lung cancer, one
would have expected the same pattern of mortality of lung cancer mortality in both the millers
as well as miners.

Lung cancer mortality was also increased among men who were exclusively employed in
unexposed jobs [SMR= 443,87-1264, Observed = 3]. This again, on small numbers, argues
against a GTC talc etiology for the lung cancer excess.

When exposure-response was examined, there was an inverse relationship between lung cancer
mortality and estimated cumulative dust exposure. The relative risk [RR] was 0.66 [CI: 0.32-1.4]
for men with cumulative exposures greater than or equal to the median exposure versus those
below the median value. Analyses by quartiles also suggested an inverse association. When men
with less than one year of GTC employment were excluded, the RR for the same comparison was
0.62 [CI: 0.22-1.8].

All 7 subjects who had reportedly died with pneumoconiosis or interstitial lung disease had
cumulative exposures above the cohort's median value. This suggests that the cumulative index of
exposure is relating sensibly to mortality from pneumoconiosis, but that there is no evidence that
the cumulative exposure to GTC talc relates sensibly to the lung cancer risk observed in this
industry.

Two deaths from mesothelioma were reported. The one mesothelioma case had only 15 years
between hire and death. In the Quebec chrysotile miners and millers there was not a single case
with less than 20 years from first exposure to death. The other mesothelioma case had worked
for several years on the construction of another talc mine before his GTC employment. At GTC
he worked as a draftsman during mill construction in 1948-49 and worked outdoors. After leaving
GTC he worked in removing, installing and maintaining oil heating systems where the possibility
of asbestos exposure cannot be excluded. Thus, neither case is likely linked to GTC employment.

In addition to examining the relationship between cumulative respirable dust exposure and lung
cancer mortality [not done in any other study], this cohort was larger than the original and
updated NIOSH studies; the follow-up period was longer by 7 years than the most recent NIOSH
study; analyses were performed using national, regional and local rates; internal comparisons
were done and a major effort was undertaken to ensure that the cohort was complete using IRS
941 records. Unfortunately, tobacco consumption was not taken into account and is a weakness in
hat we do not know whether the persons with low cumulative exposures smoked more than those



8

with high cumulative exposures. I think this is unlikely, based on my experience with other
industries, but we do not know.

While the authors note that the use of an inappropriate index of exposure is another potential
weakness, it would reasonably be expected that a higher respirable dust exposure would mean a
higher exposure to any pertinent carcinogenic constituent of the GTC talc if there were any, so
while at most, reducing the slope of an exposure-response relationship, it would be highly
unlikely to reverse it. It is unfortunate that Delzell et al did not gather smoking or non-GTC
employment information and carry out a nested case-control study to determine if they offer a
possible explanation for the decreasing risk of lung cancer with increasing cumulative GTC talc
dust exposure.

INFORMATION FROM OTHER STUDIES

There are other studies, some of which were not evaluated by IARC which are pertinent to the
issue of respiratory cancer risks associated with talc.

Rubino et al [1976] followed 1514 miners and 478 millers in Italy. They separated the miners and
millers because they considered the mine air dust to include certain amounts of inhalable silica.
The talc was reasonably well characterised with no amphibole or chrysotile asbestos detected "in
any amount in rocks and in inclusions". Rubino et al examined the risk of lung cancer in relation
to 3 categories of cumulative exposure levels and showed no increasing risk with either level of
latency. They also did not find any increased risk in miners compared to millers. The study used
an external comparison population in the area and also internal comparisons. IARC expressed
concerns about their comparison group. In a later paper [Rubino et al 1979] expected deaths
were recalculated using Italian white male rates, which would have eliminated this concern. There
was still a deficit of lung cancer in the miners and millers and no increase in risk with increasing
cumulative exposure to "talc". This study does not support an increased lung cancer risk
associated with their talc which contained quartz, muscovite, chlorite, garnet, carbonates [calcite
and magnesite]. Talc or other fibers were not mentioned as present or absent.

Wergeland et al [1990] conducted a small study of 94 talc miners and 295 talc millers in Norway.
Their talc was described as "non-asbestiform" talc with low quartz content. However, the talc
contained trace amounts of tremolite and anthophyllite. Fibres were reported to have been
detected near the "detection limit for optical microscopy" and low fiber content confirmed by
electron microscopy. It is not known whether these were asbestos fibers or talc fibers. The main
minerals in the talc deposit are talc and magnesite. In addition the ore contains magnetite,
chromite, chlorite and antigorite with adjacent rocks containing serpentine, mica, feldspar, calcite
and the amphiboles, hornblende and tremolite. Fibers, identified as tremolite, anthophyllite and
talc were particles fulfilling the fiber definition of having a length: diameter ratio greater than
3:1. Smoking information was available. The numbers in the mine were too few to meaningfully
interpret, but in the mill there was no excess incidence of lung cancer.

Selevan et al [1979] carried out a mortality study of what was described as "non-asbestiform" talc
in Vermont. Quantitative estimates of "talc" exposure were not made, so the talc exposure­
response relationships were not examined. It was of interest that there was a significant increase
in respiratory cancer mortality in the miners but not in millers. It is perhaps relevant that if "talc"
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were responsible for the increased risk of lung cancer, then one would have expected to see the
excess in both the millers and miners.

COMMENT

There seems to be little doubt that the overall lung cancer risk in the various GTC cohorts is
elevated. On the other hand, virtually all the epidemiological evidence points away from the lung
cancer increase being related to the GTC talc exposure. The excess lung cancer in the GTC
cohort is present in miners but not in millers. Tenure and cumulative exposure, trend in a
direction contrary to that expected if there were a link with GTC talc exposure. This trend holds
when short term workers are excluded. One can only speculate on reasons for the high overall
mortality and mortality from lung cancer. Smoking seems one likely candidate, but seems unlikely
to explain some of the very high SMR's observed for underground miners. Miners encounter
minerals which may entail exposures which are diluted with other dusts in the mill, so the
exposure of miners is probably different from millers qualitatively. One possibility which has not
been evaluated is whether workers were migrants. If this were the case, neither US or local rates
would be appropriate and might provide spuriously increased SMRs.

CONCLUSION

1. NTP needs to carefully define what is meant by "Talc Asbestiform".

2. The reason for the overall excess lung cancer in cohorts of GTC workers is still not
known. However, it is clear that a statistically significant excess of lung cancer is present
in underground miners but not in millers. The lung cancer risk does not increase with
increasing tenure or cumulative exposure to respirable GTC talc dust.

3. The evidence does not establish a link between GTC talc exposure and mesothelioma.

4. Collectively the currently available epidemiological studies of GTC workers do not
support a causal relationship between GTC talc and respiratory cancer.

5. The currently available epidemiological studies of GTe workers do not support the
premise that a causal relationship between GTC and respiratory cancer is credible.

6. In the absence of firm human data establishing a link between GTC talc exposure and
respiratory cancer, biologic plausibility depends on an evaluation of the experimental data
relating to GTC talc and its constituents. This has not been evaluated in this report.
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